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Abs t rac t  

I n  r ecen t  years  t h e r e  have been seve ra l  
t h e o r  t ' c a l  and experimental inves t iga-  
t i ons f -& of  t h e  e l e c t r i c a l  conduct iv i ty  of  
noble gases seeded with cesium o r  potassium. 
The t h e o r e t i c a l  ca l cu l a t i ons  have been based 
on two assumptions: a )  t h a t  volume ioniza-  
t i o n  and recombination a r e  i n  Saha e q u i l i -  
brium a t  t h e  e l e c t r o n  temperature, and b) 
t h a t  t h e  e l e c t r o n  d i s t r i b u t i o n  func t ion  i s  
nea r ly  maxwellian. Assuming two- and 
th ree - l eve l  model cesium atoms and so lv ing  
t h e  r a t e  equat ions f o r  t h e  bound e l e c t r o n s ,  
BenDaniel and amo or^ i nd i ca t ed  t h a t ,  a t  
l e a s t  f o r  t h e i r  model atoms and assumed 
c ros s  s ec t ions ,  assumption ( a )  i s  v a l i d  f o r  

?sium number d e n s i t i e s  g r e a t e r  than  
114 cm-3 and e l ec t ron  temperatures  above 
. 3  ev. Assumption (b)  has not been 
loroughly inves t iga ted ,  however. I n  f a c t ,  
le reason advanced f o r  t h e  l ack  of good 
"reement between theory and experiment a t  
w cu r r en t  d e n s i t i e s  i s  t h a t  t h e  e l e c t r o n  
s t r i b u t i o n  funct ion i s  not maxwellian, 
ing t o  t he  r e l a t i v e l y  low e  4ec t ron-
e c t r o n  c o l l i s i o n  frequency. 

I n  genera l ,  it i s  i nco r r ec t  t o  d e a l  wi th  
;hese two assumptions s epa ra t e ly ,  because 
t hey  a r e  coupled. The r a t e s  of e x c i t a t i o n  
and i o n i z a t i o n  by e l e c t r o n  impact, a s  w e l l  
a s  t h e  inverse  processes of three-body de-
e x c i t a t i o n  and capture ,  depend s t rong ly  on 
t h e  d i s t r i b u t i o n  funct ion of t h e  f r e e  
e l ec t rons .  I f  t h i s  d i s t r i b u t i o n  i s  f a r  
from maxwellian, t h e  f r e e  e l e c t r o n  number 
d e n s i t  may depa r t  widely from t h e  Saha 
value. Conversely, i f  t h e  populat ions 
of  t h e  var ious  atomic s t a t e s  depar t  from 
equi l ibr ium,  e .g. ,  by r a d i a t i v e  t r a n s i t i o n s ,  
t hen  t h e  depletion of t h e  t a i l .  o f  t h e  f r e e  
e l e c t r o n  d i s t r i b u t i o n  by i n e l a s t i c  
c o l l i s i o n s  w i l l  not be balanced by super- 
e l a s t i c  c o l l i s i o n s .  

A complete a n a l y s i s  of  a gas discharge i n  
which bo th  f r e e  and bound e l e c t r o n s  a r e  out  
of  equi l ibr ium requ i r e s  s o l u t i o n  of (1) t h e  
Boltzmann equat ion  f o r  t h e  f r e e  e l ec t rons ,  
( 2 )  t h e  r a t e  equat ions f o r  t h e  bound s t a t e s ,  
and (3)  t h e  equat ion  of r a d i a t i v e  t r a n s f e r .  
Usual ly  only  one aspec t  of t h e  problem i s  
considered.  This paper r e p o r t s  research  i n  
progress  on p a r t s  (1) and ( 2 ) .  

As t h e  f i r s t  s t e p ,  t h e  i s o t r o p i c  p a r t  o f  
t h e  e l e c t r o n  d i s t r i b u t i o n  func t ion  was 
c a l c u l a t e d  from a  Boltzmann equat ion  which 
included t h e  a c c e l e r a t i o n  of t h e  e l e c t r i c  
f i e l d  and e l a s t i c  e l ec t ron -e l ec t ron ,  
electron-atom, and e lec t ron- ion  c o l l i s i o n s .  
These c a l c u l a t i o n s  show t h a t  f o r  d i scharges  

i n  atmospheric  p r e s s u r e  a rgon seeded  w i t h  
potassium, t h e  e l e c t r o n  d i s t r i b u t i o n  
func t ion  	is  maxwell ian ove r  t h e  e n t i r e  
range o f  expe r imen ta l  c u r r e n t  d e n s i t i e s .  3'5 
This  conc lus ion  h  I d s  even f o r  

= 3 	x 1012 cm-', whereas IZerrebrock3 tima mated t h a t  t h e  d i s t r i b u  ' o n  f u n c t i o n  i s  

nonmaxwellian below Ele = 10" 


A s  t h e  second s t e p ,  t h e  d e p a r t u r e  o f  t h e  

bound and f r e e  e l e c t r o n  p o p u l a t i o n s  from 

Saha e q u i l i b r i u m  was i n v e s t i g a t e d  f o r  a 

maxwellian f r e e  e l e c t r o n  d i s t r i b u t i o n ,  i n  

o r d e r  t o  a s s e s s  t h e  magnitude o f  t h e  i n -  

e l a s t i c  c o l l i s i o n  te rms  i n  t h e  Boltzmann 

equat ion .  Because t h e s e  te rms  i n c l u d e  

s u p e r e l a s t i c  p roces se s ,  t h e y  van i sh  f o r  

complete bound-free equ i l i b r ium.  A f i v e - 

l e v e l  model cesium atom was chosen,  con-

s i s t i n g  of  t h e  6 s ;  6 p , p 8 ;  5 d , d t ;  7 s  s t a t e s ,  

and a lumped s t a t e  w i t h  a  b ind ing  ene rgy  o f  

0.6 ev and a degeneracy o f  50. Both he  
c l a s s i c a l  Bohr-Thomson and Gryz insk i  11 
c r o s s  s e c t i o n s  were used  t o  c a l c u l a t e  t h e  
r a t e  c o e f f i c i e n t s  and c o l l i s i o n  te rms  f o r  
e x c i t a t i o n ,  d e - e x c i t a t i o n ,  i o n i z a t i o n  and 
three-body cap tu re .  Some c a l c u l a t i o n s  were 
a l s o  pe formed u s i n g  an expe r imen ta l  c r o s s  
s e c t i o n f  f o r  t h e  6s+ 6p. p '  e x c i t a t i o n .  
Spontaneous r a d i a t i v e  t r a n s i t i o n  p r o b a b i l i -  
t i e s  f o r  cesium were t a k e n  from Ref. 13. 
I f  t h e  gas  i s  assumed o p t i c a l l y  t h i c k  t o  a l l  
r a d i a t i o n ,  t h e  i o n i z a t i o n  r a t e  from t h e  
lumped s t a t e  i s  by f a r  t h e  l a r g e s t .  I n  t h e  
oppos i t e  l i m i t i n g  c a s e  o f  a  g a s  o p t i c a l l y  
t h i n  t o  a l l  r a d i a t i o n ,  t h e  d e p l e t i o n  o f  t h e  
popu la t i on  of  t h i s  s t a t e  by  downward r a d i -  
a t i v e  t r a n s i t i o n s  i s  r e s p o n s i b l e  f o r  a 
l a r g e  r educ t ion  i n  t h e  f r e e  e l e c t r o n  d e n s i t y ,  
e s p e c i a l l y  a t  low e l e c t r o n  t empera tu re s .  
Various i n t e rmed ia t e  c a s e s  a r e  p r e s e n t e d  
where t h e  gas i s  o p t i c a l l y  t h i n  t o  o n l y  
c e r t a i n  l i n e s .  The i n e l a s t i c  c o l l i s i o n  
terms a r e  compared w i t h  t h e  e l a s t i c  te rms  

. i n  a l l  t h e s e  	ca se s .  I n  t h e  o p t i c a l l y  t h i n  
ca se s ,  t h e  former become comparable w i t h  
t h e  e l e c t r o n - e l e c t r o n  c o l l i s i o n  t e rm,  hence 
it i s  expected t h a t  t h e  e l e c t r o n  d i s t r i b u -  
t ion  func t ion  w i l l  d e p a r t  from maxwellian 
i n  t h e s e  cases .  

Work on t h e  t h i r d  phase of  t h e  problem, 

t h e  s imultaneous s o l u t i o n  of  t h e  Bol t  zmann 

equat ion  and t h e  r a t e  e q u a t i o n s ,  is  i n  

p rog re s s ,  and t h e  method of  s o l u t i o n  and 

p r e l imina ry  r e s u l t s  a r e  p re sen ted .  
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