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O F  P L A S M A  A C R O S S  E L E C T R O D E S  
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B L O W I N G  A N D  P U M P I N G  

The ar t ic le  d i scusses  plane s ta t ionary slowly varying flows of a nonviscous p lasma with good 
conductivity in a channel in a t r a n s v e r s e  magnetic field; the flows are  accompanied by blow- 
ing in and pumping p lasma ac ross  solid metal l ic  e lec t rodes .  The Hall  effect is taken into 
considerat ion.  It is shown that the potential  jump n ea r  the anode~ which appears  in an accel-  
e r a t edp l a smaf lowin  an ord inary  channel with solid e lec t rodes ,  can be el iminated in flows 
accompanied by blowing in (pumping) of plasma.  It is also shown that flows a re  possible  in 
which the velocity,  density,  and the t r a n s v e r s e  e l ec t r i c  field inc rease  in the direct ion of the 
a c c e l e r a to r  cathode. 

It is well  known f rom exper iments  conducted with l a r g e - c u r r e n t *  s ta t ionary coaxial p lasma acce l e r a -  
t o r s  with solid e lec t rodes  [1, 2] that the acce le ra t ion  of p lasma is accompanied by the development of a 
longitudinal e l ec t r i c  current ,  which pushes the p lasma toward the cathode of the acce le ra to r ,  and a large  
potential  jump n e a r  the anode. The longitudinal e l ec t r i c  cu r ren t  drawn far  beyond the acce l e r a to r  has a 
tendency to fo rm cur ren t  t i es  at the anode both in the acce l e r a to r  channel i t se l f  and in i ts exit section. 
The the rma l  overloading of the anode ar is ing  as a resul t  of this reduces  the stabil i ty of the ent i re  sys tem 
sharply and does not pe rmi t  an inc rease  of the d ischarge  cur ren t  when a high veloci ty  of the outflow is de-  
s i red.  Besides,  an inc rease  of the d ischarge  cur ren t  also leads to the loss of stabil i ty of the flow. 

These  phenomena a re  accounted for  by the s t rong influence of the Hall effect [3-6]. As is well known 
[7], in an ideally conducting p lasma the e lec t r i c  potential  is conserved along e lec t ron  t r a j ec to r i e s .  Since it 
i s  just  the e lec t rons  that c a r r y  e l ec t r i c  cur ren t ,  in a good-conducting p lasma the equipotentials of the e l ec -  
t r i c  field are  p r e s s e d  to the anode of the sys tem as the p lasma gets acce lera ted .  

One of the conceivable ways of el iminating large  potential  jumps n ea r  the anode and the cur ren t  t i es  is 
to obtain flow reg imes  with the feed of the p lasma ac ros s  the e lec t rodes ,  in pa r t i cu la r  the anode. In this  
case,  on the one hand the densi ty of the p lasma n ea r  the anode inc reases ,  which inc reases  the possibi l i ty  of 
the e lec t rons  hitting the anode when they approach it. On the other  hand, some fract ion of the discharge cu r -  
rent  is c a r r i e d  by ions, and hence, a more  uni form distr ibution of the d ischarge  cu r ren t  along the surface  
of the e lec t rodes  is possible.  

The  flows in MilD-genera tor  channels associa ted with the feed and pumping ac ross  the e lec t rodes  
have been invest igated in [8], where  it is shown that  the nonuniform current  distr ibution along the e lec t rodes  
caused by the Hall  effect [9] becomes  more  uniform. The object of the p resen t  work is to investigate plane 
s ta t ionary p lasma flows accompanied by the feed and pumping of p lasma ac ros s  e lec t rodes  in the channel of 
a l a r g e - c u r r e n t  acce le ra to r .  The Hall  effect  is taken into consideration.  The investigation is ca r r i ed  out 
under  the assumption of slowly vary ing  flows. 

1. In i t ia lSystem of Equations. We consider  a plane flow of fully ionized quasineutral  p lasma in a 
channel in an intr insic  (i.e., produced by the d ischarge  current)  t r a n s v e r s e  magnetic field (Fig. 1). 

*The  cha rac t e r i s t i c  p a r a m e t e r s  of a l a r g e - c u r r e n t  acce l e ra to r  are  v ~ 107-108 c m / s e c ,  number  of pa r t i c les  
in 1 cm 3 n ~ 1014-1015, t e m p e r a t u r e  T ~2 eV, d ischarge  cur ren t  I ~ 103-104 A. 
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Fig. 1 

The walls  of the channel are  the e lectrodes .  All the flow pa rame te r s  
are  assumed to be functions of the var iables  x, y. The magnetic field B is 
oriented along the z axis; in this direct ion the channel is assumed to be 
infinitely wide. The veloci ty vec tor  v, the electr ic-f ield vec tor  E, and the e lec-  
t r ic -current -dens i ty  vec tor  j lie in the plane of the flow, i.e., in the xy plane. 
The axis x is directed along the channel. We shall assume that the p lasma 
is nonviscous and does not conduct heat, that the ions a re  singly charged, that 
the iner t ia  of the e lec t rons  is negligibly small,  and that the equations of state 
of the p lasma  components (electrons and ions) a re  given by polytropic depen- 
dence Pk = Pk(P)- In this case the equations descr ibing the s tat ionary flow 
have the fo rm 

Fig. 2 

9 (v -V)v=  --  VP, divpv = 0, E = - .  V(p 
M B~ J - - E T +  v •  P =P(P)  + - ~ '  7 - -  c ep 

( rob B -Tl '  ET = --  V q~+ ~ ~ = -- Vq) T 

p~ = p~(e),  p ,  = p .  (p) 

( i . I )  

We shall  specify the mass  m ~ of the mat ter  (plasma) flowing per  second 
ac ros s  the input section of the channel. We choose the var iables  s, r inwhich 

.or .0r 

instead of the var iab les  x, y to descr ibe  the flow; here  ~b is the s t ream function of the p lasma and s is the 
length of the curve r =const.  Introducing the radius of curvature  r of the curves  ~b =const,  the f i rs t  and the 
fifth equations in (1.1) can be wri t ten in the form 

Ov OP pv~ ~ -~- pv OP 
pv--~ = - - ~ ,  r m" O,  

"~m pv OB O~Pr M O P  Vm ~ 4-~ 
m" 0* = "-7 --~-~ -f- e--~ 0"7 

"%a OB 9v O~T vB M pv OP 
c Os m" &~ o "4 ep m" O~ 

(1.3) 

F r o m  the second equation in (1.3) we get 

v B l c  r 
(My / era') OP / O~ = 

A - -  Mcv 
- -  eB j (1.4) 

We denote by L the characteristic longitudinal (along the line r = const) scale of variation of the flow 
parameters : 

0(.) i 
Os ~" -L- (') (1.5) 

The flow w i l l  be called slowly varying i f  the conditions 

4< ' ,  (1.6) 
are satisfied. 

Furthermore, we shall assume that the magnetic Reynolds number is large compared to unity: 

R voL ~ 
m= ~ (1.7) 

~m 

Here v 0 is the characteristic velocity of the plasma. 

When conditions (1.6) and (1.7) are satisfied, in the first approximation the second equation in (1.3) 
can be discarded, and the terms ( v m/C)OB/0s and (My/era') 8 P/0~J in the fourth equation in (1.3) can be 
neglected. As a result we obtain the following system of equations: 
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Fig. 3 
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B ~ i)v dP P (8) --~ p (~)) ~, p V - ~  = - - ~ ,  

v m pv OB a~'T i M dP 

( 1 . 8 )  

Conditions (1.6) signify that  the radius  of c u r v a -  
tu re  of the s t r e a m l i n e s  ~ = const must  be sufficiently 
l a rge .  If the flow is  not accompanied  by feed and 
pumping of the p l a s m a  a c r o s s  the e lec t rodes ,  i .e . ,  
the e l ec t rodes  (the channel walls) t h e m s e l v e s  a r e  
s t r e a m l i n e s  ~ = const,  then in this  case  the t r a n s -  
v e r s e  c r o s s  sect ion of the channel must  change suf-  
f iciently slowly. Noting that  for  such a flow r ~ 
(d2f/dx 2)-1 ~ L / ( d r / d x ) ,  where  f is  the width of the 
t r a n s v e r s e  c r o s s  sect ion of the channel, f r o m  (1.6) 
we have 

I dr <~t  ( 1 . 9 )  

and the approximat ion  of s lowly va ry ing  flow is  equivalent to the approximat ion  of a channel with slowly 
va ry ing  c r o s s  section.  Noting a lso  that  

Os r = c o n s t  ~ ~ = c o n ~  

where  the x axis  is d i rec ted  along the channel, f r o m  (1.8) we obtain equations descr ib ing  plane flow in a 
channel wi th  slowly va ry ing  c r o s s  section,  der ived  e a r l i e r  in [6]. 

The  r e su l t s  of the  computat ion of the flow with the use of Eqs.  (1.8) can be ref ined by substi tut ing 
the obtained r e su l t s  into the second equation and reta ining the d i sca rded  t e r m s  of the fourth equation of the 
exact  s y s t e m  of equations (1.3). 

If the e l ec t rodes  a r e  solid meta l l i c  e l ec t rodes ,  p ~ pT and fi = 8 ~ p / B  2 << 1, and the s y s t e m  of equa-  
t ions  (1.8) can be  s impl i f ied  fur ther .  In th i s  case  we find (see [6]) that  

,, _ no (t - -  q )  4~em'2~ 
v - ~ ,  Pe = M--KJ'0-- 

B = - -  U p0c (i - q) [1 P-(~) ] 

/ P  (s) W~ / M ~'#, 
q ( s )= l - - t V~( so ) ) ,  @=~---, u = v t 2 ~ 7  

(1 .10)  

The d imens ion less  ve loc i ty  u and potent ial  r sa t i s fy  the equations 

\2eu / t 'q (1.11) 
ou~ oo  I ~,SclB(.o)l ( n ) , )  

He re  U is  the potent ial  d i f ference between the e lec t rodes ,  ~ is  the exchange p a r a m e t e r  for  an in-  
finitely long channel (we a s s um e  that  the magnet ic  field tends to zero  at the exit f r o m  the channel), and P0 is 
the c h a r a c t e r i s t i c  p r e s s u r e ,  and a l so the  subscr ip t  0 denotes the value of the quant i t ies  at the en t rance  to 
the channel.  Hencefor th  we shal l  a s s um e  that  s o =0. 

F o r  flows accompanied  by feed and pumping of the p l a s m a  a c r o s s  the e l ec t rodes  ~ is  not constant  at 
the wal l s  of the channel. Denoting the va lue  of ~ at the anode by Ca(q) and at the cathode by Sk(q), we obtain 
the boundary  conditions for  the d imens ion less  potential:  

r (q, ~,) = t ,  ~p ( q , ~ )  = 0 (1.12) 
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For  the chosen normal iza t ion at the entrance to the channel, i.e.,  for  q=0,  we have Sa (0) =1 if r 
is  chosen equal to zero.  

We shall investigate three  cha rac te r i s t i c  reg imes  of flow with the feed of the p lasma  ac ros s  the e lec-  
t rodes .  It is  assumed that the p lasma  fed ac ros s  the e lect rodes  has the same charac te r i s t i c s  as the p lasma 
in the main flow. 

2. Flow Accompanied by Feed of P l a s m a  ac ros s  Anode and Pumping ac ros s  Cathode. We consider  
a flow regime in which the potential ,I, and the velocity u are  given by the relat ions 

(D = ,  - -  ~q, u = ~ g (~) 

and 

B = B 0 ( l - - q ) .  O = P o ( l - - q )  
Bo = --  cUpo / rrd 

(2.1) 

We introduce an electron s t r eam function $e by a relat ion s imi lar  to (1.2): 

v, = v - -  ~ ,  ore = roW% • n= (2.2) 

Here  n z i s the  unit vec to r  in the direct ion of the z axis. 

It is easy to see that the potential @ defined by (2.1) will be constant along electron t r a j ec to r i e s  r e 
=const  (dashed lines in Fig. 2). Hence, in the investigated regime the e lec t r ica l  cur ren t  is ca r r i ed  by ions 
(continuous lines in Fig. 2). 

F r o m  the boundary conditions (1.12) we obtain 

~h (q) = ~q, Ca (q) = i + ~q (2.3) 

Thus the total  mass  m a" of the p lasma  fed ac ros s  the anode and pumped out ac ross  the cathode is 
equal to 

too" = ~ , ,  (2.4) 

It is obvious (Fig. 3a, b) that for ~ < 1 the ions s tar t ing f rom the entrance of the channel reach the 
exit, while for ~ > 1 only ions fed ac ros s  the anode reach  the exit. 

The width of the channel f (q)*  is determined f rom the expression 

f dx m" !r dX i [2eU'~,'l,, 
](q)=ra" p(q ,x)v(q ,X)=povo~_q)  ] f ~  ~vo=t -~"  j ] (2.5) 

% 

The longitudinal (in the direct ion of the velocity v of the ions) e lec t r ic  field E s is 

E,~= --UO~ dq 
~7-d7 = ~u ~ 

The t r a n s v e r s e  e lec t r ic  field E n is determined f rom the relat ion 

pv a~ po (l -- q) vo 
E .  = - -  U ~ - ~ - 6 {  ' = - -  U . [q + g (~ ) ] ' : '  

(2.6) 

(2.7) 

In par t icular ,  the e lec t r ic  field at the anode is 

(2.8) 

Thus, if the veloci ty  of the p lasma near  the anode, determined by the feed conditions, is not too large,  
then the e lec t r ic  field also is not large.  Hence it follows that by a suitable choice of the rate of p lasma 

*Actually f(q) r epresen t s  the arc  length of the curve orthogonal to the s t reamline  r = const. However, in 
the investigated approximation, when the radius of curvature  r of the lines r =const  is la rge  (r ~ oo), the 
difference between f and the t rue  width of the channel is small  if the axis of the channel is so chosen that 
the angle between it and the s t reaml ines  r =const  is sufficiently small.  
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Fig.  4 

feed a c r o s s  the  anode it  is  poss ib le  to e l imina te  the  potent ia l  jump n e a r  the anode, 
wh ich  is  so c h a r a c t e r i s t i c  of  the flow without  p l a s m a  feed a c r o s s  the  anode; what  is  
m o r e ,  the  po ten t ia l  drop in the reg ion  n e a r  the  anode can be regu la ted  within v e r y  
wide r anges .  

As  a spec i f ic  example  we cons ide r  the flow in which  the  r a t e  of  p l a s m a  feed 
a c r o s s  the anode is smal l .  Thus  we choose  the funct ion g(~b) in the f o r m  

o ( o < r  
g 0 P ) =  ~-~ ( r  i) (o2 - -  i) ( t < r  (2.9)  

w h e r e  0 = const .  In th i s  ca se  

r (o<r 
u = (2.10) 

[q + ~-x (~p-- i) (0'-- t)] Vs ( t ~ r  +~q) 

At the  anode u =O~q (0 > 

Then  we obtain  

0). We shal l  a s s u m e  that  the cons tant  

o < i  

0 is  sma l l  in c o m p a r i s o n  with unity : 

(2,11) 

f (q) ~ m___~" (1 + ~q) (2.12) 
povo (t -- q) Cq 

Ea = - -  {(~ U dq ~2 ~r O~q [ u  P~176 (t -- q) ]~} 
(2.13) 

The  r e a c t i v e  t h r u s t  F is d e t e r m i n e d  by  the e x p r e s s i o n  (it is  a s s u m e d t h a t  the  p l a s m a  is  a c c e l e r a t e d  
to  the va lue  q = 1) 

F = I m'v~ (2.14) 

F o r  ~ < 1 and ~ > 1 r e s p e c t i v e l y  we have 

F = m ' v o  1--  , F = T - ~ = y m "  (2.15) 

Thus  the t h r u s t  is  independent  of ~ f o r  ~ > 1. We compute  the e n e r g y  Q r e m o v e d  p e r  second along 
with the  p l a s m a  drawn a c r o s s  the  cathode.  Obviously  

~ 

0 

Hence  

Q = ( N ( i - - 1 / 2 ~ - x )  ( ~ 1 )  

H e r e  N is  the  e l e c t r i c a l  p o w e r  suppl ied to  the a c c e l e r a t o r .  

The  e n e r g y  W spent  in a c c e l e r a t i n g  the  p l a s m a  i s*  

W = N - -  Q = L % N~-I = % eUm'M-1 
(~ < 1) 
(~ > t) (2.17) 

*The  t h e r m a l  e n e r g y  of the  p l a s m a  wa s  not t aken  into cons ide ra t ion  in the  computa t ion.  A c o r r e c t  cons id -  
e r a t i on  of the effect  of  t e m p e r a t u r e  a l so  r e q u i r e s  the cons ide ra t ion  of  the  d i f f e rence  between ~T and ~. 
However ,  the t h e r m a l  c o r r e c t i o n s  a r e  of  the o r d e r  of  fl and a re  sma l l  fo r  fl -* 0. 
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Specifying the densi ty P0 at the en t rance  to the channel, with the use of 
we obtain 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  : 

U=4rffm" (MI) 
c,p~ ~ = ~ (2. i8) 

0 "  = r The  magnet ic  field B 0 at the en t rance  to the channel is  equal to - 4 v I / c ;  
t h e r e f o r e  for  v 0 we obtain 

1 Bo ] (2 .19)  

Fig. 5 We s t r e s s  that  the dependence q(s) for  the invest igated r e g i m e  is quite 
a r b i t r a r y ;  it is only n e c e s s a r y  that  the condition dq /ds  > 0 is  sa t is f ied (the r e -  
g ime of accelera t ion) .  

In conclusion we note that  if smal l  pe r tu rba t ions  appear  in the flow, then the equation for  the p e r t u r -  
bation of the potent ial  has  the same  s t ruc tu re  as the equation for  the pe r tu rba t ion  of the i somagnet ic i ty  
p a r a m e t e r  (B/p) ,  inves t iga ted  e a r l i e r  in [3]. However ,  it does not follow that for  highly pronounced Hall  
effect  ( large ~ ) the p r e s e n c e  o f p e r t u r b a t i o n s w i l l  change the flow pa t te rn  d ras t i ca l ly ,  since the unper turbed 
e l ec t ron  t r a j e c t o r i e s ,  along which the potent ia l  pe r tu rba t ions  propagate ,  do not in t e r sec t  the e lec t rodes ,  i .e . ,  
the wal l s  of the  channel. T h e r e f o r e ,  even in the case  of l a rge  ~ an e l ec t romagne t i c  l aye r  is  not fo rmed  
n e a r  the mmde in the p r e s e n c e  of pe r tu rba t ions .  

3. Flow with P l a s m a  Feed a c r o s s  Anode. We now cons ider  the flow r e g i m e  in which the p l a s m a  is  
fed a c r o s s  the anode but is  not pumped out a c r o s s  the cathode (Fig. 4). Flows of th is  type can be rea l i zed  
in the a c c e l e r a t o r  pa r t  of a magne top l a sma  c o m p r e s s o r  (MPC). In th is  r eg ime  r (q) = 0. Let the conduc- 
t ivi ty  of the p l a s m a  ~ be constant for  the sake of defini teness.  We choose the coefficient  A (q) in Eq. (1.11) 
for  @ in the f o r m  

~-~§ A " " dh (~q) !q) ~ = Go = const (3 . i )  

We choose the potent ia l  ~ and the ve loc i ty  u in the f o r m  

' r  = ~ [h(b) - -  h(~q --*)1, u ~ = h ( ~ q  --~) 

Then for  the function h we obtain the  equation 

The  p r i m e  denotes  different ia t ion of the function h with r e spec t  to ~. 

In tegra t ing Eq. (3.3), we get 

(3.2) 

( 3 . 3 )  

c, co(re+c,) '+"'] (3.4) 
(2?Ge) l/Y ---~ 2T -}- 1 T + I 

w h e r e  CI, 2 a r e  constants .  

At the  en t rance  to the channel (q=0) we have @ (0, 0)'=0, @ (0, i) =]~ and thus 

h ( - -1)  = h (0) - i / B (3.5) 

Hence it  follows that  the ve loc i ty  of the p l a s m a  at the anode is  s m a l l e r  than at the cathode. Assuming  
that  h ( - 1 )  =0, i .e . ,  the p l a s m a  veloci ty  at the anode at the ent rance  to the  channel is equal to zero,  we have 

h (0) = i / ~  (3.6) 

F o r  s impl ic i ty  we choose the constant  C 2 equal  to zero ,  so that  

Go = [~+v, (2T -t- 1) ~ (2Y) -<Y+~) 
then 
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The  function 

Thus  we obtain 

2T 

Ca(q) is  found f r o m  the condition @(qt, ~ba) =1. 

As was  to be expected Ca (q) >- 1. 
1 we have 

*a (q) = t + ~q - -  [(t  + ~q)~ - -  i ]  ~tx 

It follows f rom (3.8) that  r  1 for  ~ -~ 0. 

~b<, ~ i r  1 ( ~ ) l - x  

(3.7) 

(3 .8)  

If ~-* ~ , then for  ~q >> 

Thus,  for  the l i m i t i n g c a s e s  ~ -~ 0 and ~q >> 1 the m a s s  m~ of the p l a s m a  fed a c r o s s  the anode is  
r e spec t ive ly  equal to 

~m" 
rag = ~ra,_ l ~-~ 

The  ve loc i ty  v and the densi ty  p a r e  r e spec t ive ly  equal to 

[2,u~v, I (3.9) v = ~--ff j (-; .~q--~p)~/~, p = pdc~ (i - -  q) (i  + ~q " r ~-~ 

It is  evident that  the densi ty  of the  p l a s m a  n e a r  the cathode is h igher  than n e a r  the anode. In pa r t i c -  
u la r ,  p ~ 0 n e a r  the  anode at the en t rance  to the charmel. 

The r eac t ive  th rus t  F is  

2 ./2e[r W . . . .  ~)l-~/~ --  ilV'+~m } (3.10) F = 2----~m t--~- ) i ( l  -i'- - -  [( i  + ~)-(,h-1412,-0 

The longitudinal and t r a n s v e r s e  components  of  the e l ec t r i c  field a re  r e spec t ive ly  equal to 

E s = - -  ~ U  d q  -~s [(t + ~q)X-~ _ (l + ~q - -  ~p)x-~] (3.11) 

En U p o ~  12eUW . . . . .  Is = - F f f ]  0 + ~ q - , )  

In pa r t i cu la r ,  at the cathode 

(l -- q) [2eVl ' l ,  UI E , = - -  Upo--------~--~--~-/ , -+~q)"/~ E ~ = 0  (3.12) 

while at the anode 

E~ = -- Upo (~.q)/2eff~v, - _ l]V, (-if) [(~ + b )  ~ 
(3.13) 

It is  evident that  the t r a n s v e r s e  e l ec t r i c  field E n d e c r e a s e s  in absolute value in the d i rec t ion of the 
anode. In the  r e g i m e  under  considera t ion  a lso  the re  is  no potential  jump n e a r  the anode. 

The width of the channel f is  found to be  equal to 

2m" {(i + ~q),,l~_ [(1 ~-. ~q)X _ l],/,} (3.14) 
] = po(2eU/M) (i -- q) 

The  dependence q(s) is  de te rmined  by the express ion  

I _ _  4~vmTPo {2eUl 1/~ (2T + t) T M  (t+~tt)X-ld~-~8 c~U~ ~ M / (3.15) 
(1 --  ~)~ (2~) Y§ 

0 

The in tegra l  on the left  side of (3.15) can be exp re s sed  in t e r m s  of e l emen ta ry  functions in a compl i -  
cated way only for  T =1 and-/  =2. However ,  it is  evident that s ~ q f o r q - *  0, and for  q -* 1 we have s ~ (1 -  
q)~-Y (y > 1). 
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To sum up it can be said that an increase  of the density, velocity, and e lec t r ic  field (in absolute value) 
in the direction of the cathode is charac te r i s t i c  for the investigated regime.  

4. Flow with P l a sma  Feed ac ros s  Cathode. We now consider  br ief ly  the flow regime accompanied 
by p lasma feed ac ros s  the cathode (Fig. 5). In this case ~ba(q) =1. We put 

A (q) ~+2 dh (~q) / dq = G O = const 

We shall seek the solution of Eqs. (1.11) in the form 

u 2 = h ( ~ q  ~ - l - - ~ ) ,  q b = i  ~ [ h ( ~ q ) - - h ( ~ q  ~ - t - - r  (4.1) 

Then for  G O =(2 7 +1)7 ~7+1/2 (27)-(7 +1) and under the condition h(0) =0 we have 

2~ 

Thus, formal ly  the solution has the same form (and, hence, the same propert ies)  as that investigated 
in the preceding section. In par t icular ,  the density, velocity,  and the e lec t r ic  field increase  in the d i rec -  
tion of the c~Lhode in this case also. 

The function Ok(q) is equal to 

*k (q) = I + ~q -- [t + (~q)~]~/• (4.3) 

It is easy to see that Ck(q) -< 0, i.e., the p lasma is actually blown into the cathode. However, the rate 
of blowing in is too large for this acce le ra to r  to be suitable energetical ly.  
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