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An e l e c t r i c a l  ne twork  is used to model  the function of the r e s i s t a n c e  between e l e c t r ode s  of 
va r ious  shapes  in a cu r ren t -conduc t ing  channel with an an i so t rop ic  medium.  

One of the concerns  of e l e c t romagne t i c  t h e r m a l  phys ics  is  the study of h e a t -  and m a s s - t r a n s f e r  p r o -  
c e s s e s  and the effect  of e l e c t r i c  and magnet ic  f ie lds  on these  p r o c e s s e s .  Such an inves t iga t ion  is gene ra l ly  
based  on the s imul taneous  solut ion of the equations of hydrodynamics ,  energy,  and diffusion. The d i s t r i b u -  
t ions of ve loc i ty ,  t e m p e r a t u r e ,  and concent ra t ion  found from these  solut ions enable us to de t e rmine  the nec -  
e s s a r y  coeff ic ients  of f r ic t ion ,  heat  t r a n s f e r  and mass  t r a n s f e r ,  as  wel l  as the na ture  of the influence on 
these  coeff ic ients  as  exe r t ed  by the f ac to r s  of i n t e r e s t  to us.  The d i f f icu l t ies  encountered  in an ana ly t ica l  
inves t iga t ion  into the phenomena of t r a n s f e r  i n c r e a s e  as the influence of ex te rna l  e l ec t romagne t i c  f ie lds  b e -  
comes  evident.  

For  p l a s m a  flows with low ve loc i t i e s  (compared  to the loca l  speed  of sound) the solut ion of the t h e r m o -  
phys ica l  p r o b l e m s  is subs tan t ia l ly  s impl i f ied .  If we do not bo ther  in this  case  with the t e m p e r a t u r e  v a r i a -  
t ion in the phys ica l  c h a r a c t e r i s t i c s ,  it  b ecom e s  pos s ib l e  to i so la te  the independent e l e c t r o m a g n e t i c  p a r t s  
f rom the genera l  sy s t em of equat ions,  as well  as to s e p a r a t e  the solut ion of the hydrodynamic  p rob lem f rom 
the t h e r m a l  p rob lem [1]. 

This  is the p rob lem which we encounter  in examining the effect of a magnet ic  f ie ld on the c u r r e n t  d i s -  
t r ibu t ion  in an a r c  d i s cha rge  in a low vacuum, when the p l a s m a  occupies  the en t i r e  l a t e r a l  c r o s s  sec t ion  of 
the channel (a magnet ic  r ing  arc) .  In a channel of c i r c u l a r  c r o s s  sect ion,  where  the Hall c u r r e n t s  c lose  on 

TABLE 1. The Value of Col l i s ion  P a r a m e t e r  Wer e as a 
Funct ion of the Change in Re s i s t a nc e  within the Network 
Ci rcu i t s  
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TABLE 2. R /R  0 as a Function of COeT e for  E lec t rodes  
Simple and Complex in Shape 
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shape o, i 3 
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Complex 
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Fig. 1. Simple (a) and compound (b) shapes  of e l ec -  
t rodes  and r e s i s t a n c e  c i rcu i t s  of modeling regions .  
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Fig.  2. Rat io  of r e s i s t a n c e s  between 
e lec t rodes  in the p r e s e n c e  and ab-  
sence of a magnet ic  field and with- 
out it. 

t hemse lves ,  Ohm's  law has  the s imple  fo rm 

but since We~- e > 1, we find anisot ropy of conductivity and the e lec t r i ca l  conductivity cr is a tensor  whose 
ma t r ix  in a coordinate  s y s t em  with an X-ax i s  pa ra l l e l  to the magnet ic  field [3] is equal to 

I 1  2 2 ) q- (o~ z~ 0 0 
GO 

a--=- --2 ~ 0 1 - - % %  t -k 0)+ % 
0 o)~'t'~ 1 

(2) 

Under these  conditions,  the solution for the prob lem of de termining  the local  and integral  c h a r a c -  
t e r i s t i c s  of the e lec t r i c  field is found by isot ropical ly  deforming the space  along the coordinate  axes .  In 
the i so t ropic  space der ived in this manner ,  the p rob l ems  a re  solved in the usual fashion [4, 5]. 

In this paper  we will invest igate  the effect  of cu r ren t -d i s t r ibu t ion  edge effects  on the r e s i s t a n c e  be -  
tween e lec t rodes  with the var ious  configurations that a r e  frequently encountered in p l a s m a  gene ra to r s .  

The boundary-value  p rob lem of cur ren t  dis t r ibut ion encountered with the use  of e lec t rodes  more  
complex in shape can be solved analyt ical ly ,  but the solution will be complex and labor ious .  It should be 
borne  in mind that  the p rob lem is idealized,  does not r equ i re  a high degree  of accu racy ,  and that it is 
n e c e s s a r y  that we find the genera l  integral  cha rac t e r i s t i c  - the ra t io  of the vol tages  at the e lec t rodes  to the 
total  cur rent .  

These  c i r c u m s t a n c e s  enable us to employ a s imulat ion method to the solution, namely ,  the me th -  
od of the e lec t r i ca l  network,  in which the continuous medium is rep laced  by "equivalent" concentra ted  e l e -  
ments .  

The bas ic  methods of r e s i s t a n c e - n e t w o r k  design a re  covered  in [6-8]. 

To solve the two-dimensional  f ie ld- theory  p rob lem of de te rmin ing  the r e s i s t a n c e  between the e l ec -  
t rodes  as a function of the col l is ion p a r a m e t e r  C0eT e we put together  a r e s i s t a n c e  network of the following 
form.  Four rows of thin constantan conductors  a re  posit ioned longitudinally along a nonconducting r e c t -  
angular  plate ,  and 10 rows of such conductors  a re  posi t ioned in the t r a n s v e r s e  direct ion.  Each row con-  
s i s t s  of 10 conductors .  The nodes at which the conductors  c r o s s  a re  soldered.  To sa t i s fy  the boundary 
conditions, the individual p la tes  a r e  connected by means of copper  conductors .  The total  r e s i s t a n c e  b e -  
tween two equipotential  field boundar ies  was measured  with a d o u b l e - b r i d g e U P I P - 6 0  ins t rument .  F igure  
l a  shows the geomet r i ca l ly  s imple  shape of the e lec t rodes  and the s imulat ion network.  For  the case  of 
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isotropic conductivity, with 10 conductors laid out in two direct ions of the field, we found that there is no 
need to hook up additional sections,  since the magnitude of the total res i s tance  (accurate to within 0.1%) 
is not al tered when these are  connected. 

To establish conductivity anisotropy in the direct ion of the field parallel  to B (X-axis) the number of 
conductors was retained,  while in the direct ion perpendicular  to B (Y-axis) the number of conductors was 
gradual ly reduced. This cor responds  to the relat ionships 

" (~0 
G X ~ ( ~ 0 ,  ( ~ Y - -  2 2 1 + (o~ "c~ (3) 

The increase  in the network res i s t ance  in the direct ion of the Y-axis  corresponds  to values of a~er e 
as shown in Table 1, where R '  is the total res i s tance  between the nodes of the network and r is the r e s i s -  
tance of a single constantan conductor between the nodes. 

Table 2 shows the experimental  data with regard  to R/R 0 as a function of C0e~ e for electrode shapes 
whose geometr ic  dimensions and simulation network are  shown in Fig. la .  For R 0 we assume the total r e -  
s is tance of one rec tangular  port ion of the network between two equipotential field boundaries.  For this 
same electrode shape we have established that in the presence  of isotropic conductivity there is an edge 
effect associated with the existence of a conducting zone on the two sides of the e lect rodes ,  but that its 
magnitude is small .  The table also shows experimental  data for e lectrodes  of more complex shape, whose 
geometr ic  dimensions and simulation network are  shown in Fig. lb. 

On the basis  of the data in Table 2, Fig. 2 shows graphical ly  the res i s tance  in the p resence  of a mag-  
netic field as a rat io of the res i s tance  for the same geometr ic  e lect rode configuration, but with WeV e = 0 

2 2 1/2 (curves 1 and 2), the rat io a / b  = 2.7. For comparison,  here  we have also plotted the curves  1 + We~-e) 
2 2 and (1 + We~-e), as well as curve 3 from the data of [4], for a rat io a/b = 1, for the electrode shape indi- 

cated in Fig. la .  

These resul ts  permi t  us to draw the following conclusions. A change in the total res i s tance  between 
e lect rodes  of var ious  shapes in the p resence  of a magnetic field and with anisotropy of conductivity is 
c lear ly defined and in agreement  with the resul ts  of [4]. The existence of current -d is t r ibut ion  edge effects 
is possible if the conducting medium occupies the space on the two sides of electrode,  at those segments  
equal to the width of the e lectrodes .  

N O T A T I O N  

is the cur ren t  density; 
E is the e lec t r ic  field intensity; 

is the e lec t r ic  conductivity; 
cr 0 is the e lectr ic  conductivity without magnetic field; 
w e is the cyclotron frequency of e lectron rotation; 
T e is the t ime of free e lec t ron path; 
a is the width of e lectrodes;  
b is the distance between e lect rodes .  
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