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A method is proposed which, for specific assumptions, allows 
us to determine the density distribution of a constant current flow- 
Ing between electxodes in a plasma for plane parailel or radially 
symmetric electric and magnetic fields, allowing for anisotropic 
conductivity. 

NOTATION 

er, eo,  ez are the unit vectors in a cylindrical coordinate system; 
E, Er, Ez are the electric field strength vector and its components; V is 
the electric field potential; H, Hr, H0, Hz are the magnetic field 
strength and its components; j is the current density vector; e is the 

electron charge; m is the electron mass; c is the velocity of 
light; r is the momentum transfer time; o 0 is the normal plasma 
conductivity; to e is the electron cyclotron frequency; h is the unit 
vector in the direction of the magnetic field. 
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We shall assume that a) the electrodes are made of perfectly 
conducting material and the walls of the enclosure of insulating 
material, b) the self-field of the current flowing in the plasma may 
be neglected. 

The equation for Ohm's law for a constant current in a stationary 
uniform plasma has the form [1] 

j + oi~x [jh] = aoE (~e = ell~me). (i) 

Thus the conductivity tensor of a plasma situated in a magnetic 
field of field strength H = {H r, H e, H z} has the form 

O11 = ~0 (I -~ (Der2l~2), 

f~l. = go (%r %S" + %d), 

~al ~ ~o ( O er O ez'r - -  O eOT. ), 

()~, ix = t, 2, 3), 

~tz ~-~ ~o (Oer Oe0 ~ - -  Oez'~), 

~ 2 1  : -Q,o (0)er 0)e0"~ ~- Oez'~), 

~a2 = ~dO (~ee  O) ezT2 -~ O)er T), 

e f t  r e H  z e 1t o 
tDer - -  1T~C ' O)ez = I~C ' OJeO ~ m,c 

For an electric field of field strength 

OV OV 
E = {E r, O, Ez} = - -  grad V = - - e  r ~ - -  ez ~-~- z 

(2) 

(3) 

(4) 

the current density in the plasma is 

j = ~o (f~ug~ + ~l~gz} er + ao {f41Er + ~2~g,} e0 + 

+ ~o {f41E~ + Q3.E~} e,. (5) 

In the steady state Vj = 0. Since in an axially symmetric field 
O/00 : 0 it follows from (4) and (5) that 

1 O / aV X O2V t 0 

o,v + (~_ ,  oa~,~ ov on,. , oa . . \  ov 
+ n.I~-T~ + -T;-) -TF + ( T  -t- y F - )  T~ = o. (6) 

In the general case of a n o n u n i f o r m  field this is an equation with 
variable coefficients. In a sufficiently small volume of space where 
the field may be taken to be uniform 0H/0r = 0H/0z = 0 and Eq. (6) 
assumes the form 

1 0 (r OV~_]_~ O2V 

A._ O / r ov ~ a~v 
+ f~t3~ r Or ~ - ~ - / §  g3t~ ~ = 0. (7) 

Here f~nk, ~33k, ~ k ,  ~2slk are constants obtained for the mean 

value of H in the k-th element of space. Making the following 
change of variables 

] /4~n~  g ~  - -  (~m~ + gm~) 2 
11 = 2~nk r, 

~31k -~ ~13k 
(8) 

enables us to reduce Eq. (7) to the canonical form [2] 

(gm~ - -  013k) t/4gn~f~33~ - -  (~m~ + grz~P OV + 
4f~n ~ ~ = 0. (9) 

Thus if the magnetic field component H e can be neglected (i. e . ,  
the self-field of the current in the plasma may be neglected), then 
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f2al : ~ls and Eq. (9) becomes Laplace's equation, 

A V =  0, (zo) 
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the solution of which may be obtained on an analog machine and 
gives the current distribution in the plasma [3]. 

The boundary conditions in the (~/, g) plane remain the same 
as in the (r, z) plane while the boundary itself changes. The point 
A(m,/) in the rz plane passes to the point A'(m',F) in the (7, g) 
plane. Here 

Y an~3~ - -  ~ ,8  ~ m t / ~lr~ aa3k - -  ~ 3 k  
m ' =  Qn dr = -~- ~ A t ,  

r ~21s m n f~m__~kAr. 
(11) 

0 k : l  

where n is the number of separations of the abscissa of point A(m, Z 
for equa l  in tervals  At. 

In the  ca.se of a uniform field d i rec ted  a long the Z axis ,  H = 

= {0, 0, Hz}, t ransformat ion of the  region leads to compression along 
the Z axis with coef f ic ien t  kz [4]: 

1 / k z = ] / 1  q- r  (12) 

We now g i v e  results of the solut ion of a problem of this type.  Two 
e lec t rodes - -a  ca thode  1 and anode 2 are p laced  in the cy l ind r i ca l  

chamber  of Fig. 1. The chamber  is s i tuated in a rad ia l ly  symmet r i c  

m a g n e t i c  f ie ld  increas ing in the d i rec t ion  of the anode (the soienoid 

is not  shown in Fig. 1). The m a g n e t i c  f ie ld  strength is measured  at  
in tervals  of 1 cm by a Minsk-1 mach ine .  The pressure in the chamber  

was p = 0.1 m m  Hg, and Te = 25 00O ~ K. 

Figure 1 shows the dis t r ibut ion of s t reaml ines  in the  absence of 
a m a g n e t i c  f ie ld .  Figure 2 g ives  a t ransformation of both chamber  

and current distr ibution in the (7/, g) p l ane  for a f ield strength of 
H = 40 Oe at the point  r = 0, z = 0 a n d l t  r = 4 0 e ,  H z = 18 Oe at 

the point  r = 3, z = 5. Figure 3 g ives  a t ransformation of the chamber ,  

and current distr ibution for H = 200 Oe, Hr = 20 Oe, Hz = 90 Oe 

at the same points.  

Fig. 3 
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