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Abstract  

The accurate predic t ion of the  e lec t ron  
temperature, e l e c t r i c a l  conductivity, and 
other  proper t ies  i n  a p a r t i a l l y  ionized 
nonequipart i t ion plasma r e s t s  on a know-
ledge of the  e lec t ron d i s t r i b u t i o n  
function. Of pa r t i cu la r  i n t e r e s t  a re  the  
condit ions under which departures occur 
from a  Maxwellian form f o r  the  i so t rop ic  
p a r t  £0 of the  d is t r ibut ion.  To t h i s  end 
the  e lec t ron Boltzmann equation has been 
formulated fo r  a  s p a t i a l l y  uniform, steady-
s t a t e  plasma i n  a  strong e l e c t r i c  f i e l d ,  
employing an expansion i n  spher ica l  har- 
monics and the  s impl i f ica t ions  consis tent  
with the small e lec t ron mass. Boltzmann 
c o l l i s i o n  operators were used fo r  electron- 
neu t ra l  and electron-ion co l l i s ions ,  and 
the Fokker-Planck operator f o r  electron- 

lectron encounters. The heavy-particle 
. s t r ibut ion functions were assumed t o  
! Maxwellian a t  the temperature Th. 

The conditions studied and q u a l i t a t i v e  
:suits can be discussed i n  terms of the  
,110winq diaqram: 

Here t h e  o rd ina te ,  t h e  square of t h e  
r a t i o  of t h e  e l e c t r o n  d r i f t  v e l o c i t y  YZ 
t o  t h e  mean e l e c t r o n  thermal ,speed,  
i s  approximately equa l  t o  t h e  r a t i o  of  
the  average energy gained by an e l e c t r o n  
between c o l l i s i o n s  i n  an  e l e c t r i c  f i e l d  
t o  t h e  e l e c t r o n  thermal energy. Hence 
the  o rd ina te  i s  a  measure of  t h e  s t r e n g t h  
of t h e  e l e c t r i c  f i e l d .  The a b s c i s s a  is  
t h e  r a t i o  of t h e  e lec t ron-e lec t ron  
c o l l i s i o n  frequency t o  t h e  t o t a l  e l e c t r o n -  
n e u t r a l  c o l l i s i o n  frequency and i s  a 
measure of t h e  degree of  i o n i z a t i o n .  The 
upper l i m i t  on t h e  diagram corresponds t o  
t h e  s t a t i c  i n s t a b i l i t y  r e f e r r e d  t o  by 
Kerrebrock. l 

Values of  t h e  o r d i n a t e  very much l e s s  
than t h e  mean e lec t ron- to-heavy-par t ic le  
mass r a t i o  (HT-) correspond t o  weak 
e l e c t r i c  f i e &  and thus  t o  equa l  
e l e c t r o n  and heavy p a r t i c l e  temperatures 
I n  t h i s  region,  t h e  e l e c t r i c a l  conduc- 
t i v i t y  u can be c a l c u l a t e d  a c c u r a t e l y  by 
means of t h e  Chapman-Enskog expansion. 
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S ~ i t z e r  and ~ 8 r m ' s ~  f o r  f u l l v  r e s u l t s  I n  t h e  nonequipar t i t ion  case ,  

kT e  /,G: 

when 
ionized plasmas apply when 7) /d  >->l,e e  en <$ (me/mh) , t h e  e l e c t r o n  tem- 
t h e  weak i o n i z a t i o n  (Lorentz) l i m i t  occurs -
when 9-_ / I / _ . - <<1-	 7 /ee -en  p e r a t u r e  T mevL/3k can b  e found from 

t h e  expresgion 

where QMh(v) i s  t h e  c ross  s e c t i o n  f o r  
momentum t r a n s f e r  between e l e c t r o n s  and 
t h e  heavy spec ies  h, nh t h e  number dens i ty  
o f  species  h ,  and j t h e  cur ren t  densi ty .  

It can be shown from an a n a l y s i s  of t h e  
k i n e t i c  equat ions  t h a t  whenever 
Jee/ den2> (me/%) , t h e  i s o t r o p i c  p a r t  

o f  t h e  d i s t r i b u t i o n  funct ion i s  Maxwellian, 
al though a t  an e leva ted  temperature. When 
t h i s  holds  t h e  equat ion f o r  t h e  a n i s o t r o p i c  
p a r t  of t h e  d i s t r i b u t i o n  funct ion becomes 
independent o f  t h e  heavy-par t ic le  temper-
a tu re .  I n  t h i s  l i m i t  t h e  Chapman-Enskog 
s o l u t i o n  f o r  t h e  e l e c t r i c a l  conduct ivi ty  
can be accura te ly  extended t o  nonequi- 
p a r t i t i o n  plasmas. That is, i n  t h e  f u l l y  
ionized l i m i t  S p i t z e r  and Harm's r e s u l t s  
apply wi th  t h e  e l e c t r o n  temperature replac-  
i n g  t h e  gas temperature. Between 
dee/?/en ,>(me/%) and t h e  f u l l y  ionized 

l i m i t  t h e  r e s u l t s  of Schweitzer and 
M i t ~ h n e r , ~  	 r u l ewhich compare t h e  mixture 
o f  Frost  t o  t h e  Chapman-Enskog so lu t ion ,  
can be extended t o  t h e  s t r o n g - f i e l d  region 
by the  use o f  Te i n  p lace  of T h' 

The t r a n s i t i o n  between t h e  weak-ioniza- 
t&on (Lorentz) and Maxwellian forms f o r  
f has been s tud ied  by numerical in tegra -  
t i o n  of t h e  k i n e t i c  equat ions  i n  the  
region dee/den<<1. A s  ind ica ted  i n  t h e  

diagram, t h i s  region over laps  t h e  region 
where f 0  i s  Maxwellian. Accordingly, it 
has  been poss ib le  t o  demonstrate numeri- 
c a l l y  t h e  t r a n s i t i o n  t o  an elevated-tem-
pera tu re  Maxwellian. When ~ee/7/,n(4 1 

t h e  e lec t ron-e lec t ron  c o l l i s i o n  terms can 
be  neglected i n  t h e  equat ion f o r  t h e  
a n i s o t r o p i c  p a r t  o f  t h e  d i s t r i b u t i o n  
funct ion and t h e  e l e c t r i c a l  conduct ivi ty  
i s  given by 

Here, i n  general ,  f 0  must be obtained 
numerically. It has been found, however, 
t h a t  accura te  values f o r  u can be obtained 
from t h i s  equat ion by t h e  use of a  Max- 
wel l ian  f0  based on t h e  a c t u a l  e l e c t r o n  
temperature from t h e  numerical solut ion.  

Calcula ted e l e c t r i c a l  conduct i v i t l e s  
have been compared with t h e  experhmental 
r e s u l t s  of Kerrebrock and Hof £man and 
Cool and Zukoski, with good agreement. 
Under t h e  cond i t ions  of these  experiments, 
ng s i g n i f i c a n t  depar tu res  from a  Maxwellian 
f a r e  p red ic ted  by t h e  numerical solut ions .  

Resul ts  from t h e  numerical evaluat ion of 
f 0  show i n  some cases  an i n t e r e s t i n g  de- 
p r e s s i o n  of t h e  high energy " t a i l "  of t h e  
d i s t r i b u t i o n  func t ion  i n  an argon plasma, 
r e s u l t i n g  from t h e  Ramsauer minimum i n  t h e  
noble-gas c ross  s e c t i o n  and t h e  energy 
v a r i a t i o n  of t h e  e lec t ron-e lec t ron  cross 
s e c t i o n .  The e f f e c t  of non-elas t ic  c o l l i -
s ions  on t h i s  depress ion of t h e  t a i l  of 
t h e  d i s t r i b u t i o n  funct ion i s  present ly  
under i n v e s t i g a t i o n .  
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