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©  Vacuum  circuit  interrupter  with  on-line  monitoring  apparatus. 

A  vacuum  circuit  interrupter  has  vapor  deposition 
shields  which  is  controlled  by  the  circuit  interrupter  to 
produce  a  cold  cathode  ion  detector  for  determining  the 
quality  or  amount  of  vacuum  within  the  vacuum  circuit 
interrupter.  The  central  shield  support  ring  protrudes 
through  an  insulating  casing  to  supply  ion  current  to  a 
current  detecting  bridge  through  a  circumferentially  insu- 
lated  surge  resistor  and  from  there  to  the  common  terminal. 





T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  v a c u u m  
c i r c u i t   i n t e r r u p t e r s   and  in  p a r t i c u l a r   to  vacuum  c i r c u i t  

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

i z e   i n t e r n a l   s h i e l d s   as  p a r t   of  a  c o l d   c a t h o d e   i o n i z a t i o n  

d e v i c e ,   and  a  c o l d   c a t h o d e   m a g n e t r o n   s i g n a l - p r o d u c i n g  
i o n i z a t i o n   d e v i c e .  

Vacuum  t y p e   c i r c u i t   i n t e r r u p t e r s   a re   w e l l   k n o w n  

in  t he   a r t .   G e n e r a l l y   a  vacuum  c i r c u i t   i n t e r r u p t e r   i s  

f o r m e d   by  d i s p o s i n g   a  p a i r   of  s e p a r a b l e   main   c o n t a c t s  

w i t h i n   a  h o l l o w   i n s u l a t i n g   c a s i n g ,   one  of  t he   c o n t a c t s   i s  

u s u a l l y   f i x e d   to  an  e l e c t r i c a l l y   c o n d u c t i v e   end  p l a t e  

d i s p o s e d   at   one  end  of  t he   h o l l o w   c a s i n g .   The  o t h e r  

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

end  p l a t e   at   t h e   o t h e r   end  of  t he   i n s u l a t i n g   c a s i n g .  

S i n c e   a  vacuum  i n t e r r u p t e r   r e q u i r e s   t h a t   the   c o n t a c t  

r e g i o n   be  e v a c u a t e d ,   t he   m o v a b l e   c o n t a c t   i s   i n t e r c o n n e c t e d  

m e c h a n i c a l l y   w i t h   i t s   end  p l a t e   by  way  of  a  f l e x i b l e  

b e l l o w s   a r r a n g e m e n t .   T y p i c a l l y ,   t he   i n t e r n a l   p o r t i o n   o f  

t h e   c a s i n g   is   e v a c u a t e d   to  a  p r e s s u r e   of  1 0 - 4  T o r r   o r  

l e s s .   B e c a u s e   t h e   e l e c t r i c   arc   of  i n t e r r u p t i o n   t a k e s  

p l a c e   in  a  v a c u u m ,   t he   arc   has   a  t e n d e n c y   to  d i f f u s e   a n d  

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

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

of  c i r c u i t   i n t e r r u p t i n g   a p p a r a t u s .   The  vacuum  c i r c u i t  

i n t e r r u p t e r   t h e n   has   a  number   of  s i g n i f i c a n t   a d v a n t a g e s ,  

one  of  wh ich   i s   r e l a t i v e l y   h i g h   s p e e d   c u r r e n t   i n t e r r u p t i o n  



and  a n o t h e r   of  w h i c h   i s   s h o r t   t r a v e l   d i s t a n c e   f o r   t h e  

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

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

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

p r e v e n t   t he   v a p o r o u s   p r o d u c t s   f rom  i m p i n g i n g   upon   t h e  

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

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

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

c o n d u c t i n g   end  p l a t e s   and  the   c y l i n d r i c a l   i n s u l a t i n g  

c a s i n g .   Vacuum  t y p e   c i r c u i t   i n t e r r u p t e r s   a r e   d i s c l o s e d   i n  

t h e   s p e c i f i c a t i o n   of  U.S .   P a t e n t s   2 , 8 9 2 , 9 2 1 ;   3 , 1 6 3 , 7 3 4 ;  

4 , 2 2 4 , 5 5 0   and  4 , 0 0 2 , 8 6 7 .   The  s u c c e s s f u l   o p e r a t i o n   of  t h e  

vacuum  c i r c u i t   i n t e r r u p t e r   r e q u i r e s   t h e   p r e s e n c e   of  a  

vacuum  in  t he   r e g i o n   of  i n t e r r u p t i o n .   H o w e v e r ,   i f   t h e  

vacuum  i n t e r r u p t e r   d e v e l o p s   a  l e a k   so  t h a t   t h e   gas   p r e s -  

s u r e   w i t h i n   t he   vacuum  i n t e r r u p t e r   r i s e s   to  a  l e v e l   a b o v e  
10  3   T o r r ,   f o r   e x a m p l e ,   t h e   s a f e   o p e r a t i o n   of  t h e   v a c u u m  

c i r c u i t   i n t e r r u p t e r   may  be  s e r i o u s l y   h i n d e r e d   i f   n o t  

r e n d e r e d   i m p o s s i b l e .   C o n s e q u e n t l y ,   i t   has   a l w a y s   b e e n   a  

d e s i r e   to  r e l i a b l y   d e t e r m i n e   w h e t h e r   a  vacuum  i s   in   f a c t  

p r e s e n t   in   t h e   a rc   i n t e r r u p t i n g   r e g i o n .   V o l t a g e   b r e a k d o w n  

a p p a r a t u s   has   b e e n   u t i l i z e d   as  i s   d i s c l o s e d   in   t h e   s p e c i -  

f i c a t i o n   of  U.S.   P a t e n t   3 , 9 8 3 , 3 4 5 .   On  t h e   o t h e r   h a n d ,   a n  

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

t i o n   of  U.S .   P a t e n t   3 , 6 2 6 , 1 2 5 .   T h e s e   m e t h o d s   g e n e r a l l y  

a re   r e l a t i v e l y   e x p e n s i v e ,   s p a c e   c o n s u m i n g   and  c o m p l i c a t e d .  

I t   was  f o u n d   t h a t   t he   p r i n c i p l e   of  t he   c o l d   c a t h o d e   i o n i -  

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

i n e x p e n s i v e l y   to  d e t e c t   t h e   p r e s e n c e   of  a  v a c u u m .   S u c h  

d e v i c e s   a r e   d e s c r i b e d   in  t he   s p e c i f i c a t i o n   of  U .S .   P a t e n t s  

4 , 0 0 0 , 4 5 7 ;   3 , 5 8 2 , 7 1 0   and  3 , 5 8 1 , 1 9 5 .   A  dc  c o l d   c a t h o d e  

i o n i z a t i o n   gauge   i s   r e l a t i v e l y   w e l l   known.   S i m p l y ,   i t  

r e l i e s   upon   t h e   s p o n t a n e o u s   r e l e a s e   of  e l e c t r o n s   f rom  a 
" c o l d   c a t h o d e "   and  t h e i r   s u b s e q u e n t   m o t i o n   u n d e r   t h e  

i n f l u e n c e   of  e l e c t r i c   and  m a g n e t i c   f i e l d s .   The  m a g n e t i c  

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

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



t i m e .   I t   has   b e e n   f o u n d   t h a t   a  s e l f   l i m i t i n g   v a l u e   o f  

10+10  e l e c t r o n s   p e r   c u b i c   c e n t i m e t e r   p l u s   or  minus   a n  

o r d e r   of  m a g n i t u d e   or  so  is  u s u a l l y   t h e   d e n s i t y   of  t h e  

e l e c t r o n   c l o u d   in   a  t y p i c a l   ion   g a u g e .   I f   a  gas  i s  

p r e s e n t   in  t he   r e g i o n ,   t he   e l e c t r o n s   w i l l   s t r i k e   some  o f  

t h e   gas  m o l e c u l e s ,   t h u s   c a u s i n g   o t h e r   e l e c t r o n s   to  b e  

g i v e n   o f f ,   t h e r e f o r e   s u s t a i n i n g   t he   e l e c t r o n   c l o u d .  

F u r t h e r m o r e ,   t h e   gas  m o l e c u l e s   a c q u i r e   e l e c t r i c   c h a r g e  

when  i m p a c t e d   by  an  e l e c t r o n .   The  c h a r g e d   m o l e c u l e s  

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

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

r e c e i v e   an  e l e c t r o n   f rom  t he   e l e c t r o d e .   As  t h e   e l e c t r o n s  

of  t h e   e l e c t r o d e   c o m b i n e   w i t h   t he   gas  i o n s   at   t h e   s u r f a c e  

of  t he   e l e c t r o d e   to  n e u t r a l i z e   t he   i o n s ,   an  e l e c t r i c a l  

c u r r e n t   is   s u s t a i n e d   in  an  e l e c t r i c a l   c i r c u i t   w h i c h   i n -  

c l u d e s   t he   e l e c t r o d e .   I f   an  ammete r   i s   i n s e r t e d   in  s e r i e s  

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

c a l i b r a t e d   a p p r o p r i a t e l y ,   an  e l e c t r i c a l   i n d i c a t i o n   of  t h e  

d e n s i t y   of  gas  p r e s e n t   b e t w e e n   t he   e l e c t r o d e s   i s   a t t a i n -  

a b l e .   T h i s   p r i n c i p l e   has   been   a p p l i e d   to  d . c .   v a c u u m  

c i r c u i t   i n t e r r u p t e r s .   For   e x a m p l e ,   t he   s p e c i f i c a t i o n s   o f  

U.S.   P a t e n t s   3 , 2 6 3 , 1 6 2   and  3 , 4 0 3 , 2 9 7   t e a c h   t he   u t i l i z a t i o n  

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

u t i l i z e d   in  c o n j u n c t i o n   w i t h   one  of  t he   main   e l e c t r o d e s   t o  

form  a  c o l d   c a t h o d e   m a g n e t r o n   d e v i c e .   T h i s   i s   made  p o s -  
s i b l e   by  t he   f a c t   t h a t   mos t   of  the   s h i e l d s   h a v e   an  i n t e r -  

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

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

l a t t e r   m e n t i o n e d   c a s i n g .   One  d i s a d v a n t a g e   a s s o c i a t e d   w i t h  

t h i s   t y p e   of  a r r a n g e m e n t   l i e s   in  t he   f a c t   t h a t   t he   e l e c -  

t r o n   c l o u d   is   f o r m e d   n e a r   t he   main  e l e c t r o d e   t h u s   e n h a n c -  

i ng   t h e   o p p o r t u n i t y   f o r   v o l t a g e   b r e a k   down  b e t w e e n   e l e c -  

t r o d e s   or  e l e c t r o d e s   and  s h i e l d .   A n o t h e r   d i s a d v a n t a g e  

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

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

d e n s i t y .   Also   t h e   f o r m a t i o n   of  the   e l e c t r o n   c l o u d   n e a r  

t h e   main   c o n t a c t s   o f t e n   j e o p a r d i z e   the   i n t e r r u p t i n g   f u n c -  



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

in  t h e   s p e c i f i c a t i o n   of  U.S .   P a t e n t   4 , 1 6 3 , 1 3 0   in   w h i c h   a  

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

p o r t i o n   of  an  end  p l a t e   of  an  a . c .   vacuum  i n t e r r u p t e r .  

T h i s   d e v i c e   d o e s   n o t   r e q u i r e   t he   p r e s e n c e   of  t h e   s h i e l d s  

or  t h e   u t i l i z a t i o n   of  t he   ma in   e l e c t r o d e s   d i r e c t l y .  

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

i n t e g r i t y   of  t h e   s y s t e m   mus t   be  a f f e c t e d   by  t h e   m e r e  

i n c l u s i o n   of  t h e   d e t e c t i o n   gauge   t h e r e i n .   F u r t h e r m o r e  

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

t h e   d e v i c e   may  be  d i f f e r e n t   f rom  t h a t   in  t h e   v a c u u m  

c h a m b e r .   None  of  t h e   above   t e a c h e s   t h e   use   of  m u l t i p l e  

s h i e l d s   w i t h i n   t h e   c i r c u i t   i n t e r r u p t e r .   I t   has   b e e n   s h o w n  

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

c i r c u i t   i n t e r r u p t e r   in   t h e   s p e c i f i c a t i o n   of  U .S .   P a t e n t  

3 , 5 7 5 , 6 5 6 .   The  end  s h i e l d s   a r e   s p a c e d   f rom  t h e   c e n t r a l  

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

i s t i c s .   H o w e v e r ,   t h e   end  s h i e l d s   do  p r o v i d e   t h e   a d d i -  

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

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

i s   mos t   l i k e l y   t h a t   m e t a l   v a p o r s   w i l l   e f f e c t   v a c u u m   i n t e g -  

r i t y   by  d e s t r o y i n g   t he   s e a l s .   H o w e v e r ,   in   t h e   l a t t e r   c a s e  

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

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

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

no  a d d i t i o n a l   p e n e t r a t i o n s   of  t he   vacuum  e n v e l o p e   t h a n   a r e  

a l r e a d y   p r e s e n t   in   t h e   vacuum  c i r c u i t   i n t e r r u p t e r   b e c a u s e  

of  g r e a t e r   c h a n c e   of  l e a k s   and  w h i c h   use   e x i s t i n g   v a c u u m  

i n t e r r u p t e r   g e o m e t r y   f o r   r e d u c e d   c o s t .  

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

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

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

m e a n s ,   r e l a t i v e l y   m o v a b l e   c o n t a c t   means   e l e c t r i c a l l y  

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

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

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

v a p o r   d e p o s i t i o n   s h i e l d s   means   d i s p o s e d   w i t h i n   s a i d   e n -  



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

e n c l o s u r e   means   f rom  the   m e t a l   v a p o r   p r o d u c t s   a s s o c i a t e d  

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

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

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

t h e r e b e t w e e n   an  a n n u l a r   s u b - v o l u m e ,   s a i d   f i r s t   of  s a i d  

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

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

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

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

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

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

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

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

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

ment   from  the   r e g i o n   of  one  of  s a i d   f i r s t   or  s a i d   s e c o n d  

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

s a i d   s u b - v o l u m e   to  form  gas  i o n s   w h i c h   in   t u r n   i n t e r a c t  

w i t h   one  of  s a i d   s h i e l d   means   to  t h u s   c a u s e   e l e c t r i c a l  

c u r r e n t   to  f l ow  t h r o u g h   s a i d   c u r r e n t   m e a s u r e m e n t   means  t o  

t h u s   g i v e   an  i n d i c a t i o n   of  t he   amoun t   of  gas  p r e s e n t   i n  

s a i d   s u b s t a n t i a l l y   e v a c u a t e d   v o l u m e .  

The  i n v e n t i o n   a l s o   i n c l u d e s   a  vacuum  c i r c u i t  

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

s u b s t a n t i a l l y   e v a c u a t e d   vo lume   d i s p o s e d   upon   s a i d   f r a m e ,  

e x t e r n a l   v o l t a g e   s o u r c e   m e a n s ,   r e l a t i v e l y   m o v a b l e   c o n t a c t  

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

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

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

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

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

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

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

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

s h i e l d   means  f o r m i n g   t h e r e b e t w e e n   an  a n n u l a r   s u b - v o l u m e ,  

s a i d   f i r s t   of  s a i d   s h i e l d   means  b e i n g   e l e c t r i c a l l y   i n t e r -  



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

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

i n g   e l e c t r i c a l l y   w i t h   an  e l e c t r i c a l   c o n d u c t o r   on  the   o u t e r  

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

means   i n s u l a t i n g l y   d i s p o s e d   upon   s a i d   f r a m e ,   s a i d   r e s i s t o r  

means   h a v i n g   a  c o n t a c t   p o r t i o n ,   s a i d   c o n t a c t   p o r t i o n  

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

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

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

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

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

means   so  t h a t   an  e l e c t r i c   f i e l d   of  s u f f i c i e n t   m a g n i t u d e   i s  

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

ment   f rom  t h e   r e g i o n   one  of  s a i d   f i r s t   or  s a i d   s e c o n d  

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

s a i d   s u b - v o l u m e   to  fo rm  gas  i o n s   w h i c h   in   t u r n   i n t e r a c t  

w i t h   one  of  s a i d   s h i e l d   means   to  t h u s   c a u s e   e l e c t r i c a l  

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

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

s a i d   s u b s t a n t i a l l y   e v a c u a t e d   v o l u m e .  

A d v a n t a g e o u s l y ,   t h e r e   a re   f i . r s t   and  s e c o n d  

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

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

p o r t i o n s   of  t he   e n c l o s u r e   f rom  m e t a l   v a p o r   p r o d u c t s   a s s o -  

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

t h e   e v a c u a t e d   v o l u m e .   The  s h i e l d s   c o o p e r a t e   w i t h   e a c h  

o t h e r   to  form  t h e r e b e t w e e n   an  a n n u l a r   s u b - v o l u m e .   One  o f  

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

t i a l   of  t he   e x t e r n a l   v o l t a g e   s o u r c e .   The  s e c o n d   s h i e l d  

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

e x t e r n a l   of  t he   e n c l o s u r e .   C u r r e n t   m e a s u r e m e n t   a p p a r a t u s  

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

w i t h   t he   s e c o n d   s h i e l d   and  a l s o   in   c i r c u i t   r e l a t i o n s h i p  
w i t h   a n o t h e r   p o t e n t i a l   of  t h e   v o l t a g e   s o u r c e   so  t h a t   a n  
e l e c t r i c a l   f i e l d   of  s u f f i c i e n t   m a g n i t u d e   is   p r e s e n t   in  t h e  

a n n u l a r   s u b - v o l u m e   to  c a u s e   e l e c t r o n   m o v e m e n t   from  t h e  

e l e c t r o n   c l o u d   n e a r   one  of  t he   s h i e l d s .   The  e m i t t e d  



e l e c t r o n s   i n t e r a c t   w i t h   gas  m o l e c u l e s   in  t he   s u b - v o l u m e   t o  

form  gas  i o n s   w h i c h   in  t u r n   i n t e r a c t   w i t h   one  of  t h e  

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

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

t i o n   of  t h e   d e n s i t y   of  gas  p r e s e n t   in  t he   s u b s t a n t i a l l y  

e v a c u a t e d   v o l u m e .   A  m a g n e t i c   f i e l d   may  be  a p p l i e d   t o  

c a u s e   t h e   e l e c t r o n s   to  r e m a i n   in  t he   s u b - v o l u m e   f o r   a  

l o n g e r   p e r i o d   of  t i m e .  

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

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

c o n t a c t s   w i t h i n   t h e   e v a c u a t e d   v o l u m e .   F i r s t   and  s e c o n d  

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

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

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

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

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

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

s h i e l d s   fo rm  t h e r e b e t w e e n   an  a n n u l a r   s u b - v o l u m e .   T h e  

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

one  p o t e n t i a l   of  t he   e x t e r n a l   v o l t a g e   s o u r c e ,   and  t h e  

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

e l e c t r i c a l   c o n d u c t o r   on  t he   o u t e r   p o r t i o n   of  t he   e n -  

c l o s u r e .   An  e n c a p s u l a t e d   r e s i s t o r   i s   i n s u l a t i n g l y   d i s -  

p o s e d   upon   t h e   f r a m e .   The  r e s i s t o r   has   a  c o n t a c t   p o r t i o n  

w h i c h   makes   e l e c t r i c a l   c o n t a c t   w i t h   the   e l e c t r i c a l   c o n -  

d u c t o r   on  t h e   o u t e r   p o r t i o n   of  t he   e n c l o s u r e .   A  c u r r e n t  

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

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

and  w i t h   a n o t h e r   p o t e n t i a l   of  t h e   v o l t a g e   s o u r c e   so  t h a t  

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

t he   a n n u l a r   s u b - v o l u m e   to  c a u s e ' e l e c t r o n   e m i s s i o n   f rom  o n e  

of  the   f i r s t   or  s e c o n d   s h i e l d s .   The  e m i t t e d   e l e c t r o n s  

i n t e r a c t   w i t h   gas   m o l e c u l e s   in  t he   s u b - v o l u m e   to  form  g a s  

i o n s   w h i c h   in  t u r n   i n t e r a c t   w i t h   one  or  b o t h   of  t h e  

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

the   e n c a p s u l a t e d   r e s i s t o r   and  t he   e x t e r n a l   c u r r e n t  

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



amount   of  gas   p r e s e n t   in   t h e   s u b s t a n t i a l l y   e v a c u a t e d  

v o l u m e .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  o f  

e x a m p l e ,   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   i n  

w h i c h :  

F i g u r e   1  shows  an  o r t h o g o n a l   f r o n t   and  s i d e   v i e w  

of  a  m e t a l   e n c l o s e d   c i r c u i t   b r e a k e r   s y s t e m   u t i l i z i n g  

vacuum  c i r c u i t   i n t e r r u p t e r s ;  

F i g u r e   2  shows  a  s i d e   o r t h o g o n a l   v i e w   of  t h e  

a p p a r a t u s   of  F i g u r e   1 ;  

F i g u r e   3  shows  an  e l e v a t i o n   of  a  vacuum  c i r c u i t  

i n t e r r u p t e r   b o t t l e ;  

F i g u r e   4  shows  a  s e c t i o n a l   v iew  of  t h e   a p p a r a t u s  
of  F i g u r e   3  in  w h i c h   a  m a g n e t   i s   u t i l i z e d   and  w i t h   w h i c h   a  
c i r c u i t   s c h e m a t i c   u t i l i z i n g   t h e   c o n c e p t s   of   t h e   p r e s e n t  
i n v e n t i o n   i s   a l s o   s h o w n ;  

F i g u r e   5  shows  a  r e p r e s e n t a t i v e   d r a w i n g   of  t h e  

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

i n t e r r u p t e r   a p p a r a t u s   s u c h   as  i s   shown  in  F i g u r e   4  or   m o r e  

p a r t i c u l a r l y   F i g u r e   7 ;  

F i g u r e   6  shows  a  p l o t   of  p r e s s u r e   v e r s u s   c u r r e n t  

f o r   t he   a p p a r a t u s   of  F i g u r e   4  f o r   e x a m p l e ;  

F i g u r e   7  shows  an  e m b o d i m e n t   s i m i l a r   to  t h a t  

shown  in  F i g u r e   4  b u t   w i t h   a  s l i g h t l y   d i f f e r e n t   s h i e l d  

c o n f i g u r a t i o n   and  w i t h   no  m a g n e t ;  

F i g u r e   8  shows  an  e m b o d i m e n t   s i m i l a r   to  t h a t  

shown  in  F i g u r e   7  b u t   w h i c h   u t i l i z e s   a  m a g n e t ;  

F i g u r e   9  shows  a  p l o t   of  p r e s s u r e   v e r s u s   c u r r e n t  

f o r   a  p o r t i o n   of  t h e   p l o t   shown  in   F i g u r e   6 ;  

F i g u r e   10  shows  a  s i d e   o r t h o g o n a l   e l e v a t i o n  

p a r t i a l l y   b r o k e n   away  of  t h e   vacuum  c i r c u i t   i n t e r r u p t e r  
b o t t l e s   as  u t i l i z e d   in  t h e   a p p a r a t u s   of  F i g u r e s   1  and  2 ;  

F i g u r e   11  shows  a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w  

p a r t i a l l y   in  s c h e m a t i c   form  of  t h e   a p p a r a t u s   of  F i g u r e   1 0 ;  

F i g u r e   12  shows  s t i l l   a n o t h e r   e m b o d i m e n t   of  t h e  

i n v e n t i o n   s i m i l a r   to  t h o s e   shown  in  F i g s .   7  and  8  b u t   i n  

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

t he   c i r c u i t   i n t e r r u p t e r ;  



F i g u r e   13  shows  an  e m b o d i m e n t   s i m i l a r   to  t h a t   o f  

F i g .   12  in  w h i c h   the   m a g n e t   i s   d i s p o s e d   i n s i d e   of  t h e  

c i r c u i t   i n t e r r u p t e r   e n c l o s u r e ,   a n d  

F i g u r e   14  shows  an  e m b o d i m e n t   s i m i l a r   to  t h a t   o f  

F i g u r e   4  u s i n g   a  hoop  m a g n e t .  

F i g u r e s   1  and  2  show  an  e m b o d i m e n t   of  t he   i n -  

v e n t i o n   f o r   m e t a l   c l a d   or  m e t a l   e n c l o s e d   s w i t c h g e a r   1 0 ,  

w h i c h   i n c l u d e s   a  m e t a l   c a b i n e t   or  e n c l o s u r e   12  h a v i n g  

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

v a c u u m   c i r c u i t   i n t e r r u p t e r   a p p a r a t u s   14  and  16.  The  f r o n t  

p a n e l   15  of  t h e   a p p a r a t u s   may  h a v e   c o n t r o l s   t h e r e o n   f o r  

m a n u a l l y   o p e r a t i n g   t h e   a p p a r a t u s .   The  l o w e r   p a r t   cf   t h e  

a p p a r a t u s   14  i s   m o v a b l y   d i s p o s e d   by  way  of  w h e e l s   17  o n  

r a i l s   18  f o r   mov ing   t he   a p p a r a t u s   14  i n t o   and  o u t   of  a  

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

t e r m i n a l s   ( n o t   shown)  d i s p o s e d   in   t h e   r e a r   of  t he   c a b i n e t  

12.  L i k e w i s e   t he   u p p e r   p a r t   of  t h e   a p p a r a t u s   16  i s   m o v -  

a b l y   d i s p o s e d   by  way  of  w h e e l s   19  on  r a i l s   20  f o r   m o v i n g  

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

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

n a l s   ( n o t   shown)  in  t h e   r e a r   of  m e t a l   c a b i n e t   12.  M o v a b l e  

s h u t t e r s   such   as  shown  a t   21  a re   i n t e r p o s e d   to  c o v e r   t h e  

h i g h   v o l t a g e   t e r m i n a l s   in  t h e   r e a r   of  the   c a b i n e t   when  t h e  

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

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

B a r r i e r s   21  a re   m e c h a n i c a l l y   moved  f rom  in  f r o n t   of  t h e  

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

i n t e r r u p t e r s   14  and  16  a re   moved  i n t o   a  d i s p o s i t i o n   o f  

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

t e r m i n a l s .  

As  i s   b e s t   shown  in  F i g u r e   2,  t h r e e - p h a s e   c i r -  

c u i t   i n t e r r u p t e r   a p p a r a t u s   14  may  i n c l u d e   a  f r o n t   p o r t i o n  

24  in   w h i c h   c o n t r o l s   and  p o r t i o n s   of  an  o p e r a t i n g   m e c h a -  

n i sm  a re   d i s p o s e d   and  a  r e a r   p o r t i o n   26.  The  f r o n t   p o r -  
t i o n   24  i s   g e n e r a l l y   a  low  v o l t a g e   p o r t i o n   and  the   r e a r  

p o r t i o n   26  is   g e n e r a l l y   a  h i g h   v o l t a g e   p o r t i o n .   The  h i g h  

v o l t a g e   p o r t i o n   26  is   s u p p o r t e d   by  and  e l e c t r i c a l l y   i n s u -  



l a t e d   f rom  t h e   low  v o l t a g e   p o r t i o n   24  by  way  of  u p p e r   a n d  

l o w e r   i n s u l a t o r s   28  and  30,  r e s p e c t i v e l y .   D i s p o s e d   w i t h i n  

t h e   h i g h   v o l t a g e   p o r t i o n   26  a r e   vacuum  c i r c u i t   i n t e r r u p t e r  
b o t t l e s   32  w h i c h   p r o v i d e   t h e   c i r c u i t   i n t e r r u p t i n g   c a p a b i l -  

i t y   b e t w e e n   t he   t h r e e - p h a s e   t e r m i n a l s   34  and  36,  f o r  

e x a m p l e .   The  m o t i o n   and  much  of  t he   i n f o r m a t i o n   f o r  

o p e n i n g   and  c l o s i n g   t h e   c o n t a c t s   of  t he   vacuum  c i r c u i t  

i n t e r r u p t e r   b o t t l e s   32  may  be  s u p p l i e d   by  way  of  l i n k a g e s  

38  f rom  the   f r o n t   p o r t i o n   24  of  t h e   c i r c u i t   i n t e r r u p t e r  

a p p a r a t u s   1 4 .  

R e f e r r i n g   now  to  F i g u r e   3,  a  t h r e e - d i m e n s i o n a l  

v i e w   of  a  t y p i c a l   c i r c u i t   i n t e r r u p t e r   b o t t l e   32  w h i c h   may  
be  u t i l i z e d   in  t h e   h i g h   v o l t a g e   s e c t i o n   26  of  t h e   a p p a r -  
a t u s   of  F i g u r e s   1  and  2,  i s   shown.   In  p a r t i c u l a r ,   c i r c u i t  

i n t e r r u p t e r   b o t t l e   32  may  c o m p r i s e   an  i n s u l a t i n g   c y l i n d e r  

42  c a p p e d   at   e i t h e r   end  by  e l e c t r i c a l l y   c o n d u c t i n g   c i r c u -  

l a r   end  caps   44  and  46.  On  t he   b o t t o m   i s   shown  a  v e r -  

t i c a l l y   m o v a b l e   c o n t a c t   s t em  48  and  on  t h e   t op   i s   shown  a  

f i x e d   c o n t a c t   s tem  50  w h i c h   may  be  b r a z e d ,   f o r   e x a m p l e ,   t o  

t h e   a f o r e m e n t i o n e d   end  p l a t e   44.  The  end  c a p s   44  and  46  

a r e   s e a l i n g l y   d i s p o s e d   on  t he   ends   of  t h e   c y l i n d e r   42  a t  

s e a l   r e g i o n s   52  and  54,  as  a re   shown  in  more  d e t a i l   i n  

F i g u r e   4,  f o r   e x a m p l e .   L o n g i t u d i n a l l y   c e n t r a l l y   d i s p o s e d  

in   t h e   c y l i n d e r   42  may  be  an  e l e c t r i c a l l y   c o n d u c t i n g   r i n g  

56,  t h e   u s e f u l n e s s   of  w h i c h   w i l l   be  d e s c r i b e d   in   m o r e  

d e t a i l   h e r e i n a f t e r .  

R e f e r r i n g   once   a g a i n   to  F i g u r e   2,  in  t he   p r e -  
f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   t he   c y l i n d e r   32  i s  

m o u n t e d   w i t h i n   t h e   h i g h   v o l t a g e   p o r t i o n   or  c a s i n g   26  o f  

F i g u r e   2  so  t h a t   t h e   s t a t i o n a r y   s tem  50  i s   p l a c e d   in   a 

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

34.  L i k e w i s e ,   t he   v e r t i c a l l y   m o v a b l e   s tem  48  i s   d i s p o s e d  

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

member  36.  The  o p e r a t i n g   m e c h a n i s m   38  of  F i g u r e   2  o p e r -  
a t e s   to  f o r c e   t h e   v e r t i c a l l y   m o v a b l e   s tem  upward   a n d  

d o w n w a r d   when  c i r c u i t   i n t e r c o n n e c t i o n   or  d i s c o n n e c t i o n   i s  

s o u g h t ,   r e s p e c t i v e l y ,   b e t w e e n   t he   t e r m i n a l s   34  and  3 6 .  



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

e m b o d i m e n t   of  t he   i n v e n t i o n   shown  in  F i g u r e s   1,  2  and  3 

t h a t   t h r e e   c i r c u i t   i n t e r r u p t e r   b o t t l e s   32  each   a re   d i s -  

p o s e d   in  t he   l o w e r   c i r c u i t   i n t e r r u p t e r   a p p a r a t u s   14  and  i n  

t he   u p p e r   c i r c u i t   i n t e r r u p t e r   a p p a r a t u s   16  to  p r o v i d e   t w o  

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

e l e c t r i c a l   s y s t e m s   or  n e t w o r k s   i f   d e s i r e d .  

R e f e r r i n g   now  to  F i g u r e   4,  a  s e c t i o n a l   v iew  o f  

t he   vacuum  i n t e r r u p t e r   shown  in  F i g u r e s   2  and  3  is   d e -  

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

t h e r e t o .   E l e c t r i c a l l y   c o n d u c t i n g   end  p l a t e s   44  and  46  a r e  

i n t e r c o n n e c t e d   w i t h   t he   i n s u l a t i n g   b a r r e l   42  at  r e g i o n s   52 

and  54,  r e s p e c t i v e l y .   An  a p p r o p r i a t e   c e m e n t i n g   or  s e a l i n g  

p r o c e s s   i s   u t i l i z e d   to  make  t h e   s e a l   vacuum  r e l i a b l e .   I t  

i s   known  in  t h e   vacuum  c i r c u i t   i n t e r r u p t e r   a r t   t h a t   t h e s e  

s e a l s   a re   s e n s i t i v e   r e g i o n s   w h i c h   i f   a t t a c k e d   c h e m i c a l l y ,  

t h e r m a l l y   or  o t h e r w i s e   may  b r e a k   down  t h u s   d e s t r o y i n g   t h e  

vacuum  i n t e g r i t y   of  t h e   vacuum  i n t e r r u p t e r   u n i t   3 ? .  

C o n s e q u e n t l y ,   s h i e l d s   70,  74  and  76  a re   p r o v i d e d   f o r   p r e -  

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

i n s u l a t o r   42  and  f o r   p r e v e n t i n g   v a p o r   p r o d u c t s   and  t h e  

h e a t   t h e r e f r o m   from  d e g r a d i n g   the   s e a l   in  the   r e g i o n s   52 

and  54.  S h i e l d   74  i s   s u s p e n d e d   w i t h i n   t he   vacuum  i n t e r -  

r u p t e r   u n i t   32  f rom  t he   end  p l a t e   44  w h i l e   s h i e l d   76  i s  

s u s p e n d e d   or  s u p p o r t e d   by  t he   end  p l a t e   46.  T y p i c a l l y ,  

t h e   c e n t r a l l y   l o c a t e d   s h i e l d   70  i s   b r a z e d   or  o t h e r w i s e  

i n t e r c o n n e c t e d   w i t h   an  a n n u l a r   r i n g   56  w h i c h   is  s a n d w i c h e d  

in  b e t w e e n   two  p o r t i o n s   of  t h e   p o r c e l a i n   i n s u l a t o r   42  f o r  

s u p p o r t   t h e r e b y .   C o n s e q u e n t l y ,   s h i e l d   70  is  c e n t r a l l y  

s u p p o r t e d   away  f rom  t he   r e g i o n   of  e l e c t r i c a l   i n t e r r u p t i o n  

of  t he   c i r c u i t   i n t e r r u p t e r   32.  In  t h i s   e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   e x t e r n a l   v o l t a g e   s o u r c e   58  w h i c h   may  be  t h e  

v o l t a g e   of  a  n e t w o r k ,   is   i n t e r c o n n e c t e d   w i t h   s tem  50  a t  

r e g i o n   60,  f o r   e x a m p l e .   For   p u r p o s e s   w h i c h   w i l l   b e c o m e  

a p p a r e n t   h e r e i n a f t e r ,   a  r e s i s t i v e   e l e m e n t   R  d e s i g n a t e d   40  

f o r   c o r r e s p o n d e n c e   w i t h   wha t   is   shown  in  F i g u r e   2,  i s  

i n t e r c o n n e c t e d   d i r e c t l y ,   c a p a c i t i v e l y   or  i n d u c t i v e l y ,  



b e t w e e n   t h e   a n n u l a r   r i n g   56  and  a  c u r r e n t   d e t e c t i o n   n e t -  

work  64  w h i c h   may  c o m p r i s e   a  f u l l   wave  b r i d g e   r e c t i f i e r  

h a v i n g   a  m i c r o a m m e t e r   68  d i s p o s e d   to  m e a s u r e   t he   c u r r e n t  

f l o w i n g   t h r o u g h   t h e   b r i d g e .   The  o t h e r   s i d e   of  t he   b r i d g e  

or  d e t e c t o r   c i r c u i t   64  i s   i n t e r c o n n e c t e d   w i t h   t he   g r o u n d  

or  r e t u r n   of  t h e   v o l t a g e   s o u r c e   58  and  w i t h   one  s i d e   of  a  
l o a d   LD.  The  o t h e r   s i d e   of  t h e   l o a d   LD  i s   i n t e r c o n n e c t e d  

w i t h   a  c o m m u t a t i n g   d e v i c e   62  f o r   i n t e r c o n n e c t i o n   w i t h   t h e  

m o v a b l e   s t em  48.  C o n n e c t e d   i n t e r n a l l y   of  t h e   c i r c u i t   i n -  

t e r r u p t e r   32  w i t h   t he   s t ems   50  and  48,  r e s p e c t i v e l y ,   a r e  

vacuum  c i r c u i t   i n t e r r u p t e r   c o n t a c t s   80  and  82.  T h e r e   may  
a l s o   be  p r o v i d e d   an  i n t e r n a l   s h i e l d   86  f o r   a  b e l l o w s   8 4 .  

The  b e l l o w s   84  i s   e x p a n d a b l e   w i t h   and  c o n t r a c t a b l e   w i t h  

t h e   movemen t   of  t h e   s tem  48  to  m a i n t a i n   vacuum  i n t e g r i t y .  

C o n s e q u e n t l y ,   t h e   i n t e r n a l   p o r t i o n   of   t h e   c i r c u i t   i n t e r -  

r u p t e r   32  i s   n o r m a l l y   vacuum  t i g h t .   The  vacuum  r e p r e s e n t s  

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

b e t w e e n   c o n t a c t s   80  and  82  as  s tem  48  moves   d o w n w a r d l y  

( w i t h   r e s p e c t   to  F i g u r e   4)  to  c a u s e   a  s e p a r a t i o n   or  gap  t o  

e x i s t   b e t w e e n   c o n t a c t s   80  and  82.  The  i n t r o d u c t i o n   of  t h e  

vacuum  gap  b e t w e e n   t h e   c o n t a c t s   80  and  82  c a u s e s   a  d i f -  

f u s e d   a rc   to  e x i s t   b e t w e e n   t h e   c o n t a c t s   80  and  82  d u r i n g  

t h e   c u r r e n t   i n t e r r u p t e r   p r o c e s s   w h i c h   e x t i n g u i s h e s   u s u a l l y  

on  t h e   n e x t   c u r r e n t   z e r o   of  t he   c u r r e n t .   B e c a u s e   of  t h e  

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

48  in  a  downward   d i r e c t i o n   can  be  r e l a t i v e l y   s m a l l   w h i l e  

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

b e t w e e n   t he   open  c o n t a c t s   80  and  82.  The  s h i e l d s   76,  7 4  

and  70  h a v e   r o u n d e d   or  c u r v i l i n e a r   end  r e g i o n s   t h e r e o n   t o  

p r e v e n t   h i g h   v o l t a g e   b r e a k d o w n   t h e r e b e t w e e n   when  t h e  

c o n t a c t s   80  and  82  a re   o p e n e d .   The  d e p r e s s i o n   in  the   e n d  

p i e c e   44  i s   to  p r o v i d e   a  p o s i t i v e   b i a s   a g a i n s t   t he   o p e r a -  
t i o n   of  t h e   s t em  48  in   t he   u p w a r d   d i r e c t i o n .   The  f o r c e  

p r o v i d e d   a g a i n s t   s tem  48  t e n d s   to  be  r e l a t i v e l y   h i g h   a n d  

t h e r e f o r e   t he   b i a s   of  t he   end  p l a t e   44  h e l p s   to  p r e v e n t  

s i g n i f i c a n t   m o v e m e n t   of  t h e   c o n t a c t   80  in  r e s p o n s e   t h e r e -  

t o .   A  m a g n e t   78  i s   shown  d i s p o s e d   a x i a l l y   a r o u n d   the   s t e m  



50  in  t h e   d e p r e s s i o n   of  t he   end  p l a t e   44.  P r e f e r a b l y ,  

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

of  t he   i n v e n t i o n   be  an  e l e c t r o m a g n e t ,   and  in   a n o t h e r  

e m b o d i m e n t   may  be  a  m a g n e t   n o t   d i s p o s e d   a x i a l l y   ( r e f e r   t o  

F i g .   12)  and  may  even  be  m i s s i n g   f rom  s t i l l   o t h e r   e m b o d i -  

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

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

I t   w i l l   be  n o t e d   t h a t   when  the   c o n t a c t s   80  a n d  

82  a re   c l o s e d ,   t he   h i g h   v o l t a g e   s o u r c e   58  p r o v i d e s   c u r r e n t  

t h r o u g h   s tem  50,  c o n t a c t   80,  c o n t a c t   82,  s t em  48,  commu-  

t a t i n g   d e v i c e   62,  and  the   l o a d   LD.  Of  c o u r s e ,   when  t h e  

c o n t a c t s   80  and  82  a r e   o p e n e d ,   t he   l o a d   LD  i s   i s o l a t e d  

f rom  t h e   h i g h   v o l t a g e   s o u r c e   58  and  no  c u r r e n t   f l o w s  

t h e r e t h r o u g h .   I t   w i l l   be  n o t e d   t h a t   the   d e t e c t i n g   d e v i c e  

64  d e s c r i b e d   p r e v i o u s l y   i s   on  the   low  v o l t a g e   s i d e   of  t h e  

r e s i s t i v e   e l e m e n t   R.  The  o t h e r   s i d e   of  t h e   r e s i s t i v e  

e l e m e n t   R  may  be  of  r e l a t i v e l y   h i g h   p o t e n t i a l   b e c a u s e   o f  

t h e   p r o x i m i t y   of  t he   s h i e l d s   70,  76  and  74  to  t h e   c o n t a c t s  

80  and  82.  I t   w i l l   be  n o t e d   t h a t   t h e   s h i e l d   74,  f o r   e x a m -  

p l e ,   on  an  a p p r o p r i a t e   h a l f   c y c l e   of  the   v o l t a g e   s o u r c e   58  

may  be  a t   a  r e l a t i v e l y   h i g h   v o l t a g e .   F u r t h e r m o r e ,   a 

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

s h i e l d   74  and  t h e   s h i e l d   70  due  to  the   i n t e r c o n n e c t i o n   o f  

t h e   s h i e l d   70  t h r o u g h   t he   r e s i s t i v e   e l e m e n t s   40,  and  t h e  

b r i d g e   c i r c u i t   64,  to  t he   o t h e r   s i d e   of  t he   v o l t a g e   s o u r c e  

58.  I t   w i l l   be  n o t e d   t h a t   t h e   s h i e l d   70,  when  c o o p e r a t i n g  

w i t h   t h e   s h i e l d   74  or  t he   s h i e l d   76,  f o r m s   an  a n n u l a r  

r e g i o n   s p a c e d   away  f rom  the   c o n t a c t s   80  and  82  r e l a t i v e   t o  

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

c i r c u i t   i n t e r r u p t e r   32.  W i t h i n   e i t h e r   or  b o t h   of  t h e s e  

a n n u l a r   s p a c e s ,   a  p r e s s u r e   d e t e c t i o n   ion   g a u g e   may  may  b e  

u t i l i z e d   in   c o n j u n c t i o n   w i t h   the   r e s i s t i v e   e l e m e n t   R  a n d  

t h e   b r i d g e   c i r c u i t   64  to  d e t e r m i n e   the   amoun t   of  vacuum  o r  

q u a l i t y   of  vacuum  w i t h i n   the   c i r c u i t   i n t e r r u p t e r   32.  T h e  

ion   gauge   is   such  t h a t   u n d e r   a p p r o p r i a t e   c o n d i t i o n s   o f  

e l e c t r o s t a t i c   f i e l d   s t r e n g t h   (and  in  some  i n s t a n c e s   t r a n s -  

v e r s e   m a g n e t i c   f i e l d   s t r e n g t h ,   such   as  may  be  p r o v i d e d   b y  



t h e   m a g n e t   78)  c o l d   c a t h o d e   e m i t t e d   e l e c t r o n s   f rom  any  o f  

t h e   s h i e l d s   74,  70  or  76  may  i n t e r a c t   w i t h   gas  m o l e c u l e s  

t h u s   f o r m i n g   i o n s   w h i c h   i m p i n g e   any  of  t h e   s h i e l d s   70,  7 4  

and  76  to  s e t   up  c u r r e n t   w h i c h   can   be  m e a s u r e d   by  t h e  

m i c r o a m m e t e r   68  to  g i v e   an  i n d i c a t i o n   of  t h e   a m o u n t   of  g a s  
w i t h i n   t he   vacuum  c i r c u i t   i n t e r r u p t e r   32.  C o n s e q u e n t l y ,  

t h i s   g i v e s   an  i n d i c a t i o n   of  t he   q u a l i t y   of  vacuum  w i t h i n  

t h e   c i r c u i t   i n t e r r u p t e r   32.  The  m a g n e t   78  o p e r a t e s   t o  

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

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

t u n i t y   f o r   them  to  s t r i k e   even   r e l a t i v e l y   s m a l l   a m o u n t s   o f  

gas   m o l e c u l e s   to  s e t   up  t he   a f o r e m e n t i o n e d   c u r r e n t .   I n  

o t h e r   i n s t a n c e s ,   t h e   e f f e c t   of  t he   m a g n e t   i s   n o t   n e c e s s a r y  
and  t he   m a g n e t   may  be  d e l e t e d   as  i t   ha s   b e e n   f o u n d   t h a t   a t  

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

q u a l i t y   of  t h e   vacuum  w i t h i n   t he   vacuum  i n t e r r u p t e r   32  m a y  
be  o b t a i n e d   b e c a u s e   of  c u r r e n t   f l o w   due  to  a  " g l o w -  

d i s c h a r g e "   b e t w e e n   t h e   s h i e l d s -   The  c u r r e n t ,   f o r   e x a m p l e ,  

may  f l o w   f rom  t h e   v o l t a g e   s o u r c e   58,  t h r o u g h   t h e   s tem  5 0 ,  

t h r o u g h   t h e   e l e c t r i c a l l y   c o n n e c t e d   end  p l a t e   44,  t h r o u g h  

t h e   u p p e r   s h i e l d   74,  v i a   t h e   c o l d   c a t h o d e   d i s c h a r g e   a  

" g l o w   d i s c h a r g e "   to  t he   l o w e r   s h i e l d   70,  t h e   a n n u l a r   r i n g  

56,  t h r o u g h   t h e   r e s i s t o r   R,  t h e   b r i d g e   64,  and  f i n a l l y   t o  

t h e   o t h e r   s i d e   of  t h e   v o l t a g e   s o u r c e   58.  An  e x e m p l a r y  

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

F i g u r e   6  w h i c h   w i l l   be  d e s c r i b e d   h e r e i n a f t e r .  

F i g u r e   5  shows  a  p o r t i o n   of   a  s h i e l d   70'  and  a  

p o r t i o n   of  a  s h i e l d   74'  w h i c h   may  a l s o   be  s e e n   in  F i g u r e  

8.  In  t h e   r e g i o n   A'  of  F i g u r e   8  a t   a  t i m e   when  t h e   s h i e l d  

74'  i s   p o s i t i v e   w i t h   r e s p e c t   to  t h e   s h i e l d   7 0 ' ,   t h e   e l e c -  

t r o s t a t i c   f i e l d   s e t   up  by  t he   h i g h   v o l t a g e   s o u r c e   58  m a y  
draw  e l e c t r o n s   e   away  f rom  t h e   p l a t e   7 0 ' .   The  t r a n s v e r s e  

m a g n e t i c   f i e l d s   d e s i g n a t e d   as  such   in   F i g u r e   5  c a u s e s   t h e  

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

t h e   m a g n e t i c   f i e l d   and  t he   e l e c t r o s t a t i c   f i e l d .   T h i s  

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

two  p l a t e s   70'  and  74'  r a t h e r   t h a n   to  m i g r a t e   v e r y   q u i c k l y  



to  t he   o t h e r   p l a t e .   When  t h i s   h a p p e n s ,   t h e   l i k e l i h o o d   o f  

a  gas  m o l e c u l e   gN  b e i n g   s t r u c k   by  an  e l e c t r o n   i s   e n h a n c e d  

in  w h i c h   c a s e   a n o t h e r   e l e c t r o n   may  be  d i s l o d g e d   f rom  t h e  

o n c e - n e u t r a l   gas   m o l e c u l e   gN  t h u s   p r o d u c i n g   two  e l e c t r o n s  

and  a  p o s i t i v e l y   c h a r g e d   gas  m o l e c u l e   g+.  Once  an  a v a -  

l a n c h e   c o n d i t i o n   i s   r e a c h e d ,   the   r e l a t i v e   n u m b e r   of  e l e c -  

t r o n s   p r o d u c e d   t e n d s   to  a p p r o a c h   a  l i m i t i n g   v a l u e ,   e . g . ,  
10+10  e l e c t r o n s   p e r   c u b i c   c e n t i m e t e r .   T h i s   d e n s i t y   o f  

e l e c t r o n s   p r o v i d e s   a  r e l a t i v e l y   r e l i a b l e   i o n   g a u g e .  

C o n s e q u e n t l y ,   i f   t he   gas ,   such  as  r e p r e s e n t e d   by  t h e  

m o l e c u l e s   gN,  i s   p r e s e n t   in  t he   r e g i o n   d e s i g n a t e d   A' 

b e t w e e n   t he   s h i e l d s   70'  and  74'  f o r   e x a m p l e ,   t h e   e l e c t r o n s  

w i l l   s t r i k e   some  of  t h e   gas  m o l e c u l e s   as  m e n t i o n e d ,   t h u s  

c a u s i n g   o t h e r   e l e c t r o n s   to  be  g i v e n   o f f ,   t h u s   s u s t a i n i n g  
t h e   e l e c t r o n   d e n s i t y   a t   a p p r o x i m a t e l y   10+10  e l e c t r o n s   p e r  
c u b i c   c e n t i m e t e r .   Of  c o u r s e   as  was  m e n t i o n e d ,   t he   g a s  
m o l e c u l e s   a c q u i r e   a  p o s i t i v e   e l e c t r i c a l   c h a r g e   when  i m -  

p a c t e d   by  t he   e l e c t r o n .   The  c h a r g e d   m o l e c u l e s   g+  t h e r e -  

f o r e   m i g r a t e ,   in   t h i s   c a s e   t o w a r d s   t h e   p l a t e   7 0 ' ,   t o  

c o m b i n e   w i t h   an  e l e c t r o n   on  the   s u r f a c e   of  t h e   p l a t e   7 0 '  

to  once  a g a i n   n e u t r a l i z e   i t s   c h a r g e .   Of  c o u r s e ,   some  o f  

t h e   e l e c t r o n s   in   t he   r e g i o n   b e t w e e n   the   p l a t e s   70'  and  7 4 '  

m i g r a t e   to  t he   p l a t e   7 4 ' .   The  n e t   e f f e c t   of  t h e   l a t t e r  

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

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

t h e   r e g i o n   A ' .   One  can  see  t h a t   t he   a c c u r a t e   d e t e c t i o n   o f  

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

vacuum  q u a l i t y   of  t h e   r e g i o n   A' .   S i n c e   t he   r e g i o n   A'  i s  

c o n t i g u o u s   w i t h   t he   e n t i r e   r e g i o n   w i t h i n   t he   c i r c u i t  

i n t e r r u p t e r   32  or  32'  as  the   c a s e   may  be,   a  r e l i a b l e  

i n d i c a t i o n   of  t h e   q u a l i t y   of  the   vacuum  in  t he   r e g i o n   o f  

t he   e l e c t r o d e s   80  and  82  or  80'  and  82'  as  t h e   c a s e   may 

be,   is   g i v e n .   As  has   been   m e n t i o n e d   b e f o r e ,   t h i s   is   v e r y  

d e s i r a b l e .  

R e f e r r i n g   now  to  F i g u r e   6,  p l o t s   of  m i c r o a m p e r e  

c u r r e n t   p r o d u c e d   in  a  r e g i o n   such  as  A',   or  a  c o m b i n a t i o n  

of  r e g i o n s   such   as  A'  and  B'  as  shown  in  F i g u r e   7,  v e r s u s  



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

v o l t a g e   or  a . c .   s o u r c e   such   as  58.  In  p a r t i c u l a r ,   t h e  

v o l t a g e   v a l u e s   a r e   2 .9   k i l o v o l t s   RMS,  4 .3   k i l o v o l t s   RMS,  8 

k i l o v o l t s   RMS,  and  8 .7   k i l o v o l t s   RMS.  In  t he   r e g i o n   t o  

t h e   f a r   l e f t   of  F i g u r e   7,  t h a t   i s   i n   t h e   r e g i o n   r e p r e s e n t -  
ed  by  p r e s s u r e   10-6   T o r r ,   t h e   a m o u n t   of  gas  m o l e c u l e s  

a v a i l a b l e   f o r   i n t e r a c t i n g   in  t h e   i o n   g a u g e   r e g i o n   such   a s  
A'  of  F i g .   5  i s   so  s m a l l   t h a t   t h e   c u r r e n t ,   I,  i s   e s s e n -  

t i a l l y   r e p r e s e n t e d   by  the   v a l u e   I = C d V / d t ,   where   C  i s   t h e  

c a p a c i t a n c e   b e t w e e n   t h e   s h i e l d s   and  V  is   t he   v o l t a g e  

a p p e a r i n g   a c r o s s   t he   s h i e l d .   T h i s   c u r r e n t   i s   t h e   c u r r e n t  

m e a s u r e d ,   f o r   e x a m p l e ,   in  t he   m i c r o a m m e t e r   68  of  t h e  

c u r r e n t   d e t e c t i o n   d e v i c e   64  of  F i g u r e   7.  As  t h e   p r e s s u r e  
i n c r e a s e s ,   i t   can   be  s e e n   t h a t   t h e   c u r r e n t   r i s e s   in  r e l a -  

t i o n   t h e r e t o .   G e n e r a l l y ,   in   t h i s   r e g i o n   of  t he   g r a p h   o f  

F i g u r e   6,  o n l y   h a l f - w a v e   c o n d u c t i o n   t a k e s   p l a c e   in   t h e  

d e t e c t i o n   d e v i c e   64.  H o w e v e r ,   as  t h e   p r e s s u r e   i n c r e a s e s  

to  a.  v a l u e   o f   a p p r o x i m a t e l y   10 -2  T o r r ,   t h e   amount   of  g a s  
p r e s e n t   i s   so  l a r g e   t h a t   g low  d i s c h a r g e   t a k e s   p l a c e   b e -  

t w e e n   the   s h i e l d s   70  and  74,  f o r   e x a m p l e ,   so  t h a t   c u r r e n t  

f l o w s   in   b o t h   d i r e c t i o n s   t h r o u g h   t h e   b r i d g e   r e c t i f i e r   6 4 .  

T h i s   is   r e p r e s e n t e d   by  the   s i g n i f i c a n t   hump  in  t he   c u r v e s  

a t   a p p r o x i m a t e l y   10-2  T o r r .   I t   i s   to  be  n o t e d   t h a t   t h e  

r e l a t i v e l y   l i n e a r   r e g i o n   b e t w e e n   10-5   T o r r   and  10-3  T o r r  

i s   t he   mos t   u s e f u l   r e g i o n   f o r   d e t e r m i n i n g   the   amoun t   o f  

vacuum  as  a  d i r e c t   f u n c t i o n   of  t h e   c u r r e n t   f l o w i n g   in   t h e  

a m m e t e r   68.  The  l i n e a r   r e l a t i o n s h i p   of  t he   c u r v e   i s   t h e  

r e a s o n   f o r   t h i s .   H o w e v e r ,   in   t h i s   r e g i o n   and  up  u n t i l  

glow  d i s c h a r g e   i s   r e a c h e d ,   t h e   i o n   d e t e c t o r   d e v i c e   w h i c h  

m i g h t   be  c a l l e d   a  " m a g n e t r o n "   or  " P e n n i n g "   d e v i c e ,   t e n d s  

to  a c t   l i k e   a  h a l f - w a y   r e c t i f i e r ,   t h a t   i s   i t   p a s s e s   c u r -  
r e n t   in  o n l y   one  d i r e c t i o n .   When  glow  d i s c h a r g e   t a k e s  

p l a c e ,   c u r r e n t   p a s s e s   in  b o t h   d i r e c t i o n   wh ich   i s   t h e  

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

d e t e c t i o n   d e v i c e   is   a  f u l l - w a v e   b r i d g e   r e c t i f i e r   such   a s  
is   shown  at  64,  t h e n   t he   i n c r e a s e   in  t h e   c u r r e n t   w i l l   b e  

r e a d i l y   s e e n .   H o w e v e r ,   i f   t he   d e t e c t i o n   d e v i c e   i s   a 



h a l f - w a v e   b r i d g e   r e c t i f i e r   the   c u r v e   f o r   2 .9   k i l o v o l t s   RMS 

f o r   e x a m p l e   w i l l   f o l l o w   a  s h a p e   more  l i k e   t h a t   shown  a t  

100,  wh ich   is   d e p i c t e d   more  a c c u r a t e l y   in  F i g u r e   9.  One  

of  the   a d v a n t a g e s   of  u t i l i z i n g   the   s h i e l d s   70  and  74  f o r  

e x a m p l e ,   or  70  and  76,  in   d e t e r m i n i n g   p r e s s u r e   is   t he   w i d e  

r a n g e   of  d e t e c t i o n   c a p a b i l i t y ,   i . e .   from  a p p r o x i m a t e l y  
10-6  T o r r   to  n e a r l y   to  a t m o s p h e r e .   Of  c o u r s e   in  t h e  

r e g i o n   p a s t   10-3  T o r r ,   t h e   l i n e a r   r e l a t i o n s h i p   c h a n g e s   s o  

t h a t   an  a c c u r a t e   d e t e r m i n a t i o n   of  t he   amount   of  vacuum  c a n  

no  l o n g e r   be  d e t e r m i n e d   by  r e a d i n g   t h e   c u r r e n t .   H o w e v e r ,  

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

q u a n t i t a t i v e   k n o w l e d g e   a b o u t   the   vacuum  i s   u n n e c e s s a r y  
s i n c e   the   p r e s s u r e   i s   so  h i g h   t h a t   t h e   vacuum  i n t e r r u p t e d  
s h o u l d   no t   be  o p e r a t e d .   I t   is   a l s o   to  be  n o t e d   t h a t   i n  

t h i s   l a t t e r   r e g i o n   the   amoun t   of   gas  m o l e c u l e s   p r e s e n t   a r e  

so  l a r g e   t h a t   a  m a g n e t   s u c h   as  78  shown  in  F i g u r e   5,  i s  

no t   n e c e s s a r y   to  s u s t a i n   t he   e l e c t r o n s   in  t he   i n n e r   e l e c -  

t r o d e   r e g i o n ,   i . e .   b e t w e e n   t h e   s h i e l d s   70  and  74  f o r  

e x a m p l e ,   f o r   a  p e r i o d   of  t ime   n e c e s s a r y   to  c a u s e   i n t e r -  

r e a c t i o n   w i t h   n e u t r a l   gas   m o l e c u l e s .   As  a  r e s u l t   of  t h i s ,  

t he   vacuum  d e t e c t i o n   d e v i c e   may  be  u t i l i z e d   r e l i a b l y   as  a 

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

m a g n e t   in  t h e   p r e s s u r e   r e g i o n   above   10-3  T o r r .   I t   is  w e l l  

known  t h a t   'a  vacuum  p r e s s u r e   of  10-3  T o r r   or  above   i s  

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

c o n s i d e r e d   by  m o s t   in  t h e   a r t   as  a  r e g i o n   in  w h i c h   the   i n -  

t e g r i t y   of  t h e   vacuum  i n t e r r u p t e r   has   c o m p l e t e l y   b r o k e n  

down  so  t h a t   t h e   i n t e r r u p t e r   i s   no  l o n g e r   r e l i a b l e   f o r  

u t i l i z a t i o n .   In  t h e   r e g i o n   above   10  or  100  T o r r ,   t h e  

p r e s s u r e   b e c o m e s   so  h i g h   t h a t   the   glow  d i s c h a r g e   is  n o t  

m a i n t a i n a b l e   w i t h   t y p i c a l l y   a p p l i e d   v o l t a g e   58.  C o n s e -  

q u e n t l y ,   t he   c u r r e n t   d e t e c t e d   in  t h i s   r e g i o n   i s   a p p r o x i -  

m a t e l y   e q u a l   to  t he   c u r r e n t   d e t e c t e d   in  t he   10-6  T o r r  

r e g i o n .  

R e f e r r i n g   now  to  F i g u r e   9,  a  p l o t   of  t he   2.9  KV 

RMS  c u r v e   of  F i g u r e   6  i s   shown  in  d e t a i l   in  the   10-5  T o r r  

to  10+2  T o r r   r e g i o n .   The  a f o r e m e n t i o n e d   c u r v e   was  p r o -  



d u c e d   u s i n g   o n l y   a  h a l f - w a v e   b r i d g e   r e c t i f i e r   b u t   was  a l s o  

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

s u c h   as  r2  shown  in  F i g u r e   4.  The  s i g n i f i c a n c e   i s   t h a t  

t h e   wave  s h a p e s   p r o d u c e d   may  be  d e t e c t e d   f o r   v a r i o u s  

v a l u e s   of  p r e s s u r e   c u r r e n t .   In  t h e   c u r v e   of  F i g u r e   9,  o n e  

v a l u e   of  c u r r e n t   may  be  i n d i c a t i v e   of  two  d i f f e r e n t   p r e s -  

s u r e s ,   f o r   e x a m p l e   a t   a p p r o x i m a t e l y   10 -4   T o r r   and  a p p r o x i -  

m a t e l y   100  T o r r s ,   a  c u r r e n t   of  180  m i c r o a m p s   i s   d e t e c t e d .  

One  p e r s o n   r e a d i n g   180  m i c r o a m p e r e s   on  t h e   a m m e t e r   w o u l d  

n o t   know  w h e t h e r   t he   p r e s s u r e   i n s i d e   t h e   c i r c u i t   i n t e r r u p -  

t e r   was  an  a c c e p t a b l e   10-4   T o r r   or  an  u n d e s i r a b l e   100  

T o r r .   H o w e v e r ,   by  c o m p a r i n g   wave  s h a p e s   such   as  i s   s h o w n  

a t   102  and  104  on  t h e   c u r v e   of  F i g u r e   9,  f o r   e x a m p l e ,   t h e  

d i f f e r e n c e   i s   such   t h a t   i t   can  e a s i l y   be  d e t e r m i n e d   i n  

w h i c h   p o r t i o n   of  t he   c u r v e   one  i s   o b s e r v i n g   c u r r e n t ,   w h i c h  

may  mean  t he   d i f f e r e n c e   b e t w e e n   a l l o w i n g   a  c i r c u i t   i n t e r -  

r u p t e r   to  open   in  a  p e r f e c t l y   a c c e p t a b l e   vacuum  or  in  a  

v e r y   u n d e s i r a b l e   h i g h   p r e s s u r e   r e g i o n .  

R e f e r r i n g   now  to  F i g u r e   7,  s t i l l   a n o t h e r   e m b o d i -  

ment   of  t he   i n v e n t i o n   i s   shown  in   w h i c h   a  vacuum  c i r c u i t  

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

d e t e c t o r   s y s t e m   and  l o a d   a re   a l s o   d e p i c t e d .   In  t he   e m b o d -  

i m e n t   of  F i g u r e   7,  t h e   m a g n e t   of  t h e   e m b o d i m e n t   of  F i g u r e  

4  i s   p u r p o s e l y   d e l e t e d .   F u r t h e r m o r e ,   t h e   s h i e l d   a r r a n g e -  

ment   r e p r e s e n t e d   a t   7 0 ' ,   74'  and  76'  i s   d i f f e r e n t   f r o m  

t h a t   shown  a t   70,  74  and  76  in   F i g u r e   4.  To  be  m o r e  

s p e c i f i c ,   t h e   s h i e l d   70'  a x i a l l y   o v e r l a p s   s h i e l d s   74'  a n d  

76'  in   t h e   e m b o d i m e n t   of  F i g u r e   7  w h e r e a s   t h a t   is   n o t   t h e  

c a s e   in   t h e   e m b o d i m e n t   of  F i g u r e   4.  C o n s e q u e n t l y ,   t h e  

a n n u l a r   r e g i o n s   A'  and  B'  a re   s l i g h t l y   d i f f e r e n t   in  v o l u m e  

and  s h a p e   in   t he   e m b o d i m e n t   of  F i g u r e   7  t h a n   the   a n n u l a r  

r e g i o n s   A  and  B  in  t he   e m b o d i m e n t   of  F i g u r e   4.  O t h e r w i s e ,  

t h e   o p e r a t i o n   is   e s s e n t i a l l y   t h e   same  e x c e p t   f o r   t he   f a c t  

t h a t   t h e   e m b o d i m e n t   of  F i g u r e   7  i s   of  t he   t y p e   w h i c h   i s  

u s e d   p r i m a r i l y   in  t he   r e g i o n   d e p i c t e d   in   F i g u r e   6  b e t w e e n  
1 0 "   T o r r   and  100  T o r r .   T h a t   i s   to  s ay ,   in  t he   e m b o d i m e n t  

of  F i g u r e   7  t he   d e f e c t i n g   d e v i c e   64  i s   u t i l i z e d   to  d e t e c t  

w h e t h e r   t h e r e   has   been   a  f a i l u r e   of  vacuum  or  n o t .  



R e f e r r i n g   now  to  F i g u r e   8,  s t i l l   a  f u r t h e r   em- 
b o d i m e n t   of  t he   i n v e n t i o n   i s   shown  w h i c h   u t i l i z e s   p r i n c i -  

p l e s   from  the   e m b o d i m e n t s   of  t he   i n v e n t i o n   shown  in  F i g -  

u r e s   4  and  7.  To  be  more  s p e c i f i c ,   t he   e m b o d i m e n t   o f  

F i g u r e   8  shows  the   a x i a l l y   o v e r l a p p i n g   s h i e l d s   7 0 ' ,   7 4 '  

and  76'  w h i c h   were  p r e v i o u s l y   shown  in  t he   e m b o d i m e n t   o f  

F i g u r e   7  and  f u r t h e r m o r e   shows  t h e   m a g n e t   78'  w h i c h   was  

p r e v i o u s l y   shown  in  t h e   e m b o d i m e n t   of  F i g u r e   4.  W i t h  

r e g a r d   t h e   e m b o d i m e n t s   of  F i g u r e   7  and  F i g u r e   8,  i t   w i l l  

be  n o t e d   t h a t   t he   end  p l a t e   44'  i s   no t   d e p r e s s e d   as  t h e  

end  p l a t e   44  i s   in  F i g u r e   4.  H o w e v e r ,   i t   is  to  be  r e c c g -  
n i z e d   t h a t   t h i s   i s   a  m a t t e r   of  d e s i g n   c h o i c e   in  t h i s  

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

t h e   d e p r e s s e d   end  p l a t e   44  no r   t h e   n o n - d e p r e s s e d   end  p l a t e  
44'  i s   l i m i t i n g .  

R e f e r r i n g   now  to  F i g u r e s   10  and  11,  t h a t   p o r t i o n  
of  t h e   c i r c u i t   i n t e r r u p t e r   a p p a r a t u s   shown  in  F i g u r e   2  f o r  

e x a m p l e ,   i s   d e p i c t e d   h e r e i n   in   g r e a t e r   m a g n i f i c a t i o n .   As 

i s   b e s t   shown  in  F i g u r e   11,  t h e   r e s i s t i v e   e l e m e n t   R  or  40 

as  i s   shown  in  F i g u r e  4   f o r   e x a m p l e ,   i s   d i s p o s e d   w i t h i n   a 

p o r c e l a i n   or  o t h e r   good  i n s u l a t o r   c y l i n d r i c a l   c a s i n g   t o  

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

t h e r e o f   b e t w e e n   the   h i g h   v o l t a g e   s e c t i o n   and  the   low 

v o l t a g e   s e c t i o n   24.  I t   w i l l   be  r e c a l l e d   t h a t   t he   h i g h  

v o l t a g e   s e c t i o n   26  i n c l u d e s   t he   vacuum  i n t e r r u p t e r   32 

w h e r e a s   t h e   low  v o l t a g e   s e c t i o n   24  i n c l u d e s   t h e   d e t e c t c r  

64.  As  i s   b e s t   shown  in  F i g u r e   11,  f o r k - l i k e   e l e c t r i c a l l y  

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

r e s i s t i v e   e l e m e n t   40  to  make  f o r c e f u l   t a n g e n t i a l   e l e c t r i c -  

al  c o n t a c t   at  the   p o i n t s   X-X  w i t h   the   s h i e l d   r i n g   56  t o  

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

t w e e n   the   d e t e c t o r   64  and  t h e   c i r c u i t   i n t e r r u p t e r   32.  The  

t y n e s   a re   i d e n t i f i e d   as  98a  and  98b.  In  t h e   a s s e m b l y  

p r o c e s s   t h e   t y n e s   98a  and  98b  f l e x   as  t he   r e s i s t i v e   e l e -  

ment   R  i s   b r o u g h t   i n t o   c o n t a c t   w i t h   t he   r i n g   56  to  i n -  

c r e a s e   t h e   c o n t a c t   p r e s s u r e   and  t h u s   r e d u c e   t he   c o n t a c t  

r e s i s t a n c e .   R e f e r r i n g   now  to  F ig .   12,  a n o t h e r   e m b o d i m e n t  



of  the   i n v e n t i o n   i s   shown  in  w h i c h   a  m a g n e t   7 8 "   i s   r a d -  

i a l l y   o f f s e t   f rom  t he   s tem  so  t h a t   t h e   p r o d u c e d   m a g n e t i c  

f i e l d   may  be  n o n - s y m m e t r i c a l .   T h i s   means   t h a t   t h e   m a g n e t  
7 8 "   need   n o t   e n c l o s e   or  e n c i r c l e   t he   s t em.   T h i s   l e a d s   t o  

s i m p l e r   c o n s t r u c t i o n   of  t he   c i r c u i t   i n t e r r u p t e r .  

In  s t i l l   a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n   a s  

shown  in  F i g .   13,  a  m a g n e t   7 8 " '   i s   p l a c e d   i n s i d e   of  t h e  

c i r c u i t   i n t e r r u p t e r .  

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

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

vacuum  c i r c u i t   i n t e r r u p t e r   u t i l i z e d   i s   n o n - l i m i t i n g   p r o -  
v i d e d   t h e r e   a r e   a t   l e a s t   one  s e t   of  s h i e l d s   in  a  p a t h   o f  

e l e c t r i c a l   c o n d u c t i o n   and  w h e r e   one  of  the   s h i e l d s   m a k e s  

an  i n t e r c o n n e c t i o n   ( n o t   n e c e s s a r i l y   ohmic )   w i t h   a  v o l t a g e  

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

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

s h i e l d .   I t   i s   a l s o   to  be  u n d e r s t o o d   t h a t   t h e   b r i d g e  

c i r c u i t   64  may  be  r e p l a c e d   by  any  s u i t a b l e   m e a s u r i n g  

c i r c u i t .   I t   i s   a l s o   to  be  u n d e r s t o o d   t h a t   t he   i n v e n t i o n  

is   no t   l i m i t e d   to  u se   in  t h r e e - p h a s e   e l e c t r i c a l   o p e r a t i o n .  

I t   may  be  u s e f u l   in   s i n g l e - p h a s e   e l e c t r i c a l   o p e r a t i o n   o r  

o t h e r   p o l y - p h a s e   e l e c t r i c a l   o p e r a t i o n   or  even   DC  e l e c t r i c -  

al  o p e r a t i o n .   The  p r i n c i p l e s   t a u g h t   h e r e i n   may  be  u s e d  

w i t h   o t h e r   t y p e s   of  vacuum  d e v i c e s   such   as  t r i g g e r e d   g a p s ,  
s w i t c h e s   and  t h e   l i k e .   I t   is   a l s o   to  be  u n d e r s t o o d   t h a t  

when  m a g n e t s   a r e   u s e d   t h e   i n v e n t i o n   i s   no t   l i m i t e d   to  u s e  

w i t h   " p a n c a k e "   s h a p e d   m a g n e t s   s u c h   as  is  shown  in   F i g u r e  

4.  In  a d d i t i o n ,   n o n - a x i a l l y   s y m m e t r i c   m a g n e t s   h a v e   b e e n  

d e m o n s t r a t e d   to   be  e q u a l l y   u s e f u l   in  c e r t a i n   vacuum  i n t e r -  

r u p t e r s .  

F i g u r e   14  shows  an  e m b o d i m e n t   in  w h i c h   a  " h o o p "  

t y p e   m a g n e t   110  i s   u t i l i z e d   i n s t e a d   of  the   " p a n c a k e "   t y p e  

m a g n e t   78.  As  shown  in  F i g u r e   14,  t h e   n o r t h   p o l e   is   a t  

the   top   of  t h e   m a g n e t  1 1 0   r e l a t i v e   to  F i g u r e   14,  and  t h e  

s o u t h   p o l e   was  shown  at   t he   b o t t o m .   R e p r e s e n t a t i v e   m a g -  

n e t i c   f l u x   l i n e s   112,  114,  116  a r e   shown.   For  p u r p o s e s   o f  

s i m p l i c i t y   of  i l l u s t r a t i o n ,   o n l y   t he   m a g n e t i c   f l u x   l i n e s  



on  the   l e f t   of  F i g u r e   14  a re   shown,   i t   b e i n g   u n d e r s t o o d  

t h a t   the   m a g n e t i c   f l u x   l i n e s   on  t h e   r i g h t   are   s u b s t a n -  

t i a l l y   m i r r o r   i m a g e s   of  the   m a g n e t i c   l i n e s   on  the  l e f t .  

F u r t h e r m o r e ,   m a g n e t i c   f l u x   l i n e s   112,  114  a re   shown  p e r -  
m e a t i n g   r e g i o n s   "A"  and  "B",  t h u s   p r o v i d i n g   fo r   the   o r t h o -  

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

p r e v i o u s l y .   The  "hoop"   t y p e   m a g n e t   110  may  be  s e c u r e d   t o  

the   c a s i n g   42  by  any  c o n v e n i e n t   m a n n e r ,   an  epoxy  g l u e   1 1 8  

b e i n g   shown  as  an  i l l u s t r a t i v e   e x a m p l e .  

The  a p p a r a t u s   t a u g h t   w i t h   r e s p e c t   to  the   e m b o d i -  

m e n t s   of  t h i s   i n v e n t i o n   has  many  a d v a n t a g e s .   One  a d v a n -  

t a g e   l i e s   in  t h e   f a c t   t h a t   t he   " M a g n e t r o n "   or  " P e n n i n g "  

t y p e   i o n '  d e t e c t i o n   gauge   i s   o p e r a b l e   o v e r   an  e x t r e m e l y  

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

i ng   the   s t a t u s   of  vacuum  w i t h i n   a  c i r c u i t   i n t e r r u p t e r   o r  

s i m i l a r   d e v i c e .   A n o t h e r   a d v a n t a g e   l i e s   in  the   f a c t   t h a t  

the   u t i l i z a t i o n   of  t h e   end  s h i e l d s   of  a  vacuum  c i r c u i t  

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

c h a r a c t e r i s t i c s .   F u r t h e r m o r e ,   t h e   p r e s e n t   i n v e n t i o n   d o e s  

no t   r e q u i r e   t he   a d d i t i o n   of  f u r t h e r   l e a k   r e g i o n s   t h a n   a r e  

a l r e a d y   p r e s e n t   in  t he   vacuum  i n t e r r u p t e r   f o r   v a c u u m  

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

vacuum  i n t e r r u p t e r   g e o m e t r y   f o r   r e d u c e d   c o s t s .   O t h e r  

a d v a n t a g e s   l i e   in  t he   f a c t   t h a t   t h e   p r e s e n t   d e v i c e   u t i l -  

i z e s   a . c .   p o w e r ,   r e q u i r e s   no  f u r t h e r   power   t h a n   is   a v a i l -  

a b l e   to  t he   i n t e r r u p t e r   ( i . e . ,   no  s e p a r a t e   power   s u p p l y ) ,  

and  is   e x t r e m e l y   s e n s i t i v e   o v e r   a  wide  p r e s s u r e   r a n g e .  



1.  A  vacuum  c i r c u i t   i n t e r r u p t e r   c o m p r i s i n g  

e n c l o s u r e   means   d e f i n i n g   a  s u b s t a n t i a l l y   e v a c u a t e d   v o l u m e ,  

e x t e r n a l   v o l t a g e   s o u r c e   means ,   r e l a t i v e l y   m o v a b l e   c o n t a c t  

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

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

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

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

w i t h i n   s a i d   e n c l o s u r e   means   f o r   p r o t e c t i n g   i n t e r n a l   p o r -  
t i o n s   of  s a i d   e n c l o s u r e   means  f rom  t he   m e t a l   v a p o r   p r o -  
d u c t s   a s s o c i a t e d   w i t h   t h e   i n t e r r u p t i o n   of  s a i d   e l e c t r i c a l  

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

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

s h i e l d   means   f o r m i n g   t h e r e b e t w e e n   an  a n n u l a r   s u b - v o l u m e ,  

s a i d   f i r s t   of  s a i d   s h i e l d   means   b e i n g   e l e c t r i c a l l y   i n t e r -  

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

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

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

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

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

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

s o u r c e   means   so  t h a t   an  e l e c t r i c   f i e l d   of  s u f f i c i e n t  

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

e l e c t r o n   m o v e m e n t   f rom  t he   r e g i o n   of  one  of  s a i d   f i r s t   o r  

s a i d   s e c o n d   s h i e l d s ,   s a i d   e l e c t r o n s   i n t e r a c t i n g   w i t h   g a s  
m o l e c u l e s   in   s a i d   s u b - v o l u m e   to  form  gas  i o n s   w h i c h   in  t u r n  

i n t e r a c t   w i t h   one  of  s a i d   s h i e l d   means   to  t h u s   c a u s e  

e l e c t r i c a l   c u r r e n t   to  f low  t h r o u g h   s a i d   c u r r e n t   m e a s u r e -  



ment  means  to  t h u s   g i v e   an  i n d i c a t i o n   of  t he   amount   of  g a s  

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

2.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  c l a i m   1 

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

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

f i e l d   in  s a i d   a n n u l a r   s u b - v o l u m e ,   and  c u r r e n t   m e a s u r e m e n t  

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

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

f i e l d   so  as  to   c a u s e   s a i d   e l e c t r o n s   to  move  in  a  p a t h   i n  

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

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

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

e n t ,   s a i d   e m i t t e d   e l e c t r o n s   t h u s   i n t e r a c t i n g   w i t h   g a s  
m o l e c u l e s   in  s a i d   s u b - v o l u m e   at  a  s u f f i c i e n t   r a t e   so  as  t o  

form  a  s u f f i c i e n t   n u m b e r   of  gas  i o n s   to  i n t e r a c t   w i t h   o n e  

of  s a i d   s h i e l d   means   to  t h u s   c a u s e   i o n i c   e l e c t r i c a l   c u r -  

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

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

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

3.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  c l a i m   1 

or  2  w h e r e i n   s a i d   s u b - v o l u m e   is  a n n u l a r .  

4.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  c l a i m   1 ,  

2  or  3  w h e r e i n   s a i d   f i r s t   and  s e c o n d   s h i e l d   means  o v e r l a p  

in  one  d i m e n s i o n   of  s a i d   e n c l o s u r e   m e a n s .  

5.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  a n y  o n e  
of  c l a i m s   1  to  4,  in   w h i c h   the   m a g n e t i c   f i e l d   i s   o r i e n t e d  

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

e l e c t r o n s   to  g e n e r a l l y   r e m a i n   in  s a i d   s u b - v o l u m e   f o r   a 

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

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

c u l e s   in  s a i d   s u b - v o l u m e   a t   a  s u f f i c i e n t   r a t e   so  as  to  f o r m  

a  s u f f i c i e n t   n u m b e r   of  gas  i o n s   to  i n t e r a c t   w i t h   one  o f  

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

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

r e l i a b l e   i n d i c a t i o n   of  t h e   amount   of  gas  p r e s e n t   in  s a i d  

s u b s t a n t i a l l y   e v a c u a t e d   v o l u m e .  



6.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  a n y  o n e  
of  c l a i m s   1  to  5  w h e r e i n   s a i d   m a g n e t i c   f i e l d   and  s a i d  

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

e l e c t r o n s   move  in   a  s u b s t a n t i a l l y   s p i r a l   p a t h .  

7.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  a n y  o n e  
of  c l a i m s   1  to  6  in  w h i c h   a re   i n c l u d e d   m e t a l   c a b i n e t   m e a n s  

h a v i n g   t e r m i n a l   means   f o r   i n t e r c o n n e c t i n g   to  an  e l e c t r i c a l  

c i r c u i t ,   t he   vacuum  c i r c u i t   i n t e r r u p t e r   means   d i s p o s e d   i n  

s a i d   c a b i n e t   means   and  i n t e r c o n n e c t e d   e l e c t r i c a l l y   w i t h  

s a i d   t e r m i n a l   m e a n s .  

8.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in   a n y  o n e  
of  c l a i m s   2  to  7,  w h e r e i n   s a i d   m a g n e t i c   f i e l d   p r o d u c i n g  

means   i s   a x i a l l y   s y m m e t r i c a l l y   d i s p o s e d   p r o x i m a t e   to  s a i d  

e n c l o s u r e   m e a n s .  

9.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in   a n y  o n e  
of  c l a i m s   2  to   7  w h e r e i n   s a i d   m a g n e t i c   f i e l d   p r o d u c i n g  

means   i s   a x i a l l y   n o n - s y m m e t r i c a l l y   d i s p o s e d   p r o x i m a t e   t o  

s a i d   e n c l o s u r e   m e a n s .  

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

8  or  9  w h e r e i n   s a i d   m a g n e t i c   f i e l d   p r o d u c i n g   means  i s  

d i s p o s e d   i n s i d e   of  s a i d   e n c l o s u r e   m e a n s .  

11.  A  c i r c u i t   i n t e r r u p t e r   c o m p r i s i n g   a  c i r c u i t  

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

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

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

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

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

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

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

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

s a i d   e n c l o s u r e   means   f rom  t he   m e t a l   v a p o r   p r o d u c t s   a s s o -  

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

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

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

f o r m i n g   t h e r e b e t w e e n   an  a n n u l a r   s u b - v o l u m e ,   s a i d   f i r s t  o f  

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

one  p o t e n t i a l   of  s a i d   e x t e r n a l   v o l t a g e   s o u r c e   means ,   s a i d  



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

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

e n c l o s u r e   m e a n s ,   an  e n c a p s u l a t e d   r e s i s t o r   means  i n s u l a t -  

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

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

c o n t a c t   w i t h   s a i d   e l e c t r i c a l   c o n d u c t o r   on  t he   o u t e r   p o r -  
t i o n   of  s a i d   e n c l o s u r e   means ,   and  c u r r e n t   m e a s u r e m e n t  

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

r e l a t i o n s h i p   w i t h   t h e   o t h e r   end  of  s a i d   r e s i s t o r   means  a n d  

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

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

a n n u l a r   s u b - v o l u m e   to  c a u s e   e l e c t r o n   movemen t   from  t h e  

r e g i o n   one  of  s a i d   f i r s t   or  s a i d   s e c o n d   s h i e l d s ,   s a i d  

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

to  form  gas  i o n s   w h i c h   in  t u r n   i n t e r a c t   w i t h   one  of  s a i d  

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

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

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

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

12.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  c l a i m  

11  in  w h i c h   m a g n e t i c   f i e l d   p r o d u c i n g   means   d i s p o s e d   p r o x i -  

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

s a i d   a n n u l a r   s u b - v o l u m e .  

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

11  or  12,  in  w h i c h   a re   p r o v i d e d   m e t a l   c a b i n e t   means  i n -  

c l u d i n g   t e r m i n a l   means   f o r   i n t e r c o n n e c t i n g   the   e l e c t r i c a l  

c i r c u i t   and  t h e   vacuum  c i r c u i t   i n t e r r u p t e r   means  d i s p o s e d  

in  s a i d   c a b i n e t   means  and  i n t e r c o n n e c t e d   e l e c t r i c a l l y   w i t h  

s a i d   t e r m i n a l   m e a n s .  

14.  A  vacuum  c i r c u i t   i n t e r r u p t e r ,   c o n s t r u c t e d  

and  a d a p t e d   f o r   use   s u b s t a n t i a l l y   as  h e r e i n b e f o r e   d e s -  

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

d r a w i n g s .  
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