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Abstract

The value and stability of the exact steady state solution of the
average electron energy balance equation are investigated for three
different kinds of homogenuous plasmas heated by a microwave field.
These are, a weakly ionized plasma, a strongly ionized plasma and a
hydrogen plasma in which the collision cross section is approximated
by an analytical expression which fits experimental data. The effect
of the field frequency and field amplitude on the value and stability
of the steady state average electron energy as well as its limiting

values are investigated for the three cases considered.
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1. Introduction

A plasma is a medium subject to different kinds of instabilities.
Terminology and nomenclaturecﬁ=p1asma instabilities are numerous and
confusing. In this paper, we investigate the stability and the value
of the steady state average electron energy of 3 different kinds of
homogeruous Plasmas heated by a microwave field. These are, a' weakly
ionized plasma, a strongly ionized plasma and an atomic hydrogen
plasma in which the collision cross section of electrons is
approximated by an analytical expression which fits experimental data.
We assumed that all electron generation and loss processes are
neglected and that electron collisions are elastic. The fraction of
electron energy lost per collision is considered to be constant. For
the power absorbed by an average electron from the field, we used an
average value. These assumptions were considered by several
investigators to study different phenomena either exactly or
numerically. Ginzburg [1] studied the steady-state characteristics of
the interaction of a homogenuous plasma and a strong uniform elegtric
field. Numerical solutions of the non linear model of this interaction
for the build-up of the electron energy and electron density when a
step sinusoidal high power RF field is applied to a weakly ionized
medium was investigated by several investigators [2], [3], [4]. Also
the same assumptions were used to study the third harmonic generation
of electromagnetic waves in weakly and strongly ionized homogenuous
collisional plasmas [5]. Also, in the study of the number of the
steady state values of the average electron energy of a homogenuous
strongly ionized plasmas heated by a microwave field, the same
assumptions had been considered [6]. In this paper we have
investigated the effect of the field frequency and field amplitude on

the value and stability of the steady state average electron energy of
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the 3 different kinds of homogenuous plasmas mentioned previously. The
effect of the field amplitude is found to be the same on the 3 kinds
of plasmas studied. However, the field frequency had proved to have a
different effect on the different kinds of plasmas studied. Meanwhile,
we have found that the 3 kinds of plasmas had behaved in the same way

when the field frequency is increased without limit.

In section 2, we have presented the general basic equations. In
sections 3, 4 and 5 we had presented the equations as well as the
results of the 1investigation of the first, second and third kind of
plasma studied respectively. Discussion and comparison of the results

of sections 3, 4 and 5 are given in section 6.

2. Basic Equations

We assumed that a step sinusoidal microwave field E(t) = EO sinwt is
applied to an ionized medium at the instant t=0. The magnitude of the
amplitude of the field EO is large enough to cause appreciable
heating of the electrons but is not so large to make changes in the
electron density of the medium. Also all processes of electron losses
are negelcted. Under these simplified assumptions, the response of the

electrons to this field 1is governed by the equations of motion and

temperature [1]1, [5].
av -eE
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where To is the temperature of the heavy particle.

Alexandria Engineering Journal October 1989



546 S.El-xhqgg l ‘ |

assumetabecunstant,Tels the average tempe
time t,at t =0, Te 1s assumed to be .
v are the electron charge, mass)valaw
respectively, § is the fraction of elec

with the heavy pérticle. For an elastiﬁ'g'ﬁ“'

2m i
equal to --- where M 1s the mass of thqig3

M |
The first term on right hand

absorbed by an average electron frEW‘“
v to be constant over the period @f;

has been found to have the value [4].
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This 1is the same as one uées the classic
and considers v, to be slowly varyi
value for P_(t), equation (2) becom
either analytically or numerically onc:

is known.

3. Values and Stability of the Stead
Temperature T of a homog
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V&Y (-8 ) (4)
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where € is the normalized electron Temperature -- , T is the normali-
T

zed time = 6\2:ot’ c is the normalized frequency s w /\:':o and n
is the normalized field amplitude = EO/Ep where Ep is Ginzburqg's
plasma field given by

e

2 2 2
Ep = 3m5vcoTo (1+c™) /e" ]

The steady state value (Oss)ofe is easily found to be [7], [8].

6 _ =% (1-c)e % [(1-c2)24a(fac? (14 217

oS

To find the range of values of ¢ and nfor which(ess)is stable, we
made use of the linearlized theory for analysis of equilibria [9].

This consists in rewriting equation (5) in the form

6= f(0) (7)

where 6 = dg/d'tand f( 0 ) = right hand side of equation (5) and then we

have to find the zeros of the characteristic equation [9].
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from which

A= f'(8€)
058

Since A is real, hence 955

stable node if A < 0 and an uns
of A is easily seen to be the sign
since & i is > 1 hence Ais alwa
stable for all values of ¢ and
of I with N for three different - 3
C increases with the increase of ¢
values of N < 1. Fig. (2) shows

different values ofp . It is easily notic

with ¢ is negligible when ¢ is < 1

varies with ¢ in a limited range. Als

of this range increase with the ih?;

4. Values and
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The exact solution of equation

Negm [12] and the variation of
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values of @as well as the

investigated in [6] and [13]

As the case of a weakl:

characteristic equation that
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may be equal to 3 and we had found that r

11
esé are stable. We had found that

I
three steady state values of 6 &3!__
both 91 and 93 are stable but 92
variation of the two stable steady .
-0
1
0.01. The results presented in Figs

temperature and 93 and theunste

of Fig. (5) but for ¢ = 0.1 and 0.2 1

both 91 and 93 increase with the inc

of c, meanwhile ©_ has a different b

2
increase of n and the decrease of ¢

5. Values and stability of the steac

temperature of a hydrogen plasma coll;
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However when the plasma is neither
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¢, on the electron energy i
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For this case we have to use the
the energy balance equation.
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three kinds of plasm,
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is to be satisfied also for high fre
medium and a medium in which the d
enery fits experimental data. Also

of the heating process by a micro

and third kind of plasma studied here.
process of the strongly ionized pg
case in which N # 1 may occur
neccessary and suffecient condition

1 found by Negm and El-Khoga [6] canf'“:“
and suffecient condition for the stabi
condition has the value [6]
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Also when c is < 1, the necessary byi

'be equal to 3 found by the same autho
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tability of the steady state
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