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The effect  of alkal i  me ta l  vapor  on the work  function of the cathode m a t e r i a l  in va r ious  
MHD insta l la t ions  has  as  yet  been l i t t le  studied [1]. Nor has  the mutual  influence of adso rp -  
t ion p r o c e s s e s  on the cathode sur face  and p r o c e s s e s  taking place in the p a r t s  of a p l a sma  
d i scharge  c lose  to the e l ec t rodes ,  although this  informat ion  is  e x t r e m e l y  vi tal  in o rde r  to 
make  a c o r r e c t  de te rmina t ion  of the emis s ion  c h a r a c t e r i s t i c s  of cathodes  in p l a sma .  The 
manne r  in which the e lec t rode  b e c o m e s  coated with the p l a s m a  m a t e r i a l  d e t e r m i n e s  the 
work  function of the e lec t rode  and thus the d i scharge  cu r r en t  densi ty  and cathode potential  
drop ~s" On the other  hand, the degree  of cove rage  of the cathode with the adsorbed  pa r t i c l e s  
depends substant ia l ly  on the value of ~0 s. In this pape r  we shall  p ropose  a method of ca l -  
culating the e m i s s i o n  c h a r a c t e r i s t i c s  of cathodes  during a h e a v y - c u r r e n t  p l a s m a  d ischarge  
allowing for  the mutual  influence of t h e p r o c e s s e s  in question.  The p rob lem is  solved in a 
one-d imens iona i  set t ing for  an automat ic  t h e r m i o n i c - e m i s s i o n  d i scharge  (discharge of the 
" spo t l e s s"  type) .  

Using the fundamental  adsorpt ion equation [2] and also the Frenke l  fo rmu la s  [3] for  the t ime  spent 
by p a r t i c l e s  on an adsorben t  sur face ,  we m a y  der ive  an equation for  the degree  of coverage  of a cathode 
sur face  with adsorbed  ma te r i a l :  

o i ~  j~ Q (o) 
ZmkTw exp (1) [ kT~ J 

where  0= a / a  m i s  the d imens ion less  deg ree  of coverage ,  ~ is  the densi ty of the coating, i .e . ,  the number  
of adsorba te  a toms  (or ions) pe r  unit  sur face  a r ea  of the subs t ra te ,  ~m is  the densi ty  of the coating c o r -  
responding  to the ex is tence  of a mono laye r  of p l a s m a  m a t e r i a l  on the cathode surface ,  T w is  the t e m p e r a -  
tu re  of  the cathode sur face ,  N is  the flow of heavy  pa r t i c l e s  f r o m  the p l a s m a  per  unit sur face  of cathode 
pe r  unit  t ime ,  h i s  P l anck ' s  constant ,  k is  Bol tzmarm's  constant ,  q i s  the e l e m e n t a r y  e lec t r i c  charge,  and 
Q(0) is  the heat  of sorpt ion of the adsorbed  a toms .  

When the adsorpt ion  of p l a s m a  pa r t i c l e s  takes  place main ly  in the f o r m  of ions,  the fo rmulas  of [4] 
m a y  be used  to de te rmine  the dependence of Q on 0o 

Numer ica l  o r  graphica l  solution of Eq. (1) gives the re la t ionship  0 = 0(Tw, b0. Hence on the bas i s  of  
[5] we may  find the change taking place in the work  function fo r  any specif ic  pa i r  of m a t e r i a l s  ( a d s o r b a t e -  
subst ra te)  as  a function of the t e m p e r a t u r e  T w and the value of N. In o r d e r  to de te rmine  the value of 0we 
m a y  use  the Zwicker  fo rmula  for  the Richardson constant  [5]. 
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When the p l a s m a  contains pa r t i c l e s  of  two or  m o r e  substances ,  we 
may  approx imate ly  consider  that  for  0 << 1 the resu l tan t  change in the 
work  function equals  the sum of the changes  in work function due to the 
individual p l a s m a  components .  

In o rde r  to solve the p rob lem we then requ i re  re la t ionships  de-  
sc r ib ing theproeesses [ t ak ing  place in the region next  to the  cathode, and 
also a re la t ion  for  de termining  the t e m p e r a t u r e  T w. 

For  the f i r s t  of these  r e q u i r e m e n t s  we m a y  use  the re la t ionships  
given in [6, 7], with the one di f ference  that  the value of the work  function 

in [6, 7] should be  r ep l aced  by the quantity � 9  w, N), where  
A@(Tw, N) is  de te rmined  as jus t  indicated.  

The t e m p e r a t u r e  of the cathode sur face  was  approx imate ly  d e t e r -  
mined f r o m  the ene rgy -ba l ance  equation at the surface  of the cathode, 
which t akes  the fo rm 

Qi + Qa + -{- ,Qe - Qt - Q J  - -  Qv - Q ~  - Q~ Q,, = 0 (2)  

Here  Qi i s  the ene rgy  c a r r i e d  f r o m  the p l a s m a  to the cathode by the flow of ions; Qa + is  the ene rgy  
c a r r i e d  to the cathode by neutra l  p l a s m a  a toms;  Qe i s  the energy  c a r r i e d  to the cathode by v i r tue  of the 
p l a s m a  e lec t rons ;  Qa-  i s  the heat  c a r r i e d  away by re f l ec ted  neut ra l  a toms;  Q p i s  the heat  c a r r i e d  away 
by vi r tue  of sur face  ionization; Qra  i s  the heat  c a r r i e d  away  f rom the cathode ~oy radiat ion;  Qc is  the heat  
c a r r i e d  away into the s t ruc tu re  of the appara tus  (assumed known); Qv is  the hea t  c a r r i e d  away by evapo-  
ra t ion  of the cathode m a t e r i a l .  

In c a r ry ing  out the calculat ions the value of Qi was de te rmined  f r o m  

Q~ = q-1]i~ [2kT~ -1- q (% +:V~)] 

Here  V i i s  the ionization potent ial  of the p lasma;  Jic is  the cu r ren t  densi ty  of the ions pass ing  f rom 
the p l a s m a  to the cathode; T i i s  the t e m p e r a t u r e  of the p l a s m a  ions .  

Using the r e s u l t s  of  [8]~ for  the quantity Q +  we have 

Qa + = 4no | / -  kTa kT  a 
u 2~m a 

t 

where  n a, T a, m a  a re  the concentrat ion,  t e m p e r a t u r e ,  and m a s s  of the neu t ra l  a toms .  

The remain ing  t e r m s  take the fo rm 

k-r: /q 
Q~. = a~T(~ ~, Q~ = m ~  

Here  8 i s  the emi s s iv i t y  o f theca thode ,  ff i s  the S te fau -Bo l t zmann  constant ,  m ~ is  the r a t e  of evap-  
orat ion of the cathode m a t e r i a l ,  W is  the heat  of evapora t ion  of the cathode ma te r i a l ,  Je is  the e lec t ron  c u r -  
ren t  f r o m  the p l a s m a  to the cathode, Te is  the t e m p e r a t u r e  of the p l a s m a  e lec t rons .  

The s imul taneous solution of the equations in the  region c lose  to the cathode and Eqs.  (1) and (2) by 
an i te ra t ion  method o f fe r s  the poss ib i l i ty  of de termining  all the in te res t ing  c h a r a c t e r i s t i c s  of the reg ion  
next to the cathode as  r e g a r d s  adsorpt ion p r o c e s s e s  on the cathode su r face .  

In c a r ry ing  out the calculat ions,  we took tungsten as cathode (substrate)  m a t e r i a l ,  with A = const= 
70 A �9 cm -2 �9 deg -2, and l i thium as adsorba te .  The t e m p e r a t u r e  of the e l ec t rons  in the p l a s m a  T e was  taken 
as  104 ~ T i = Ta=  4 - 103 ~ In de te rmin ing  the flows of ions f rom the p l a s m a  to the cathode, we allowed 
for  the r e su l t s  of [8]. Figure  1 shows some typica l  vo l t / ampe re  c h a r a c t e r i s t i c s  of the region close to the 
cathode, allowing for  the dynamic adsorpt ion of p l a s m a  m a t e r i a l  on the cathode sur face  with n i = 2 �9 10 t5 
em -3 (continuous line), and also without allowing for  adsorpt ion  (broken line). F igure  2 shows the dependence 
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of the cathode sur face  t e m p e r a t u r e  on the cu r ren t  den-  
s i ty  a t  the cathode allowing for  dynamic adsorpt ion for  
va r ious  concent ra t ions  of ions in the p l a s m a  (curves 
1 co r re spond  to ni = 1015 cm -3, cu rves  2 to 2 "1015cm -3, 
cu rves  3 to 3 -1015 cm -3) (continuous lines), and also 
without allowing for  adsorpt ion (broken lines).  We see 
f r o m  an examinat ion of these  g raphs  that, on allowing 
for  dynamic adsorpt ion,  for  a fixed voltage drop in the 
cathode l aye r  the re  is  a slight i nc r ea se  in the cu r r en t  
dens i ty  and a lso  a cons iderable  reduct ion in the cathode 
t e m p e r a t u r e  (by the o rde r  of 200~ This  r e su l t  i s  
quite eas i ly  explained. We find, in fact,  on es t imat ing  
the t e r m s  in the ene rgy -ba l ance  equation for  the con- 

ditions he re  envisaged,  that  the main  acce s s  of ene rgy  to the cathode is  a t t r ibuted to the bombardmen t  of 
the cathode sur face  by p l a s m a  ions acce le ra t ed  in the region of the potent ia l  drop.  The main  loss  of en-  
e rgy  f r o m  the cathode a r i s e s  f rom thermionic  emiss ion .  Sincethequant i ty  Qi is independent of the work 
function of the cathode ma te r i a l ,  the r e m o v a l  of ene rgy  by the emi s s ion  e l ec t rons  should to a f i r s t  approx-  
imat ion r e m a i n  constant  on vary ing  ~.  When ~ f a l l s  by an amount A~, the ene rgy  requ i red  to r e l e a s e  one 
e lec t ron  d imin ishes  by an amount p ropor t iona l  to A~.  On the other  hand, according  to the R i c h a r d s o n -  
Dushman formula ,  the flux of emi s s ion  e l ec t rons  i n c r e a s e s  exponential ly with r i s ing  &~. The total  r e m o v a l  
of ene rgy  by the emis s ion  e l ec t rons  may  be kept  constant  by reducing the in tens i ty  with which the emiss ion  
cu r r en t  densi ty  r i s e s ,  i .e. ,  by reducing the cathode sur face  t e m p e r a t u r e .  

It follows f r o m  a cons idera t ion  of the graph  Tw= f(j) and the v o l t / a m p e r e  c h a r a c t e r i s t i c s  that an in-  
c r e a s e  in the concentra t ion of the ions in the p l a s m a  leads to a r i s e  in cathode t e m p e r a t u r e  and to a r e -  
duction of the vol tage drop in the l aye r  close to the cathode. An i nc r ea se  in the ion concentra t ion also leads 
to a reduct ion in the effect  of  adsorpt ion on the c h a r a c t e r i s t i c s  of the p r o c e s s e s  occurr ing  close to the 
cathode. Apar t  f r o m  the obvious cause  (the i nc r ea se  in the t e m p e r a t u r e  Tw), this is a consequence of the 
i nc rea se  in the contr ibution of the ion cu r r en t  (on which adsorpt ion p r o c e s s e s  have no influence) to the 
total  cu r r en t  of the system.�9 

The fact  that  the t e m p e r a t u r e  T w depends on the cu r r en t  densi ty  j indicafi~s that  p r o c e s s e s  taking 
place in the reg ions  next to the e l ec t rodes  have a m a j o r  effect  on the degree  of cove rage  0. Converse ly ,  
any calculat ion of the region next to the e lec t rodes  without allowing for  the effects  of adsorpt ion p r o c e s s e s  
m a y  lead to se r ious  e r r o r s .  

Thus,  even for  the d i scharge  conditions he re  envisaged,  which a re  c h a r a c t e r i z e d  by a high cathode 
sur face  t e m p e r a t u r e  T w, adsorpt ion p r o c e s s e s  and the mutual  re la t ionship  between these  and the p r o c e s s e s  
taking place on the cathode sur face  and close to the cathode play a m a j o r  pa r t  and mus t  be cons ideredwhen 
calculat ing the c h a r a c t e r i s t i c s  of p l a s m a  d i scha rges .  
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