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It is shown that the same set of basic equations with source terms can and should be

applied to both a compressive and an incompressive isotropic plasma.
plasma, an electric source ean excite an electroacoustic wave.

In a compressive
In an incompressive plasma,

however, this electroacoustic wave reduces to an accumulation of charges shielding the

electrie source.

The physical meaning of the dielectric constant of an incompressive plasma

is discussed and the physical model of an incompressive plasma is reexamined.

1. Introduction

When an electric source is placed in a compressive
(hot) plasma, the plasma is generally regarded as an
electron fluid with the motion of positive ions
neglected. The basic equations for this case are
Maxwell equations with source terms and the
moment equations which are derived from the
Boltzmann equation. When an electric source is
immersed in an incompressive (cold) plasma, the
plasma is usually considered as a dielectric medium
with a dielectric constant of e=e(1—w,*/w?) if no
loss is assumed. In this case, Maxwell equations
with source terms are adequate to treat the problem.
It is usual that two rather different physical models
and two different sets of basic equations are adapted
for the compressive and the incompressive plasmas.
In this paper, it is shown that the same set of basic
equations can and should be applied to both kinds
of plasmas. The incompressive plasma is just a
limiting case of a compressive plasma.

Cohen [1962] and other workers [Hessel and
Shmoys, 1962; Chen, 1963; Wait, 1964] have shown
that an electric source placed in a compressive plasma
can excite an electroacoustic wave in addition to an
electromagnetic (EM) wave. In Cohen’s analysis,
the fields are separated into the EM and the plasma
modes under some conditions. In fact, the excita-
tion of an electroacoustic wave in a compressive
plasma by an electric source can be derived directly
from the basic equations without the modal separa-
tion. We also show that the electroacoustic wave
excited by an electric source stops propagating and
becomes an accumulation of charges surrounding
the electric source when the temperature of the

plasma approaches zero or the plasma becomes in-
compressive. This accumulation of charges essen-
tially shields the electric source so that an incom-
pressive plasma behaves as a dielectric medium with
e—¢(1—wp?/w?) to an electric source. A dielectric
model for an incompressive plasma is found to be
not entirely satisfactory if an electric source is
present.

2. Basic Equations With Source Terms for a
Compressive Plasma

We assume that an electric source with the current

=
and charge density, J* and p?, is placed in a com-
pressive plasma which is homogeneous and neutral.
No static electric or magnetic field is present. If
the perturbation of the plasma due to the electric
source is small, we can write the basic equations
governing this system as follows:
Maxwell equations are
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The continuity equation which relates J° and p* is
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In the above equations, /£ and H are the electric

=
and magnetic fields, V and », are the mean induced
velocity and the rms velocity of electrons, m, and
n, are the ambient electron density and the pertur-
bation of the electron density, m and ¢ are the mass
and the charge (magnitude) of the electron, and
€ and p, are the permittivity and permeablhty of

free space. The rms velocity of electron, v, is
expressed as -
kT

O Ve (©)

on the assumption of adiabatic pressure variation
and one-dimensional compression.

Equations (1) to (5) are the basic equations for
a compressive plasma when an electric source is
present. Some auxiliary equations can be derived
from the basic equations as follows:

Taking the divergence of (2), we have
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If (5) and (3) are used to replace V - 3" and v - f/),
(7) becomes
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This gives an important equation for v - £ as
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Taking the divergence of (4) and the time deriva-
-
tive of (7), and after v - V is eliminated, we have

o
another equation for v - £ as
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Since (8) and (9) are derived from the same set of
basic equations, they can be combined to yield an
equation for n,. The substitution of (8) in (9)
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Equation (10) is an inhomogeneous Klein-Gordon
equation. This equation directly relates n, to the
charge density p° of the electric source. When p°

(11)

oscillates with time as ¢’“’, (11) becomes
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Equation (12) is a simple wave equation for =,
and implies that n, is excited by p* and propagates
with a propagation constant of 8,  Since the wave
of n, is acoustic type and excited by the electric
charge, this wave is called the electroacoustic wave.

3. Basic Equations With Source Terms for
an Incompressive Plasma

In this section, we aim to show that the same set of
basic equations, (1) to (5), still apply in an incompres-
sive plasma and they reduce to those equations used
in the dielectric model of the plasma under some
conditions.

In an incompressive plasma, the temperature is

hypothetically assumed to approach zero. As the
result, it is assumed that
v5—>0. (14)

With (14), the basic equations (1) to (5) are reduced
to
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These are the basic equations for an incompressive
plasma. Some of them are repeated here for the
sake of completeness.

The important point in connection with these basic
equations is the on,/0t term in (17). One may argue
that since no electroacoustic wave propagates n,
should be zero. This is only true in the source-free
region. In case a source is present in the incom-
pressive plasma, 7n; is not zero at the source point
and should not be ignored. In effect, when v»,—0,
(11) gives an equation relating n, to p* as

[atz+w,,] =22 g, (20)

Equation (20) implies that n; is not a wave any more;
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1t is rather an accumulation of charges at the source
point. _
When p° oscillates with time as ¢/, n; 1s deter-
mined from (20) as
(.OJ .
L p. (21)
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The n,e in (21) gives the amount of charges of
opposite sign surrounding the electric source p*.
This is the shielding effect of an electric source by
the charges in the plasma.

-
If (21) is substituted in (8), the equation for v-#
becomes
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Equation (22) implies that the incompressive plasma
has a dielectric constant,

e=¢(1—wi/o?). (23)
Physically, it is due to the shielding effect of the
electric source by the charges in the plasma which
makes the plasma look like a dielectric medium.
For this reason, the incompressive plasma behaves
as a free-charge medium in the vicinity of an electric
source.
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from (18) for the case of ¢/¢! time variation, (16) can
be changed to
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Equation (25) also implies that the incompressive
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plasma has an equivalent dielectric constant,
e—¢(l—w/w?). However, the physical process
involved in achieving this is due to the fact that the
induced velocity of electrons is 90° out of phase of

=
I field. This phenomenon is closely related to that
in a dielectric medium and, therefore, an incompres-
sive plasma can be considered as a dielectric medium
at this poing.

By combining (22) and (25) and the physical
processes associated with them, one concludes that
when an electric source is immersed in an incompres-
sive plasma, a dielectric model for the plasma is
acceptable in the source-free region but in the source
region a free charge model is more accurate from the
physical point of view.

A last remark seems necessary. While a dielectric
model for an incompressive plasma for the case of
harmonic oscillation is quite adequate, a more
accurate model as discussed above and the basic
equations (15) to (19) seems more appropriate when
a nonsteady electric source is present in the plasma.
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