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(sj)  Gun  with  optical  means  for  monitoring  the  boreline  direi 
A  gun  (4)  is  provided  with  an  arrangement  for  determin- 

ing  the  boreline  direction  of  its  muzzle  during  firing.  The 
arrangement  is  particularly  applicable  to  battle  tanks  having 
relatively  long  and  massive  barrels  across  which  temperature 
gradients  giving  rise  to  thermal  stresses  can  be  developed.  A 
reflector  (5)  is  mounted  on  the  muzzle  (6)  so  as  to  reflect  a 
beam  of  light  from  an  optical  source  (8)  mounted  on  the 
mantlet  (10)  to  an  optical  detector  (9)  mounted  along  side the 
source.  By  this  means  the  pointing  direction  of  the  muzzle 
relative  to  the  cradle  (11)  within  which  the  barrel  is  mounted 
can  be  accurately  monitored. 



T h i s   i n v e n t i o n   r e l a t e s   to   guns   and  is   p a r t i c u l a r l y   a p p l i -  

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

as  a  b a t t l e   t a n k .   The  d i r e c t i o n   of  t r a v e l   of  a  s h e l l   f i r e d   b y  

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

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

g i v e   r i s e   to   s i g n i f i c a n t   a i m i n g   e r r o r s   a t   l o n g   r a n g e .   I t   h a s  

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

i n g   s i g h t s   a r e   u s e d   to   l a y   t h e   gun  on  a  t a r g e t   s i g n i f i c a n t  

a i m i n g   e r r o r s   can  r e m a i n .   T h e s e   e r r o r s   a r e   a t   l e a s t   in  p a r t  

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

m u z z l e   and  t h e y   can  s t e m   f rom  t h e   p r e s e n c e   of  t e m p e r a t u r e  

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

t h e   b a r r e l   to  bend   s l i g h t l y .   I t   ha s   b e e n   p r o p o s e d   to  c o m p e n s a t e  
f o r   t h i s   p a r t i c u l a r   s o u r c e   of  e r r o r   by  a l i g n i n g   t h e   a i m i n g  

mark  of  an  o p t i c a l  s i g h t   w i t h   a  r e f e r e n c e   image   o b t a i n e d   v i a   a  

r e f l e c t o r   m o u n t e d   on  t h e   m u z z l e   of  t h e   gun ,   so  t h a t   m o v e m e n t   , 
of  t he   m u z z l e   c a u s e d   by  d i s t o r t i o n   of  t h e   b a r r e l   can  b e  

d e t e c t e d .   H o w e v e r ,   t h i s   e r r o r   can  o n l y   be  d e t e c t e d   when  t h e  

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

f i c a t i o n s   and  when  t h e   b a r r e l   i s   moved  to   a  low  a n g l e   of  e l e -  

v a t i o n ,   and  t h e r m a l   s t r e s s e s   s e t   up  in  t h e   b a r r e l   d u r i n g   f i r i n g  

c a n n o t   e a s i l y   be  t a k e n   i n t o   a c c o u n t .   M o r e o v e r   t h i s   i g n o r e s  

m u z z l e   b o r e l i n e   e r r o r s   c a u s e d   by  o t h e r   f a c t o r s .  

The  p r e s e n t   i n v e n t i o n   s e e k s   to   p r o v i d e   an  i m p r o v e d   g u n .  

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

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

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

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

d e t e c t o r   a r r a n g e d   to  r e c e i v e   an  image   f rom  an  o p t i c a l   s o u r c e  

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

b e i n g   m o u n t e d   so  as  to   be  m o v a b l e   in  e l e v a t i o n   w i t h   s a i d  

b a r r e l .  

When  a  gun  is   f i r e d ,   t h e   r e a c t i o n   of  t h e   s h e l l   p r o d u c e s  

a  r e c o i l ,   and  in  a  t a n k   gun  t h e   b a r r e l   i s   s l i d a b l y   m o u n t e d  

w i t h i n   a  c r a d l e   so  as  to  e n a b l e   t h e   r e c o i l   f o r c e   to  b e  

s a f e l y   d i s s i p a t e d .   The  c r a d l e   is   r o t a t a b l y   m o u n t e d   on  t r u n n i o n s  

by  means   of  w h i c h   the   c r a d l e   and  h e n c e   t h e   b a r r e l   can  b e  



r o t a t e d   in  e l e v a t i o n .   The  b a r r e l   i s   s u b j e c t   to   v i o l e n t   s h o c k ,  

v i b r a t i o n ,   and  a c c e l e r a t i o n   when  t h e   gun  i s  f i r e d   and  f o r   t h i s  

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

on  t h e   b a r r e l .  

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

moves   w i t h   and  i s   r i g i d l y   c o u p l e d   to   t h e   c r a d l e .  

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

l e t   of  a  gun .   The  m a n t l e t   i s   u s u a l l y   in  t h e   f o rm  of  a  s t r o n g  

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

m e c h a n i s m   of   t h e   gun  a t   a l l   e l e v a t i o n   a n g l e s ,   i . e .   i t   c l o s e s  

w h a t   w o u l d   o t h e r w i s e   be  an  e x p o s e d   v e r t i c a l l y   a r r a n g e d   a p e r -  

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

The  o p t i c a l   s o u r c e   may  be  a r r a n g e d   to   g e n e r a t e   v i s i b l e  

l i g h t ,   or   a l t e r n a t i v e l y   t h e   l i g h t   may  be  in   a  r e g i o n  o f   t h e  

s p e c t r u m   w h i c h   i s   i n v i s i b l e   to   t h e   human  e y e ,   and  c o n v e n i e n t l y  

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

The  o p t i c a l   d e t e c t o r   c o m p r i s e s   a  two  d i m e n s i o n a l   r e c e i v i n g  

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

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

b e i n g   a r r a n g e d   to   p r o v i d e   as  an  o u t p u t   an  i n d i c a t i o n   of  t h e  

p o s i t i o n   of  t h e   r e c e i v e d   i m a g e   on  t h e   r e c e i v i n g   s u r f a c e .   T h e  

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

l i g h t   s e n s i t i v e   d e v i c e s ,   or   a l t e r n a t i v e l y   of   a  s h e e t   of   m a t e r i a l  

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

o p t i c a l   i m a g e .  

The  b o r e l i n e   d i r e c t i o n c f   a  gun  i s   a f f e c t e d   by  t e m p e r a t u r e  

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

A f t e r   t h e   gun  has   b e e n   f i r e d   f o r   some  t i m e  t h e   b a r r e l   w i l l  

b e c o m e   h o t   and  t h e   e f f e c t   of  a  s i d e   w ind   or   r a i n   i s   to   c o o l  

t h e   b a r r e l   u n e v e n l y .   As  a  r e s u l t ,   t h e   c o o l e s t   f a c e   of  t h e  

b a r r e l   s h r i n k s   s l i g h t l y   and  t h e   b a r r e l   b e n d s   i n t o   t h e   d i r e c t i o n  

of   t h e   c o o l i n g   e f f e c t .   S i m i l a r l y ,   t h e   e f f e c t   of   s o l a r   r a d i a t i o n  

on  t he   b a r r e l   i s   v e r y   s i m i l a r   and  a  t e m p e r a t u r e  g r a d i e n t   c a n  

e x i s t   f rom  t h e   t o p   s u r f a c e   of  t h e   b a r r e l   to   t h e   l o w e r   s u r f a c e  

w h e t h e r   t h e   gun  has   b e e n   f i r e d   or  n o t ,   t h e r e b y   c a u s i n g   t h e  

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

can  be  v e r y   m a r k e d   and  can  s i g n i f i c a n t l y   i n f l u e n c e   t h e   a i m i n g  

a c c u r a c y   of   a  gun .   For   e x a m p l e ,   a  5°C  d i f f e r e n c e  f r o m   o n e  



s u r f a c e   of  t h e   b a r r e l   to  t h e   o t h e r   can  a t   l o n g   r a n g e   p r o d u c e  

an  a i m i n g   e r r o r   of  a  few  m e t r e s .  

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

t o   t h i s   e f f e c t   can  be  m i n i m i s e d   by  u s i n g   t h e   c o n v e n t i o n a l l y  

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

on  the   m u z z l e   of   t h e   b a r r e l .   The  o p t i c a l   s i g h t   i s   u s e d   by  t h e   g u n n e r  
and  i s   c o n s e q u e n t l y   m o u n t e d   on  a  r o t a t a b l e   t u r r e t   in  c o n v e n -  

t i o n a l   t a n k s .   B e c a u s e   of  t h i s   i t   i s   o f f - s e t   f rom  t h e   a x i s   o f  

t h e   b a r r e l   and  i t   can  be  u s e d   to   v i e w   a  r e f l e c t o r   m o u n t e d   o n  

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

l e s s   t h a n   t h o s e   w h i c h   wou ld   n o r m a l l y   be  u s e d   in  f i r i n g   t h e  

gun .   A d d i t i o n a l l y ,   i t   i s   n e c e s s a r y   to   b r i n g   t h e   e l e v a t i o n   o f  

t h e   b a r r e l   to   a  p r e d e t e r m i n e d   low  a n g u l a r p o s i t i o n   and  to  i n s e r t  

an  o p t i c a l   p r i s m   into  t h e   g u n n e r ' s   s i g h t   by  means   o f   a  m e c h a n i c a l  

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

on  t h e   m u z z l e   when  u s i n g   t h e   h i g h - g a i n   o p t i c a l   c h a n n e l   of   t h e  

s i g h t .   B o r e l i n e   e r r o r s   m e a s u r e d   in  t h i s   way  do  n o t   t a k e   a n y  
a c c o u n t   of  m e c h a n i c a l   b a c k l a s h   w h i c h   m i g h t   be  p r e s e n t   b e t w e e n  

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

b a c k l a s h   e r r o r s   can  a l s o   be  s i g n i f i c a n t .  

The  i n v e n t i o n   i s   f u r t h e r   d e s c r i b e d   by  way  of   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   in  w h i c h ,  

F i g u r e   1  shows  a  s i d e   v i e w   of  a  gun  in  a c c o r d a n c e   w i t h  

t h e   p r e s e n t   i n v e n t i o n   m o u n t e d   on  a  t a n k ,  

F i g u r e   2  i s   a  d i a g r a m m a t i c   p l a n   v i e w   of  t h e   gun  b a r r e l   a n d  

F i g u r e   3  i s   an  e x p l a n a t o r y   d i a g r a m   i l l u s t r a t i n g   p a r t   o f  

t h e  o p t i c a l   means   of  w h i c h   m u z z l e   b o r e l i n e   e r r o r s   can  b e  

c o r r e c t e d .  

R e f e r r i n g   to   t h e   d r a w i n g ,   a  b a t t l e   t a n k   1  i s   p r o v i d e d  

w i t h   a  t u r r e t   2,  w h i c h  i s   m o u n t e d   so  as  to   be  r o t a t a b l e   i n  

a z i m u t h   a b o u t   a  v e r t i c a l   a x i s   3.  The  t u r r e t   s u p p o r t s   a  l o n g  

b a r r e l   4  w h i c h   i s   m o u n t e d   w i t h i n   t h e   t u r r e t   2  so  as  to   b e  

r o t a t a b l e   in  e l e v a t i o n   r e l a t i v e   to   t h e   t u r r e t .   A  g u n n e r   w h o  

c o n t r o l s   t h e   f i r i n g   of  t he   g u n . i s   l o c a t e d   w i t h i n   t h e   t u r r e t   2 

in  a  p o s i t i o n   to   one  s i d e   of  t h e   a x i s   of   t h e   b a r r e l   4.  An  o p -  
t i c a l   r e f l e c t o r   5  i s   m o u n t e d   a t   t h e   m u z z l e   6  of  t h e   b a r r e l   4 

w i t h   t h e   r e f l e c t o r   5  b e i n g   a r r a n g e d   to   c o - o p e r a t e   w i t h   o p t i c a l  

means   7.  T h e s e   o p t i c a l   means   7  c o m p r i s e s   an  o p t i c a l   s o u r c e  



8  and  an  o p t i c a l   d e t e c t o r   9,  w h i c h  a r e  m o u n t e d  s i d e   by  s i d e  

and  a r e   i l l u s t r a t e d   d i a g r a m m a t i c a l l y   in   F i g u r e   3.  T h e s e   o p t i c a l  

means   7  a r e   m o u n t e d   on  t h e   m a n t l e t   10  of   t h e   g u n .  

I t   i s   n e c e s s a r y   to   a l l o w   f o r   t h e   r e c o i l   of   t h e   b a r r e l   w h e n  

a  s h e l l   i s   f i r e d   and  f o r   t h i s   r e a s o n   t h e   b a r r e l   4  i s   s l i d a b l y  

m o u n t e d   w i t h i n   a  c r a d l e   11.  The  c r a d l e   11  i s   i l l u s t r a t e d   in   p l a n  

v i e w   in   F i g u r e   2  and  i t   i s   a r r a n g e d   t o   s u r r o u n d   t h e   b a r r e l   4 

and  i s   m o u n t e d   w i t h i n   t h e   t u r r e t   2  so   as  t o   be  r o t a t a b l e   i n  

e l e v a t i o n   a b o u t   a  h o r i z o n t a l   a x i s   1 2 .  T h e   c r a d l e   11  i s   r o t a t a b l e  

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

12  and  a l l o w   t h e   c r a d l e   1 1  t o   be  r o t a t a b l y   m o u n t e d   on  m e m b e r s   1 3 ,  

w h i c h   a r e   r i g i d l y   s e c u r e d   to   t h e   b o d y   of   t h e   t u r r e t   2 .  

Thus   when  t h e   gun  i s   f i r e d   and   a  s h e l l   i s   e j e c t e d   f r o m  

t h e   m u z z l e   6,  t h e   b a r r e l  4   r e c o i l s   and  s l i d e s   b a c k w a r d l y  

w i t h i n   t h e   c r a d l e   11.  The  c r a d l e   11  i s   p r o v i d e d   w i t h   b e a r i n g  

s u r f a c e s   so  as  to  p e r m i t   t h e   b a r r e l   4  t o  s l i d e   w i t h   t h e   m i n i m u m  

of   s i d e w a y s   m o v e m e n t ,   b u t   e v e n   so  a  c e r t a i n   a m o u n t   of  l a t e r a l  

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

i s   i n e v i t a b l e .  

When  t h e   gun  i s   t o   be  f i r e d   a t   a  t a r g e t ,   an  a i m i n g   mark   30  

in  an  o p t i c a l   s i g h t   31  i s   m a n u a l l y   a l i g n e d   w i t h   t h e   t a r g e t   b y  
t h e   g u n n e r ,   as  t h e   a i m i n g   m a r k   i s   n o r m a l l y   t o  b e   s u p e r i m p o s e d  

on  t h e   t a r g e t   when  t h e   gun  i s   c o r r e c t l y   a i m e d .   The  a i m i n g   m a r k  

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

n u m b e r   of   f a c t o r s ,   s u c h   as  t h e   c h a r a c t e r i s t i c s   of  t h e   s h e l l ,  

i t s   i n i t i a l   v e l c o i t y ,   c r o s s   w i n d ,   r a n g e   e t c .   T h e s e   v a r i a b l e  

f a c t o r s   can   be  s t o r e d   in   a  gun  f i r e   c o n t r o l   32  s y s t e m   i n t o  

w h i c h   t h e y   a r e   e n t e r e d   v i a   l e a d s   33  and  u s e d   t o  m o d i f y   t h e  

p o s i t i o n   of  t h e   a i m i n g   mark   in   t h e   s i g h t   as  n e c e s s a r y .   T h e  

i n v e n t i o n   p r o v i d e s   f o r   t h e   p o s i t i o n i n g   of  t h e   a i m i n g   mark   t o  

a d d i t i o n a l l y   t a k e   i n t o   a c c o u n t   b o r e l i n e   d i r e c t i o n   e r r o r s ,  
t h a t   i s   t o   s a y ,   t h e   e r r o r s   w h i c h   s t e m   f r o m   t h e   f a c t   t h a t   t h e   b o r e -  

l i n e   d i r e c t i o n   15  of  t h e   m u z z l e   6  may  n o t   be  e x a c t l y   c o r r e c t l y  

o r i e n t a t e d   r e l a t i v e   to   t h e   a i m i n g   s i g h t .   As  p r e v i o u s l y   d e s -  

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

up  a c r o s s   t h e   b a r r e l .   A d d i t i o n a l l y ,   e r r o r s   can   s t e m   f r o m  

m e c h a n i c a l   m o v e m e n t s   of   t h e   b a r r e l   w i t h i n   c r a d l e   11.  I n  

p a r t i c u l a r ,   t h i s   m e c h a n i c a l   m o v e m e n t   can   be  c a u s e d   by  w e a r   i n  



t h e   c r a d l e   as  t he   b a r r e l   s l i d e s   w i t h i n   i t .   Even  a  r e l a t i v e l y  

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

t i v e l y   l a r g e   e r r o r   in  t h e   b o r e l i n e   p o i n t i n g   d i r e c t i o n   15.  F o r  

e x a m p l e ,   i f   t he   b o r e l i n e d i r e c t i o n   i s   a c c u r a t e l y   m e a s u r e d   w h i l s t  

t he   t a n k   i s   s t a t i o n a r y ,   t he   e r r o r s   may  c h a n g e   when  t he   t a n k   i s  

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

t h r u s t   upon   t h e   c r a d l e   and  t r u n n i o n .   Such   e r r o r s   c a n n o t   be  p r e -  
d i c t e d   in   a d v a n c e ,   s i n c e   t h e y   do end  on  a  l a r g e   n u m b e r   of  v a r i -  

a b l e   f a c t o r s ,   e . g .   t h e   s l o p e   of  t h e   g r o u n d   on  w h i c h   t h e   t a n k  

i s   s t a n d i n g ,   t h e   a n g l e   of  e l e v a t i o n   of   t h e   b a r r e l   and  t h e  

a n g l e   of   a z i m u t h   or  t r a v e r s e   of  t h e   t u r r e t .   I f   t h e   t a n k   i s   to   b e  

f i r e d   w h i l t   i t   i s   on  t h e   move ,   t h e   dymmic  f l e x i n g   of  t he   g u n  
b a r r e l   due  to   i t s   l e n g t h   can  c a u s e   f u r t h e r   e r r o r s   of  an  u n p r e -  
d i c t a b l e .   n a t u r e .   The  i n v e n t i o n   p r o v i d e s   means   f o r   m o n i t o r i n g  

t h e s e   e r r o r s   so  as  to   m o d i f y   t h e   p o s i t i o n   of  an  a i m i n g   m a r k  

in  t h e   o p t i c a l   s i g h t   to   c o m p e n s a t e .  

The  o p e r a t i o n   of  t h e   gun  i s   as  f o l l o w s .   The  o p t i c a l   s o u r c e  
8  p r o d u c e s   a  n a r r o w   beam  of  i n f r a - r e d   l i g h t   w h i c h   i s   d i r e c t e d  

t o w a r d s   t he   r e f l e c t o r   5  m o u n t e d   on  t h e   m u z z l e   6  of  t he   b a r r e l   4 .  

The  r e f l e c t o r   5  i s   m o u n t e d   v e r y   s e c u r e l y   so  t h a t   i t   i s   n o t  

d i s p l a c e d   by  t h e   r e c o i l   of  t he   gun  when  i t   i s   f i r e d .   The  p o s i t i o n  

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

m u s t   be  m a i n t a i n e d   c o n s t a n t   r e l a t i v e   to   t h e   m u z z l e .   The  b e a m  

of  l i g h t   i s   r e f l e c t e d   b a c k   to   an  o p t i c a l   d e t e c t o r   9.  The  m o v e -  

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

d e t e c t o r   9  i s   t w i c e   t h a t   of  t h e   m o v e m e n t   of  t h e   r e f l e c t o r   5 ,  

due  to   t h e   d o u b l e   p a t h   l e n g t h .   T y p i c a l l y   t h e   d i s t a n c e   b e t w e e n  

t h e   m a n t l e t   10  and  t h e   r e f l e c t o r   5 . i s   5  m e t r e s   or  m o r e .   C o n -  

s e q u e n t l y   even   e x t r e m e l y   s m a l l  m o v e m e n t s   of  t h e   r e f l e c t o r   5 

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

beam  a c r o s s   t h e   s u r f a c e   of  t h e   d e t e c t o r   9.  To  a l l o w   f o r   l a r g e  

e r r o r s ,   t h e   s u r f a c e   a r e a   of  t he   d e t e c t o r   9  s h o u l d   t y p i c a l l y   b e  

s e v e r a l   c e n t i m e t r e s   s q u a r e .   A l t e r n a t i v e l y ,   i f   a  p r o p r i e t a r y  

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

p l a c e d   in  f r o n t   of  t h e   d e t e c t o r   can  be  u s e d   to   r e d u c e   the   a r e a  

s w e p t   by  t h e   l i g h t   b e a m  t o   t he   a v a i l a b l e   a r e a   of  t h e   d e t e c t o r  

s u r f a c e .  

The  d e t e c t o r   9  may  c o m p r i s e   a  two  d i m e n s i o n a l   p l a n a r   m a t r i x  



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

s p a c e d   a b o u t   1  m i l l i m e t r e  a p a r t   to   p r o v i d e   t h e   r e q u i r e d   d e g r e e  

of   r e s o l u t i o n .   Of  c o u r s e   t h e   a c t u a l   s i z e   of   t h e   d e t e c t o r   9  a n d  

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

and  t h e   required  d e g r e e   of  a c c u r a c y .   I n s t e a d   of   f o r m i n g   t h e  

d e t e c t o r   9  of   an  a r r a y   of  i n d i v i d u a l   p h o t o   d i o d e s ,   i t   m a y  

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

f a c e   s u r r o u n d e d   by  a  n u m b e r   of   e l e c t r o d e s .  I n   t h i s   c a s e   t h e  

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

t h e   p o s i t i o n   of  t h e   o p t i c a l   beam  on  t h e   s u r f a c e   and  t h e s e  

s i g n a l s   a r e   f ed   to   t h e   f i r e   c o n t r o l   s y s t e m   32.  One  d e v i c e   o f  

t h i s   k i n d   i s   an  o p t o   e l e c t r o n i c   a n a l o g u e   s e n s o r   t y p e   S 1 2 0 0  

or  S1300  p r o d u c e d   by  H a m a m a t s u   TV  Co.  L i m i t e d ,   J a p a n .  

A l t h o u g h   t h e   o p t i c a l   beam  and  d e t e c t o r   may  be  o p e r a t e d  

c o n t i n u o u s l y ,   t h i s   i s   n o t   n e c e s s a r y   s i n c e   i t   n e e d   o n l y   b e  

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

of  t h e   gun .   I t   may  be  a r r a n g e d   to   be  a u t o m a t i c a l l y   e n g a g e d  

a t   t h e   c o m m e n c e m e n t   of  a  f i r e - c o n t r o l   s e q u e n c e .   S i n c e   t h e  

s y s t e m   is   c a p a b l e   of  o p e r a t i n g   c o n t i n u o u s l y ,   w h i l s t   t h e   g u n  
i s   b e i n g   l a y e d   f o r   f i r i n g ,   t h e   e f f e c t   of   e r r o r s   can   b e  

c o r r e c t e d   as  t h e y   d e v e l o p   and  a r e   d e t e c t e d .  



1.  A  gun  i n c l u d i n g   a  b a r r e l   m o u n t e d   so  as   to   b e  

r o t a t a b l e   in  e l e v a t i o n ;   o p t i c a l   means   f o r   m o n i t o r i n g   t h e  

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

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

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

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

b e i n g   m o u n t e d   so  as  to   be  m o v a b l e   in   e l e v a t i o n   w i t h   s a i d  

b a r r e l .  

2.  A  gun  as  c l a i m e d   in  c l a i m   1  and  w h e r e i n   t h e   o p t i c a l  

means   i s   m o u n t e d   on  a  member   w h i c h   moves   w i t h   and  i s  

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

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

3.  A  gun  as  c l a i m e d   in  c l a i m   2  and  w h e r e i n   t h e   o p t i c a l  

means   i s   m o u n t e d   on  a  m a n t l e t .  

4.  A  gun  as  c l a i m e d   in  c l a i m   1,  2  o r   3  and  w h e r e i n   t h e  

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

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

5.  A  gun  as  c l a i m e d   in  c l a i m   4  and  w h e r e i n   t h e   o p t i c a l  

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

w h i c h   i s   p o s i t i o n e d   so  as  to  r e c e i v e   l i g h t  v i a   s a i d   r e f l e c t o r  

f rom  t h e   o p t i c a l   s o u r c e .  

6.  A  gun  a s  c l a i m e d   in  c l a i m   5  and  w h e r e i n   t h e   r e c e i v i n g  

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

p h o t o s e n s i t i v e   d e v i c e s .  

7.  A  gun  a s   c l a i m e d   in   c l a i m   6  and  w h e r e i n   t h e   p h o t o -  

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

8.  A  gun  as  c l a i m e d   in  c l a i m   5  and  w h e r e i n   t h e   o p t i c a l  

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

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

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