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F i g u r e  3 . 1  shows a n  i o n  beam t a r g e t . '  I t  c o n s i s t s  o f  a  l a y e r  

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

I . .  a b l a t o r  w h i c h ' a b s o r b s  t h e  e n e r g y  o f  t h e  i o n  beam. I n s i d e  o f  

I t h i s  l a y e r  is a  l a y e r  c a l l e d  t h e  p u s h e r ,  which  is made o f  

I : 
heavy  m e t a l .  I t  is d r i v e n  inward  by  t h e  p r e s s u r e  o f  t h e  

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

I g a s  ( d e u t e r i u m  and t r i t i u m ) .  i n s i d e  o f  it. ' A s  t h e  f u s i l e  g a s  is 

I c o m p r e s s e d ,  i t  is h e a t e d .  When t h e  g a s  becomes h o t  enough 

I ( 1 0  keV) and d e n s e  enough so t h a t  an  i o n  h a s  a  s u f f i c i e n t l y  

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

I ( p r  - c m - 2 )  , t h e  t a r g e t  w i l l  bu rn .  The r a d i i  v e r s u s  t i m e  

I . .  
, .  o f ' t h e  v a r i o u s  l a y e r s  is shown s c h e m a t i c a l l y  i n  F i g .  3 .2 .  I n  

I t h i s  f i g u r e ,  
T~ 

is t h e  p u l s e  l e n g t h  o f  t h e  i o n  beam on t h e  

t a r g e t  and P is t h e  power o f  t h a t  p u l s e .  A f t e r  t a r g e t  b u r n ,  

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

g a s .  The x - r a y - e n e r g y  h a s  by t h i s  t i m e  a l r e a d y  been  d e p o s i t e d  

i n  t h e  g a s .  F i g u r e  3 .3  shows p r e s s u r e  p r o f i l e s  i n  t h e  chamber  

g a s  a t  s e v e r a l  times a f t e r  t h e  b u r n e 2  The p r e s s u r e  p u l s e  is 

e x t r e m e l y  h i g h  i n i t i a l l y  b u t  by t h e  t ' i m e  i t  r e a c h e s  t h e  w a l l  

i t  h a s  expanded  i n  volume so t h a t .  t h e  peak  is r o u g h l y  one  

a t m o s p h e r e .  The p r e s s u r e  p u l s e  c a n  b e  used  t o  m e a s u r e  t h e  

e n e r g y  o f  t h e  burn .  

N o  i o n  beam e x p e r i m e n t s  on t a r g e t s  have  been  done  w i t h  t a r g e t  

chamber  g a s  s i n c e  w e  . a r e  u s i n g  i o n  d i o d e s  which f o c u s  d i r e c t l y  

on  t h e  t a r g e t .  W e  h a v e  d e v e l o p e d  some o f  t h e  needed  d i a g n o s -  

t i c s ,  however.  The f i r s t  p a r a m e t e r  t o  m e a s u r e  is t h e  un i form-  

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

W e  p r e s e n t l y  use 5 - a l p h a  e m i s s i o n  o f  s o £  t x - r a y s  f o r  t h i s  pu r -  

p o s e .  3 t 4  F i g u r e  3.4 shows t h i s  d i a g n o s t i c .  The i o n  b e a n  i s  

f o c u s e d  on a  t h i n ,  s u b - r a n g e  f o i l  o f  al.uminum ( 8  pm t h i c k  f o r  ' 

1 MeV p r o t o n s ) .  The i o n s  e x c i t e  i n n e r  s h e l l  e l e c t r o n s  o f  t h e  

aluminum. The  e x c i t e d  aluminum i o n s  t h e n  e m i t  s o f t ,  1 .487 keV 

x-rays as  t h e y  r e t u r n  t o  t h e i r  g r o u n d  s t a t e s .  These s o f t  



x - r a y s  a r e  r e c o r d e d  w i t h  a  p i n h o ' l e  camera .  O p t i c a l  l i g h t ,  and 

u l t r a - v i o l e t  l i g h t  a r e  f i l t e r e d  o u t  w i t h  a  4 p m  aluminum t h i n  

f o i l  i n  f r o n t  o f  t h e  f i l m .  .Ha rd  x - r a y s  a r e  f i l t e r e d  o u t  by 

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

h i g h  e n e r g y  x - r ays .5  F i g u r e  3 .5  shows d a t a  t a k e n  by t h i s  
. . 

method.  I n  t h i s  p h o t o g r a p h  t h e r e  were a c t u a l l y  two h a l f - c o n e s  

o f  d i f f e r e n t  s i z e  showing  t h e  beam a t  t w o  d i f f e r e n t  r a d i i .  A t  

t h e  l a r g e r  r a d i u s ,  t h e  beam shows t i m e - i n t e g r a t e d  s p a t i a l  

s t r u c t u r e  less . t h a n  a  m i l l i m e t e r  i n  e x t e n t .  . A t  t h e  s m a l l e r  

r a d i u s ,  beam mix ing  r e d u c e s  t h e  i n h o m o g e n e i t y  and t h e  s t r u c -  

t u r e  is  less a p p a r e n t .  

To u s e  t h i s  t e c h n i q u e  i n  a  r e a c t o r , ,  K-alpha or  M-alpha l i g h t '  

f rom t h e  f r o n t  o f  t h e  f o i l  ( t h e  o u t e r  t a r g e t  s h e l l )  would be  

p h o t o g r a p h e d .  I n  a  r e a c t o r  s i t u a t i o n  t h e  camera  w i l l  need . t o  

I b e  g a t e d  t o  a v o i d  t h e  much b r i g h t e r . x - r a y s  f rom t h e  b u r n .  
i 
; .  T h i s  w i l l  i n v o l v e  g a t i n g  or  e x p o s u r e  times o f  a  few nano- 
I 

seconds . ,  W e  p r e s e n t l y  u s e  x - r ay  c a m e r a s  w i t h  5  n s  s h u t t e r  

times.' The deve lopmen t  o f  t h i s  d i a g n o s t i c  f o r  r e a c t o r  cond i -  
.I 

I t i o n s  w i l l  be d i f f i c u l t  s i n c e  t h e  camera  w i l l  be o u t s i d e  t h e  

J. ,,.. chamber ,  s e v e r a l  m e t e r s  f rom t h e  t a r g e t .  The u n i f o r m i t y  o f  

d e p o s i t i o n  is a  v e r y  i m p o r t a n t  p a r a m e t e r  s i n c e  t a r g e t s  r e q u i r e  

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

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

i s  t h e r e f o r e  q u i t e  i m p o r t a n t .  

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

by f l a s h  x - r a d i o g r a p h y .  The  i m p l o s i o n  symmetry is a p r o d u c t  

i of t h e  e n e r g y  d e p o s i t i o n  symmetry,  t a r g e t  symmetry,  and implo- 
: I 

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

K- or  'M-alpha d i a g n o s t i c ,  b u t  d o e s  n o t  t o t a l l y  r e p l a c e  it. I n  

t h i s  d i a g n o s t i c  a  3 n s  b u r s t 8  o f  -- 200 keV x - r a y s  i r r a d i a t e  t h e  

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

The t a r g e t  is  p h o t o g r a p h e d  w i t h  t h e s e  x - r a y s  by g a t e d  cameras .  6 



. .. . 

. . 

F i g u r e  3 . 6  shows s u c h  a  camera  a s  employed on e x p e r i m e n t s  on 

t h e  P r o t o - I  p u l s e r  a t  S a n d i a .  T h e .  e x p e r i m e n t  employed t h r e e  

x - r a y  p u l s e r s  and t h r e e  c a m e r a s .  The c a m e r a s  were g a t e d  w i t h  

5 n s  g a t i n g  p u l s e s  s o  t h e y  o n l y  show t h e .  d a t a  f rom t h e  t a r g e t  

x - ray  p u l s e .  F i g u r e  3.7 shows a  p h o t o g r a p h  o f  t h e  t a r g e t  

b e f o r e  i m p l o s i o n  and t h r e e '  p h o t o g r a p h s  d u r i n g ' a n  i m p l o s i o n  

c a u s e d  by an  i o n  beam. C y l i n d r i c a l  t a r g e t s  a l s o  h a v e  b e e n  

imploded  w i t h  i o n  beams and p h o t o g r a p h e d  w i t h  t h e  same s y s t e m .  

They compare w e l l  t o  h o l o g r a p h i c  d a t a  on s i m i l a r  t a r g e t s .  T h e .  

t e c h n i q u e  g i v e s  100 p m  r e s o l u t i o n ,  b u t  m u s t  b e  improved t o  

10 p m  f o r  .a r e a c t o r .  P r e s e n t l y ,  t h e  x - r ay  s o u r c e  and t h e  

c a m e r a s  were  much t o o  c lose  t o  t h e  t a r g e t  ( ' a b o u t  20 c m )  f o r  a  

r e a c t o r  v e s s e l .  The d i a g n o s t i c  w i l l  h a v e  t o  be  g r e a t l y  

improved f o r  u s e f u l n e s s  u n d e r  r e a c t o r  c o n d i t i o n s .  T h i s  w i l l  

r e q u i r e  more p o w e r f u l ,  s h o r t - b u r s t  x - r ay  s o u r c e s  and more 

. s e n s i t i v e  cameras .  The c a m e r a s  w i l l  need t o  b e  g a t e d  f o r  

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

t a k e  5  t o  1 5  n s .  T h i s  s h o r t e r  g a t i n g  t i m e  a p p e a r s  t o  b e  

r e a d i l y  a c h i e v a b l e .  

'\ 
The above  measu remen t s  ( i o n  d e p o s i t i o n  u n i f o r m i t y  and implo-  . .. 
s i o n  x- ray  p h o t o g r a p h s )  b o t h  r e q u i r e  d a t a  t o  b e  r e c o r d e d  d u r -  

i n g  p e r i o d s  o f  h i g h  e l e c t r o m a g n e t i c ,  x - r a y ,  and gamma-ray 

backgrounds .  They w i l l  t a k e  p l a c e  a  hundred  n a n o s e c o n d s  a f t e r  

t h e  m a i n  power p u l s e  on t h c  d i o d c ,  s o  i t  w i l l  n o t  b e  d u r i n g  

t h e  b r e m s s t r a h l u n g  p u l s e  o f  t h e  machine .  However,  t h e  b u r n  

i t s e l f  w i l l  a l s o  c a u s e  e l e c t r o m a g n e t i c ,  x - r a y ,  and gamma- 

r a y  backgounds .  T h e s e  d i a g n o s t i c s  w i l l  r e q u i r e  v e r y  c a r e f u l  

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

to  make them i n s e n s i t i v e  t o  unwanted s i g n a l s .  

1 
I When t h e  t a r g e t  b u r n s  i t  emits  n e u t r o n s  w i t h  t h e  c h a r a c t e r i s -  

t i c  e n e r g y  o f  t h e  v a r i o u s  r e a c t i o n s  i n v o l v e d .  T h e r e  is a  

s p r e a d  i n  t h e  e n e r g y  which is c h a r a c t e r i s t i c  o f  t h e  e n e r g y  



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

s p r e a d  is t h u s  a  .measu re  o f  t h e  b u r n  t e m p e r a t u r e .  The n e u t r o n .  

e n e r g y  and s p r e a d  , i n  e n e r g y  a r e  measu red  by  t h e  t ime-o f -£  l i g h t ,  

and  t h e  s p r e a d  i n  t h e  t i m e - o f - f l i g h t  t o  n e u t r o n  d e . t e c t o r s .  9 

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

t o  t h e  few nanos 'econds .  f o r  x - r a y s .  I t  is t h e r e f o r e  e a s y  t o  

d i s c r i m i n a t e  be tween  them. The x - r a y s  i n  f a c t  p r o v i d e  a 

c o n v e n i e n t  f  i d u c i a l  f o r  t h e  measurement. .  

~ e a s u r e r n e n t  o f  x - ray  and d e b r i s . e n e r g y  f rom t h e  t a r g e t  chamber  

s h o c k  wave2 s h o u l d  be s t r a i g h t f o r w a r d .  Many d e t e c t o r s  are 

a v a i l a b l e  w i t h  h i g h  e l e c t r i c  o u t p u t ,  and a l l  o f  t h e  v a r i o u s  

n o i s e  p u l s e s  s h o u l d  b e  w e l l  o v e r  by t h e  time t h e  p r e s s u r e  

p u l s e  r e a c h e s  t h e  chamber w a l l .  P i e z o e l e c t r i c  p r e s s u r e  g a u g e s ,  

f o r  example ,  a r e  v e r y  r u g g e d  and r e l i a b l e .  

I would l i k e  t o  s a y  a  few words  a b o u t  d a t a  a c q u i s i t i o n .  The 

l a r g e s t  i o n  beam f u s i o n  a c c e l e r a t o r  p r e s e n t l y  i n  o p e r a t i o n  is 

t h e  PBFA-I a c c e l e r a t o r  men t ioned  i n  t h e  f i r s t  l e c t u r e .  Da ta  

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

r e c o r d e d  on 40 T e k t r o n i x  79.12 d i g i t i z i n g  o s c i l l o s c o p e s .  I n  

a d d i t i o n  t h e r e  are  350 c h a n n e l s  o f  s i n g l e  p o i n t  d a t a  ( a m p l i -  

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

w a s  r e a c h e d )  r e c o r d e d  by a  Camac sys t em.  lo The s y s t e m  w i l l  

s o o n  b e  expanded  t o  s i x t y  d i g i t a l  o s c i ~ ~ o s c o p e s  and w i l l  s t i l l  

b e  c o n s i d e r e d  m a r g i n a l  by some o f  u s .  Good, h i g h  volume d a t a  

r e c o r d i n g  and a n a l y z i n g  s y s t e m s  a r e  i n d i s p e n s i b l e .  The c a b l -  

i n g  mus t  b e  h i g h  q u a l i t y ,  d o u b l e - s h i e l d e d ,  l o w  d i s p e r s i o n  

c o a x i a l  c a b l e  p r o t e c t e d  f rom e x c e s s i v e  x - r a y  d o s a g e .  R o u t i n e s  

w i l l  be needed to  compensa t e  f o r  c a b l e  d i s p e r s i o n .  A l l  

, s p l i c e s  m u s t  b e  made i n  c a r e f u l l y  c o n t r u c t e d  j u n c t i o n  b o x e s ,  

and . t h e  . c o m p u t e r  and r e c o r d i n g  e q u i p m e n t  mus t  be  i n  a h i g h  

q u a l i t y  s h i e l d e d  room. P e r s o n n e l  m u s t  b e  p r o t e c t e d  from x- ray  

and  e v e n t u a l l y  n e u t r o n  p u l s e s  a t  t h e  same t i m e .  I n  t h e  

. .  . 
. . 



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

l e v e l s  o n  t h e  d a t a .  F i n a l l y ,  e v e r y  e f f o r t  m u s t  be made t o  g e t  

a s  much a s  p o s s i b l e  f rom t h e  d a t a  by e x t e n s i v e  t h e o r e t i c a l  

mode l ing .  A l t h o u g h  a l a r g e  number o f  d a t a  c h a n n e l s  c a n  compen- 

sa te  somewhat f o r  t h e  l a c k  o f  a  good mode l ,  t h e s e  d a t a  a c q u i s i -  
.- . 

t i o n  s y s t e m s  a r e  v e r y  e x p e n s i v e  and more i m p o r t a n t l y ,  r e q u i r e  

e x t e n s i v e  m a i n t e n a n c e .  

r4any o f  t h e  d i a g n 0 s t i c . s  g i v e  a  p i c t o r i a l  o u t p u t  s u c h  a s  an  

x- ray  p h o t o g r a p h .  D i g i t i z i n g  d i o d e  a r r a y s  men t ioned  i n  t h e  

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

compu te r .  However, t h e s e  d e v i c e s  work by s t o r i n g  c h a r g e ,  s o  

x - r ay  s l i i e l d i n g  w i l l  be  e s s e n t i a l .  

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

f u r t h e r  dev 'e lopment .  Some o f  them, l i k e  t h e  d i a g n o s i s  o f  t h e  

power f l o w  i n  t h e  t r a n s m i s s i o n  l i n e s  where  e l e c t r o n  f l o w  is 

I , i m p o r t a n t ,  r e q u i r e  improved mode l ing .  I n  s i t u  d i a g n o s i s  o f  
I t h e  e l e c t r o n  c l o u d  i n  i o n  d i o d e s  is  i m p o r t a n t  r i g h t  now and no  

:I' d i a g n o s t i c  is a v a i l a b l e .  H o p e f u l l y  t h e  d i o d e s  w i l l  be  so w e l l  

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

t h e r e  w i l l  be  no need f o r  s u c h  d i a g n o s t i c s .  The d i a g n o s i s  of 

I i o n  t r a n s p o r t  c h a n n e l s  w i t h  h o l o g r a p h y  is i n  r e l a t i v e l y  good 

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

w i t h  h o l o y r a m s  aloriy perhaps t h r e e  axes. D i a g n o s i s  of  t h e  . . 

c h a n n e l s  w i t h  s p e c t r o s c o p y  h a s  n o t  y e t  begun and is  a  f e r t i l e  

f i e l d  f o r  deve lopmen t .  The r e s o l u t i o n  and  s t a n d - o f f  d i s t a n c e  

o f  t a r g e t  d i a g n o s t i c s  mus t  be  improved f o r  b o t h  n e a r  term and 

' i . . 
r e a c t o r  a p p l i c a t i o n s .  Some o f  t h e s e  ( e . g . ,  K- or  M-alpha 

p h o t o g r a p h s )  ' i n v o l v e  x- ray  p i n h o l e  c a m e r a s  which  w i l l :  need 

I 
I 

t o  b e  r e p l a c e d  by s m a l l  a n g l e  e l l i p t i c a l  m i r r o r e d  c a m e r a s  l i k e  
1 t h o s e  used  i n  h i g h - a l t i t u d e  x- ray  t e l e s c o p e s  and l a s e r  f u s i o n  

x- ray  d i g n o s t i c s .  11 
, . 



L i g h t  i o n  beam . f u s i o n  h a s  a  p rob lem w i t h  t h e  h i g h  b r e m s s t r a h -  

l u n g  r a d i a t i o n  o f  t h e  p u l s e d  power. .However, i t  a l s o  h a s  a  

I g r e a t  a d v a n t a g e  i n  t h a t  t h e  p u l s e d  power is s e p a r a t e d  f rom t h e  

I p u l s e  o n  t a r g e t  by s e v e r a l  hundred  n a n o s e c o n d s  and t h e  t a r g e t  

I x - r a y s  and gamma r a y s  a r e  s e p a r a t e d  f rom t h e  n e u t r o n  p u l s e  by 

I : . . .  s e v e r a l  hundred  nanoseconds .  The h a r d e n i n g  o f  d i a g n o s t i c s  is  

. t h u s  s i m p l i f i e d .  Da ta  s t o r i n g  d e v i c e s  s u c h  a s  d i o d e  d i g i t i z e r  
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F i g u r e  C a p t i o n s  

3-1. S c h e m a t i c  o f  a n  i o n  beam t a r g e t  i m p l o s i o n .  The i o n .  

beam h e a t s  t h e  a b l a t o r  which  i s  ' s l i g h t l y  l o n g , e r  t h a n  

a n  i o n  r a n g e .  The h e a t e d  a b l a t o r  d r i v e s  ' t h e  p u s h e r  

inward  which  c o m p r e s s e s  t h e  d e u t e r i u m - t r i t i u m  f u e l  

mass. The t a r g e t  is a b o u t  1 c m  i n  d i a m e t e r .  

3-2. The r a d i i  o f  t h e  i n n e r  and o u t e r  b o u n d a r i e s  o f  t h e  

a b l a t o r ,  p u s h e r ,  and f u e l  mass  v e r s u s  t i m e .  T  is 

' t h e  i o n  beam p u l s e  l e n g t h  on t a r g e t ,  P is t h e  i o n  b e a n  

power on  t a r g e t .  F i g u r e s  3 . 1  and 3.2 c o u r t e s y  o f  

M. M. Widner and A. V. F a r n s w o r t h ,  Jr. 

3-3. T a r g e t  chamber p r e s s u r e  f o r  s e v e r a l  d i f f e r e n t  t i m e s  

a f t e r  t a r g e t  b u r n .  The i n i t i a l  p r e s s u r e  b e f o r e  b u r n  

was 100 T o r r  and  t h e  b u r n  e n e r g y  i n  d e b r i s  was 30 M J .  

3-4. ~ x p e r i m e n t  u s i n g  K-alpha a t o m i c '  e x c i t a t i o n  o f  a  ' t h i n  

aluminum f o i l  t o  l o o k ,  a t  beam u n i f o r m i t y .  The beam 

e x c i t e s  t h e  c o n i c a l  f o i l  which  is t h e n  p h o t o g r a p h e d  

i n  t h e  1 .487  keV k - a l p h a  l i n e  w i t h  t h e  p i n h o l e  camera .  

3-5. K-alpha l i n e  p h o t o g r a p h  o f  t w o  c o n i c a l  t a r g e t s  o f  

d i f f e r e n t  d i a m e t e r  showing  t h e  'beam p r o f i l e  a t  1 .0  c m  

and 0 .6  . c m .  N o t i c e  t h e  d e t a i l  i n  t h e  l a r g e ' r  d i a m e t e r  

f o i l .  

3 6 .  S c h e ~ : ~ a t i c  of a f l a s h  x - r a d i o g r a p h y  e x p e r i m e n t .  The 

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

by t h e  i n p u t  m i c r o c h a n n e l  p l a t e .  The o u t p u t  o f  t h a t  

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

p l a t e  by a  m a g n e t i c  f i e l d  where it  is m u l t i p l i e d  

a g a i n ,  a c c e l e r a t e d  t o  a  p h o s p h o r  and  p h o t o g r a p h e d .  

3-7. R a d i o g r a p h s  o f  t h e  i n i t i a l  t a r g e t ,  and a t  t h r e e  

l a t e r  times u s i n g  t h e  a p p a r a t u s  i n  F ig .  3.6. The 

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

s t a l k  v i s i b l e  i n  t h e  l a s t  p h o t o g r a p h .  
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