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@>  Fire  detection  system. 

  An  optical  fire  detector  has  a  radiant  energy  detector 
mounted  within  a  housing  including  a  window through  which 
radiant  energy  is  received  by  the  detector.  An  optical  fiber 
bundle  arranged  in  the  wall  of  the  housing  has  an  end 
emitting  light  to  the  detector  through  the  window,  and  anoth- 
er  end  receiving  light  from  a  test  lamp  also  within  the 
housing  but  shielded  from  the  detector  by  an  optical  shield. 



This   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  f i r e   d e t e c t i o n  

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

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

a n d / o r   i n f r a r e d   r a d i a t i o n .  

B a c k g r o u n d  

A  common  means  for   d e t e c t i n g   f i r e s   is  an  o p t i c a l   f i r e  

d e t e c t o r   sys t em  t h a t   d e t e c t s   u l t r a v i o l e t   l i g h t   or  i n f r a r e d  

r a d i a t i o n   c a u s e d   by  a  f i r e .   O r d i n a r i l y   the  sy s t em  i n c o r p o r a t e s   a  

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

i t   i n t o   an  a p p r o p r i a t e   e l e c t r i c a l   s i g n a l .   The  d e t e c t o r   i s  

u s u a l l y   housed   in  a  p r o t e c t i v e   c o n t a i n e r   h a v i n g   a  l ens   or  window 

whereby   r a d i a t i o n   from  the   e x t e r i o r   ( i . e . ,   a  f i r e )   can  f a l l   upon  

the   d e t e c t o r .   A  t y p i c a l   p r o b l e m   of  such  d e t e c t i o n   s y s t e m s   i s  

t h a t   the   l ens   or  window  t h r o u g h   which  the  l i g h t   must  b e  

t r a n s m i t t e d   (so  t h a t   i t   can  be  d e t e c t e d )   may  a c c u m u l a t e   d i r t   o r  

g r i m e .   The  a c c u m u l a t i o n   of  t h i s   or  any  o t h e r   f o r e i g n   m a t e r i a l   on 

the   l i g h t   t r a n s m i t t i n g   window  r e d u c e s ,   of  c o u r s e ,   the   amount  o f  

l i g h t   t r a n s m i t t e d   and  cou ld   p r e v e n t   the  d e t e c t i o n   of  a  f i r e   by  

the   s y s t e m .  

I t   is  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   an  o p t i c a l  

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

a s s e m b l y   for   t e s t i n g   the  l i g h t   t r a n s m i t t i n g   c a p a c i t y   of  t h e  

s y s t e m ' s   window.  If   the  window  is  too  d i r t y   for   p r o p e r   d e t e c -  

t i o n ,   a p p r o p r i a t e   s t e p s   can  be  t a k e n   to  c l e a n   i t .  

The  p r o b l e m   of  t e s t i n g   the  t r a n s m i t t i n g   c a p a c i t y   of  a 

window  in  a  d e t e c t i o n   sy s t em  has  been  a d d r e s s e d .   In  U.S.  P a t e n t  



3 , 9 5 2 , 1 9 6 ,   fo r   example ,   a  r a d i a t i o n   d e t e c t i o n   sys tem  i n c l u d e s   a 

t e s t   lamp  mounted  w i t h i n   the   a s s e m b l y .   U l t r a v i o l e t   r a d i a t i o n  

from  the   t e s t   lamp  is  s h i e l d e d   from  d i r e c t l y   a f f e c t i n g   the  d e t e c -  

t o r ,   bu t   the   r a d i a t i o n   from  the  t e s t   lamp  does  l e ave   t h r o u g h   t h e  

window,  s t r i k e   a  r e f l e c t i v e   s u r f a c e   and  r e t u r n   to  the  d e t e c t o r  

t h r o u g h   the   window,  t h e r e b y   t e s t i n g   the   c l e a n l i n e s s   of  t h e  

w i n d o w .  

The  o b j e c t   of  the   i n v e n t i o n   is  to  p r o v i d e   a  s u r e r   a n d  

more  r e l i a b l e   t e s t i n g   sy s t em  for   o p t i c a l   f i r e   d e t e c t o r s   t h a n  

c u r r e n t l y   e x i s t s .   This  i n v e n t i o n   does  not   r e l y   on  the  c l e a n l i -  

nes s   of  a  r e f l e c t i v e   s u r f a c e   and  the   r a d i a t i o n   from  the  s o u r c e  

c o v e r s   a  l a r g e   a r e a   of  the   window  or  l e n s .   I t   is  a n o t h e r   o b j e c t  

to  p r o v i d e   such   a  sy s t em  t h a t   is  d u r a b l e ,   i n e x p e n s i v e   and  easy  t o  

m a n u f a c t u r e .   I t   has  h igh   r e l i a b i l i t y   in  c o r r o s i v e   a t m o s p h e r e s  

which   n o r m a l l y   would  d u l l   r e f l e c t i v e   s u r f a c e s .  

Summary  of  the   I n v e n t i o n  

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

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

a l l o w i n g   p a s s a g e   of  r a d i a n t   ene rgy   from  the   e x t e r i o r   to  t h e  

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

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

means  and  to  e n e r g i z e   an  a l a rm  when  the  r a d i a n t   ene rgy   exceeds   a  

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

e n e r g y   e m i t t i n g   t e s t   means  l o c a t e d   in  the   h o u s i n g ,   an  o p t i c a l  

l i g h t   t r a n s m i s s i o n   means  for   t r a n s m i t t i n g   r a d i a n t   ene rgy   from  t h e  

t e s t   means  to  the   e x t e r i o r   of  the  p a s s a g e   means,   the   t r a n s m i s s i o n  

means  h a v i n g   a  l i g h t   r e c e i v i n g   end  f a c i n g   s a i d   t e s t   means  and  a  

l i g h t   e m i t t i n g   end  l o c a t e d   o u t s i d e   the   p a s s a g e   means  for   e m i t t i n g  

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



In  a  p r e f e r r e d   embod imen t ,   the  l i g h t   t r a n s m i s s i o n   means  

is   an  o p t i c a l   f i b e r   b u n d l e ,   an  o p t i c a l   s h i e l d   is  a r r a n g e d   in  t h e  

h o u s i n g   to  s h i e l d   the  d e t e c t o r   from  r a d i a n t   ene rgy   b e i n g  

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

the   d e t e c t o r ,   and  the  h o u s i n g   i n c l u d e s   a  wal l   e x t e n d i n g   p a s t   t h e  

p a s s a g e   means,   t h a t   c o n t a i n s   the  o p t i c a l   f i b e r   l i g h t   t r a n s m i s s i o n  

m e a n s .  

B r i e f   D e s c r i p t i o n   of  the   D r a w i n g  

O t h e r   o b j e c t s ,   f e a t u r e s   and  a d v a n t a g e s   of  the   i n v e n t i o n  

w i l l   be  d e s c r i b e d   in,  or  w i l l   be  i n h e r e n t   in,   the  f o l l o w i n g  

d e s c r i p t i o n   of  a  p r e f e r r e d   embod imen t   of  the   i n v e n t i o n ,   i n c l u d i n g  

the   d r a w i n g   t h e r e o f ,   in  w h i c h :  

F ig .   1  is  a  view  of  the  i n t e r i o r   of  an  o p t i c a l   f i r e  

d e t e c t i o n   s y s t e m   embodying  the  i n v e n t i o n ,   in  somewhat  d i a g r a m -  

m a t i c   f o r m .  

D e s c r i p t i o n   of  a  P r e f e r r e d   E m b o d i m e n t  

As  shown  in  Fig .   1,  an  o p t i c a l   f i r e   d e t e c t i o n   sy s t em  10 

i n c l u d e s   a  h o u s i n g   12  t h a t   is  g e n e r a l l y   e x p l o s i o n   p r o o f   a n d / o r  

w e a t h e r / w a t e r p r o o f   a  r a d i a t i o n   e n e r g y   d e t e c t o r   14  ( u s u a l l y   t h e  

e n e r g y   d e t e c t e d   is  in  the  form  of  u l t r a v i o l e t   or  i n f r a r e d   l i g h t ) ,  

a  t e s t   lamp  16,  and  a  d e t e c t i o n   and  c o n t r o l   e l e c t r o n i c   c i r c u i t   18 

(shown  d i a g r a m m a t i c a l l y ) .  

The  h o u s i n g   12  shown  in  the  d r a w i n g   is  a c t u a l l y   only   a 

p a r t   of  the   f u l l   h o u s i n g   of  a  f i r e   d e t e c t i o n   sys tem  10.  The 

r e m a i n d e r   of  the   h o u s i n g ,   not  shown,  is  c o n v e n t i o n a l ,   and  i t s  



c o m p o n e n t s   and  a s s e m b l y   are   wel l   known  to  t h o s e   s k i l l e d   in  t h e  

a r t .   The  h o u s i n g   12  i n c l u d e s   an  opaque  wa l l   20  and  a  window  22 

s e t   in  the  h o u s i n g   12.  The  window  22  p a s s e s   l i g h t   r a d i a t i o n   f r o m  

o u t s i d e   the   h o u s i n g   12  to  the  d e t e c t o r   14  l o c a t e d   i n s i d e   t h e  

h o u s i n g   12  in  the   c o n v e n t i o n a l   way.  That   i s ,   when  the  l i g h t  

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

p r e s e n c e   of  f l a m e ,   the  d e t e c t o r   14  r e s p o n d s   by  s e n d i n g   a  s i g n a l  

v i a   a  c o n n e c t i n g   w i r e   24  to  the  d e t e c t i o n   and  c o n t r o l   c i r c u i t   1 8 ,  

and  an  a l a r m   of  t he   c o n v e n t i o n a l   k i n d ,   such  as  a  l i g h t   or  s o u n d  

a l a r m   a n d / o r   a  mes sage   to  a  c e n t r a l   m o n i t o r i n g  s t a t i o n ,   i s  

g e n e r a t e d .  

The  t e s t   lamp  16  is   a l s o   l o c a t e d   in  the  h o u s i n g   12,  b u t  

an  o p t i c a l   s h i e l d ,   such  as  an  opaque  w a l l   26,  is  a r r a n g e d   w i t h i n  

the   h o u s i n g   12  so  t h a t   any  l i g h t   g i v e n   o f f   by  the  t e s t   lamp  16 

does   not   pa s s   t h r o u g h   the   i n t e r i o r   of  t he   h o u s i n g   and  f a l l  

d i r e c t l y   on  the   d e t e c t o r   14.  The  t e s t   lamp  16  is  l o c a t e d   so  t h a t  

l i g h t   from  the   lamp  can  f a l l   on  the  r e c e i v i n g   end  28  of  an  o p t i -  

ca l   l i g h t   t r a n s m i s s i o n   e l e m e n t ,   which  in  t he   case   of  the   p r e -  

f e r r e d   e m b o d i m e n t ,   is  a  f i b e r   b u n d l e   30.  The  l i g h t   t r a n s m i s s i o n  

e l e m e n t   c o u l d   be  a  l i g h t   p i p e   or  l i g h t   c o n d u i t   of  a  type   d i f -  

f e r e n t   from  an  o p t i c a l   f i b e r   b u n d l e .   The  o p t i c a l   f i b e r   bund l e   30 

is   a r r a n g e d   in  a  c h a n n e l   32  in  the   h o u s i n g   wa l l   20  to  ex t end   f r o m  

the   r e c e i v i n g   end  28  f a c i n g   the   t e s t   lamp  16  to  a  t r a n s m i t t i n g  

end  34.  The  t r a n s m i t t i n g   end  34  is  l o c a t e d   o u t s i d e   the   window 

22,  t h a t   i s ,   on  the   s i d e   of  the   window  22  o p p o s i t e   the   d e t e c t o r  

14.  In  the   embod imen t   i l l u s t r a t e d ,   the   o p t i c a l   f i b e r   b u n d l e   30 

is  a r r a n g e d   in  a  c h a n n e l   32  in  a  wa l l   20  t h a t   e x t e n d s   beyond  t h e  

window  22.  Tha t   i s ,   the   window  22  is   r e c e s s e d   from  the   o u t e r  

edge  36  of  the   h o u s i n g   w a l l   20.  The  t r a n s m i t t i n g   end  34  of  t h e  



o p t i c a l   f i b e r   b u n d l e   30  is  l o c a t e d   in  an  i n t e r i o r   s i de   s u r f a c e   38 

of  the   wa l l   20  so  t h a t   when  the  t e s t   lamp  16  is  on,  l i g h t  

t r a n s m i t t e d   from  the  t e s t   lamp ,16  t h r o u g h   the  bund l e   30  w i l l  

i m p i n g e   on  the   d e t e c t o r   14  t h r o u g h   the  window  22  (see  the  a r r o w s  

in  F ig .   1).   The  f i b e r   o p t i c   b u n d l e   30  is  s e a l e d   w i t h i n   the  c h a n -  

ne l   32  w i th   a  p o t t i n g   m a t e r i a l ,   such  as  epoxy  to  r e t a i n   e x p l o s i o n  

p r o o f   a n d / o r   w a t e r p r o o f   i n t e g r i t y   of  the  h o u s i n g .  

In  the  p r e f e r r e d   e m b o d i m e n t ,   the   t e s t   lamp  16  i s  

e n e r g i z e d   i n t e r m i t t e n t l y ,   e i t h e r   a u t o m a t i c a l l y   or  by  a  human  

o p e r a t o r .   The  d e t e c t o r   14  is  c a l i b r a t e d ,   a n d  t h e   d e t e c t i o n   a n d  

c o n t r o l   c i r c u i t   18  is  so  a r r a n g e d   in  ways  we l l   known  to  t h o s e  

s k i l l e d   in  the   a r t ,   t h a t   when  the   t e s t   lamp  16  is  e n e r g i z e d   t h e  

d e t e c t o r   14  r e q u i r e s   a  minimum  q u a n t i t y   of  l i g h t   to  be  p a s s e d  

t h r o u g h   the   window  22  from  the  f i b e r   b u n d l e   end  28  and  d e t e c t e d  

by  the  d e t e c t o r   14,  or  e l s e   the  d e t e c t o r   14  w i l l   s i g n a l   a  "dimmed 

window"  s i g n a l .   The  d e t e c t i o n   and  c o n t r o l   c i r c u i t   18  i s  

p r e f e r a b l y   a r r a n g e d   so  t h a t   the  p r e s e n c e - o f - f i r e   s i g n a l   w i l l   b e  

s u p p r e s s e d ,   or  i n h i b i t e d ,   d u r i n g   the  t e s t   p e r i o d .   Power  for   t h e  

t e s t   lamp  16  may  be  p r o v i d e d   by  a  c a b l e   or  wi re   40  from  t h e  

d e t e c t o r   and  c o n t r o l   c i r c u i t   18.  In  s h o r t ,   the  d e t e c t i o n   a n d  

c o n t r o l   c i r c u i t   18,  u s i n g   e l e c t r o n i c   c o m p o n e n t s   wel l   known  t o  

t h o s e   s k i l l e d   in  the  a r t   and  t h e r e f o r e   not  d e s c r i b e d   in  d e t a i l  

h e r e ,   e n e r g i z e s   the   t e s t   lamp  16  and  d e t e c t o r   14  i n t e r m i t t e n t l y ,  

s u r p r e s s e s   the  p r e s e n c e - o f - f i r e   a l a rm  at  the   same  t ime ,   a n d  

c a u s e s   a  d immed-window  s i g n a l   i f   the   l i g h t   on  the  d e t e c t o r   ( f r o m  

the   o p t i c a l   b u n d l e   end  30)  f a i l s   to  r i s e   above  a  p r e d e t e r m i n e d  

l e v e l .   When  the  d immed-window  s i g n a l ,   or  a l a r m ,   is  made,  t h e  

window  22  s h o u l d   be  c l e a n e d .  



A l t e r n a t i v e l y ,   r a t h e r   than   i n t e r m i t t e n t   o p e r a t i o n   o f  

the   t e s t   lamp  16  b e i n g   a u t o m a t i c   and  i n i t i a t e d   by  the  d e t e c t i o n  

and  c o n t r o l   c i r c u i t   18,  o p e r a t i o n   of  the   t e s t   lamp  16,  and  d e t e c -  

t i o n ,   can  be  i n i t i a t e d   by  a  human  o p e r a t o r   wheneve r   a  t e s t   of  t h e  

d e t e c t o r   window  22  is   d e s i r e d .  

A d v a n t a g e s   and  N o n - O b v i o u s n e s s   over   the  P r i o r   A r t  

The  f i r e   d e t e c t i o n   sys tem  of  the   i n v e n t i o n   w i l l   b e  

s t a b l e   fo r   o p e r a t i o n s   of  the   h o u s i n g   s y s t e m   of  long  d u r a t i o n  

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

a r r a n g e m e n t   of  c o m p o n e n t s   of  the   s y s t e m .   L i g h t   for   t e s t i n g   t h e  

s y s t e m   is  p r e s e n t e d   t h r o u g h   the  f i b e r   o p t i c   b u n d l e   from  o u t s i d e  

the   window  as  e f f e c t i v e l y   as  i f   the   l i g h t   s o u r c e   for   t e s t i n g   w e r e  

l o c a t e d   t h e r e ,   bu t   the   a c t u a l   l i g h t   s o u r c e ,   the   t e s t   lamp,  i s  

l o c a t e d   s e c u r e l y   in  the   h o u s i n g .  

V a r i a t i o n s   of  the   s p e c i f i c   embod imen t   shown  above  a r e  

p o s s i b l e .   The  t e s t   lamp,  for   example ,   may  be  used  c o n t i n u o u s l y  

to  t e s t   the   sy s t em  i n s t e a d   of  i n t e r m i t t e n t l y .   O the r   v a r i a t i o n s  

may  be  d e v i s e d   by  t h o s e   s k i l l e d   in  the   a r t ,   but   a re   i n t e n d e d   t o  

be  w i t h i n   the   scope   of  the   i n v e n t i o n   a s  s e t   f o r t h   in  t h e  

f o l l o w i n g   c l a i m s .  



1.  An  o p t i c a l   f i r e   d e t e c t i o n   sy s t em  c o m p r i s i n g  

a  h o u s i n g ,  

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

p a s s a g e   of  r a d i a n t   ene rgy   from  the  e x t e r i o r   to  the  i n t e r i o r   o f  

s a i d   h o u s i n g ,  

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

and  a d a p t e d   to  d e t e c t   r a d i a n t   e n e r g y   t h r o u g h   s a id   p a s s a g e   m e a n s  

and  to  e n e r g i z e   an  a la rm  when  s a i d   r a d i a n t   ene rgy   e x c e e d s   a  p r e -  

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

w h e r e i n   the  i m p r o v e m e n t   c o m p r i s e s  

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

s a i d   h o u s i n g ,  

an  o p t i c a l   l i g h t   t r a n s m i s s i o n   means  f o r  

t r a n s m i t t i n g   r a d i a n t   ene rgy   from  s a i d   t e s t   means  to  the   e x t e r i o r  

of  s a i d   p a s s a g e   m e a n s ,  

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

end  f a c i n g   s a i d   t e s t   means  and  a  l i g h t   e m i t t i n g   end  l o c a t e d   o u t -  

s i d e   s a i d   p a s s a g e   means  for   e m i t t i n g   l i g h t   to  s a id   r a d i a n t   e n e r g y  

d e t e c t o r   t h r o u g h   s a id   p a s s a g e   m e a n s .  

2.  The  o p t i c a l   f i r e   d e t e c t o r   sy s t em  of  c l a i m   1  i n  

which  s a i d   o p t i c a l   l i g h t   t r a n s m i s s i o n   means  c o m p r i s e s   an  o p t i c a l  

f i b e r   b u n d l e .  



3.  The  o p t i c a l   f i r e   d e t e c t o r   s y s t e m   of  c l a i m   1  f u r t h e r  

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

e n e r g y   d e t e c t o r   from  r a d i a n t   ene rgy   b e i n g   t r a n s m i t t e d   d i r e c t l y  

w i t h i n   s a i d   h o u s i n g   from  s a i d   t e s t   means  to  s a id   r a d i a n t   e n e r g y  

d e t e c t o r .  

4.  The  o p t i c a l   f i r e   d e t e c t i o n   sy s t em  of  c l a i m   1,  2,  o r  

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

p a s s a g e   m e a n s ,  

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

m e a n s .  



5.  An  o p t i c a l   f i r e   d e t e c t i o n   s y s t e m   c o m p r i s i n g  

a  h o u s i n g ,  

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

a l l o w i n g   p a s s a g e   of  r a d i a n t   ene rgy   from  the   e x t e r i o r   to  t h e  

i n t e r i o r   of  s a i d   h o u s i n g ,   a n d  

a  s econd   p o r t i o n   of  s a i d   h o u s i n g   e x t e n d i n g   e x t e r i o r l y  

of  s a i d   p a s s a g e   m e a n s ,  

a  r a d i a n t   ene rgy   d e t e c t o r   l o c a t e d   wi th   s a id   h o u s i n g   a n d  

a d a p t e d   to  d e t e c t   r a d i a n t   ene rgy   t h r o u g h   s a i d   p a s s a g e   means  a n d  

to  e n e r g i z e   a  f i r s t   a l a rm  when  s a i d   r a d i a n t   ene rgy   e x c e e d s   a  p r e -  

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

a  r a d i a n t   ene rgy   e m i t t i n g   t e s t   means  l o c a t e d   in  s a i d  

h o u s i n g ,  

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

t r a n s m i t t i n g   r a d i a n t   ene rgy   from  s a i d   t e s t   means,   from  t h e  

i n t e r i o r   of  s a i d   h o u s i n g   to  the  e x t e r i o r   of  s a id   p a s s a g e   m e a n s ,  

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

f a c i n g   s a i d   t e s t   means  and  a  l i g h t   e m i t t i n g   end  l o c a t e d   in  s a i d  

second   h o u s i n g   p o r t i o n   for   e m i t t i n g   l i g h t   to  s a id   r a d i a n t   e n e r g y  

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

an  o p t i c a l   s h i e l d   means  a r r a n g e d   to  s h i e l d   s a i d   r a d i a n t  

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

s a i d   h o u s i n g   from  s a i d   t e s t   means  to  s a i d   d e t e c t o r .  
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