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We consider certain effects of the anisotropy of electrical conduc-
tivity in a glow discharge plasma to which a uniform external magnetic
field is applied.

The effect of the inclination of the external magnetic field upon
the current distribution at anelectrode located in a plane, semi-infinite
channel is considered in the first section, and a general solution is
derived. Calculations are performed for some special cases. It was
found that the inclination of the magnetic field relative to the elec-
trode surface causes a sharp inhomogeneity in the current distribution.

The second section deals with the current in a plasma characterized
by a given nonuniform charge carrier density; the charge carriers are
assumed to be in a plane channel with nonconductive walls. Itis shown
that the plasma inhomogeneity strongly influences the anisotropy pa-
rameter dependence of the following ratio: Hall current/current in the
direction of the electric field.

When both the magnetic Reynolds number Ry, and the interaction
parameter S are small, the electric current density and the electric
field strength are given by the equations h

jtar(ixl)= UxE=0. (0,1)

%e (enE + KT,/n); Vi=0;
The unit vector of the external magnetic field is denoted by 1,
and the concentration of the electrons by n, which is assumed to be a

known function of the coordinates.

We assume that the magnetic force lines are parallel to the xy~-
plane and that all quantities are independent of the z coordinate. It
follows from the last equation of (0.1) that E, = const.

After eliminating the electric field strength E from the first equa-
tion, we obtain

VXi+or(Vi=vhexj+eryVinnXx (Gxl): (0.2)
By expressing the components jx and j, of the current density in

terms of the stream function ¢, we obtain from Eqgs. {0.1) and (0.2)
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In the following, Eq. (0.3) is used in two specific problems.

1. The effect of the inclination of the magnetic field vector re-
lative to the axis of an infinitely long channel with nonconductive
walls upon the diffusion of a glow discharge plasma was discussed in
{1,2]. The authors of {1,2] ignored boundary effects resulting from
the electrodes.

We will discuss how the inclination of the magnetic field affects
the current distribution at an electrode. We assume that a plane semi~
infinite channel is formed by two-nonconductive walls with the coor-
dinates y =0 and y = b and by an electrode (at x = 0) with ideal con~
duction; the other electode is assumed to be located at infinity. When
we assume that the electron concentration is constant, we obtain the

following equation for ¢ from Eq. (0.3):
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The fact that the tangential component of the electric field strength
vanishes at the electrode, and thatthe normal component ofthe current
density vanishes at the nonconductive walls leads to the following
boundary conditions for ¢
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When expressed by the dimensionless variables
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Eq. (1.1) and the boundary conditions (1.2) and (1.3) assume the form
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We introduce the new variables
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which transform Eq. (1.4) into the Laplace equation and Eq. (1.5) into
a condition of the form
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The relations
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are used for a conformal mapping of the region (considered in the
plane Z = §; + in,;) onto the half-plane Im¢ > 0. It is convenient,
considering the following discussion, to project the half-plane onto
the strip 0 < R\ < 1 by introducing the relation
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Since, in the A-plane of the complex potential, we have, for
reasons of symmetry,

w=u-+ iv=2>_r, (1.10)

we finally obtain the solution in the form
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For 4 = 1/2, when ¥ = 0 (this occurs either for wr = 0, for 0 = 0,
or for © = w/2), Eq. (1.11) leads to a linear relation, u = 1. Thus,
when the magnetic field is parallel or perpendicular to the surface of
the electrode, the anisotropy of the conductivity does not influence
the current density (which remains uniform for all wr).

The effect resulting from an inclination ofthe magnetic force lines
relative to the electrode surface can easily be derived for the particular
case ju = 1/4 (¥ = 1). The integrals in Eq. (1.11) may thenbe calculated,
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and the solution assumes the form
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Accordingly, we obtain on the electrode surface
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which leads to the following formula for the dimensionless normal
component of the current density at the electrode:
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The case y < 1 is easy to discuss. When we represent the solution
in the form of a power series
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we obtain the equations
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for ug and uy with the boundary conditions
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is the solution to Egq. (1.18) for the conditions stated in Eq, (1.16).
This results in the formula
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for the current density at the electrode.

The figure with the results calculated for y = 0, 0.1, and 1.0 in-
dicates that an Inclination of the magnetic field causes a strong in-
homogeneity in the current distribution at the electrode.

2. The results of Hall current measurements in a homopolar con-
ductor were published in [3]. It was noted that the experimental current
values are many times smaller than the theoretical values. The
authors explained the discrepancy by inhomogeneities in the discharge
which prevent the free flow of the Hall current.

This conclusion can be easily verified by the following simple
example. Let us assume that in the rectangular region —a = x =< q,

0 = y =< b, the concentration of the charged particles changes
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according to the law n = ny ¢ **! and that the magneric field is

parallel to the y-axis, In this case, Eq. (0.3) assumes the form
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where the minus sign must be taken for x > 0 and the plus sign for
x < 0. When the condition
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is satisfied at the boundaries, the solution to Eq. (2.1) is
= ppy/b » (2.2)

where¢ =0 was assumed at y = 0.
Equation (2.2) results in
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By integrating (over x and y) the projection of the first equation of
(0.1) onto the Z-axis, we obtain
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On the other hand, integrating the expression

/'x~ ev/m, [ . kT, dn 1

n Tl font [P T dr T Q)TEEO
aover x under the conditions

dg
Pl 0=y Ple = @ling (jﬁ = E;\>
we obtain
[014 et iony, [ aa
]x:1+m21:2 me Lexa__l) (2.4)

By calculating Iy = 2abjy and inserting into Eq. (2.3), we obtain
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Thus, we obtain for the ratio of Hall current Iy to basic current I,
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It follows from Eq. (2.6) that the wt dependence of I,/1, varies
with the inhomogeneity parameter «a, For o > 0 we obtain an ex-
pression which is well known for a uniform plasma [3]:

I./1,=w1. 2.7

On the other hand, we obtain for ca > 1
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If wr > 1, Egs. (2.8) and (2.7) both yield I, /1, as a linear func-
tion of wT, but with proportionality factor

(aa)?
Schaa <1

If, on the other hand, wr > 1, I3x/I, is inversely proportional to
wr.

We note, in conclusion, that the effect of a one~dimensional con-
ductivity inhomogeneity onthe power of 2 magnetohydrodynamic gener-
ator and onthe nonisothermal ionization was previously discussed in [4].
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