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Rapid  flash  lamp. 

©  A  method  and  apparatus  for  providing  low  peak  time 
and  pulse  width  actinic  energy  from  a  lamp  by  varying  the 
input  energy  of  a  capacitive  ignition  circuit  having  relatively 
high  voltage  to  the  lamp.  The  lamp  comprises  a  pair  of  elec- 
trodes  disposed  within  a  light  transparent  envelope  in 
which  a  combustible  and  an  oxidizing  gas  reaction  combi- 
nation  is  located.  The  combustible  is  preferably  shredded 
zirconium  which  is  in  contact  with  and  provides  an  electrical 
discharge  path  between  the  electrodes.  The  gas  is  prefer- 

M  ably  pressurized  oxygen. 
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T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   i s   in  t h e   f i e l d   of  f l a s h   l a m p s  

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

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

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

or   s t r o b o r s c o p i c   p h o t o g r a p h y .  

B a c k g r o u n d   A r t  

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

g e n e r a l   l a m p s   t y p i c a l l y   f i l l e d   w i t h   an  o x i d i z e r ,  

i . e . ,   a  gas   t h a t   s u p p o r t s   c o m b u s t i o n   s u c h   a s  

o x y g e n   and  a  c o m b u s t i b l e ,   s u c h   as  a l u m i n u m - m a g n e -  

s i u m   a l l o y   or   a l u m i n u m ,   m a g n e s i u m   or   z i r c o n i u m .  

Such   f l a s h   l a m p s   t y p i c a l l y   c o m p r i s e   h e r m e t i c a l l y  

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

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

as  s h r e d d e d   a l u m i n u m   or  s h r e d d e d   z i r c o n i u m   f o i l  

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

o x y g e n .  

In  b a t t e r y   o p e r a t e d   p h o t o   f l a s h   l a m p s ,   a n  

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

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



f i l a m e n t   s u p p o r t e d   on  a  p a i r   of  l e a d - i n   w i r e s  

h a v i n g   a  q u a n t i t y   of   i g n i t i o n   p a s t e   on  t h e   i n n e r  

e n d s   t h e r e o f   a d j a c e n t   to   t h e   f i l a m e n t .   T h i s   t y p e  

o f   lamp  i s   o p e r a t e d   by  t h e   p a s s a g e   of  e l e c t r i c  

c u r r e n t   t h r o u g h   t h e   l e a d - i n   w i r e s .   ( S e e ,   f o r  

e x a m p l e ,   U.  S.  P a t e n t   No.  3 , 8 9 5 , 9 0 2   i s s u e d   J u l y  

22,   1975  to   B r o a d t   e t   a l .   e n t i t l e d   " P h o t o   F l a s h  

L a m p " . )  

A n o t h e r   t y p e   of   p h o t o   f l a s h   lamp  c o m p r i s e s  

t h e   p e r c u s s i v e   t y p e ,   s u c h   as  d e s c r i b e d   in   U.  S .  

P a t e n t   No.  3 , 5 3 5 , 0 6 3   w h i c h   i n c l u d e s   a  m e c h a n i c a l l y  

a c t i v a t e d   p r i m e r   s e a l e d   in   one  end   of  t h e   l a m p  

e n v e l o p e .   The  i g n i t i o n   s y s t e m   may  c o m p r i s e   a  

m e t a l   t u b e   e x t e n d i n g   f rom  t h e   lamp  e n v e l o p e   and  a  

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

f l a s h   lamp  i s   i n i t i a t e d   by  an  i m p a c t   o n t o   t h e   t u b e  

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

up  t h r o u g h   t h e   t u b e   to   i g n i t e   t h e   c o m b u s t i b l e  

d i s p o s e d   in   t h e   lamp  e n v e l o p e .  

A n o t h e r   t y p e   of   p h o t o   f l a s h   lamp  i s   t h e  

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

v o l t a g e   in   t h e   n e i g h b o r h o o d   of  2 , 0 0 0   V o l t s   i s  

p r o d u c e d   by  a  p i e z o - e l e c t r i c   d e v i c e   to   c a u s e   a  

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

m a t e r i a l ,   i . e ,   t h e   p r i m e r   w i t h i n   t h e   lamp  e n v e -  

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

t y p e   p h o t o   f l a s h   lamp  w h i c h   u t i l i z e s   a  r e l a t i v e l y  

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

i g n i t e   t h e   c o m b u s t i b l e .  



A l l   of   t h e s e   i g n i t e r   s y s t e m s   f o r   t h e   s h r e d d e d  

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

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

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

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

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

i g n i t i o n   of   t h e   c o m b u s t i b l e .  

One  a d v a n t a g e   f o r   s u c h   a  f l a s h   lamp  in  p h o t o  

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

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

t h e   lamp  i s   i g n i t e d .   P r e s e n t   p h o t o   f l a s h   l a m p s  

r e q u i r e   an  "M  s y n c h r o n i z a t i o n "   s e t t i n g   f o r   t h i s  

p u r p o s e .  

D i s c l o s u r e   of  t h e   I n v e n t i o n  

In  t h e   a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n ,   a  

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

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

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

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

a t   r e l a t i v e l y   h i g h   v o l t a g e   and  h i g h   c u r r e n t   t o  

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

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

l o n g i t u d i n a l   gap  b e t w e e n   t h e   e l e c t r o d e s .   T h e  

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

of   t h e   d i s c h a r g e .   A  s p a r k   o c c u r s   a t   e a c h  

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

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

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

c o n s e q u e n t   low  " p e a k   t i m e " ;   i . e . ,   t i m e   b e t w e e n  



i g n i t i o n   and  p e a k   a c t i n i c   o u t p u t .   Where   a  s p a r k  

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

of   t h e   r e l a t i v e l y   s m a l l   s i z e   of   t h e   d i s c r e t e   f u e l  

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

s u f f i c i e n t   to   e n e r g i z e   some  s h r e d s   to   t h e   p o i n t   o f  

i n c a n d e s c e n c e .   T h i s   c a u s e s   u n d e l a y e d   c h e m i c a l  

c o m b i n a t i o n   of   t h e   f u e l   and  r e a c t i v e   o x i d i z e r .  

T h i s   i s   in  c o n t r a s t   to   t h e   p r i o r   a r t  

s t r u c t u r e s   in   w h i c h   i g n i t i o n   o c c u r s   a t   one  end  o f  

t h e   l amp  and   t h e n   p r o g r e s s e s   in   a  s t e p - w i s e   o r  

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

one  end   to   t h e   o t h e r   o v e r   a  p e r i o d   of  t i m e .  

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

F i g .   1  i s   an  end  v i e w   of  a  f l a s h   lamp  i n  

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

F i g .   2  i s   a  s e c t i o n   a l o n g   l i n e s   2-2  of   F i g .  

1 .  

F i g .   3  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  t h e  

l amp  and  i g n i t i o n   c i r c u i t   of  t h e   i n v e n t i o n .  

B e s t   Mode  of  C a r r y i n g   Out  t h e   I n v e n t i o n  

R e f e r r i n g   now  to  F i g s .   1  and  2,  t h e r e   i s  

shown  a  lamp  10  c o m p r i s i n g   a  q u a r t z   t u b e   22  

m o u n t e d   b e t w e e n   two  b r a s s   e n d p l a t e s   12.  T h r e e  

p h e n o l i c   " s t a n d - o f f "   i n s u l a t o r s   20  a r e   s p a c e d   1 2 0 °  

a p a r t   a r o u n d   t h e   i n n e r   p e r i p h e r y   of   3  i n c h   s q u a r e  

by  3 /8   i n c h   t h i c k   end  p l a t e s   12.  S c r e w   b o l t s   18  

a t   e a c h   end   of  t h e   p l a t e s   h o l d   t h e   i n s u l a t o r s   20 

and  end   p l a t e s   12  in   p l a c e .   T e f l o n   w a s h e r s   21  

p r o v i d e   a  h e r m e t i c   s e a l   b e t w e e n   t h e   end  p l a t e s   12 

and  t h e   o p e n   e n d s   of  q u a r t z   t u b e   2 2 .  



The  t u b e   i s   f i l l e d   w i t h   s h r e d d e d   z i r c o n i u m   40  

and   a  g a s e o u s   o x i d i z e r ,   s u c h   as  o x y g e n .   A  h i g h  

v o l t a g e   c o n n e c t o r   16  i s   i n s e r t e d   t h r o u g h   a  h o l e   i n  

w a s h e r   21.  C o n n e c t o r   16  i s   p r o v i d e d   w i t h   a  

p o i n t e d   d i s c h a r g e   e l e m e n t   30  on  t h e   i n n e r   or   t u b e  

s i d e   of  t h e   c o n n e c t o r   16.  O x y g e n   i s   pumped   i n t o  

t u b e   22  v i a   t u b i n g   42  w h i c h   may  t h e n   be  s e a l e d   b y  

c o n v e n t i o n a l   m e a n s .  

The  l e n g t h   of  t h e   lamp  may  v e r y   d e p e n d i n g  

u p o n   t h e   d e s i r e d   a p p l i c a t i o n .   We  have   made  l a m p s  

of   3 - i n c h   to   4  f e e t   in   l e n g t h .   Even  in   s u c h  

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

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

c o n n e c t o r   e l e c t r o d e   16  of  t h e   lamp  10  i s   c o u p l e d  

t h r o u g h   s w i t c h   S1  to   s i d e   "a"  of  c a p a c i t o r   48,  a s .  

shown  in  F i g .   3  when  S1  i s   in  t h e   2  p o s i t i o n .   T h e  

o t h e r   e l e c t r o d e   end  p l a t e   12  i s   g r o u n d e d .   The  " b "  

s i d e   of  c a p a c i t o r   48  i s   a l s o   g r o u n d e d .  

I n i t i a l l y ,   s w i t c h   S1  i s   s w i t c h e d   to   p o s i t i o n  

1.  In  t h i s   p o s i t i o n   0 - 1 5   KV  v o l t s   f rom  D.C.  p o w e r  

s u p p l y   52  i s   c o u p l e d   t h r o u g h   two  megohm  r e s i s t o r s  

44  to   s i d e   "a"  of  0 . 1   to   2  m i c r o f a r a d   c a p a c i t o r   48  

f o r   a  s u f f i c i e n t   t i m e   to   a l l o w   c a p a c i t o r   48  t o  

f u l l y   c h a r g e .   Upon  m o v i n g   s w i t c h   S1  to   p o s i t i o n  

2,  t h e   e n e r g y   s t o r e d   in   c a p a c i t o r   48  i s   c o u p l e d  

i n t o   t h e   f l a s h l a m p   1 0 .  

We  have   f o u n d   t h a t   t h e   t i m e   i t   t a k e s   t o  

a c h i e v e   p e a k   a c t i n i c   o u t p u t   f rom  t h e   moment   t h e  

i g n i t e r   c i r c u i t   i s   e n e r g i z e d ,   i . e . ,   t h e   " p e a k  

t i m e "   can   be  g r e a t l y   r e d u c e d   by  i n c r e a s i n g   t h e  

i n p u t   e n e r g y   and  h a v e   t h e r e b y   a c h i e v e d   a c t i n i c  



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

" p e a k   t i m e "   t h a n   h e r e t o f o r e   k n o w n .  

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

c i r c u i t   and  lamp  of  t h e   i n v e n t i o n ,   t h e   " p e a k   t i m e "  

f o r   c o m b u s t i b l e   gas   r e a c t i o n s ,   s u c h   a s ,   z i r c o n i u m -  

o x y g e n   r e a c t i o n s   can   be  d e c r e a s e d   by  i n c r e a s i n g  

t h e   i n p u t   e n e r g y  t o   t h e   r e a c t i o n   s y s t e m .  

The  e n e r g y   a v a i l a b l e   f rom  a  c a p a c i t i v e  

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

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

E  =  1 /2   CV2 

Fo r   e x a m p l e ,   a  2 - m i c r o f a r a d   (uf )   c a p a c i t o r   c h a r g e d  

to   1 0 , 0 0 0   V o l t s   has   100  j o u l e s   of   e l e c t r i c a l  

e n e r g y   s t o r e d .   The  r a p i d   r e l e a s e   of  t h i s   e n e r g y  

t h r o u g h   t h e   z i r c o n i u m - o x y g e n   f u e l   c o n s t i t u t e s   t h e  

i n p u t   e n e r g y .   No te   t h a t   e n e r g y   can   be  i n c r e a s e d  

in   two  w a y s :  
1.  by  m a i n t a i n i n g   c a p a c i t a n c e   and  i n c r e a s i n g  

v o l t a g e ,   o r  

2.  by  m a i n t a i n i n g   v o l t a g e   and  i n c r e a s i n g  

c a p a c i t a n c e .  

H o w e v e r ,   t h e   e n e r g y   i n c r e a s e s   as  t h e   s e c o n d   p o w e r  

( s q u a r e )   of  t h e   v o l t a g e   b u t   o n l y   l i n e a r l y   w i t h  

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

e x p e r i m e n t s   c o n d u c t e d   in   w h i c h   E n e r g y   (E)  was  h e l d  

c o n s t a n t   ( P a r t   A)  and  V o l t a g e   (V)  and  C a p a c i t a n c e  

(C)  v a r i e d   and  in  w h i c h   C  was  h e l d   c o n s t a n t   w h i l e  

V  and   h e n c e   E  was  i n c r e a s e d   ( P a r t   B)  and  l a s t l y ,  

i n   w h i c h   V  was  h e l d   c o n s t a n t   w h i l e   C  and  h e n c e   E 

was  i n c r e a s e d   ( P a r t   C ) .  





P a r t   A  of   T a b l e   I  shows  t h a t   " p e a k   t i m e "   and   FWHM 

do  n o t   c h a n g e   s i g n i f i c a n t l y   i f   t h e   e n e r g y   i s   h e l d  

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

c h a n g e d .   P a r t   B  of  T a b l e   I  shows  t h a t   w i t h  

c o n s t a n t   C  and  i n c r e a s e d   V,  t h e   " p e a k   t i m e "  

d e c r e a s e s .   P a r t   C  of  T a b l e   I  shows  t h a t   a s  

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

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

i n c r e a s e d ,   t h e   " p e a k   t i m e "   and  FWHM  d e c r e a s e .  

In  t h e   e x p e r i m e n t a l   a r r a n g e m e n t   u t i l i z e d   f o r   t h e  

r e a c t i o n s   s u m m a r i z e d   in   T a b l e   I,   a  q u a r t z   t u b e   4 . 9  

cm.  l o n g   and  1 . 2 7   cm.  OD  x  1 . 9 0 5   cm.  OD,  was  u s e d .  

T h i s   r e s u l t e d   in  a  f i v e - c u b i c   c e n t i m e t e r   i n t e r n a l  

l amp  v o l u m e .   The  lamp  t u b e   was  f i l l e d   w i t h   60  m g .  
± 0 . 5   s h r e d d e d   z i r c o n i u m   w i t h   d i m e n s i o n s   of   4 . 0 "   x  

0 . 0 0 0 9 5 "   x  0 . 0 0 1 " .   E l e c t r i c a l   c o n t i n u i t y   t h r o u g h  

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

of   t h e   z i r c o n i u m   s h r e d s   to  b o t h   t h e   p r o b e   30  a n d  

t h e   o p p o s i t e   g r o u n d e d   e n d p l a t e   12.  A  c a p a c i t i v e  

d i s c h a r g e   p o w e r   s u p p l y   52  v a r i a b l e   f rom  0-15KV  DC 

was  e m p l o y e d .   O x y g e n   p r e s s u r e   f o r   a l l   r e a c t i o n s  

was  264  cm.  ± 1 .  

The  r e s u l t s   of  T a b l e   I  s h o u l d   be  c o n t r a s t e d  

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

f l a s h l a m p s .   Such   l amps   have   " p e a k   t i m e s "   b e t w e e n  

7  and  17  m s e c . ,   d e p e n d i n g   on  c o n d i t i o n s   of  t h e  

s h r e d d e d   z i r c o n i u m ,   lamp  v o l u m e ,   o x y g e n   p r e s s u r e ,  
and  o t h e r   c o n s i d e r a t i o n s .   T h e s e   l amps   a l s o   h a v e  

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

r e s u l t   in  a c t u a l   f l a s h   d u r a t i o n s   of  50  m s e c .   o r  



m o r e .   A d d i t i o n a l l y ,   t h e   d a t a   f o r   F l a s h   Bar  l a m p s  

i s   shown  in  P a r t   D  of  T a b l e   I.  T h e s e   l a m p s   a r e  

f i l a m e n t - i g n i t e d   and  t h e r e   i s   a  p e r i o d   of  " d a r k  

t i m e "   p r i o r   to   b u l k   z i r c o n i u m   i g n i t i o n   w h e r e   n o  

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

t y p i c a l l y   r a n g e s   f rom  3-5  m s e c .   I t   i s   d u r i n g   t h i s  

t i m e   t h a t   t h e   f i l a m e n t   h e a t s ,   m e l t s ,   and  i g n i t e s  

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

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

f o r   X - s y n c .   p h o t o g r a p h y   w h e r e   t h e   c a m e r a   s h u t t e r  

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

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

M - s y n c .   c a m e r a s   w h e r e   t h e r e   i s   a  1 7 - m s e c .   d e l a y  

b e t w e e n   f l a s h   i g n i t i o n   p u l s e   and  s h u t t e r   o p e r a -  
t i o n .   T h i s   i s   to  e n s u r e   t h a t   t h e   s h u t t e r   i s   o p e n  

d u r i n g   t h e   p e a k   o p t i c a l   o u t p u t .   A d d i t i o n a l l y ,   t h e  

FWHM  of  s u c h   p r i o r   a r t   p h o t o l a m p s   v a r i e s   f r o m  

1 5 - 2 5   m s e c s .   For   a  t y p i c a l   X - s y n c .   s h u t t e r   s p e e d  

o f   1 / 6 0   s e c .   ( 1 6 . 7   m s e c . )   much  of  t h e   o p t i c a l  

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

t i m e   of  p e a k   o p t i c a l   o u t p u t .  

As  shown  in  T a b l e   I ,   we  h a v e   b e e n   a b l e   t o  

a c h i e v e   p e a k   t i m e s   as  low  as  800  m i c r o s e c o n d s   = 

0 .8   m i l l i s e c o n d s   and  FWHM's  as  low  as  2 , 5 0 0  

m i c r o s e c o n d s  =   2 .5   m i l l i s e c o n d s ,   w h i c h   a r e   w e l l  

w i t h i n   r e q u i r e m e n t s   f o r   X - s y n c .   p h o t o g r a p h y .  

F u r t h e r m o r e ,   we  h a v e   done   so  w i t h   lamp  l e n g t h s   a s  

l o n g   as  4  f e e t ,   w h i c h   i s   b e l i e v e d   to   be  b e y o n d   t h e  

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

o p e r a t e   a t   r e l a t i v e l y   low  v o l t a g e   or   c u r r e n t .  



E q u i v a l e n t s  

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

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 h o s e  

s k i l l e d   in   t h e   a r t   d o u b t l e s s  w i l l   r e c o g n i z e   or   b e  

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

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

h e r e i n   d e s c r i b e d .   For   e x a m p l e ,   o t h e r   c o m b u s t i b l e -  

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

lamp  of  t h e   i n v e n t i o n ,   s u c h   a s ,   y t t r i u m - f l u o r i n e ,  

y t t r i u m - o x y g e n   d i f l u o r i d e ,   y t t r i u m - o x y g e n   a n d  

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

Such   e q u i v a l e n t s   a r e   t h e r e f o r e   i n t e n d e d   to   b e  

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



1.  A  lamp  c o m p r i s i n g :  

a)  a  l i g h t   t r a n s p a r e n t   e n v e l o p e ;  

b)  a  p a i r   of  e l e c t r o d e s   s p a c e d   a p a r t   on  o r  

w i t h i n   s a i d   e n v e l o p e ;  

c)  a  p r e s s u r i z e d   gas   f o r   s u p p o r t i n g  

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

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

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

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

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

s a i d   e l e c t r o d e s .  

2.  The  l a m p . o f   C l a i m   1  w h e r e i n   one  of  s a i d  

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

w i t h   a  d i s c h a r g e   p r o b e   e x t e n d i n g   i n t o   s a i d  

e n v e l o p e .  

3.  The  lamp  of  C l a i m   1  w h e r e i n   t h e   c o m b u s t i b l e  

i s   z i r c o n i u m ,   y t t r i u m   or   m a g n e s i u m .  

4.  The  lamp  of  C l a i m   3  w h e r e i n   t h e   gas   i s  

o x y g e n ,   or  f l u o r i n e .  

5.  The  lamp  of  C l a i m   4  w h e r e i n   t h e   f u e l   i s  

p r e s s u r i z e d   to   a b o u t   264  c m .  

6.  The  lamp  of  C l a i m   1  w h e r e i n   t h e   e n v e l o p e   i s   a  

q u a r t z   c y l i n d e r .  



7.  The  lamp  of  C l a i m   1  w h e r e i n   t h e   lamp  l e n g t h  

i s   b e t w e e n   a b o u t   3  i n c h e s   to   4  f e e t .  

8.  A  l o w  p e a k   t i m e   f l a s h   lamp  s y s t e m   f o r  

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

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

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

d i s p o s e d   on  or  w i t h i n   a  l i g h t  

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

e n v e l o p e ;  

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

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

c o n t a c t   b e t w e e n   s a i d   e l e c t r o d e s ;  

c)  a  gas   o x i d i z e r   w i t h i n   s a i d   e n v e l o p e ;  

d ) .   i g n i t e r   m e a n s   f o r   p r o v i d i n g   a  h i g h  

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

s a i d   e l e c t r o d e s .  

9.  The  s y s t e m   of   C l a i m   8  in  w h i c h   t h e   i g n i t e r  

means   c o m p r i s e s   a  DC  p o w e r   s u p p l y   c o u p l e d   t o  

a  c a p a c i t o r .  

10.  The  s y s t e m   of  C l a i m   9  w h e r e i n   t h e   DC  p o w e r  
s u p p l y   p r o v i d e s   a  v o l t a g e   of  a t   l e a s t   a b o u t  

15  KV. 

11.  The  s y s t e m   of  C l a i m   9  w h e r e i n   t h e   c a p a c i t o r  

has   a  c a p a c i t a n c e   in  t h e   r a n g e   of  f rom  a b o u t  

.5  to  2 .0   m i c r o f a r a d s .  
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