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Resu l t s  a re  shown of an expe r imen t a l  study concern ing  the mass  content and the energy spec -  
t rum of a p l a s m a  je t  genera ted  in a conical  e ros ive  a c c e l e r a t o r .  The effect of the d i s c h a r g e -  
c i r cu i t  p a r a m e t e r s  on the ton component  and on the e l ec t ron  t e m p e r a t u r e  [n the p l a s m a  has 
been es tab l i shed .  

Impor tan t  c h a r a c t e r i s t i c s  of a p l a s m a  je t  genera ted  in a pulse  a c c e l e r a t o r  a re  i ts mass  content and 
its ene rgy  s p e c t r u m  [1]. These  c h a r a c t e r i s t i c s  were  studied in [2, 3] in p l a s m a  s y s t e m s  with an inject ion 
of gas into the d i s c h a r g e  chamber .  It would be of i n t e r e s t  to know these  c h a r a c t e r i s t i c s  a lso  in the case  of 
an e r o s i v e  p l a s m a  a c c e l e r a t o r .  

Here  a re  given r e s u l t s  obtained by a m a s s - s p e c t r o s c o p i c  ana lys i s  of p l a s m a  c l u s t e r s  general;ed in a 
conica l  e ros ive  a c c e l e r a t o r .  

The t e s t  appara tus  (Fig. 1) cons i s ted  of a conical  p l a s m a  a c c e l e r a t o r  1, an energy  s tor ing  e lement  
2, a h igh-vol tage  d i s c h a r g e r  3, and a vacuum s y s t e m  4. The p l a s m a  a c c e l e r a t o r  included a conical  Tef -  
lon-3 [C2F2Ct]n insu la to r  and copper  e l e c t r o d e s  located one at the apex and one at the base  of the d~scharge 
chamber .  The g e n e r a t r t x  of this  cone was 100 mm long and i ts  angle was 20 ~ . The e l e c t r o d e  at the base  
was hollow with an inside d i a m e t e r  44 ram. The e l ec t rode  at the apex was cy l ind r i ca l  with a d i a m e t e r  9 
ram. Inside this  e l ec t rode  was ins ta l l ed  a spa rk  source  for  in i t ia t ing  the fundamental  e l e c t r i c  d i s cha rge  
[4]. The energy  s to r ing  e l e m e n t w a s a 2 0 0  p ~ F b a n k o f K I M - 8 c a p a c i t o r s w h t e h c o u l d b e c h a r g e d  up to 5 kV 
f rom a h igh-vol tage  r ec t i f i ed  supply. The p l a s m a  genera ted  by such a powerful d i s cha rge  of the capac i t o r  
bank did, by e ros ion  of the s t r u c t u r a l  components  tn the a c c e l e r a t o r ,  p ropaga te  along the vacuum c h a m -  
b e r  (Fig. 1). F o r  the ex t rac t ion  of tons f rom the p l a sma ,  the l a t t e r  was f i r s t  co l l imated  by means of d i -  
aph ragms ,  whereupon its s ample  for  ana lys i s  was dr iven  into the a c c e l e r a t i n g  gap and there  the ion com-  
ponent was s epa ra t ed .  After  that, the ion flux was t r ansmi t t ed  through a sy s t em of ion opt ics ,  where  the 
ions were  seg rega ted  accord ing  to the i r  charge  densi ty.  The tons were  r e c o r d e d  on nuc lea r  grade  MK pho- 
tographic  f i lm p la tes .  Legible  t r a c e s  on these  pIates  were  produced as a r e s u l t  of 25 ident ical  d i s c h a r g e s  
each.  The f i lms  were  then developed under  s t r ingen t ly  mainta ined condi t ions .  In this way, the number  of 
ions of a given c a t e g o r y  could be de te rmined  f rom the degree  of the i r  in te rac t ion  with the f i lm emuls ion 
[61, 
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Fig .  1. Bas ic  schemat ic  d i a g r a m  of the t es t  ap- 
pa ra tus .  
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Fig. 2. M a s s - s p e c t r o g r a m  of a p lasma jet, obtained at voltage 
U 0 = 2 kV and c i rcui t  inductance L 0 ~ 0.2 t~H. 

Fig. 3. M a s s - s p e c t r o g r a m  of a p lasma jet, obtained at U 0 = 2 kV 
and L o ~ 1 g H. 

The mean electron tempera ture  in the p lasma was est imated with the aid of an electrostat ic  probe 
[7] placed along the axis of the p lasma acce le ra tor .  The probe design and the measur ing circui t  were  the 
same as in [8]. 

The photographic films, after appropriate processing,  have revealed that the main p lasma ingredients 
are ions of the insulator decomposit ion products CI + chlorine, F + fluorine, and C + carbon, as well as ions 
of the electrode mater ia l ,  copper  (Fig. 2). At a constant capaci tor  bank energy Q0, an increase  of the c t r '  
cuit inductance L 0 resul ts  in a lower blackening intensity of t races  on the photographic film, which indicates 
a smal le r  number of impinging ions (Fig. 3). Photometr ic  measurements  of the films with inductance L 0 
varying f r o m  0.1to 8pH have shown that the blackening intensity p var ies  according to 

1 p ~  
L0 

and that this relation seems to be valid for all ions generated f rom the products  of erosion of the acce le ra -  
tor mater ia ls .  At a constant va lueo f  L0, an increase of the capaci tor  bank energy Q0 resul ts  in m o r e  
ions in every  ca tegory .  We note that these relat ions correspond,  in a qualitative sense, to those based 
on to ta l -mass  measurements  in e ros ive  sys tems  [9, 10]. 

Our experimental  studies have shown that the p[asma contains not only s ingle-charge  CI +, F +, and 
C + ions but also mult icharge C ++ and F ++ ions, though only an insignificant amount of the latter ones. 
This is confirmed by the fact that a l ready at L 0 >- 0.5 pH and Q0 = 500 J no F ++ or  C ++ ions have been 
recorded  even after  200 discharge pulses.  

In addition to determining the mass content of a plasma, this method yields also the energy spect rum 
of ions when the velocit ies of the lat ter  are spread over  a wide range [5]. Actual measurements  have shown 
that the p lasma of a conical erosive acce le ra to r  does not contain enough ions with an anomalously high en- 
e rgy  (of the o rder  of 1 kV). The energy spec t rum of the ions was not examined in detail, however, because 
of the inadequate resolving power of the given analyzer.  

The tempera ture  of the electron component T e was measured  with an electr ic  probe and, according 
to the data, this tempera ture  is only a weak function of the e lectr ic  c i rcui t  pa ramete rs ,  namely of the in- 
ductance L 0 and the energy Q0- While these quantities were varied over a wide range of values, t empera -  
ture T e changed only f rom 2 to 3.5 eV. Typically,  the electron tempera ture  decreased noticeably along 
the jet (down to 1.5 eV under the given test conditions). Es t imates  of the maximum ion density, based on 
the probe v o l t - a m p e r e  charac te r i s t i c  for a single isolated probe indicate that it does not exceed 1015 c m  -3 

under the given test  condition and var ies  as a function of Qo and L 0. According to [11], in a conical accel-  
e ra to r  with r eve r s e  cur rent  feed the main mass  of the active medium is accelerated gasodynamical ly,  
while in cyl indr ical  erosive discharge systems,  according to [12], thermodynamic equilibrium prevai ls  in 
the p lasma already within the interelectrode region as a consequence of the high plasma density (up to 1015 
cm-3). On this basis  and also on the basis  of our resul ts ,  then, it is possible to explain the predominance 
of s ingle-charge  ions in the p lasma jet under these par t icular  conditions. 
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