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©  Switch  protection  device. 

There  is  disclosed  a  device  to  protect  against  failure  of  a 
switch  S  and  to  give  an  alarm  that  the  switch  has  failed.  It 
comprises  a  circuit  in  parallel  with  the  switch  and  containing 
a  transistor  T2  and  diode  D1  to  cause  such  voltage  drop  in 
the  circuit  as  to  prevent  current  flowing  through  a  second 
diode  D2  when  the  switch  S  is  closed.  If  the  switch  fails  open, 
the  potential  at  B  will  drop,  and  diode  D2  will  allow  current  to 
flow  to  the  load  L  through  the  circuit.  The  current  flow 
produces  a  potential  difference  across  diode  D1  to  turn  on 
another  transistor  T1  to  cause  an  alarm  to  be  given.  The 
device  may  be  used  to  test  such  switches  without  affecting 
the  load  controlled  by  the  switch. 





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   d e v i c e s   to   p r o t e c t  

a g a i n s t   f a i l u r e   of  s w i t c h e s .   Such  d e v i c e s   may  a l s o  

be  u s e d   f o r   t e s t i n g   s w i t c h e s   w i t h o u t   d i s t u r b i n g   t h e  

s y s t e m   c o n t r o l l e d   by  t he   s w i t c h .  

In  c e r t a i n   f i e l d s ,   i t   can  be  e x t r e m e l y   h a z a r d o u s   o r  

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

or  w i t h o u t   c i r c u m v e n t i o n   b e i n g   p o s s i b l e .   I t   w o u l d   o f  

c o u r s e ,   be  p o s s i b l e   to   p r o v i d e   two,   or  even   m o r e ,  

s k i t c h e s , i n   p a r a l l e l   or  s e r i e s   d e p e n d i n g   on  w h e t h e r  

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

t h e   s y s t e m .   H o w e v e r   such  s w i t c h e s   a r e   c o s t l y   and  i t  

may  be  p o s s i b l e   f o r   e v e r y   s w i t c h   to   f a i l   e v e n t u a l l y  
w i t h o u t   g i v i n g   a d e q u a t e   w a r n i n g .   To  t a k e   an  e x a m p l e ,  

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

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

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

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

c o n t r o l   o u t p u t   g i v i n g   a  s i g n a l   d e p e n d a n t   on  any  o n e  

of  a  number   of   p a r a m e t e r s .   S i n c e   c o m p l e t e   s h u t d o w n  

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

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

mus t   be  p r o t e c t e d   a g a i n s t   i t s   f a i l u r e .   I t   i s   t h e r e f o r e  

an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e   a  d e v i c e   w h i c h  

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

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

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

t h e   s w i t c h e s .  

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

t h e r e   i s   p r o v i d e d   a  d e v i c e   tc  e n s u r e   c o n t i n u a t i o n   o f  

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



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

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

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

p r e v e n t   c u r r e n t   f l o w   in  t h e   c i r c u i t   when  t h e   p o t e n t i a l  

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

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

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

p o t e n t i a l   by  v i r t u e   of  t he   s w i t c h   o p e n i n g .  

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

d e t e c t   c u r r e n t   f l o w   in  t he   c i r c u i t .  

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

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

m e a n s   and  t he   d i o d e ,   t h e   two  o t h e r   c o n n e c t i o n s   of  t h e  

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

c o n d u c t s   o n l y   when  s a i d   t r a n s i s t o r   i s   b i a s e d   on  b y  

c u r r e n t   f l o w   in  s a i d   c i r c u i t   c a u s e d   by  o p e n i n g   o f  

t h e   s w i t c h .  

The  a l a r m   c i r c u i t   may  i n c l u d e   a  l i g h t   e m i t t i n g   d i o d e  

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

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

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

w h i c h   c o m p r i s e s   t h e   s t e p s   o f :   c o n n e c t i n g   in  p a r a l l e l  

to   s a i d   s w i t c h   a  c i r c u i t   w h i c h   c o m p r i s e s   in  s e r i e s  

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

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

c u r r e n t   f l o w   in  t h e   c i r c u i t   when  t h e   p o t e n t i a l   at  t h e  

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

p o t e n t i a l ,   and  a  c o n n e c t i o n   p o i n t   to   t h e   b a s e   of  a  

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

v o l t a g e   d r o p   and  s a i d   d i o d e ,   t h e   two  o t h e r  



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

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

a l a r m   c i r c u i t   o u t p u t .  

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

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

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

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

c a u s e   v o l t a g e   d r o p   t h e r e b y  t o   p r o d u c e  a   r e d u c e d  

p o t e n t i a l   in   t h e   c i r c u i t ,   a  c o n n e c t i o n   p o i n t   to   t h e  

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

o t h e r   c o n n e c t i o n s   of  t h e  t r a n s i s t o r   i n t o   ar  a l a r m  

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

s w i t c h ;   and  c h e c k i n g   t he   a l a r m   c i r c u i t   o u t p u t .  

E m b o d i m e n t s   of  t h e   i n v e n t i o n   w i l l   now  be  m o r e  

p a r t i c u l a r l y   d e s c r i b e d  b y   way  of   e x a m p l e   and  w i t h  

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

F i g u r e   1  i s   a  c i r c u i t  d i a g r a m   of  a  s w i t c h   and  s w i t c h  

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

F i g u r e   2  i s   a  c i r c u i t   d i a g r a m   to  show  how  a n y  o n e   o f  

s u c h   s w i t c h   p r o t e c t i o n   d e v i c e s   may  be  u s e d   to   p r o t e c t  

a  n u m b e r   of  s w i t c h e s ;  

F i g u r e   3  i s   a  c i r c u i t   d i a g r a m   to  show  an  a p p l i c a t i o n  

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

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

F i g u r e   4  i s   a  c i r c u i t   d i a g r a m   to   i l l u s t r a t e   t h e  

m e t h o d   of  t e s t i n g   n o r m a l l y   open  s w i t c h e s .  



R e f e r r i n g   now  to   t h e   d r a w i n g s ,   t h e r e   i s   shown  i n  

F i g u r e   1  a  b a s i c   c i r c u i t   c o m p r i s i n g   a  s w i t c h   S  a n d  

a  d e v i c e   e m b o d y i n g   t h e   i n v e n t i o n   c o n n e c t e d   in  p a r a l l e l  
t h e r e w i t h   b e t w e e n   p o i n t s   A  and  B.  In  n o r m a l   o p e r a t i o n ,  
t h e   s w i t c h   S  i s   c l o s e d   and  t h e   l o a d   L  d r a w s   c u r r e n t  

f rom  A  to  B  t h r o u g h   t h i s   s w i t c h .   The  d e v i c e   c o m p r i s e s ,  

c o n n e c t e d   in  s e q u e n c e ,   a  c o n t r o l   t r a n s i s t o r   T 2 ,  

c o n n e c t i o n   p o i n t   C,  a  d i o d e   Dl ,   c o n n e c t i o n   p o i n t   D ,  
and  i s o l a t i n g   d i o d e   D2.  T r a n s i s t o r   T2  and  d i o d e   D l  

c a u s e   such   a  v o l t a g e   d r o p   as  to   p r o d u c e   a  r e d u c e d  

p o t e n t i a l   in  t h e   c i r c u i t   w h e r e b y   c u r r e n t   i s   p r e v e n t e d  
f rom  f l o w i n g   t h r o u g h   i s o l a t i n g   d i o d e   D2.  Thus  w h i l e  

t h e   s w i t c h   S  r e m a i n s   c l o s e d   t h e r e   i s   no  c u r r e n t   f l o w  

f rom  A  to  B  t h r o u g h   C  and  D  and  t h e r e f o r e   t r a n s i s t o r  

Tl  d o e s   n o t   c o n d u c t .  

S h o u l d   t h e   s w i t c h   S  f a i l   o p e n ,   t h e   p o t e n t i a l   a t   B 

w i l l   d r o p   and  t h e r e f o r e   d i o d e   D2  w i l l   c o n d u c t   s i n c e  

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

t h a t   a t   B.  The  l o a d   L  w i l l   t h e r e f o r e   be  h e l d   on  w i t h  

c u r r e n t   p a s s i n g   f r o m   A  to  B  v i a   C  and  D.  T h i s   in  t u r n  

w i l l   p r o d u c e   a  p o t e n t i a l   d i f f e r e n c e   a c r o s s   d i o d e   D l  

w h i c h   w i l l   t u r n   on  t r a n s i s t o r   T l ,   to   i l l u m i n a t e   a  l i g h t  

e m i t t i n g   d i o d e   LEDl  and  to   p r o d u c e   an  a l a r m   o u t p u t .  

The  d e v i c e   of  c o u r s e   can  s t i l l   be  c o n t r o l l e d   by  m e a n s  

of  l i g h t   e m i t t i n g   d i o d e   LED2  and  t r a n s i s t o r   T2,  a n d  

t h e r e f o r e   i f   i t   i s   n e c e s s a r y   f o r   t h e   l o a d   to   be  - 
s w i t c h e d   o f f ,   t h i s   can  be  e a s i l y   a c c o m p l i s h e d .  

I f   i t   s h o u l d   be  d e s i r e d ,   a  s i m i l a r   d e v i c e   f o r  

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

r e t u r n   p a t h   f rom  t h e   l o a d  L   can  be  p r o v i d e d   b y  

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

t h e   t r a n s i s t o r s .  



As  shown  in  F i g u r e   2,  c o n n e c t i o n   p o i n t   D  can  b e  

c o n n e c t e d   to   an  a u x i l i a r y   s u p p l y   b u s  A S B ,   f rom  w h i c h  

c o n n e c t i o n s   can  be  t a k e n   to   a  number   of  i s o l a t i n g  

d i o d e s ,  D 2 ( a )   and  D2 (b)  f o r   e x a m p l e ,   each   of  w h i c h  

i s o l a t i n g   d i o d e s   p r o t e c t s   a  s w i t c h   S ( a ) ,   S ( b )  

r e s p e c t i v e l y .   As  can  be  s e e n   t h e r e f o r e ,   a  s i n g l e  

d e v i c e   may  p r o t e c t   a  n u m b e r   of  s w i t c h e s ,   each   c o n -  

t r o l l i n g   a  l o a d .   Each  l o a d   has   two  i n d i v i d u a l   c o n t r o l  

o u t p u t s ,   one  i n   i t s   s u p p l y   p a t h ,   and  one  in  i t s  

r e t u r n   p a t h .   The  common  p a r t   of  t h e   s u p p l y   p a t h   a n d  

t h e   common  p a r t   of  t h e   r e t u r n   p a t h   a r e  e a c h   p r o v i d e d  
w i t h   a  s e p a r a t e   p r o t e c t i o n   d e v i c 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 u x i l i a r y   s u p p l y   bus   ASB  and  t h e  

a u x i l i a r y   r e t u r n   bus  ARB. 

I t   can  be  s een   t h a t   f o r   t h e   l o a d   to   be  s w i t c h e d   o f f  

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

S i m i l a r l y ,   f o r   t h e   l o a d   to   b e c o m e   s w i t c h e d   on  when  i t  

i s   i n t e n d e d   to   be  o f f ,   a  s w i t c h   or  a  p r o t e c t i o n  

d e v i c e   on  t he   p o s i t i v e   s i d e   of  t h e   l o a d   and  a  s w i t c h  

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

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

p o s s i b i l i t y   of  such   o c c u r r e n c e s ,   each   c o m p o n e n t   o f  

t h e   d e v i c e   may  be  d u p l i c a t e d   b o t h   in  s e r i e s   and  i n  

p a r a l l e l ,   as  can  be  s e e n   f rom  t h e   c i r c u i t   d i a g r a m  

of  F i g u r e   3 .  

The  d e v i c e   can  a l s o   be  u s e d   to   t e s t   w h e t h e r   or  no t   t h e  

s w i t c h e s   a r e   w o r k i n g .   In  t h e   c a s e   of  a  n o r m a l l y  

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

c i r c u i t   w i l l   g i v e   an  o u t p u t   when  t h e   c u r r e n t   b y -  

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

d e v i c e .  



The  m e t h o d   of  t e s t i n g   a  n o r m a l l y   open   s w i t c h   Sx  

i s   shown  in  F i g u r e   4,  w n e r e i n   a  c i r c u i t   as  d e s c r i b e d  

a b o v e   bu t   w i t h   t h e   i s o l a t i n g   d i o d e   r e p l a c e d   by  a  

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

n o r m a l l y   open  s w i t c h   Sy  and  t h e   l o a d   L,  and  c l o s i n g  

t h e   s w i t c h   Sx.  I f   t h e   s w i t c h   is   w c r k i n c   c o r r e c t l y  

t h i s   w i l l   c a u s e   c u r r e n t   to  f l o w   t h r o u g h   t h e   p r o t e c t i o n  
d e v i c e   and  t h e   dummy  l o a d   c a u s i n g   an  a l a r m   o u t p u t   t o  
be  g e n e r a t e d .   O b v i o u s l y   s i n c e   t h e   l o a d   L  is   s t i l l  

c o n n e c t e d   in  s e r i e s   w i t h   an  open   s w i t c h   Sy,  s u c h   a n  

o p e r a t i o n   w i l l   n o t   c a u s e   t he   l o a d   L  to   be  e n e r g i s e d .  
T h i s   m e t h o d   can  be  c a r r i e d   ou t   to   t e s t   s w i t c h e s   o n  
b o t h   p o s i t i v e   and  n e g a t i v e   s i d e s   of  t h e   l o a d .  



1.  A  d e v i c e   to   e n s u r e   c o n t i n u a t i o n   of  c u r r e n t  

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

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

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

means   to  c a u s e   v o l t a g e   d r o p   t h e r e b y   to   p r o d u c e   a  r e d u c e d  

p o t e n t i a l   in  t he   c i r c u i t ,   and  a  d i o d e   a r r a n g e d   t o  

p r e v e n t   c u r r e n t   f l o w   in  t he   c i r c u i t   when  t h e   p o t e n t i a l  

a t   t h e   l o a d   s i d e  o f   t he   s w i t c h   i s   h i g h e r   t h a n  t h e  

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

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

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

2.  A  d e v i c e   a c c o r d i n g   to   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   by  means   to   d e t e c t   c u r r e n t   f l o w   in  t h e  

c i r c u i t .  

3.  A  d e v i c e   a c c o r d i n g   to   c l a i m   2,  c h a r a c t e r i s e d  

in  t h a t   t h e   b a s e   of  a  t r a n s i s t o r   i s   c o n n e c t e d   to   a  

p o i n t   in  t he   c i r c u i t   b e t w e e n   t h e   v o l t a g e   r e d u c i n g  

means   and  t he   d i o d e ,   t he   two  o t h e r   c o n n e c t i o n s   o f  

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

c o n d u c t s   o n l y   when  s a i d   t r a n s i s t o r   i s   b i a s e d   on  b y  

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

the   s w i t c h .  

4.  A  d e v i c e   a c c o r d i n g   to   c l a i m   3,  c h a r a c t e r i s e d  

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

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

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

c h a r a c t e r i s e d   by  t h e   s t e p s   o f :   c o n n e c t i n g   in  p a r a l l e l  

to  s a i d   s w i t c h   a  c i r c u i t   w h i c h   c o m p r i s e s   in  s e r i e s  

means   to  c a u s e   v o l t a g e   d rop   t h e r e b y   to   p r o d u c e   a  



r e d u c e d   p o t e n t i a l   in   t he   c i r c u i t ,   a  d i o d e   to  p r e v e n t  

c u r r e n t   f l o w   in  t h e   c i r c u i t   when  t h e   p o t e n t i a l   a t  

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

p o t e n t i a l ,   and  a  c o n n e c t i o n   p o i n t   to   t h e   b a s e   of   a  

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

d r o p   and  s a i d   d i o d e ,   t he   two  o t h e r   c o n n e c t i o n s   o f  

the   t r a n s i s t o r   f o r m i n g   p a r t   of  an  a l a r m   c i r c u i t ;   o p e n i n g  

t he   s w i t c h ;   and  c h e c k i n g   t h e   a l a r m   c i r c u i t   o u t p u t .  

6 .   A  m e t h o d   of  t e s t i n g   a  n o r m a l l y   open  s w i t c h  

c h a r a c t e r i s e d   by  t h e   s t e p s   o f :   c o n n e c t i n g   in  p a r a l l e l  

w i t h   a  s e c o n d   n o r m a l l y   open   s w i t c h   and  t he   l o a d ,   a  

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

d rop   t h e r e b y   to   p r o d u c e   a  r e d u c e d   p o t e n t i a l   in   t h e  

c i r c u i t ,   a  c o n n e c t i o n   p o i n t   to   t h e   b a s e   of  a  t r a n s i s t o r ,  

and  a  dummy  l o a d ;   c o n n e c t i n g  t h e   o t h e r   c o n n e c t i o n s  

of  t h e   t r a n s i s t o r   i n t o   an  a l a r m   c i r c u i t ;   c l o s i n g  

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

t he   a l a r m   c i r c u i t   o u t p u t .  
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