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I n  the  f i n a l  six-month per iod our  e f f o r t s  have been concen- 

t r a t i d  on the  experiments of  i n j e c t i n g  plasmas i n t o  a long B, 

magnetic f i e l d  f r o m  both ends of t h e  f i e l d  c o i l .  The f i e l d  l i n e s  

o r d i n a r i l y  a r e  s t r a i g h t  in t h e  cen te r  s ec t ion  of ths c o i l .  Due 

t o  t he  diamagnetic proper ty  o f  the plasma, once t h e  plasmas have 

penetra ted the  f i e l d ,  they push t h e  f i e l d  l i n e s  outward t o  form a 

self-imposed mirror  conf igurat ion.  I n  most cases  the mir ror  con- 

f i gu ra t ion  is  very s t ab l e .  I n  the pas t ,  t h e  magnetic mi r ror  o f .  

t he  plasmas had been shown t o  be s t a b l e  and never had grass  i n s t a -  

b i l i t i e s  been found. However, t h e  previous experiments were con- 

ducted wi th  l a r g e  r ad ius  magnetic f i e l d  c o i l s  and low dens i ty  

plasmas. I n  t hese  condi t ions ,  t h e  f i e l d  c o i l  had t o  be l a rge  i n  

o rder  t o  accommodate t h e  l a r g e  gyrorad i i  of t h e  e l ec t rons  t o  avoid 

t h e i r  c o l l i s i o n  wi th  t h e  vacuum walls .  The c o l l i s i o n  o f  two low- 

dens i ty  plasma beams i n j e c t e d  f r o m  both ends of  a B, f i e l d  would 

have no merit because t h e  s c a t t e r i n g  c ros s  s ec t ion  o f  t h e  low- 

densi ty  plasma is s o  small that most of t h e  beams pass  each othe?? 

without any in t e r ac t ion .  The only way t o  t r a p  t h e  low-density 

plasma is  t o  increase  t h e  magnetic f i e l d  s t r eng th  a t  both ends 

a f t e r  t h e  plasmas a r e  i n s i d e  t h e  c o i l .  The magnetic f l u x  l i n e s  

w i l l  be bent  a t  t h e  ends s o  that  3 x k! fo rce  becomes la rge .  This 

c r ea t e s  a r e f l e c t i o n  u n t i l  t h e  plasmas convert t h e i r  k i n e t i c  energy 

i n t o  thermal energy (Fig. 1). Confinement time of  such a  plasma 

experiment up t o  30 mil l iseconds wi th  a plasma densi ty  of 1012/cc 

was found f e a s i b l e  (Ref. 11, but t h e  nT product was s t i l l  low- 

The problem of  s t a b i l i t y  under high dens i ty  condi t ions  is 

not known. However, t h e  f ea tu re  of no cur ren t  flowing along t h e  



0 l i n e s  i s  st i l l  t r u e ,  hence t h e r e  is  no reason t o  be l ieve  t h a t  

t h e  higher dens i ty  would be unstable.  If t h i s  is t r u e ,  t hen  nr of 

such an experiment can be s i g n i f i c a n t l y  improved with  high plasma 

density. One of t h e  fundamental problems of plasma i n j e c t i o n  experi-  

ments i s  the  focus of t h e  plasma beam t o  t h e  opening of  t h e  BZ f i e l d  

where t h e  B l i n e s  a r e  very much curved. Unltss t he  plasma can be 

concentrated i n  t h e  neighborhood of t h e  cen te r  l i n e  a f  t h e  magnetic 

f i e l d ,  the  majori ty of the  plasma w i l l  be r e f l e c t e d  back. This no t  

only requi res  the  plasma beam t o  be s m a l l  and dense bu t  a l s o  t h e i r  

thermal energy (random motion) is requi red  t o  be much l e s s  than t h e  

k i n e t i c  energy of t h e  i n j ec t ion .  This r u l e s  out t h e  use of a snow- 

plow acce l e ra to r  as the  plasma thus  produced w i l l  n o t  be a b l e  t o  

confine itself t o  a small diameter and t h e  thermal energy i s  i n  t h e  
! 

same order  as t h e  k i n e t i c  energy. I n  t h e  p a s t ,  a Titanium washer i 
! 

gun was used f o r  such an experiment and D:, plasma was produced ha l f -  i 

way in s ide  t h e  B, f i e l d .  I n  our  experiment, we developed a def lagra-  

t i o n  plasma gun i n  t h e  e a r l i e r  per iods  of t h i s  s tudy t o  meet t h e  

requirements of t h e  i n j e c t i o n  experiments. We a r e  now a b l e  t o  i n j e c t  

two plasma blobs from both s i d e s  of t h e  B Z  f l  'A i n  such a way t h a t  
I 

t h e  plasma i s  very dense and t h e  beam diameter i s  small. The B, 
I 

f i e l d  then could guide the  plasma beams t o  a hydrodynamic c o l l i s i o n .  

It was found t h a t  t h e  diamagnetic property of t h e  plasma d id  push 

out t he  B l i n e s  t o  form a magnetic b o t t l e  mi r ror  conf igurat ion.  Once 

t h e  k i n e t i c  energy was converted i n t o  thermal energy due t o  c o l l i s i o n ,  

t h e  t rapping  process of t h e  magnetic b o t t l e  was completed. Before 

t h e  s t a r t  of  our experiments and sometimes due t o  t h e  lack  of data  

of  t he  c.ollision c ros s  s ec t ion ,  we wondered whether or, not  t he  
\ 



plasmas would pass each o the r  anyhow, regard less  of t h e  high 

plasma density.  This b r ings  up a list of quest ions  t o  be 

answered from our  experiment: 

Would t n e  plasmas pass each o the r?  

If t h e  plasma i s  confined i n  t h e  b o t t l e  
conf igurat ion by c o l l i s i o n ,  how s t a b l e  would 
t h e  plasma be and how long is the  confinement 
time? 

What would be  t h e  way t o  es t imate  t h e  plasma 
densi ty  and the  rad ius  of  t h e  confined plasma? 

Is it poss ib l e  t o  do t h e  i n j e c t i o n  experiment 
without g ian t  machines? 

To answer t h e s e  quest ions ,  w e  can only begin from the  f a c t  t h a t  

w e  had t o  do t h e  experiment with small  machines under t h e  f inan-  

c i a l  l e v e l  of t h e  cur ren t  grant .  The r e s t  of t h e  questions had 

t o  be found during t h e  experiments* Steps  leading t o  t h e  cur ren t  

experiment w i l l  be discussed i n  t h e  following sec t ions :  

( 1) De f l ag ra t ion  pkasma'gun .and 'continuous flow Z-pinch 

A s  mentioned above, an i d e a l  ' plasma i n j e c t o r  i s  requi red  f o r  

t h e  i n j e c t i o n  experiment s o  t h a t  t h e  in jectox is capable of 

producing a high ve loc i ty  plasma a t  very high dens i ty ,  and with  

t he  smal les t  poss ib le  beam diameter. Such a device (Fig.  2 )  was 

developed during t h e  previous years  of t h i s  s tudy,  known a s  the  

def lagra t ion  plasma gun (Refs. 2 ,  3,  4). The plasma beam 

generated by t h i s  gun has a high dens i ty ,  high ve loc i ty  and small 

beam diameter. The ve loc i ty  of t h e  plasma has been repor ted  i n  

t h e  pas t  (Ref. 2 ) .  The densi ty  and t h e  diameter of t h e  beam were 

known t o  be favorable f o r  i n j e c t i o n  experiments but without 

accurate  measurements. During t h i s  six-month per iod,  a  l a s e r  



in terferometer  system, repor ted  i n  t h e  last  progress r e p o r t ,  was 

used t o  measure t h e  plasma densi ty  and tL? beam diameter as a 

funct ion o f  time. The formation of the  high densi ty  plasma beam 

found i n  t h i s  process is c a l l e d  t h e  continuous flow Z-pinch. The 

p o s s i b i l i t y  of such a phenomenon was pos tu la ted  f i r s t  by Morozov 

i n  1967 (Ref. 5)  bu t  t h e  shaped e lec t rode  coaxia l  acce l e ra to r s  i n  

Russia (Refs .* 6,7,83 f a i l e d  t o  .produce t h a t  phenomenon experimental- 

ly.  This was due t o  t h e i r  lack of knowledge about t he  def lagra t ion  

process. With the  l a s e r  system, the  formation of t h e  high dens i ty  

plasma beam was photographed as  shown i n  Fig. 3. The dis t inguished 

f ea tu re s  of t h e  continuous flow Z-pinch are :  

(a) The beam has a very high densi ty  with a very smal l  
diameter. 

(b)  The boundary of t h e  beam is  i n  a divergent s t r a i g h t  
l i n e .  

( c )  The continuous cumulation of  t h e  plasma makes t h e  
h igher  dens i ty  away from, t h e  e lec t rode .  

( d l  The l i f e t i m e  of such a beam can be Umger . than  7vsec. 

The cen te r  e lec t rode  shown i n  Fig. 3 is a 1.25 cm diameter hollowed 

copper tube. The densi ty  i n  t h e  high densi ty  beam i s  g r e a t e r  than  
1 8  10  /CC which is h igher  t han  an t i c ipa t ed .  The beam is shown t o  

be l e s s  than 0.50 cm. From t h i s  da ta ,  t h e  def lagra t ion  gun has 

proven t o  be t h e  most valuable device i n  doing t h e  plasma 

i n  j e c t  i on  experiments. 

( 2 )  P o s s i b i l i t y  of a continuous flow Z-pinch fus ion r e a c t o r  

Morozov (Ref. 5) pos tu la ted  t h a t  a maghetized plasma flow 

i n  a convergent channel could lead  t o  a high plasma densi ty  beam 

i n  a continuous fashion,  but  such a phenomenon cannot be  produced 

i n  a snowplow gun. Morozov's theory would apply if t h e  plasma is  



flowing under t h e  de f l ag ra t ion  process. Since we have produced 

such an e f f e c t  experimentally,  t h e  quest ion of  t h e  f e a s i b i l i t y  of 

t h e  cur ren t  device a lone a6 a fus ion r e a c t o r  could be asked again ,  

but  t h e  device i s  small and t h e  energy used f o r  discharge is a l s o  

small.  If t h e  device could be increased both i n  s i z e  and i n  

energy s to rage  capaci ty ,  it would then be poss ib l e  t o  produce a 
1 9  10 / C C  plasma beam i n  a quasi-steady s t a t e  condit ion f o r  over 

30 psec. This plasma would have an n-r value over t h a t  of t h e  

Lawson c r i t e r i a .  If t h e  convergent angle  could be shaped, a 

higher  temperature in t h e  pinch would a l s o  be expected. 

(3)  Inver ted B, f i e l d  
- - 

Ordinar i ly ,  a magnetic f i e l d  is constructed wi th  a high 

mu i ron core t o  increase  t he  magnetic f i e l d  s t rength .  The f i e l d  

l i n e s ,  however, have t o  pass t h e  surrounding low mu space 

(Fig. 4a). The confinement f i e l d  i n  t h i s  experiment inver ted  t h e  

high mu mater ia l  t o  t h e  ou ts ide  space, thus  c r e a t i n g  two e f f e c t s :  

f i r s t ,  it improved t h e  magnetic f i e l d  s t r eng th  as t he  ordinary 

f i e l d ;  iaqd, second, it forced t h e  entrance of t h e  f i e l d  l i n e  t o  

open much more r ap id ly  (Fig. 4b). The f l u x  l i n e s  at t h e  entrance 

were bent f u r t h e r  back t o  f a c i l i t a t e  t h e  i n j e c t i o n  of t h e  plasma. 

The magnetic f i e l d  was powered by t r u c k  b a t t e r i e s .  The peak cu r r en t ,  

up t o  1874 amperes, had been reached i n  a 160 t u r n  c o i l .  This 

corresponded t o  a f i e l d  i n t e n s i t y  of 9 .1  ki logauss.  

( 1  In jec t ion  experiments 

The s e t  up of t he  i n j e c t i o n  experiment is shown i n  Figs. 5 

and 6. The two gun nozzles were separated 218.2 cm apar t .  The 

"agnetic f i e l d  was meunted i n  t h e  middle sec t ion .  The vacuum 



t ube  is only 6.03 cm i n  diameter with diamagnetic c o i l  wound on 

t h e  ou ts ide  approximately 1 0  c m  apa r t .  Light pipes were loca ted  

adjacent  t o  t h e  diamagnetic c o i l s .  The l i g h t  pipes were gathered 

i n t o  a te rmina tor  i n  f r o n t  of Image Converter Camera No. 1. The 

camera was operated under a s t r e a k  mode, s o  t h a t  t h e  r a d i a t i o n  

from the  plasma could be photographed as a p l o t  of t h e  pos i t i on  

and time. The No. 2 Image Converter Camera viewed t h e  entrance 

region on t h e  No. 2 gun s ide .  The s i l v e r  ac t iva t ed  neutron 

counter  was used t o  count t h e  t o t a l  number of  neutrons,  and a 

p l a t i c  s c i n t i l l a t i n g  counter  was used t o  measure t h e  t ime resolved 

neutron pulses.  l 

The synchronization of t h e  two plasma def l a g r a t  ion guns 

were found t o  be d i f f i c u l t  and easy at t h e  same time. The d i f -  

f i c u l t y  r e s u l t e d  from t h e  discharge which can only be t r i g g e r e d  by 

the  high densi ty  n e u t r a l  gas i n j e c t i o n  i n t o  t h e  e lec t rode  spacing. 

The slowness of t h e  n e u t r a l  gas flow cannot be cont ro l led  accurate-  

l y  t o  wi thin  0r.e microsecond even when the  valve openings a r e  

completely synchronized. Fortunately,  the  high ve loc i ty ,  low- 

densi ty  plasma f r o n t  ( they were produced before  t h e  continuous 

2-pinch was formed) of whatever t h e  f i r s t  discharged gun was 

flowing through the  whole length of  t h e  experiments t o  induce a 

discharge i n  t h e  second gun even before  t h e  second gun had enough 

n e u t r a l  gas t o  i n i t i a t e  a s e l f  t r i g g e r e d  discharge.  The t ime 

delay f o r  t h e  two guns usual ly  was only h a l f  t o  one microsecond; 

hence, t h i s  made synchronization easy. However, under t hese  

condit ions t h e  c o l l i s i o n  of  two high energv plasma f r o n t s  cannot 

be performed i n s i d e  t h e  magnetic f i e l d .  From t h e  synchronization 



8 data,  t h e  plasma f r o n t  recorded a ve loc i ty  of 2.5 x 10 cm/sec t o  
0 5 x 1 0  cm/sec. This can be v e r i f i e d  by p u t t i n g  a  p a r t i t i o n  

between t h e  guns--the discharges can no longer bz synchronized. 

The plasma f r o n t  i s  n o t  t h e  e l ec t ron  percussion wave s ince  t h e  

percussion wave usual ly  t r a v e l s  a t  a  ve loc i ty  c lose  t o  h a l f  t h e  

speed of  l i g h t .  

The c o l l i s i o n  of  t h e  two plasma beams can be observed f r o m  
... 

the  s t r e a k  p i c tu re s  (Fig.  7).  The s t r eak  camera was t r i gge red  

by t h e  l i g h t  emission a t  Gun No. 1, which usual ly  discharged f i r s t .  

The p i c tu re s  i n  Fig. 7a show t h a t  t h e  fast plasmas meet each o the r  

a t  3.5 ps.  This c o l l i s i o n  d i d  no t  r e s u l t  i n  a sharp increase  i n  

rad ia t ion  in t ens i ty .  The slower and denser plasma beams met at 

6.3 ps. This high dens i ty  plasma c o l l i s i o n  c rea ted  a sudden 

increase i n  r ad i a t i on .  The p i c tu re s  i n  Figs. 7b and 7c a r e  t h e  
, 
i delayed 5  us and 15 p s ,  r espec t ive ly .  The b r igh t  image of  t h e  

I 1 r ad ia t ion  between diamagnetic c o i l s  i nd i ca t ed  a..eontinuous buildup 
i 
1 

1 ) 
of t h e  plasma followed by a gradual  decay a f t e r  25 ps. It is  a l s o  2 I, 1 < 

veloci ty  of  t h i s  second plasma blob is only 2.5 x l o 6  cmlsec. The 11 :i 

noticed t h a t  t h e  snowplow plasma a r r ived  at t h e  l i g h t  pipe between 

*<he diamagnetic c o i l s ,  Nos. 15 and 16, about t h e  same time. The 

Streaked p i c t u r e  d id  i n d i c a t e  a long confinement time. i !- 

, ~ , , j ;  

i 
I TO ve r i fy  t h e  t iming of events  t h a t  t h e  cu r r en t  t r a c e s ,  
I 

! diamagnetic probe s i g n a l s  a r e  shown i n  Fig. 0. The gun cu r r en t  
1 

i 
I t r a ce s  i nd i ca t e  t h a t  synchronization is accurate  t o  wi thin  0.5 v s .  

The diamagnetic c o i l  No. b is loca ted  j u s t  ou ts ide  t h e  f i e l d  

entrance, which is 66 cm from t h e  Gun No. 2 muzzle.. The e a r l i e r  

s ignal  ind ica ted  t h e  f a s t  plasma passing t h i s  locat ion 



without t oo  much s c a t t e r i n g  by t h e  f i e l d  l i ne s .  The plasmas 

start 'ed t o  cumulate a t  Coi l  No. 5 ,  which was j u s t  i n s i d e  t h e  

magnetic f i e l d .  The plasma passed t h e  No. 5 c o i l  7 psec a f t e r  

the  i n i t i a t i o n  of t h e  discharge.  The s i g n a l  l e v e l  was s t i l l  low 

u n t i l  c o l l i s i o n  took p l ace  between Coil  Nos. 6 and 7. The sudden 

cumulation of  plasmas made t h e  s i g n a l  t o  show a sudden jump. Tuo 

things  happened simultaneously ; f i rs t  , t h e  high plasma pressure  

s ta&ed t o  r e f l e c t  some plasma backout but  t h i s  is a t tenua ted  by 

the  continuous f l o w  of  plasma as can be seen from t h e  s t r a i g h t  

l i n e  build-up s i g n a l  of diamagnetic Coil  No. 5. Second, a mag- 

n e t i c  b o t t l e  was formed which tends  t o  bounce t h e  plasma blob 

back and f o r t h  between Coi l  Nos. 6 and 7. This phenomenon can be 

seen on t h e  s i g n a l  t r a c e s  and t h e  image conver ter  s t r e a k  p i c t u r e  

which was delayed 25  psec a f t e r  t h e  gun discharge was i n i t i a t e d .  

This delayed s t r e a k  p i c t u r e  w a s  made t o  c ross  check t h e  l oca t ion  

of t he  plasma blob i n  the b o t t l e  conf igurat ion with c o i l  s i g n a l s  

and t h e  decays of t h e  plasma blob density.  The neutron t r a c e  

showed t h a t  t h e  fast plasmas co l l i ded  between 4 t o  5 psec aftep 

current  i n i t i a t i o n ;  t h i s  corresponded t o  t h e  s t r e a k  p i c t u r e  i n  

Fig. 7. A bura t  o f  neutron ind ica ted  by point  (4) coincided with  

the jump in  s i g n a l s  of  t h e  diamagnetic c o i l s ,  and then t h e  

bomcing of t h e  plasma along t h e  z -d i rec t ion  in t h e  b o t t l e  con- 

f igura t ion  coincided wi th  b u r s t s  of neutrons a t  each r e f l e c t i o n ,  

which l a s t e d  until p o i n t e r  ( 5 ) .  If one counts t h e  t o t a l  e f f e c t i v e  

confin0Jmt time by t h e  neutron productior, per iod,  it is  1 2  vsec. 

P ro f i l e s  of plasma pressure  a t  d i f f e r e n t  times and loca t ions  

::'-' ?resented i n  Fig. 9. The p r o f i l e s  a l s o  show t h a t  t h e  peak 



pressure  s h i f t e d  back and fo r th .  The densi ty  of t h e  plasma w i l l  be 

determined. I n  Fig. 10 t h e  p i c t u r e  of t h e  plasma colwnn en te r ing  

t h e  magnetic f i e l d  i n d i c a t e s  t h a t  the dense plasma indeed s tayed 

toge the r  as  a small diameter beam. The sequence of  p i c t u r e s  can 

be compared with diamagnetic c o i l  data.  The dark band i s  the  

No. 4 diamagnetic c o i l .  A t  4 psec t h e  f a s t  plasma s t a r t e d  t o  

pene t ra te  t h e  magnetic f i e l d  opening. The horn shape of t h e  f l u x  

l i n e s  guiding t h e  flowing plasma can be seen. A t  5 psec t h e  plasma 

a l s o  can be seen as  if it had j u s t  passed Coil  No. 5, and t h e  

dense plasma had cumulated j u s t  beyond Coi l  No. 5. This corresponds 

t a  the  s m a l l  hump of the s i g n a l  ahead of t h e  build-up. A t  6 psec,  

pa r t  of the  plasmas were r e f l e c t e d  back and pa r t  of them went 

f u r t h e r  i n s i d e  t h e  c o i l .  The plasma had h igher  densi ty  w i t h  t h e  

a r r i v a l  of t he  continuous flaw Z-pinch plasma. This plasma forced 

open the  f i e l d  l i n e s  s o  t h a t  most of t h e  plasmas could be  penetra ted 

f r o m  8 vsec onward up t o  1 2  vsec. I n  t h e  meantime, some'of t h e  

f a s t  plasma from the  o t h e r  gun a l s o  escaped from the  f i e l d .  This  

was shown as a concent r ic  cy l inde r  of d i f f e r e n t  dens i ty  plasmas, 

Af te r  14 usec only escaping plasmas were presented.  The small 

diameter of t h e  plasma beam r e s u l t i n g  frcm . the continuous flow 

2-pinch made poss ib le  almost no s c a t t e r i n g  of  t h e  plasmas to 

pene t ra te  i n t o  the  mouth of  t h e  f i e l d .  

The densi ty  of t h e  plasma can be evaluated fmm diamagnetic 

probe data .  Since t h e  plasma can form a b o t t l e  conf igurat ion 

which is due t o  t h e  diamagnetic property of t h e  plasma (Fig. 111, 

t h e  following assumptions caE be made: (1) The plasma had a 0 

build-up t o  1 with a f i n i t e  diameter and then remained t o  be 1 



with increas ing  diameter, (2)  The temperature of t h e  plasma was 

incrdased f r o m  recover ing t h e i r  k i n e t i c  energies.  The v e l o c i t i e s  

of t he  plasma f r o n t  ( g r e a t e r  than 2 x l o 8  cmlsec) and :->a con- 

tinuous flow plasma (about &. 5 x l o 7  cmlsec) were measured from the  

s t r e a k  p ic tures .  The average ve loc i ty  of t h e  plasma is assumed t o  
7 be 5 x 10 cdsec. From e a r l i e r  da ta ,  t h e  flawing plasma had a 

temperature of -about 75 ev  (Ref. 3 1 ,  s o  t h e  s tagnated plasmas would 

.-.__. . havela  temperature of 215 ev. This temperature is  es t imated by 

taking i n t o  account t h e  t h r e e  degrees of freedom f o r  a B = 1 

plasma. The pres su re  of t h e  plasma was ca lcu la ted  from t h e  

equil ibrium assumption, 732 

where B, = Bo + AB, w i th  Bo being t h e  o r i g i n a l  D.C. BZ f i e l d .  dB 

is the  increasement of magnetic f l u x  densi ty  and can be ca lcu la ted  

s o  t h a t  t he  diamagnetic c o i l  s i g n a l s  measured t h e  amount of magnetic 

f l u x  being d i sp laced  across  t h e  diamagnetic c o i l .  

From the conservation of t h e  t o t a l  f l u x  l i n e s ,  

2 Bo n r z  = ABn (R* - ro )  

ro is  the  radium of the confined plasma, R is the r ad ius  of t h e  c o i l ,  

The mount  of flux l i n e s  pushed across  the  diamagnetic c o i l  are 
2 ( R ~  - rt) which can be evaluated f r o m  t h e  i n t e g r a l  d i a m a p a t i c  

signals. J i t h  t h i s ,  t h e  plasma pressure  
a 

:!ith tempe~c, tum T t 215 ev, t h e  densi ty  can be obtained.  The 

t i n e  h i s to ry  of t h e  plasma is  shown i n  Fig. 10. 



The neutron production period k. i t h  t h e  magnetic f i e l d  was 

very long, and t h e  bouncing of t h e  plasma blob along the  Z-axis 

created b u r s t s  of neutrons.  In o rder  t o  compare t h e  e f f e c t  of 

the  magnetic f i e l d ,  many numbers of f i r i n g s  were done without t h e  

magnetic f i e l d .  The t ime resolved neutron s i g n a l s  wi th  and with- 

out t he  f i e l d  a r e  shown i n  Fig. 1 2 .  The t o p  t r a c e  has a neutron 

s igna l  with a f i e l d  about 9 ki logauss.  The bottom t r a c e  has a 

bu r s t  of neutron f o r  t h e  f a s t  plasma i n t e r a c t i o n  although the  

neutron source could no t  be exac t ly  located.  No neutron bu r s t  

CM be seen a f t e r  t h i s .  A s i l v e r  ac t iva t ed  neutron counter  was 

a l s o  used i n  conjunction wi th  a coun2er p r i n t e r  un i t .  The counting 

was p r in t ed  every minute. This enables us t o  check t h e  background 

counts before  and a f t e r  t h e  f i r i n g .  The average of  t h e  neutron 

production, over 16 f i r i n g s ,  ind ica ted  a s ign i f i can*  :ncrease i n  

t h e  neutron production with  t h e  magnetic f i e l d .  

The experiment of  double i n j e c t i o n  of  t h e  . '.lsmas i n t o  a 

long B, f i e l d  was the  first  of i ts kind. Tile amount of  t ime and 

support l e v e l  can only al low us t o  do t h i s  i n  a small machine; 

hmever ,  the  r e s u l t s  i n d i c a t e  no gross i n s t a b i l i t y ,  as i n  t h e  

case of t h e  lower dens i ty  i n j e c t i o n  experiments. The confirmed 

plasm. dansi ty  1015/cc is  t h r e e  orders  of magnitude b e t t e r  than  

o the r  i n j e c t i o n  experiments. The high densi ty  t oge the r  wi th  t h e  

lonq confinement time were made poss ib le  because of t h e  unique 

Plasma def lagra t ion  gun. This. c m t a i n l y  suggests  many poss ib l e  

experiments i n  a similar b u t  l a r g e r  ~ a c h i n e  i n  t h e  fu ture .  Some 

day we c e r t a i n l y  hope t o  break the, b a r r i e r  of  Lawson's c r i t e r i a .  

Other appl ica t ions  of t h i s  experiment include t h e  chalking of the  



plasma leakage of t h e  0-pinch machine and i n j e c t i o n  o f  dense plasr,;, . 
i n t o  o t h e r  conf igura t ions .  
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FIGURES 

Thermalized Plasmas i n  a S e l f  -Imposed Magnetic B o t t l e .  

Def lagra t ion  Plasma Gun. 

Time H i s t o r y  of t h e  Development of t h e  Continuous Flow &Pinch 
from t h e  Def lagra t ion  Plasma G u n .  

(a) Ordinary BZ F i e l d ,  (b) I n v e r t e d  B, F i e l d .  

Set  Up of  t h e  I n j e c t i o n  Experiment. 

~ l l u s t r a t i o n  o f  t h e  Ins t rumenta t ion  o f  t h e  I n j e c t i o n  Experiment. 

S t r e a k  P i c t u r e  of t h e  Plasma C o l l i s i o n  Trapping and Confinement. 

(a) Gun Valve Current Trace ,  (b) Gun Discharge Current  Trace, 
(c) Diamagnetic Co i l  S i g n a l  Trace #4 and #5, 0.2 V / c m  w i t h  
I n t e g r a t o r  Time Constant = 2.2 m i l l i s e c . ,  #6 and #7,  5 V/cm w i t 5  
I n t e g r a t o r  Time Constant = 940 usec, ( 3) Time Resolved Neutron 
S igna l ,  (e)  S t r e a k  P i c t u r e ,  10 psec S t r e a k  Durat ion,  Delayed 
25 vsec a f t e r  Gun 8 1  S t a r t e d .  

Diamagnetic Co i l  S i g n a l  as Evaluated  i n  Terms of Plasma 
Pressure  . 
50 nanosecExposure of  t h e  Plasma P e n e t r a t i n g  t h e  Entrance  
Reeion o f  t h e  Magnetic F i e l d  as a Function o f  Time. 
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