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(54)  Burglar  alarm  system. 
@  A  burglar  alarm  system  includes  a  number  of  sensors 
each  of  which  comprises  first  and  second  series-connected 
resistances  and  a  sensorswitch  connected  in  parallel  with  the 
first  resistance.  The  sensors  are  connected  in  series  with  one 
another  and  are  arranged  in  sets  SS1,  SS2,  where  each  set 
contains  the  same  number  of  sensors  and  each  has  the  same 
total  resistance.  The  first  resistances  of  the  sensors  in  a  set 
have  values  which  are  different  from  one  another  but  which 
are  related  in  a  known  manner.  A  sensorswitch  SC1,  SS2  is 
connected  across  each  set  of  sensors.  A  constant  current 
source  CS  is  connected  to  the  series-connected  sensors,  and 
the  sensor  switches  SC  are  opened  one  at  a  time  by  a  switch 
control  CC.  Output  means  are  provided  responsive  to  the 
voltage  developed  across  any  set  of  sensors  to  identify  any 
operated  sensor  switch. 
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A   burglar  alarm  system  includes  a  number  of  sensors 
each  of  which  comprises  first  and  second  series-connected 
resistances  and  a  sensor switch  connected  in  parallel  with  the 
first  resistance.  The  sensors  are  connected  in  series  with  one 
another  and  are  arranged  in  sets  SS1,  SS2,  where  each  set 
contains  the  same  number  of  sensors  and  each  has  the  same 
total  resistance.  The  first  resistances  of  the  sensors  in  a  set 
have  values  which  are  different  from  one  another  but  which 
are  related  in  a  known  manner.  A  sensor  switch  SC1,  SS2  is 
connected  across  each  set  of  sensors.  A  constant  current 
source  CS  is  connected  to  the  series-connected  sensors,  and 
the  sensor  switches  SC  are  opened  one  at  a  time  by  a  switch 
control  CC.  Output  means  are  provided  responsive  to  the 
voltage  developed  across  any  set  of  sensors  to  identify  any 
operated  sensor  switch. 



This  invent ion   r e l a t e s   to  bu rg l a r   alarm  sys tems,   and 

p a r t i c u l a r l y   to  systems  of  the  type  de sc r ibed   and  claimed  in  my 

co -pend ing   a p p l i c a t i o n   No.  82 .05783.   That  a p p l i c a t i o n   i s  

concerned   with  a  t amper -proof   alarm  system  having  a  p l u r a l i t y   o f  

sensors   connected  in  s e r i e s .   Each  sensor   comprises   f i r s t   and 

second  s e r i e s - c o n n e c t e d   r e s i s t o r s   with  a  sensor  switch  c o n n e c t e d  

in  p a r a l l e l   with  the  f i r s t   r e s i s t o r .   Each  f i r s t   r e s i s t o r   i n  

the  loop  has  a  value  which  is  d i f f e r e n t   from  but  r e l a t e d   in  a 

known  manner  to  that  of  every  o ther   f i r s t   r e s i s t o r .   A  c o n s t a n t  

c u r r e n t   source  suppl ies   a  c u r r e n t   to  the  loop,  and  the  i d e n t i t y  

of  any  ope ra ted   sensor  can  be  de te rmined   by  the  a s s o c i a t e d  

c i r c u i t r y .   Convenient ly ,   the  f i r s t   r e s i s t o r s   may  be  r e l a t e d   i n  

a  b ina ry   r a t i o ,   that  is  in  the  r a t i o s   1 :   2  :   4  :   8  :   16  :   32 

and  so  on.  However,  it  is  d i f f i c u l t   to  deal  with  a  l a r g e  

number  of  sensors   as  the  t o t a l   loop  r e s i s t a n c e   becomes  v e r y  

high.   Even  if  a  binary  r a t i o   is  not  used  the  same  p rob lem 

a r i s e s   if  each  and  every  ope ra ted   sensor   is  to  be  i d e n t i f i e d .  

It  is  an  object   of  the  p r e s e n t   i nven t ion   to  provide  a 

b u r g l a r   alarm  system  which  may  i n c l u d e   a  large  number  of  s e n s o r s  

and  in  which  each  and  every  o p e r a t e d   sensor   may  be  i d e n t i f i e d .  

According  to  the  p r e s e n t   i n v e n t i o n   there  is  provided  a 

b u r g l a r   alarm  system  which  i nc ludes   a  p l u r a l i t y   o f  

s e r i e s - c o n n e c t e d   sensors  each  compr i s ing   a  f i r s t   and  second  

r e s i s t a n c e s   connected  in  s e r i e s   with  one  another   with  a  s e n s o r  

switch  connected   in  p a r a l l e l   with  the  f i r s t   r e s i s t a n c e ,   t h e  

sensors   being  arranged  in  a  number  of  se ts   each  having  the  same 

number  of  sensors   and  the  same  t o t a l   r e s i s t a n c e ,   and  the  f i r s t  

r e s i s t a n c e s   of  the  sensors  in  each  set  having  values  which  a r e  

d i f f e r e n t   from  one  another   but  which  are  r e l a t e d   in  a  known 

manner,  a  cons tant   c u r r e n t   source  connected  to  t h e  

s e r i e s - c o n n e c t e d   sensors ,   switch  means  connected  across  each  s e t  

of  s e n s o r s ,   switch  con t ro l   means  o p e r a b l e   to  open  the  s w i t c h  

means  one  at  a  time  in  a  p r e d e t e r m i n e d   sequence,   and  o u t p u t  

means  r e s p o n s i v e   to  the  vo l t age   developed  across  any one  set  o f  

sensors   to  d e l i v e r   an  output   i n d i c a t i v e   of  the  ope ra t i on   of  a 

sensor  switch  in  the  said  s e t .  



The  i n v e n t i o n   wi l l   now  be  d e s c r i b e d   with  r e f e r e n c e   t o  

the  accompanying  d rawings ,   in  which  : -  

F igure   1  shows  a  schemat ic   c i r c u i t   diagram  of  a  known 

alarm  s y s t e m ;  

Figure   2  is  a  schemat ic   c i r c u i t   diagram  of  a  f i r s t  

embodiment  of  the  i n v e n t i o n ;  

Figure   3  is  a  c i r c u i t   diagram  of  part  of  t h e  

a r rangement   of  F igure   2 ;  

F i g u r e  4   shows  the  c o n t r o l   s i gna l   waveform  used  w i t h  

the  c i r c u i t   of  F igure   3 ;  

F igure   5  shows  an  a l t e r n a t i v e   form  of  output   means;  and 

Figure  6  i l l u s t r a t e s   an  a l t e r n a t i v e   embodiment  of  t h e  

i n v e n t i o n .  

R e f e r r i n g   now  to  Figure  1,  th i s   shows  the  main  e l e m e n t s  

of  the  alarm  system  d e s c r i b e d   in  my  copending  a p p l i a t i o n   No. 

82.05783.   The  drawing  shows  a  number  of  sensors   SN1  to  SN8, 

each  compr i s ing   a  f i r s t   r e s i s t a n c e   RA,  a  second  r e s i s t a n c e  

RB  connec ted   in  s e r i e s   with  r e s i s t a n c e   RA,  and  a  s e n s o r  

switch  SW  connected   ac ross   the  f i r s t   r e s i s t a n c e   RA.  The 

sensors   are  connec ted   in  s e r i e s   with  one  ano ther   and  a  c o n s t a n t  

c u r r e n t   source  CS  is  connected  to  the  s e r i e s - c o n n e c t e d  

s e n s o r s .   The  v o l t a g e   developed  across  the  s e r i e s - c o n n e c t e d  

sensors   due  to  the  c o n s t a n t   c u r r e n t   f lowing  through  t h e  

r e s i s t a n c e s   is  a p p l i e d   to  the  n o n - i n v e r t i n g   input   of  a 

d i f f e r e n t i a l   a m p l i f i e r   DA.  The  i n v e r t i n g   input  of  t h e  

a m p l i f i e r   is  connec ted   to  a  v a r i a b l e   r e f e r e n c e   vo l t age   VR,  and 

the  output   of  the  a m p l i f i e r   is  connected  to  an  e i g h t - b i t  

a n a l o g u e - t o - d i g i t a l   c o n v e r t e r   AD.  The  ou tputs   of  the  c o n v e r t e r  

are  connected   to  s u i t a b l e   i n d i c a t o r s   such  as  l i g h t - e m i t t i n g  

d i o d e s .  

In  o p e r a t i o n ,   if  a l l   the  sensor  swi tches   SW  are  of  t h e  

n o r m a l l y - c l o s e d   type,   then  when  a l l   swi tches   are  closed  t h e  

r e s i s t a n c e   in  the  loop  wi l l   be  the  sum  of  the  r e s i s t a n c e s   RB 
plus  the  r e s i s t a n c e   of  the  connec t ing   cab le .   The  c o n s t a n t  

c u r r e n t   from  the  source  CS  w i l l   produce  a  c e r t a i n   vo l tage   d r o p  
due  to  the  loop  r e s i s t a n c e .   The  v a r i a b l e   r e f e r e n c e   v o l t a g e  

VR  app l i ed   to  the  a m p l i f i e r   DA  is  ad ju s t ed   so  as  to  be  e q u a l  



to  the  vo l t age   drop  across   the  loop,  so  that   there  is  no  o u t p u t  

from  the  a m p l i f i e r   DA.  The  subsequent   opening  of  one  or  more 

of  the  sensor  swi tches   SW  wil l   i n c r e a s e   the  loop  r e s i s t a n c e   and 

hence  the  v o l t a g e   drop,  producing  an  output   from  t h e  

a m p l i f i e r .   The  f i r s t   r e s i s t a n c e s   are  c o n v e n i e n t l y   r e l a t e d   i n  

a  binary  r a t i o ,   as  a l r eady   d e s c r i b e d ,   giving  i d e n t i f i c a t i o n   o f  

each  switch  which  o p e r a t e s .  

There  is  a  l i m i t   to  the  number  of  sensors   which  may  b e  

connected  into  a  loop,  s ince   the  r e s i s t a n c e   of  the  loop  r i s e s  

r ap id ly   as  more  sensors   are  added.  This  makes  d i s c r i m i n a t i o n  

between  sensors   more  d i f f i c u l t .   The  remaining  F i g u r e s  

i l l u s t r a t e   a r r angement s   which  overcome  th i s   problem  by  a r r a n g i n g  

the  sensors   in  s e t s ,   each  set  c o n t a i n i n g   the  same  number  o f  

sensors  and  having  the  same  t o t a l   r e s i s t a n c e .  

R e f e r r i n g   now  to  Figure  2,  th i s   shows  a  number  of  s e t s  

of  sensors   connected   in  s e r i e s   with  one  ano the r .   Each  set  o f  

sensors  is  r e p r e s e n t e d   by  a  s ing le   r e s i s t a n c e   SS,  but  i n  

p r a c t i c e   each  set  comprises   a  number  of  sensors   connected  as  i n  

Figure  1.  Hence  the  value  of  r e s i s t o r   SS1,  for  example,  is  t h e  

r e s i s t a n c e   of  each  r e s i s t o r   RB  and  the  i n t e r c o n n e c t i n g   c a b l e  

making  up  a  set  of  s e n s o r s ,   assuming  the  each  sensor  switch  SW 

is  of  the  n o r m a l l y - c l o s e d   type  as  de sc r i bed   above.  Each  of  t h e  

" e q u i v a l e n t "   r e s i s t o r s   SS  is  of  the  same  r e s i s t a n c e .   A c r o s s  

each  set  of  sensors   is  connected  a  n o r m a l l y - c l o s e d   switch  SC. 

The  sets   of  sensors   are  connected  in  s e r i e s   and  supp l ied   w i t h  

cur ren t   from  the  a  c o n s t a n t  s o u r c e   as  be fo re .   The  v o l t a g e  

developed  across   any  one  set  of  sensors   is  again  app l ied   to  an  

a m p l i f i e r   DA  where  it  is  o f f s e t   aga in s t   a  r e f e r e n c e   v o l t a g e .  

The  output  of  the  a m p l i f i e r   is  connected  to  an  a n a l o g u e - t o -  

d i g i t a l   c o n v e r t e r   AD  having  a  number  of  outputs   equal  to  t h e  

number  of  sensors   in  each  set  o f  s e n s o r s .   Each  output  of  t h e  

conver te r   AD  is  connected  to  a  s e p a r a t e   la tch  c i r c u i t   L C  f o r  

each  set  of  s e n s o r s .   Thus  if  the  system  has,  say,  ten  s e t s  

each  of  four  s e n s o r s ,   the  c o n v e r t e r   AD  wi l l   have  four  o u t p u t s  

each  of  which  is  connected  to  ten  l a tch   c i r c u i t s .   A  c o n t r o l  

c i r c u i t   CC  is  provided  which  ope ra t e s   the  switch  SC  in  s e q u e n c e  

so  that   only  one  switch  is  open  at  a  time.  When  a  p a r t i c u l a r  



switch  is  open  the  c o n t r o l   c i r c u i t   a lso   a c t i v a t e s   the  l a t c h  

c i r c u i t   c o r r e s p o n d i n g   to  tha t   set  of  s enso r s ,   so  tha t   o p e r a t i o n  

of  a  sensor   switch  w i l l   produce  an  output   from  the  a p p r o p r i a t e  

la tch   c i r c u i t .   A  l a r g e r   number  of  se ts   each  of  more  than  f o u r  

sensors   may  be  i n c o r p o r a t e d .  

Figure   3  i l l u s t r a t e s   one  p o s s i b l e   form  of  a  switch  SC, 

t o g e t h e r   with  the  a s s o c i a t e d   pa r t   of  the  c o n t r o l   c i r c u i t .   The 

switch  i t s e l f   may  c o n v e n i e n t l y   be  a  VMOS  device  VM  having  a  low 

r e s i s t a n c e   when  c l o s e d .   The  gate  e l e c t r o d e   of  the  switch  VM  i s  

connec ted   to  one  output   of  a  coun t e r   CT,  say  a  CD4017,  h a v i n g  

r e s e t   and  clock  i npu t s   RS  and  CK  r e s p e c t i v e l y .   The  coun t e r   i s  

c o n t r o l l e d   by  a  c i r c u i t   compr i s ing   two  t r a n s i s t o r s   TR1  and 

TR2.  The  base  of  t r a n s i s t o r   TR1  is  connected  through  a 

r e s i s t o r   Rl  to  a  supply  l ine   SL,  w h i l s t   i t s   c o l l e c t o r   i s  

connected   through  a  r e s i s t o r   R2  to  each  p o t e n t i a l ,   and  to  the  RS 

input   of  coun te r   CT.  The  e m i t t e r   of  t r a n s i s t o r   TRl  i s  

connected   through  a  diode  D  to  the  base  of  the  o ther   t r a n s i s t o r  

TR2.  This  has  i t s   e m i t t e r   connec ted   to  the  supply  l ine   SL  and 

i ts   c o l l e c t o r   connected   through  a  r e s i s t o r   R3  to  ea r th   p o t e n t i a l  

and  to  the  CK  input   of  coun te r   CT. 

The  supply  l ine   SL  a p p l i e s   both  supply  v o l t a g e   and 

c o n t r o l   pu l ses   to  the  c i r c u i t   of  Figure  4,  and  has  a  waveform  a s  

shown  in  Figure  4.  The  nominal  supply  vo l t age   is  shown,  by  way 
of  example,   as  +5  v o l t s .   If  t h i s   f a l l s   to  +4  v o l t s ,   then  i t  

r e p r e s e n t s   a  " r e s e t "   pu l se ,   w h i l s t   an  i n c r e a s e   to  +6  v o l t s  

r e p r e s e n t s   a  clock  pu l s e .   Hence  when  a  switch  VM  is  to  be  

opened,  a  t r a i n   of  pu l ses   is  super imposed  on  the  +5  v o l t s   s u p p l y  

as  shown  in  Figure  4.  The  r e s e t   pulse  r e s e t s   are  a l l   t h e  

coun te r s   CT,  thus  ensu r ing   tha t   a l l   swi tches   V,  are  in  t h e  

r e q u i r e d   s t a t e .   The  subsequen t   c lock  pulses   cause  each  c o u n t e r  

to  advance,   and  when  the  clock  pu l se s   cease  only  one  c o u n t e r  

wi l l   have  a  switch  VM  connected   to  i t s   a c t i v a t e d   o u t p u t .   Each 

s u c c e s s i v e   t r a i n   of  pu l ses   c o n t a i n s   the  same  number  of  p u l s e s ,  

and  each  coun te r   responds   to  a l l   these   pu l se s .   The  s w i t c h  

a s s o c i a t e d   with  each  coun te r   is  thus  a c t i v a t e d   only  w h i l s t   t h e  

coun te r   is  in  the  a p p r o p r i a t e   one  of  i t s   s t a t e s ,   tha t   is  once  i n  

each  pu lse   t r a i n .   When  any  one  switch  VM  is  opened  t h e  



c o n d i t i o n   of  each  sensor   switch  in  that   set  is  d e t e c t e d   as  

b e f o r e .  

The  c o n t r o l   c i r c u i t   CC  (Figure  2),  as  well   as  p r o d u c i n g  

the  succes s ive   sets   of  pu l ses   appl ied   to  the  supply  l i n e ,   a l s o  

c o n t r o l s   a  la tch  coun te r   LT  which  is  r e s e t   and  c locked  at  a 

lower  r a t e ,   depending  upon  the  number  of  l a tch   c i r c u i t s .   This  

counter   c o n t r o l s   the  a c t i v a t i o n   of  the  l a tch   c i r c u i t s   LC,  so 

that   the  latch  c o r r e s p o n d i n g   to  a  set  of  s ensors   is  a c t i v a t e d  

when  the  switch  VM  across   that   set  of  sensors   is  opened.   Hence 

the  o p e r a t i o n   of  each  sensor   switch  is  denoted  by  a  d i f f e r e n t  

la tch   o u t p u t .  

In  an  a l t e r n a t i v e   con t ro l   ar rangement   the  d i s p l a y   o f  

ac tua t ed   sensors  may  be  s i m p l i f i e d   from  the  f o r t y   s e p a r a t e  

i n d i c a t o r s   provided  by  the  ar rangement   de sc r i bed   above.   F i g u r e  

5  i l l u s t r a t e s   the  r e l e v a n t   pa r t s   of  the  c o n t r o l   sys tem,   with  t h e  

sensor  loop  omi t t ed .   The  c o n t r o l   c i r c u i t   and  l a t ch   coun te r   a r e  

provided  as  be fo re ,   the  l a t t e r   being  connected  to  a  decoder  DC 

which  c o n t r o l s   a  t w o - d i g i t   seven-segment   d i g i t a l   d i s p l a y   DP. 

The  four  outputs   of  the  a n a l o g u e - t o - d i g i t a l   c o n v e r t e r   AD  a r e  

each  connected  to  a  s e p a r a t e   i n d i c a t o r   LP.  The  ten  l a t c h e s   o f  

the  previous   arrangement   are  no  longer  r e q u i r e d .  

In  o p e r a t i o n ,   as  each  set  switch  SC  is  opened,  t h e  

co r respond ing   output  of  the  la tch  counter   LT  produces  a  d i g i t a l  

d i sp lay   which  i d e n t i f i e s   the  a c t i v a t e d   set  of  s e n s o r s .   Any 

opera ted   sensor  switch  causes  one  or  more  of  the  i n d i c a t o r s   LP 

to  o p e r a t e .  

It  wi l l   be  seen  tha t   the  system  d e s c r i b e d   above  a l l o w s  

a  large  number  of  sensor   switches   to  be  moni to red   w h i l s t  

r e t a i n i n g   the  a b i l i t y   to  i d e n t i f y   each  and  every  ope ra t ed   s e n s o r  

swi tch .   Clear ly  the  t i m e - s h a r i n g   arrangement   between  the  s e t s  

of  sensors   leads  to  a  longer   time  between  o p e r a t i o n   of  a  s e n s o r  

switch  and  the  p r o v i s i o n   of  an  alarm  i n d i c a t i o n ,   but  even  in  a 

large  system  th is   time  is  s t i l l   a c c e p t a b l e .  

A  much  s impler   a r rangement   may  be  employed  if  only  two 

sets   of  sensors  are  p r e s e n t ,   say  up  to  a  t o t a l   of  18  s e n s o r s .  

As  shown  in  Figure  5,  the  two  sets   of  sensors   are  each  s h u n t e d  

by  a  diode,  Dl  and  D2  r e s p e c t i v e l y .   The  two  diodes  a r e  



o p p o s i t e l y   poled ,   and  the  c o n t r o l   c i r c u i t   is  r equ i r ed   only  t o  

r e v e r s e   the  d i r e c t i o n   of  the  c o n s t a n t   c u r r e n t   from  the  source  CS 

by  means  of  a  r eversng   switch  RS.  Whatever  the  d i r e c t i o n   o f  

c u r r e n t   flow,  one  diode  wi l l   be  r e v e r s e   b i a sed ,   ac t ing   as  an  

open  swi t ch ,   and  the  o ther   wi l l   be  forward  b i a sed ,   a c t i n g   as  a 

c losed   swi tch .   Hence  r e v e r s a l   of  the  c u r r e n t   flow  p e r i o d i c a l l y  

al lows  each  set  of  sensors   to  be  checked  in  t u rn .   Two  l a t c h  

c i r c u i t s   are  p rov ided ,   each  being  a c t i v a t e d   in  turn  as  t h e  

c u r r e n t   flow  is  r e v e r s e d .  

It  w i l l   be  a p p r e c i a t e d   tha t   o ther   c i r c u i t   a r r a n g e m e n t s  

may  be  used  to  f u l f i l   the  same  o b j e c t i v e s .  

The  above  d e s c r i p t i o n   and  the  copending  a p p l i c a t i o n  

r e f e r r e d   to  have  made  r e f e r e n c e   to  r e s i s t o r   values   r e l a t e d   by  a  

b ina ry   s e r i e s .   It  should  be  a p p r e c i a t e d   tha t   o ther   n o n - b i n a r y  

r e l a t i o n s h i p s   may  be  used  to  give  the  neces sa ry   d i s c r i m i n a t i o n ,  

though  care   must  be  taken  to  ensure   tha t   r e s i s t o r   t o l e r a n c e s   do 

not  become  too  t i g h t .   Decoding  of  the  r e s i s t o r   va lues   may 

r e q u i r e   the  use  of  a  PROM  to  i d e n t i f y   an  opera ted   sensor   s w i t c h  

p roduc ing   a  c e r t a i n   change  in  the  loop  r e s i s t a n c e .  

The  mode  of  o p e r a t i o n   of  the  system  may  be  changed  a t  

any  t ime.   For  example,  the  occu r r ence   of  an  alarm  may  change  
the  r a t e   of  pu l s ing   so  that   sensors   are  checked  more  r a p i d l y .  

The  system  may  be  made  to  check  a l l   sensors   in  an  area  a d j a c e n t  

to  an  o p e r a t e d   sensor ,   and  o ther   dev ices   such  as  t e l e v i s i o n  

cameras  or  r e c o r d e r s   may  be  swi tched  o n .  

The  c i r c u i t   used  to  p rov ide   the  c o n t r o l   waveform  p f  

F igure   4  has  not  been  d e s c r i b e d   as  such  c i r c u i t s   are  e a s i l y  

d e v i s e d .  



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

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

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

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

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

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

same  t o t a l   r e s i s t a n c e ,   and  t h e   f i r s t   r e s i s t a n c e s   o f  

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

d i f f e r e n t   f r o m   one   a n o t h e r   b u t   w h i c h   a r e   r e l a t e d   in   a  

known  m a n n e r ,   a  c o n s t a n t   c u r r e n t   g e n e r a t o r   c o n n e c t e d  

to  t he   s e r i e s - c o n n e c t e d   s e n s o r s ,   s w i t c h   means   c o n n e c t e d  

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

to  open  t h e   s w i t c h   means   one  a t   a  t i m e   in   a  p r e d e t e r m i n e d  

s e q u e n c e ,   and  o u t p u t   means   r e s p o n s i v e   t o   t h e   v o l t a g e  

d e v e l o p e d   a c r o s s   a n y  o n e   s e t   of  s e n s o r s   t o   d e l i v e r  

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

s w i t c h   in   t h e   s a i d   s e t .  

2.  A  s y s t e m   as  c l a i m e d   in  c l a i m   1  in   w h i c h   t h e   s w i t c h  

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

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

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

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

c o n t r o l .  

3.  A  s y s t e m   as  c l a i m e d   in  c l a i m   2  in   w h i c h   e a c h  

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

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

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

4.  A  s y s t e m   as  c l a i m e d   in   c l a i m   1  i n   w h i c h   i n c l u d e s  

two  s e t s   of   s e n s o r s ,   t h e   s w i t c h   m e a n s   c o m p r i s i n g   t w o  

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

of  s e n s o r s ,   and  t h e   s w i t c h   c o n t r o l   means   i n c l u d e s  

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

t h e   s e r i e s - c o n n e c t e d   s e n s o r s .  



5.  A  s y s t e m   as  c l a i m e d   in   a n y  o n e   of   t h e   p r e c e d i n g  

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

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

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

of   o u t p u t s   e q u a l   t o   t h e   n u m b e r   of   s e n s o r s   in   a  s e t ,  

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

and  a c t i v a t e d   by  t h e   s w i t c h   c o n t r o l   m e a n s   so  as  to   b e  

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

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

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

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

6.  A  s y s t e m   as  c l a i m e d   in   any  of  c l a i m s   1  t o   4 

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

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

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

of   s e n s o r s   in   a  s e t ,   c o u n t e r   m e a n s   c o n t r o l l e d   by  t h e  

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

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

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

s e t   of   s e n s o r s   and  m e a n s   f o r   i d e n t i f y i n g   any  a c t i v a t e d  

s e n s o r   s w i t c h   in   t h a t   s e t   of   s e n s o r s .  
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