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©)  Monitoring  apparatus. 

Where  _monitoring  apparatus  includes  remote  units 
intended  to  maintain  surveillance  of  an  area  for  an  event  such 
as  unauthorised  entry  into  the  area,  a  remote  unit  fails  to 
convey  to  a  master  unit  any  information  if  the  remote  unit 
ceases  to  function.  A  master  transmitter  (11)  therefore  trans- 
mits,  over  mains  electricity  supply  lines,  frequency- 
modulated  bursts  which  stimulate  the  or  each  remote  unit  to 
reply  with  a  characteristic  frequency-modulated  burst  for 
each  burst  from  the  master  transmitter  (11).  The  master 
frequency-modulated  burst  resets  a  counter (38)  in the  remote 
unit.  If  a  remote  unit  fails,  or  detects  an  alarm  situation,  the 
remote  unit  does  not  reply,  the  counter  (38)  being  frozen.  A 
master  receiver  and  indicator  (12)  demodulates  the  charac- 
teristic  bursts  from  the  remote  unit  or  units  and  prevents  an 
alarm  (65)  from  sounding  provided  that  the  characteristic 
bursts  are  received  at  the  expected  intervals.  Failure  of  a 
characteristic  burst  to  arrive  results  in  the  alarm  (65)  being 
sounded  and  a  red  LED  (64, 76, 77  or  78)  being  energised  to 
indicate  which  of  four  remote  units  has  failed  to  reply. 





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  moni to r ing   a p p a r a t u s ,   and  e s p e c i a l l y ,  

but  not  e x c l u s i v e l y ,   to  mon i to r ing   appara tus   adapted  to  monitor   an  a r e a  

for  the  occur rence   of  such  events  as  u n a u t h o r i s e d   en t ry   and  ou tb reaks   o f  

f i r e .  

One  problem  which  is  always  p re sen t   in  m o n i t o r i n g , a n d   e s p e c i a l l y  

l i k e l y   to  be  acute  in  mon i to r ing   for  u n a u t h o r i s e d   ent ry   into  an  area ,   i s  

t ha t   of  ensur ing   t h a t   the  mon i to r ing   appara tus   p rov ides   an  i n d i c a t i o n  

of  the  d i s a b l i n g   of  a  un i t   l oca t ed   in  the  area  being  m o n i t o r e d .  

It   is  an  o b j e c t   of  t h e  p r e s e n t   i nven t ion   to  provide   m o n i t o r i n g  

appa ra tu s   which  can  p rov ide   an  i n d i c a t i o n   in  response   to  the  d i s a b l i n g  

of  such  a  u n i t .  

According  to  the  p r e s e n t   i n v e n t i o n ,   t h e r e f o r e ,   there   is  p r o v i d e d  

mon i to r ing   apparatus  compr is ing   a  master   t r a n s m i t t e r   p roduc ing ,   in  o p e r a t i o n ,  

a  r e g u l a r   t r a i n   of  burs t s  o f   a  master  f r equency-modu la t ed   s i g n a l ,   at  l e a s t  

one  remote  uni t   for  p roduc ing   a  c h a r a c t e r i s t i c   f r e q u e n c y - m o d u l a t e d  

s i gna l   d i f f e r i n g   from  the  master   f r equency-modu la t ed   s i g n a l ,   the  r emote  

uni t   i nc lud ing   ga t ing   means  for  r e c e i v i n g   and  producing   in  response  t o  

a  r e ce ived   burs t   of  the  master   f r equency-modula ted   s igna l   a  ga t ing   s i g n a l  

which  so  gates the  c h a r a c t e r i s t i c   f r equency-modu la t ed   s igna l   as  to  e n a b l e  

a  bu r s t   of  the  r e s p e c t i v e   c h a r a c t e r i s t i c   f r e q u e n c y - m o d u l a t e d   s igna l   t o  

be  emi t t ed   by  the  remote  un i t   and the  gating means  i n c l u d i n g   a  sens ing  c i r c u i t  

for  sens ing  a  r e s p e c t i v e   c o n d i t i o n   and  adapted  to  i n h i b i t   p roduc t ion   o f  

the  ga t ing   s igna l   of  the  remote  uni t   in  response  to  sens ing  by  the  s e n s i n g  

c i r c u i t   of-a  change  of  a  p r ede t e rmined   kind  in  the  r e s p e c t i v e  c o n d i t i o n  

so  t h a t   occur rence   of  the  said  change  prevents   the  emission  of  one  o r  

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

a  master   r e c e i v e r   for  r e c i e v i n g i m d   demodulat ing  b u r s t s   of  the  or  each  c h a r -  

a c t e r i s t i c   f r e q u e n c y - m o d u l a t e d   s igna l   so  as  to  produce  a  r e s p e c t i v e  

demodula t ion   output   s i g n a l   cor responding   to  each  bu r s t   demodulated,   and  

an  i n d i c a t i n g   c i r c u i t   capable   of  ope ra t i ng   in  a  r e s u l t a n t   one  of  a  p l u r a l i t y  

of  d i f f e r e n t   s t a t e s ,   the  i n d i c a t i n g   c i r c u i t   being  so  coupled  to  the  m a s t e r  

r e c e i v e r   as  to  r e ce ive   the re f rom  each  demodulat ion  ou tput   s igna l   p r o d u c e d  

thereby  and  i n c l u d i n g   t iming  means  such  that   the  r e s u l t a n t   s t a t e   of  t h e  

i n d i c a t i n g   c i r c u i t   depends  upon  whether  the  length   of  the  i n t e r v a l   be tween  

succes s ive   ones  of  the  demodulat ion  output  s i g n a l s   co r r e spond ing   to  t h e  

or  a  r e s p e c t i v e   c h a r a c t e r i s t i c   f r equency-modula ted   s igna l   depar t s   f rom 

a  p r ede t e rmined   d u r a t i o n .  



When  the  remote  un i t ,   or  any one  of  the  remote  u n i t s  i f   t h e r e  

is  more  than  one,  is  d i s a b l e d ,   i t   f a i l s   to  emit  a  b u r s t   of  i t s   c h a r a c t e r i s t i c  

f r e q u e n c y - m o d u l a t e d   s i g n a l   and  consequen t ly   the  r e s u l t a n t   s t a t e   of  t h e  

i n d i c a t i n g   c i r c u i t   is  changed,  thereby  p r o v i d i n g   an  i n d i c a t i o n   i n  

response   to  the  d i s a b l i n g   of  the  remote  u n i t .  

A  p r e f e r r e d   embodiment  of  the  p r e s e n t   i n v e n t i o n   is  adapted  to  make 

use  of  the  e l e c t r i c   channels   p rov ided   by  a  mains  e l e c t r i c i t y   supply  s y s t e m ,  

the  master   t r a n s m i t t e r ,   the  master   r e c e i v e r   and  the  remote  un i t   or  u n i t s  

being  adapted  to  t r a n s m i t   and  r ece ive   the  f r e q u e n c y - m o d u l a t e d   s i g n a l s  

which  they  produce  t h r o u g h  t h e   channels   p rov ided   by  l ive   and  n e u t r a l  

conductors   of  the  mains  s y s t e m .  

The  master   t r a n s m i t t e r   p r e f e r a b l y   i nc ludes   means  for  g e n e r a t i n g  

a  r e g u l a r   t r a i n   of  ga t ing   pu lses   and  a  g a t i n g  c i r c u i t   a r ranged  to  be  

c o n t r o l l e d   by  the  ga t ing   pu l ses   and  such  as  to  allow  the  master   t r a n s m i t t e r  

to  emit  a  bu r s t   of  the  mas ter   f r equency -modu la t ed   s igna l   only  dur ing  a  

ga t ing   pulse .   Where  the  appa ra tus   makes  use  of  a  mains  e l e c t r i c i t y  

supply  system  to  couple  the  master   t r a n s m i t t e r   to  the  or each  remote  u n i t  

and  to  couple  each  remote  uni t   to  the  master   r e c e i v e r ,   and  the  m a i n s  

e l e c t r i c i t y   supply  is  a l t e r n a t i n g ,   the  t r a i n   of  ga t ing   pu l ses   may  b e  

locked  to  the  a l t e r n a t i n g   mains  s u p p l y .  

In  one  p r e f e r r e d   embodiment  which  has  a  p l u r a l i t y   of  remote  u n i t s ,  

the  i n d i c a t i n g   c i r c u i t   i nc ludes   a  c o r r e s p o n d i n g   p l u r a l i t y   of  d e c o d i n g  

c i r c u i t s   each  of  which  produces   in  response   to  each  demodula t ion   o u t p u t  

s i gna l   co r re spond ing   to-a   r e s p e c t i v e   one  of  the  c h a r a c t e r i s t i c   f r e q u e n c y -  

modulated  s i g n a l s ,   which  in  th i s   embodiment  d i f f e r   from  one  a n o t h e r ,   a  

decoding  output   s i g n a l   having  a  f i r s t   va lue ,   the  decoding  c i r c u i t  

p roducing   a  decoding  ou tpu t   s i g n a l  h a v i n g   a  seond   value  whenever  t h e  

r e s p e c t i v e   decoding  c i r c u i t   is  not  r e c e i v i n g   the  demodula t ion   ou tput   s i g n a l  

co r re spond ing   to  the  r e s p e c t i v e   c h a r a c t e r i s t i c   f r e q u e n c y - m o d u l a t e d   s i g r a l .  

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

s t r e t c h i n g   c i r c u i t s   each  of  which  is  so  coupled  to  the  r e s p e c t i v e   d e c o d i n g  

c i r c u i t   as  to  r ece ive   the re f rom  the  decoding  ou tput   s i g n a l   t he re f rom  and 

is  r e spons ive   to  the  said  f i r s t   value  only so  as  to  produce  an  ou tput   c o n t r o l  

s igna l   i nc lud ing   a  s t r e t c h e d   s igna l   having  a  d u r a t i o n   beg inn ing   s u b s t a n t i a l l y  

s i m u l t a n e o u s l y   with  the  r e s p e c t i v e   occur rence   of  the  said  f i r s t   value  and 

con t inu ing   for  a  p r e d e t e r m i n e d   time  a f t e r   the  end  of  the  r e s p e c t i v e  

occur rence   of  the  f i r s t   va lue ,   a  c o n t r o l l a b l e   swi t ch ing   c i r c u i t   being  so  

coupled  to  the  s t r e t c h i n g   c i r c u i t   as  respond  to  absence  of  a  s t r e t c h i n g  

s igna l   in  the  ou tpu t   c o n t r o l   s igna l   by  changing  the  s t a t e   of  o p e r a t i o n  

of  the  i n d i c a t i n g   c i r c u i t .  



The  ga t ing   means  of  the  or  each  remote  uni t   p r e f e r a b l y   h a s  

a  r e c e i v i n g   s e c t i o n   which  r e c e i v e s   and  demodulates  each  b u r s t   o f  

the  master  f requency-   modulated  s i g n a l   t r a n s m i t t e d   to  the  u n i t  

by  the  master  t r a n s m i t t e r   and  produces  from  each  demodulat ion  o f  

a  b u r s t   a  t r i g g e r i n g   s i g n a l ,   the  ga t ing   means  f u r t h e r   i n c l u d i n g  

a  t r i g g e r e d   ga t ing   c i r c u i t   a r ranged  to  rece ive   each  t r i g g e r i n g  

s igna l   and  such  as  to  e f f e c t   the  sa id   gat ing  of  the  r e s p e c t i v e  

c h a r a c t e r i s t i c   f r e q u e n c y - m o d u l a t e d   s igna l   only  when  t r i g g e r e d   by 

a  t r i g g e r i n g   s i g n a l ,   t r i g g e r i n g   of  the  t r i g g e r e d   ga t ing   c i r c u i t  

occu r r ing   on  r e c e i p t   of  a  t r i g g e r i n g   s igna l   by  the  t r i g g e r e d   g a t i n g  

c i r c u i t   only  when  the  ga t ing   means  is  not  i n h i b i t e d   by  the  s e n s i n g  

c i r c u i t .   For  example,  the  t r i g g e r e d   gat ing  c i r c u i t   may  i n c l u d e  

a  counter   supp l i ed   in  o p e r a t i o n   with  a  con t inua l   t r a i n   of  c l o c k  

pulses   and  adapted  to  be  r e s e t   by  the  t r i g g e r i n g   s i g n a l s   and  t o  

be  frozen  by  an  i n h i b i t i n g   s i g n a l   s u p p l i e d   to  the  counter   by  t he  

sens ing   c i r c u i t   in  response  to  sens ing   of  the  sa id   change .  

In  the  p r e f e r r e d   master  t r a n s m i t t e r   the  means  for  g e n e r a t i n g  

a  r egu l a r   t r a i n   of  ga t ing   pu lses   may  comprise  a  counter   s u p p l i e d  

in  o p e r a t i o n   with  a  c o n t i n u a l   t r a i n   of  clock  pu lses   and  a d a p t e d  

to  r e se t   a u t o m a t i c a l l y   on  reach ing   a  p r ede t e rmined   count,  so  as 

to  r epea t ed ly   execute   a  p r e d e t e r m i n e d   count ing  cyc le ,   t h e  

counter   being  adapted  to  provide  an  output  stream  of  p u l s e s  

c o n s t i t u t i n g   the  ga t ing   pulses   of  the  said  g e n e r a t i n g   means  and 

co r respond ing   to  d i v i s i o n   of  the  ra te   of  the  clock  p u l s e s  

by  a  f ac to r   de te rmined   by  the  count ing  cycle  of  the  c o u n t e r .  

The  sens ing   c i r c u i t   of  the  or  each  remote  uni t   may  i n c l u d e  

a  form  of  coupling  c i r c u i t   s u i t a b l e   for  coupl ing  a  s t e a d y  

vol tage   of  a  p a r t i c u l a r   p o l a r i t y   in to   the  gat ing  means  where  t h e  

r e s p e c t i v e   cond i t ion   is  the  vo l tage   appearing  at  an  output  t e r m i n a l  

of  a  sensing  d e v i c e .  

The  i nven t ion   wi l l   now  be  de sc r ibed   in  more  d e t a i l ,   s o l e l y  

by  way  of  example,  with  r e f e r e n c e   to  the  accompanying  d r a w i n g s ,  

in  wh ich :  

Fig  1  is  a  block  diagram  of  a  master  uni t   with  a  m a s t e r  

t r a n s m i t t e r ,   a  master   r e c e i v e r   and  an  i n d i c a t i n g   c i r c u i t   of  an 

embodiment  of  the  p r e s e n t   i n v e n t i o n ,  



Fig  2  is  a  block  diagram  of  a  remote  un i t   of  the  embodiment  

which  i n c l u d e s   the  master   u n i t   of  Fig  1 ,  

Fig  3  is  a  more  d e t a i l e d   block  diagram  of  the  mas ter   r e c e i v e r  

and  i n d i c a t i n g   c i r c u i t   of  Fig  1 ,  

Fig  4  is  a  c i r c u i t   diagram  of  the  master   t r a n s m i t t e r   o f  

Fig  1 ,  

Fig  5  is  a  c i r c u i t   diagram  of  pa r t   of  the  remote  un i t   o f  

Fig  2 ,  

Fig  6  is  a  c i r c u i t   diagram  of  another   pa r t   of  the  r emote  

u n i t   of  Fig  2,  and 

Fig  7  is  a  c i r c u i t   diagram  of  the  master   r e c e i v e r   and  

i n d i c a t i n g   c i r c u i t   of  Fig  1.  

In  Fig  1  of  the  accompanying  drawings  there   is  shown  a  

master   uni t   10  of  moni to r ing   appara tus   which  makes  use  of  t h e  

l i ve   and  n e u t r a l   conductors   of  a  50  Hz  mains  e l e c t r i c i t y   s u p p l y  

system  as  a  channel  for  the  passage  of  s igna l s   between  the  m a s t e r  

uni t   and  four  remote  u n i t s ,   one  of  which  is  shown  s c h e m a t i c a l l y  

in  Fig  2.  The  master   unit   10  has  a  master   t r a n s m i t t e r   11  and  a  

mas te r   r e c e i v e r   and  i n d i c a t o r   12  coupled  to  a  pa i r   of  i n p u t / o u t p u t  

t e r m i n a l s   L  and  N  adapted  to  be  e l e c t r i c a l l y   connected   to  t h e  

l i ve   and  n e u t r a l   conductors   of  the  mains  supply  system  at  a  s u i t a b l e  

p o i n t   by,  for  example,  being  p rov ided   in  the  form  of  the  l ive   and  

n e u t r a l   pins  of  an  e l e c t r i c   plug  which  can  be  engaged  with  a  

c o n v e n t i o n a l   mains  supply  wall  socket   o u t l e t   p o i n t .  

The  t r a n s m i t t e r   11  and  the  r e c e i v e r   and  i n d i c a t o r   12 

are  coupled  to  the  t e r m i n a l s   L  and  N  through  r e s p e c t i v e  

i s o l a t i n g   t r a n s f o r m e r s   13  and  14  both  of  which  are  coupled  t o  

the  t e r m i n a l s   L  and  N  by  a  pa i r   of  s e r i e s   c a p a c i t o r s   15  and  16.  

To  gene ra te   a  master   f r equency-modu la t ed   s i g n a l ,   the  m a s t e r  

t r a n s m i t t e r   11  i nc ludes   a  vo l t age   c o n t r o l l e d   o s c i l l a t o r   17 

p r o v i d i n g ,   in  o p e r a t i o n ,   a  nominal   100  k i l o h e r t z   c a r r i e r  

f r equency ,   and  a  tone  o s c i l l a t o r   18  with  a  f ixed   f requency  o f  

10  k i l o h e r t z   connected  to  the  c o n t r o l   t e rmina l   of  the  v o l t a g e  

c o n t r o l l e d   o s c i l l a t o r   17  so  as  to  frequency  modulate  the  o u t p u t  

of  the  o s c i l l a t o r   17.  The  ou tput   of  the  o s c i l l a t o r   17  i s  

coupled  through  a  c a p a c i t o r   19  to  an  o u t p u t  a m p l i f i e r   20  c o n n e c t e d  

to  the  t r a n s f o r m e r   13. 



The  o s c i l l a t o r   17  has  a  ga t ing   s i gna l   input   t e r m i n a l   21 

connected  to  an  NPN  t r a n s i s t o r   22  and  a  r e s i s t o r   23  a r ranged   as  an 

e m i t t e r   fo l lower   c i r c u i t ,   the  t r a n s i s t o r   22,  the  r e s i s t o r   23  and 

c i r c u i t r y   connected   to  the  t e rmina l   21  wi thin   the  o s c i l l a t o r   17 

forming  a  ga t ing   c i r c u i t   which  allows  the  o s c i l l a t o r   17  to  supp ly  

i t s   ou tpu t   to  the  a m p l i f i e r   20  only  when  the  t r a n s i s t o r   22  i s  

conduc t ing .   In  o p e r a t i o n   the  base  of  the  t r a n s i s t o r   22  i s  

s u p p l i e d   with  a  r e g u l a r   t r a in   of  p o s i t i v e - g o i n g   pulses   by  a  

counter   24  so  tha t   the  pu l ses   thus  s u p p l i e d   by  the  counter   24  s e r v e  

as  ga t ing   p u l s e s ,   the  t r a n s m i t t e r   11  e m i t t i n g   a  bu r s t   of  t h e  

master   f r e q u e n c y  -   modulated  s i gna l   through  the  t r a n s f o r m e r   13 

during  each  ga t ing   p u l s e .  

A  100  h e r t z   pulse  gene ra to r   25  supp l i e s   i t s   pu lses   to  an 
i n v e r t e r   26  coupled  to  the  clock  t e rmina l   of  the  counter   24  w h i c h  i s  

a r ranged  to  r e s e t   a u t o m a t i c a l l y   to  zero  on  reach ing   a  count  o f  

nine.   Thus  the  counter   24  r e p e a t e d l y   executes   a  count ing  c y c l e  

of  zero  to  n ine ,   and  each  such  cycle  occupies   100  m i l l i s e c o n d s .  

The  pulse  g e n e r a t o r   25  is  supp l i ed   with  a  50  h e r t z   s i n u s o i d a l  

vol tage   from  the  mains  supply  system  and  th is   vo l tage   used  as  a 

phase  r e f e r e n c e   with  which  the  pu l ses   gene ra t ed   by  the  g e n e r a t o r  
25  are  s y n c h r o n i s e d .   One  count  of  the  count ing  cycle  of  t h e  

counter   25  is  decoded  and  a  10  m i l l i s e c o n d   p o s i t i v e - g o i n g   pulse  i s  

thereby  g e n e r a t e d   once  every  100  m i l l i s e c o n d s   and  is  s u p p l i e d   t o  

the  base  of  the  t r a n s i s t o r   22  as  a  ga t ing  p u l s e .  

Thus,  in  o p e r a t i o n ,   the  master   t r a n s m i t t e r   produces  a 

t r a i n   of  b u r s t s   of  f r equency-modu la t ed   100  k i l o h e r t z   s i g n a l ,  

each  bu r s t   l a s t i n g   for  10  m i l l i s e c o n d s   and  o c c u r r i n g   100 

m i l l i s e c o n d s   a f t e r   the  beginning   of  the  p rev ious   b u r s t .  

The  remote  uni t   shown  in  Fig  2  has  a  pa i r   of  i n p u t / o u t p u t  

t e r m i n a l s   L'  and  N'  which  can  be  e l e c t r i c a l l y   connected  r e s p e c t i v e l y  

to  the  l ive  and  n e u t r a l   conductors  of  the  mains  supply  s y s t e m ,  

s i m i l a r l y   to  the  t e rmina l s   L  and  N  of  the  master   unit   10.  A  b u r s t  

of  the  master   f r equency-modu la t ed   s igna l   t r a n s m i t t e d   to  t h e  

t e rmina l   L'  and  N'  is  coupled  through  s e r i e s   c a p a c i t o r s   27  and  28 

and  a  r e c e i v i n g   t r a n s f o r m e r   29  to  an  a m p l i f i e r   and  d e t e c t o r   30 

which  a m p l i f i e s   the  bu r s t   and  demodulates  the  ampl i f i ed   b u r s t   t o  

produce  a  co r r e spond ing   burs t   of  10  k i l o h e r t z   output   s igna l   which  

is  coupled  through  a  c a p a c i t o r   31,  an  audio  a m p l i f i e r   32  and  a  



f u r t h e r   c a p a c i t o r   33  to  a  decoder  34.  The  decoder  34,  in  r e s p o n s e  
to  the  b u r s t   of  a m p l i f i e d   10  k i l o h e r t z ,   produces  a  n e g a t i v e - g o i n g  

pulse   having  a  du ra t ion   co r r e spond ing   to  t ha t   of  the  10  k i l o h e r t z  

b u r s t ,   ie  s u b s t a n t i a l l y   10  m i l l i s e c o n d s .   This  pulse  i s  

delayed  and  i n v e r t e d   by  a  delay  and  i n v e r t   c i r c u i t   35  to  e l i m i n a t e  

noise  and  p rov ide   a  s i g n a l   of  s u i t a b l e   p o l a r i t y   for  t h e  

subsequen t   s tages   of  c i r c u i t r y .   The  now  p o s i t i v e - g o i n g   p u l s e  

is  d i f f e r e n t i a t e d   at  a  d i f f e r e n t i a t o r   36  and  the  r e s u l t a n t   p o s i t i v e  

spike  from  the  l ead ing   edge  of  the  p o s i t i v e - g o i n g   pulse  is  s u p p l i e d  

to  a  r e s e t   t e rmina l   37  of  a  counter   38  and  the  r e s u l t a n t  

nega t ive   spike  from  the  t r a i l i n g   edge  of  the  p o s i t i v e - g o i n g  

pulse   is  suppressed   by  a  diode  39  having  i t s   cathode  c o n n e c t e d  

to  the  output   t e rmina l   of  the  d i f f e r e n t i a t o r   36  and  i t s   anode  

connected   to  g round .  

A  100  he r t z   pulse   g e n e r a t o r   40  is  coupled  through  an 

i n v e r t e r   41  to  the  clock  input   of  the  counter   38  and  is  s y n c h r o n i s e d  

with  the  50  he r t z   mains  in  the  same  way  as  the  pulse  g e n e r a t o r   25 

of  the  master   t r a n s m i t t e r   11  is  synchron i sed .   The  counter   38 

does  not  r e s e t   a u t o m a t i c a l l y   but  only  on  r e c e i v i n g   a  p o s i t i v e  

spike  at  i t s   r e s e t   t e r m i n a l   37.  However,  s ince  these  s p i k e s  

each  derive  from  a  b u r s t   of  the  master   f r e q u e n c y - m o d u l a t e d  

s i g n a l ,   and  these  b u r s t s   occur  at  the  rate  of  one  e v e r y  

100  m i l l i s e c o n d s ,   unless   the  p o s i t i v e   spikes  are  b locked  o r  

rendered   i n e f f e c t i v e   the  counter   38  is  r e se t   once  e v e r y  

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

of  zero  to  n ine ,   the  r e s e t   being  to  zero.  The  s y n c h r o n i s a t i o n  

of  the  pulse  g e n e r a t o r   41  of  the  remote  un i t   as  well  as  of  t h e  

pulse   g e n e r a t o r   .5  of  the  master   uni t   10  to  the  mains  

frequency  ensures   tha t   the  r e s e t t i n g   of  the  counter   38  occurs  a t  

a  s u i t a b l e   time  in  r e l a t i o n   to  the  a r r i v a l   of  clock  pulses   at  t h e  

clock  input  of  the  counter   38. 

Four  counts  of  the  counter   38  are  decoded  to  provide  f o u r  

d i f f e r e n t l y   timed  sources   of  t r a i n s   of  10  m i l l i s e c o n d   pu l ses   w i t h  

a  r e p e t i t i o n   rate   of  10  h e r t z ,   the  four  t r a i n s   a p p e a r i n g  

r e s p e c t i v e l y   at  four  ou tpu t   t e r m i n a l s   42,  43,  44  and  45  of  t h e  

counter   38.  One  of  these  t e r m i n a l s ,   the  t e rmina l   45  for  t h e  

remote  uni t   of  Fig  2,  is  connected  to  the  base  of  an  NPN  t r a n s i s t o r  



46  which  forms  an  e m i t t e r   fo l lower   c i r c u i t   with  a  r e s i s t o r   47 ,  

the  e m i t t e r   of  the  t r a n s i s t o r   46  being  connected  to  a  ga t ing   s i g n a l  

input   t e r m i n a l   48  of  a  vol tage   c o n t r o l l e d   o s c i l l a t o r   49.  The 

vol tage   c o n t r o l l e d   o s c i l l a t o r   49  p r o v i d e s ,   in  o p e r a t i o n ,   a  nomina l  

100  k i l o h e r t z   c a r r i e r   f r equency ,   and  a  tone  o s c i l l a t o r   50  with  a 

f ixed  f requency  of  8.1  k i l o h e r t z   is  connected  to  the  c o n t r o l  

t e rmina l   of  the  o s c i l l a t o r   49  so  as  to  f requency  modulate  t h e  

output   of  the  o s c i l l a t o r   49.  The  output   of  the  o s c i l l a t o r   49 

is  coupled  through  a  c a p a c i t o r   51  to  an  output   a m p l i f i e r   52 

coupled  through  a  t r a n s f o r m e r   53  and  the  c a p a c i t o r s   27  and  28  t o  

the  t e r m i n a l s   L'  and  N ' .  

As  in  the  vo l tage   c o n t r o l l e d   o s c i l l a t o r   17  of  the  m a s t e r  

t r a n s m i t t e r   11,  the  ga t ing   s i g n a l   input  t e rmina l   48  has  c o n n e c t e d  

t h e r e t o   w i th in   the  o s c i l l a t o r   49  c i r c u i t r y   which  t o g e t h e r   with  t h e  

t r a n s i s t o r   46  and  the  r e s i s t o r   47  forms  a  ga t ing   c i r c u i t   which  

allows  the  s o c i l l a t o r   49  to  supply  i t s   output   to  the  a m p l i f i e r  

52  only  when  the  t r a n s i s t o r   46  is  conduct ing .   Thus,  as  in  t he  

master   t r a n s m i t t e r   11,  the  remote  unit   produces  a  t r a i n   of  b u r s t s  

of  f r e q u e n c y - m o d u l a t e d   100  k i l o h e r t z   s i g n a l ,   each  b u r s t   l a s t i n g  

for  10  m i l l i s e c o n d s   and  o c c u r r i n g   100  m i l l i s e c o n d s   a f t e r   t h e  

beg inn ing   of  the  p rev ious   b u r s t .   Each  such  b u r s t   t r a n s m i t t e d  

to  the  t e r m i n a l s   L  and  N  of  the  master  un i t   10  is  coupled  t h r o u g h  

the  c a p a c i t o r s   15  and  16  and  the  t r a n s f o r m e r   14  to  an  a m p l i f i e r  

and  d e t e c t o r   54  shown  in  Fig  3.  The  a m p l i f i e r   and  d e t e c t o r   54 

amp l i f i e s   th is   b u r s t   and  demodulates  the  ampl i f i ed   b u r s t   t o  

produce  a  co r r e spond ing   burs t   of  8.1  k i l o h e r t z   output   s i g n a l  

which  is  coupled  through  a  c a p a c i t o r   55  to  four  decoders  56,  5 7 ,  

58  and  59  in  p a r a l l e l .   Each  of  these  decoders  56,  57,  58  and  59 

is  tuned  to  respond  to  only  one  input   f requency ,   namely,  8 . 1  

k i l o h e r t z   for  the  decoder  56,  6.6  k i l o h e r t z   for  the  decoder  5 7 ,  

5.4  k i l o h e r t z   for  the  decoder  58-,  and  4.3  k i l o h e r t z   for  t h e  

decoder  59. 

The  decoder  56,  in  response  to  the  b u r s t   of  8.1  k i l o h e r t z ,  

produces  a  n e g a t i v e - g o i n g   pulse  having  a  du ra t ion   c o r r e s p o n d i n g  

to  tha t   of  the  8.1  k i l o h e r t z   b u r s t ,   ie,   s u b s t a n t i a l l y   10 

m i l l i s e c o n d s .   This  pulse  causes  a  green  l i g h t   e m i t t i n g   diode  60 

to  emit  l i g h t   for  about  10  m i l l i s e c o n d s   and  is  s t r e t c h e d   to  more 

than  100  m i l l i s e c o n d s   by  a  pulse  s t r e t c h e r   c i r c u i t   61.  The 



ou tpu t   of  the  pulse   s t r e t c h e r   c i r c u i t   61  is  s u p p l i e d   to  a  s w i t c h i n g  

c i r c u i t   62.  The  ou tpu t   of  the  pulse   s t r e t c h e r   c i r c u i t   61  i n  

response  to  a  n e g a t i v e - g o i n g   pulse   s u p p l i e d   t h e r e t o   by  the  d e c o d e r  

56  is  a  low  l eve l   s i g n a l   with  a  du ra t ion   of  s l i g h t l y   more  t h a n  

100  m i l l i s e c o n d s .   If  the  s t r e t c h e r   c i r c u i t   61  does  not  r e ce ive   a  

f u r t h e r   n e g a t i v e - g o i n g   i npu t   pulse   before   the  end  of  i t s   c u r r e n t  

low  l eve l   s i g n a l ,   the  ou tpu t   of  the  s t r e t c h e r   c i r c u i t   61  becomes 

a  high  l eve l   s i g n a l .   The  swi t ch ing   c i r c u i t   62  is  such  t h a t   whi le   i t  

is  r e c e i v i n g   the  low  l eve l   s i gna l   of  the  s t r e t c h e r   c i r c u i t   61,  t h e  

s w i t c h i n g   c i r c u i t   62  does  not  ene rg i s e   the  coil   63  of  a  r e l a y   RL-1 

and  does  not  e n e r g i s e   a  red  l i g h t   e m i t t i n g   diode  64  connected   t o  

the  s w i t c h i n g   c i r c u i t   62  as  shown.  As  soon  as  the  s w i t c h i n g   c i r c u i t  

62  ceases  to  r ece ive   a  low  level   s igna l   from  the  s t r e t c h e r   c i r c u i t  

61  and  r e c e i v e s   i n s t e a d   a  high  l e v e l  s i g n a l ,   the  s t a t e   of  t h e  

sw i t ch ing   c i r c u i t   62  changes  to  one  in  which  the  red  l i g h t   e m i t t i n g  

diode  64  is  e n e r g i s e d   and  the  coi l   63  is  e n e r g i s e d .   E n e r g i s a t i o n  

of  the  coil   63  causes  c losure   of  the  normal ly   open  c o n t a c t s   RLl 

of  the  re lay   RL-1  and  th i s   completes  an  alarm  c i r c u i t   i n c l u d i n g   an 

audib le   alarm  device   65  between  a  p o s i t i v e   supply  l ine   and  e a r t h  

through  a  k e y - o p e r a t e d   switch  66.  The  k e y - o p e r a t e d   switch  66  i s  

shown  c losed   in  Fig  3,  c losure   of  the  k e y - o p e r a t e d   switch  66  b e i n g  

a  n e c e s s a r y   ac t ion   for  b r i n g i n g   the  i n d i c a t i n g   c i r c u i t   of  t h e  

mas te r   un i t   in to   o p e r a t i o n .   The  i n d i c a t i n g   c i r c u i t   i n c l u d e s ,   i n  

a d d i t i o n   to  the  decoder  56,  the  l i g h t   e m i t t i n g   diodes  60  and  6 4 ,  

the  s t r e t c h e r   and  sw i t ch ing   c i r c u i t s   61  and  62,  the  r e l a y   RL-1, 

the  alarm  device  65  and  the  key  switch  66,  the  th ree   f u r t h e r  

decoders   57,  58  and  59,  th ree   green  l i g h t   e m i t t i n g   diodes  67,  68  

end  69,  three  s t r e t c h e r   c i r c u i t s   70,  71  and  72,  three   s w i t c h i n g  

c i r c u i t s   73,  74  and  75,  and  three  red  l i g h t   e m i t t i n g   d i o d e s  

76,  77  and  78,  connected   as  shown  in  Fig  3.  Each  of  the  t h r e e  

s t r e t c h e r   c i r c u i t s   70,  71  and  72  opera tes   in  the  same  way  as  t h e  

c i r c u i t   61,  and  each  of  the  three   swi tch ing   c i r c u i t s   73,  74  and  

75  o p e r a t e s   in  the  same  way  as  the  c i r c u i t   62.  Consequen t ly ,   w h i l e  

t r a i n s   of  10  m i l l i s e c o n d   b u r s t s   of  8.1,  6 .6,   5.4  and  4.3  k i l o h e r t z  

are  coupled  to  the  decoders   56  to  59,  each  t r a i n   having  a  

r e p e t i t i o n   r a te   of  10  h e r t z ,   the  green  l i g h t   e m i t t i n g   d i o d e s  

60,  67,  68  and  69  i n d i c a t e   the  occur rence   of  these   b u r s t s ,   the  r e d  



l i g h t   emi t t ing   diodes  64,  76,  77  and  78  remain  u n e n e r g i s e d ,   and 

the  coil   63  of  the  re lay   RL-1  remains  u n e n e r g i s e d   and  the  a u d i b l e  

alarm  device  65  is  s i l e n t .   However,  as  soon  as  any  of  t h e  

four  t r a i n s   is  i n t e r u p t e d   by  the  absence  of  the  b u r s t   of  t h e  

r e s p e c t i v e   f requency  a f t e r   the  expected   time  i n t e r v a l ,   t h e  

co r r e spond ing   red  l i g h t   e m i t t i n g   diode  64,  76,  77  or  78  i s  

e n e r g i s e d   and  the  alarm  device  65  o p e r a t e s ,   the  i n d i c a t i n g   c i r c u i t  

thereby   i n d i c a t i n g   t ha t   one  of  four  remote  un i t s   has  f a i l e d   t o  

t r a n s m i t   a  bu r s t   of  i t s   c h a r a c t e r i s t i c   f r equency-modu la t ed   s i g n a l .  

The  four  remote  un i t s   are  the  un i t   of  Fig  2  and  three  f u r t h e r  

remote  uni ts   each  i d e n t i c a l   to  the  un i t   of  Fig  2  except   in  t he  

f requency  of  the  r e s p e c t i v e   tone  o s c i l l a t o r   co r r e spond ing   t o  

the  tone  o s c i l l a t o r   50,  the  three  such  tone  o s c i l l a t o r s   g e n e r a t i n g  

r e s p e c t i v e l y   6.6,   5.4  and  4.3  k i l o h e r t z .   It   wi l l   be  u n d e r s t o o d  

from  the  d e s c r i p t i o n   of  Fig  3  given  h e r e i n b e f o r e   tha t   the  i n d i c a t i n g  

c i r c u i t   is  capable  of  o p e r a t i n g   in  any one  of  a  p l u r a l i t y   of  d i f f e r e n t  

s t a t e s ,   one  of  which  i n d i c a t e s   p roper   f u n c t i o n i n g   of  al l   four  r emote  

un i t s   and  the  o thers   of  which  i n d i c a t e   non- rep ly   f u n c t i o n i n g .  b y  

one  or  more  of  the  remote  u n i t s ,   ie  f a i l u r e   by  one  or  more  remote  

un i t s   to  genera te   the  expec ted   bu r s t   or  b u r s t s   of  c h a r a c t e r i s t i c  

f r equency-modu la t ed   s i g n a l .  

Non-reply  f u n c t i o n i n g   of  a  remote  uni t   can  be  brought   a b o u t  

by  the  gene ra t ion   of  an  i n h i b i t i n g   s igna l   in  the  remote  uni t   as  

now  desc r ibed   with  r e f e r e n c e   to  Fig  2.  The  remote  un i t   of  Fig  2 

inc ludes   a  sens ing   c i r c u i t   c o n s i s t i n g   of  s e r i e s   combination  o f  

a  r e s i s t o r   79  and  a  c a p a c i t o r   80  coupl ing  the  r e s e t   t e rmina l   37 

of  the  counter  38  to  ground  as  shown,  a  diode  81  for  coupl ing  a 

d i r e c t   cu r ren t   s i g n a l   of  one  p o l a r i t y   to  the  junc t ion   of  t h e  

r e s i s t o r   79  and  c a p a c i t o r   80,  and  i n h i b i t i n g   c i r c u i t r y   c o n n e c t e d  

to  the  rese t   t e rmina l   w i th in   the  counter   38.  A  sensor   82  i s  

connected  to  the  anode  of  the  diode  81  and  is  such  that   i n  

normal,   unac tua ted   o p e r a t i o n   the  anode  of  the  diode  81  r e c e i v e s  

a  low  voltage  so  tha t   the  diode  81  is  n o n - c o n d u c t i n g ,   and  i n  

normal  ac tua ted   o p e r a t i o n   the  anode  r e c e i v e s   a  high  vol tage  which  

b ia ses   the  diode  81  in to   conduct ion  and  causes  a  vol tage   t o  

appear  at  the  r e s e t   t e rmina l   37  which  f reezes   the  count  in  t h e  

counter   38.  Thus  a c t u a t i o n   of  the  sensor   82  r e s u l t s   in  t h e  



the  a p p l i c a t i o n   of  an  i n h i b i t i n g   s i gna l   in  t h e  
counter   38  and  h a l t s   the  p r o d u c t i o n   of  ga t ing   p u l s e s   by  t h e  

counte r   38  so  tha t   the  remote  un i t   ceases  to  produce  b u r s t s   of  i t s  

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

Fig  4  shows  the  c i r c u i t   of  the  master   t r a n s m i t t e r   11  i n  

d e t a i l ,   co r r e spond ing   e lements   having  the  same  r e f e r e n c e   n u m e r a l s  

in  Figs 1  and  4.  Figs  5  and  6  s i m i l a r l y   show  the  c i r c u i t   of  t h e  

remote  uni t   of  Fig  2  in  d e t a i l ,   and  Fig  7  shows  the  c i r c u i t   of  t h e  

master   r e c e i v e r   and  i n d i c a t o r   12  of  Fig  3  in  d e t a i l .  

As  shown  in  Fig  4,  the  100  h e r t z   pulse  g e n e r a t o r   25 

c o n s i s t s   of  two  NOR  gates  101  and  102  coupled  by  r e s i s t o r s   103 ,  

lo4  and  105  and  a  c a p a c i t o r   106  to  form  a  m u l t i v i b r a t o r   with  one 

input   t e rmina l   107  of  the  gate  101  se rv ing   as  a  s y n c h r o n i s i n g  

inpu t   t e rmina l   at  which  the  g e n e r a t o r   25  r e c e i v e s   a  100  h e r t z   r i p p l e  

produced  by  a  fu l l   wave  r e c t i f i e r   108  and  l i m i t i n g   c i r c u i t   109 

coupl ing   the  mains  i n p u t / o u t p u t   t e rmina l s   L  and  N  to  t h e  

t e rmina l   107.  The  counte r   24  is  a  cmos  decade  c o u n t e r / d i v i d e r  

SCL4017A  by  So l id   S ta te   S c i e n t i f i c   Inc.  The  a c t i ve   component  of  t h e  

tone  o s c i l l a t o r   18  is  a  S i g n e t i c s   SE/NE567  tone  decoder  p h a s e  

locked  loop  110,  and  the  ac t ive   component  of  the  v o l t a g e  

c o n t r o l l e d   o s c i l l a t o r   17  is  a  S i g n e t i c s   SE/NE  566  f u n c t i o n  

g e n e r a t o r   111.  The  m a n u f a c t u r e r s '   pin  numbers  are  shown  on  t h e s e  

items  110,  111  and  l l l .  

The  tone  o s c i l l a t o r   18  is  tuned  to  10  k i l o h e r t z   by  

ad jus tment   of  an  a d j u s t a b l e   r e s i s t o r   112  connec ted   in  s e r i e s   w i t h  

a  f ixed   r e s i s t o r   113  between  the  pins  5  and  6  of  the  component  

110.  

In  the  remote  u n i t ,   the  a m p l i f i e r   and  d e t e c t o r   30  has  as  i t s  

ac t ive   component  is  an  LM  i351  d e t e c t c r ,   l i m i t e r   and  audio  a m p l i f i e r  

114  having  i t s   pins  1  to  14  connected  as  shown  in  Fig  5.  An 

a d j u s t a b l e   i n d u c t o r   115  connected  between  pins  3  and  13  is  u s e d  

in  tuning  th i s   component  114  to  a  cent re   f requency   of  100  k i l o h e r t z .  

The  decoder  34  has  as  i t s   ac t ive   component  a  S i g n e t i c s   SE/NE  567 

tone  decoder  phase  locked  loop  116  tuned  by  an  a d j u s t a b l e   r e s i s t o r  

117  connected  as  shown.  The  counte r   38  is  a  cmos  decade  c o u n t e r /  

d i v i d e r   SCL  4017A  by  Sol id   S ta te   S c i e n t i f i c   Inc,   the  pin  15  of  which  

serves   as  the  r e s e t   t e rmina l   37.  The  pulse  g e n e r a t o r   40  is  fo rmed 

in  the  same  way  as  the  pulse  g e n e r a t o r   25  of  Figs  1  and  4  and  i s  

synch ron i s ed   to  the  mains  f requency  in  the  sane way.  S t a b i l i s e d  



d.c.   supply  l ines   118  and  119  at  12  vo l t s   and  5  vo l t s   are  p r o v i d e d  

by  a  power  un i t   120  coupled  to  the  mains  s u p p l y .  

As  shown  in  Fig  6,  the  tone  o s c i l l a t o r   50 has  an  a c t i v e  

component  121,  which  is  another   S i g n e t i c s   SEINE  567  tuned  t o  

8.1  k i l o h e r t z   with  the  aid  of  an  a d j u s t a b l e   r e s i s t o r   122,  and  t h e  

vo l t age   c o n t r o l l e d   o s c i l l a t o r  4 9  h a s   an  ac t ive   component  123,  which  

is  another   S i g n e t i c s   SEINE  566.  

The  c i r c u i t   of  t h e  m a s t e r   r e c e i v e r   inc ludes   as  shown  i n  

Fig  7,  as  the  ac t ive   component  124  of  the  a m p l i f i e r   and  d e t e c t o r  

54  another   LM  1351  which  in  th is   case  is  equipped  with  a  f i l t e r  

125  connected  between  i t s   pins  9  and  10  and  se rv ing   to  e s t a b l i s h  

a  bandwidth  s u i t a b l e   for  100  k i l o h e r t z   frequency  modulated  by 

8.1,  6.6,  5.4  and  4.3  k i l o h e r t z .   Each  of  the  decoders  56  to  5 9 ,  

of  which  only  56  and  59  are  shown  in  Fig  7,  the  o the r   two  b e i n g  
connected  in  the  same  way,  i nc ludes   a  S i g n e t i c s   SE/NE  567  as  

ac t ive   component  tuned  to  the  r e s p e c t i v e   f requency  of  8 . 1 ,  6 . 6 ,  5 . 4  

or  4.3  k i l o h e r t z .  

The  s t r e t c h e r   61  i nc ludes   a  p a r a l l e l   combinat ion  of  a 

c a p a c i t o r   126  and  a  r e s i s t o r   127  connected  between  a  p o s i t i v e   s u p p l y  
l ine  128  and  the  anode  of  a  diode  129  having  i t s   cathode  c o n n e c t e d  

to  the  anode  of  the  green  l i g h t   e m i t t i n g   diode  60.  Each  n e g a t i v e -  

going,   10  m i l l i s e c o n d   pulse  coupled  through  the  diodes  60  and  129 

from  the  pin  8  of  the  SEINE  567  of  the  decoder  56  charges  t h e  

c a p a c i t o r   126  which  then,   during  the  subsequent   90  m i l l i s e c o n d s  

before   the  next  n e g a t i v e - g o i n g   pu l se ,   d i scha rges   through  t h e  

r e s i s t o r   127.  This  d i s c h a r g i n g   cont inues   f u r t h e r   i f   the  e x p e c t e d  

next  n e g a t i v e - g o i n g   pulse  f a i l s   to  a r r i v e .   Thus  the  vo l tage   at  t h e  

anode  of  the  diode  129  is a low  leve l   s igna l   unless   the  c a p a c i t o r   126 

has  s u f f i c i e n t   time  to  d i scharge   almost  completely   whereby  t h e  

vol tage   at  the  anode  of  the  diode  129  becomes  a  high  l eve l   s i g n a l .  

The  swi tch ing   c i r c u i t   62  i nc ludes   a  two  input   AND  gate  130  h a v i n g  

one  input   t e rmina l   coupled  to  the  p o s i t i v e   supply  l ine   128  by  a 

r e s i s t o r   131  and  the  o ther   input   t e rmina l   coupled  to  the  anode 

of  the  diode  129  by  a  r e s i s t o r   132.  The  output   t e rmina l   133  of  t h e  

AND  gate  130  is  connected  to  the  base  of  an  NPN  t r a n s i s t o r   134 

connected  as  an  e m i t t e r   fo l lower   with  the  red  l i g h t   e m i t t i n g   diode  64 

in  s e r i e s   with  an  e m i t t e r   r e s i s t o r   135  and  the  r e l ay   coi l   63  c o n n e c t e d  



in  a  p a r a l l e l   e m i t t e r   c i r c u i t   when  the  key  switch  66  is  c l o s e d ,  

t h i s   switch  66  be ing   shown  in  i t s   open  p o s i t i o n   in  Fig  7 .  

Feedback  of  high  l e v e l   s i g n a l s   from  the  output   t e r m i n a l  

133  of  the  AND  gate  130  to  the  inpu t   t e rmina l   end  of  the  r e s i s t o r  

132  is  p rov ided   by  a  diode  136.  A  r e s e t t i n g   push  bu t ton   swi tch   137 

connected   in  s e r i e s   between  the  r e s i s t o r   131  and  the  key  swi tch   66 

allows  the  ou tput   l e v e l   of  the  gate  130  to  be  se t   to  the  low  l e v e l  

when  the  key  switch  66  is  open.  The  ou tput   l eve l   of  the  gate  130  

can  be  set   to  the  high  l eve l   by  c losure   of  a  switch  138 

connected   in  s e r i e s   with  a  c a p a c i t o r   139  between  a  p o s i t i v e   s u p p l y  

l ine   140  and  the  inpu t   t e rmina l   end  of  the  r e s i s t o r   132.  The 

t r a n s i s t o r  1 3 4   is  e f f e c t i v e l y   of f   when  the  gate  130  s u p p l i e s   the  low 

output   l eve l   to  the  base  of  the  t r a n s i s t o r   134  and  is  on,  i e  

conduc t ing   h e a v i l y ,   when  the  gate  130  supp l i e s   the  high  o u t p u t  

l e v e l .   Provided  t h a t   a  swi tch   141  is  set   as  shown  to  connect   t h e  

e m i t t e r   of  the  t r a n s i s t o r   134  through  a  diode  142  to  the  r e l ay   coi l   6 3 ,  

the  on  s t a t e   of  the  t r a n s i s t o r   1 3 4  r e s u l t s   in  e n e r g i s a t i o n   of  t h e  

coi l   63  but  the  o f f   s t a t e   does  not .   The  s t a t e   of  the  t r a n s i s t o r   134 

is  i n d i c a t e d   by  whether   or  not  the  red  l i g h t   e m i t t i n g   diode  64  i s  

e n e r g i s e d   or  n o t .  

The  ou tpu t   l eve l   of  the  gate  130  is  low  when  the  key  s w i t c h  

66  is  c losed ,   the  switch  138  is  open,  as  shown,  and  n e g a t i v e - g o i n g  

pu l se s   of  10  m i l l i s e c o n d s   d u r a t i o n   and  o c c u r r i n g   every  100 

m i l l i s e c o n d s   a r r i v e   at  the  cathode  of  the  diode  129.  If   t h e  

i n t e r v a l   between  one  such  pu lse   and  the  next   i n c r e a s e s   by  a  

r e l a t i v e l y   small  amount,  the  c a p a c i t o r   126  d i s c h a r g e s ,   both  i n p u t  

t e r m i n a l s   of  the  gate  130  r e ce ive   high  l eve l   s i g n a l s   and  t h e  

ou tpu t   l eve l   of  the  gate  130  swi tches   to  the  high  l e v e l ,   t h e r e b y  

swi t ch ing   on  the  t r a n s i s t o r   134  which  e n e r g i s e s   the  red  diode  64 

and  the  coi l   63  and  consequen t ly   causes  the  audible   alarm  device   65 

to  emit  a  warning  sound,  a  switch  143  being  c losed  when  the  k e y  

switch  66  is  c losed   and  vice  versa .   The  swi tches   141  and  138  a r e  

ganged  t o g e t h e r   so  that   when  the  switch  138  is  open,  t h e  s w i t c h   141 

makes  the  connec t ion   shown,  and  when  the  switch  138  is  c l o s e d ,  

the  switch  141  connects   the  coi l   63  to  a  r e s i s t o r   144  in  p a r a l l e l  

with  a  s e r i e s   combinat ion   of  a  r e s i s t o r   145  and  a  c a p a c i t o r   146 

connected  as  shown. 

The  o the r   s t r e t c h e r   c i r c u i t s   70  to  72  and  s w i t c h i n g   c i r c u i t s  

73  to  75  are  the  same  as  the  c i r c u i t s   61  and  62  and  o p e r a t e  
in  the  same  way  as  these   c i r c u i t s .  



1.  Moni to r ing   appara tus   compris ing  a  master   un i t   (10,  111  and 

at  l e a s t   one  remote  un i t   (Fig.  2),  the  remote  un i t   being  adapted  t o  

communicate  mon i to r ing   i n fo rma t ion   to  the  master   u n i t ,   c h a r a c t e r i s e d  

in  t h a t   the  master   un i t   inc ludes   a  master   t r a n s m i t t e r   (111,  a  m a s t e r  

r e c e i v e r   (14,  54,  55)  and  an  i n d i c a t i n g   c i r c u i t   (56  to  78),  the  m a s t e r  

t r a n s m i t t e r   p roduc ing ,   in  o p e r a t i o n ,   a  r e g u l a r   t r a i n   of  b u r s t s   of  a  

mas te r   f r e q u e n c y - m o d u l a t e d   s i g n a l ,   the  remote  un i t   (Fig.  2)  p r o d u c e s  

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

mas te r   f r e q u e n c y - m o d u l a t e d   s i g n a l ,   the  remote  un i t   i n c l u d i n g   g a t i n g  

means  (29  to  40)  for  r e c e i v i n g   and  p roduc ing   in  response  to  a  r e c e i v e d  

b u r s t   of  the  master   f r equency -modu la t ed   s igna l   a  ga t ing   s i gna l   which  

so  gates   the  c h a r a c t e r i s t i c   f r equency -modu la t ed   s i gna l   as  to  enable  a 

b u r s t   of  the  r e s p e c t i v e   c h a r a c t e r i s t i c   f r e q u e n c y - m o d u l a t e d   s igna l   t o  

be  emi t t ed   by  the  remote  un i t   and  the  ga t ing   means  i n c l u d i n g   a  

s ens ing   c i r c u i t   (79,  80,  81)  for  sens ing   a  r e s p e c t i v e   c o n d i t i o n   and  

adapted   to  i n h i b i t   p roduc t ion   of  the  ga t ing   s igna l   of  the  remote  u n i t  

in  response   to  sens ing   by  the  sens ing   c i r c u i t   of  a  change  of  a  

p r e d e t e r m i n e d   kind  in  the  r e s p e c t i v e   c o n d i t i o n   so  tha t   occur rence   o f  

the  sa id   change  p reven t s   the  emiss ion  of  one  or  more  b u r s t s   of  t h e  

r e s p e c t i v e   c h a r a c t e r i s t i c   f r equency -modu la t ed   s i g n a l ,   the  m a s t e r  

r e c e i v e r   (14,  54,  55)  r e c e i v i n g   and  demodulat ing  b u r s t s   of  the  or  each  

c h a r a c t e r i s t i c   f r equency-modu la t ed   s igna l   so  as  to  produce  a  r e s p e c t -  

ive  demodulat ion  ou tput   s igna l   co r r e spond ing   to  each  b u r s t   d e m o d u l a t e d ,  

and  the  i n d i c a t i n g   c i r c u i t   (56  to  781  being  capable   of  o p e r a t i n g   in  a 

r e s u l t a n t   one  of  a  p l u r a l i t y   of  d i f f e r e n t   s t a t e s   and  being  so  c o u p l e d  

to  the  master   r e c e i v e r   (14,  54,  55)  as  to  r ece ive   the re f rom  each  

demodula t ion   output   s igna l   produced  thereby  and  i n c l u d i n g   t iming  means 

(61,  70,  71,  72)  such  t ha t   the  r e s u l t a n t   s t a t e   of  the  i n d i c a t i n g  

c i r c u i t   depends  upon  whether  the  length   of  the  i n t e r v a l   b e t v e e n  

s u c c e s s i v e   ones  of  the  demodulat ion  ou tput   s i g n a l s   co r r e spond ing   t o  

the  or  a  r e s p e c t i v e   c h a r a c t e r i s t i c   f r e q u e n c y - m o d u l a t e d   s i gna l   d e p a r t s  

from  a  p r ede t e rmined   d u r a t i o n .  

2.  Moni tor ing  appara tus   accord ing   to  claim  1  and  adapted  t o  

make  use  of  the  e l e c t r i c   channels  p rov ided   by  a  mains  e l e c t r i c i t y  

supply  system,  the  master   t r a n s m i t t e r ,   the  master   r e c e i v e r   and  t h e  

remote  un i t   or  un i t s   being  adapted  to  t r a n s m i t   and  r ece ive   t h e  

f r e q u e n c y - m o d u l a t e d   s i gna l s   which  they  produce  through  the  c h a n n e l s  

p rov ided   by  l ive  and  n e u t r a l   conductors   of  the  mains  s y s t e m .  



3.  Moni tor ing   appa ra tu s   accord ing   to  claim  1  or  2,  wherein  t h e  

master   t r a n s m i t t e r   (11)  i nc ludes   means  (24,  25,  261  for  g e n e r a t i n g   a  

r e g u l a r   t r a i n   of  ga t ing   pu l s e s   and  a  g a t i n g   c i r c u i t   C22,  231  a r r a n g e d  

to  be  c o n t r o l l e d   by  the  ga t ing   p u l s e s   and  such  as   to  allow  the  m a s t e r  

t r a n s m i t t e r   to  emit  a  b u r s t   of  the  mas ter   f r e q u e n c y - m o d u l a t e d   s i g n a l  

only  dur ing  a  ga t ing   p u l s e .  

4.  Moni tor ing   appara tus   accord ing   to  claim  2  and  3,  w h e r e i n  

the  mains  e l e c t r i c i t y   supply  is  a l t e r n a t i n g   and  the  t r a i n   of  g a t i n g  

pu lses   is  locked  to  the  a l t e r n a t i n g   mains  s u p p l y .  

5.  Moni tor ing   appara tus   acco rd ing   to  claim  1,  wherein  there   i s  

a  p l u r a l i t y   of  remote  u n i t s ,   the  i n d i c a t i n g   c i r c u i t   (56  to  78)  i n c l u d e s  

a  co r r e spond ing   p l u r a l i t y   of  decoding  c i r c u i t s   (56  to  59)  each  of  w h i c h  

produces  in  response  to  each  demodula t ion   ou tput   s igna l   c o r r e s p o n d i n g  

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

w h i c h  d i f f e r   from  one  ano the r ,   a  decoding  ou tput   s igna l   having  a  f i r s t  

va lue ,   the  decoding  c i r c u i t   p roduc ing   a  decoding  ou tput   s i g n a l   h a v i n g  

a  second  value  whenever  the  r e s p e c t i v e   decoding  c i r c u i t   is  n o t  

r e c e i v i n g   the  demodulat ion  ou tpu t   s i g n a l   co r r e spond ing   to  the  r e s p e c t -  

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

6.  Moni tor ing   appara tus   a cco rd ing   to  claim  5,  where in   t h e  

i n d i c a t i n g   c i r c u i t   (56  to  78)  i n c l u d e s   a  co r r e spond ing   p l u r a l i t y   o f  

s t r e t c h i n g   c i r c u i t s   (61,  70,  71,  721  each  of  which  is  so  coupled  t o  

the  r e s p e c t i v e   decoding  c i r c u i t   (56,  57,  58,  59)  as  to  r e c e i v e   t h e r e -  

from  the  decoding  ou tput   s igna l   t he re f rom  and  is  r e s p o n s i v e   to  t h e  

said  f i r s t   value  only  so  as  to  produce  an  ou tpu t   con t ro l   s i g n a l  

i n c l u d i n g   a  s t r e t c h e d   s igna l   having  a  du ra t i on   beg inn ing   s u b s t a n t i a l l y  

s i m u l t a n e o u s l y   with  the  r e s p e c t i v e   occur rence   of  the  sa id   f i r s t   v a l u e  

and  con t inu ing   for  a  p r e d e t e r m i n e d   time  a f t e r   the  end  of  the  r e s p e c t -  

ive  occur rence   of  the  f i r s t   va lue ,   a  c o n t r o l l a b l e   sw i t ch ing   c i r c u i t  

(62,  73,  74,  75)  b e i n g  s o   coupled  to  the  s t r e t c h i n g   c i r c u i t   (61,  70,  

71,  72)  as  respond  to  absence  of  a  s t r e t c h i n g   s igna l   in  the  o u t p u t  

con t ro l   s igna l   by  changing  the  s t a t e   of  o p e r a t i o n   of  the  i n d i c a t i n g  

c i r c u i t .  



7.  Moni to r ing   appara tus   accord ing   to  claim  1,  wherein  the  g a t i n g  

means  (29  to  40)  of  the  or  each  remote  u n i t   has  a  r e c e i v i n g   s e c t i o n  

(29  to  36)  which  r e c e i v e s   and  demodulates  each  b u r s t   of  the  m a s t e r  

f r e q u e n c y - m o d u l a t e d   s igna l   t r a n s m i t t e d   to  the  un i t   by  the  m a s t e r  

t r a n s m i t t e r   (111  and  produces  from  each  demodulat ion  of  a  b u r s t   a 

t r i g g e r i n g   s i g n a l ,   the  ga t ing   means  f u r t h e r   i n c l u d i n g   a  t r i g g e r e d  

ga t ing   c i r c u i t   (38,  46,  471  a r ranged   to  r ece ive   each  t r i g g e r i n g  

s igna l   and  such  as  to  e f f e c t   the  sa id   ga t ing   of  the  r e s p e c t i v e  

c h a r a c t e r i s t i c   f r equency -modu la t ed   s igna l   only  when  t r i g g e r e d   by  a 

t r i g g e r i n g   s i g n a l ,   t r i g g e r i n g   of  the  t r i g g e r e d   ga t ing   c i r c u i t  

o c c u r r i n g   on  r e c e i p t   of  a  t r i g g e r i n g   s igna l   by  the  t r i g g e r e d   g a t i n g  

c i r c u i t   only  when  the  gat ing  means  is  not  i n h i b i t e d   by  the  s e n s i n g  

c i r c u i t   (79,  80,  8 1 ) .  

8.  Moni tor ing   appara tus   accord ing   to  claim  7  wherein  t h e  

t r i g g e r e d   ga t ing   c i r c u i t   i nc ludes   a  counter   (38)  s u p p l i e d   in  o p e r a t i o n  

with  a  c o n t i n u a l   t r a i n   of  clock  pu l ses   and  adapted  to  be  r e s e t   by  t h e  

t r i g g e r i n g   s i g n a l s   and  to  be  f rozen  by  an  i n h i b i t i n g   s i g n a l   s u p p l i e d  

to  the  counter   by  the  sens ing  c i r c u i t   (79,80,  81)  in  response  of  t h e  

said  change .  

9.  Moni tor ing   appara tus   according   to  claim  3,  wherein  the  means 

(24,  25,  26)  for  g e n e r a t i n g   a  r e g u l a r   t r a i n   of  ga t ing   pu lses   c o m p r i s e s  

a  counter   (24)  supp l i ed   in  o p e r a t i o n   with  a  con t inua l   t r a i n   of  c l o c k  

pu l ses   and  adapted  to  r e s e t   a u t o m a t i c a l l y   on  r each ing   a  p r e d e t e r m i n e d  

count ,   so  as  to  r e p e a t e d l y   execute   a  p rede te rmined   count ing   cyc le ,   t h e  

counter   (24)  being  adapted  to  p rov ide   an  output   s tream  of  p u l s e s  

c o n s t i t u t i n g   the  ga t ing   pulses   of  the  said  g e n e r a t i n g   means  and 

co r r e spond ing   to  d i v i s i o n   of  the  ra te   of  the  clock  pu lses   by  a  f a c t o r  

de termined   by  the  count ing   cycle  of  the  counter   ( 2 4 ) .  

10.  Moni tor ing   appara tus   accord ing   to  any  p r eced ing   c l a i m ,  

wherein  sens ing   c i r c u i t   of  the  or  each  remote  u n i t   i nc ludes   a  form  o f  

coupl ing  c i r c u i t   (79,  80,  81)  s u i t a b l e   for  coupl ing  a  s teady  v o l t a g e  

of  a  p a r t i c u l a r   p o l a r i t y   into  the  ga t ing   means  (29  to  40)  where  t h e  

r e s p e c t i v e   cond i t i on   is  the  vo l t age   appear ing   at  an  ou tput   t e rmina l   o f  

a  sens ing   device  ( 8 2 ) .  
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