PARAMETRIC EXCITATION OF WAVES IN AN
ISOTHERMAL PLASMA

B. I. Sturman UDC 533.9

The linear theory of the parametric excitation of waves in a nonisothermal plasma by a high-frequency
field of frequency w, (w, > wpe, wpe is the plasma electron frequency) predicts the existence of two regions
in k-space with different excitation thresholds. The decay instability [1] displays the lower threshold (and
a higher increment).

In the present report it is shown that a simplified dynamic description of the plasma, based on an
average over the fast time wf,}a, preserves all the kinetic effects. The dispersion equation obtained on its
basis is applied to the study of the instability of an isothermal plasma. It is shown that the two thresholds
can be comparable when T, ~ Tj; the increments in the decay instability in thig region are determined.

Let us consider the excitation of long-wave (krq <« 1, ry is the Debye radius) plasma oscillations by
a uniform field E = E; sin wyt with a frequency w, close to the plasma frequency wpe. Fora description of
the Langmuir oscillations it is sufficient to confine oneself to the hydrodynamic equations averaged over the
fast time wl')é [2]. In an approximation linear with respect to the increasing disturbances we have
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Here iy is the Fourier component of the slow amplitude of the high-frequency part of the electro-
static potential ¢
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on is the low-frequency variation in the electron (and ion) density relative to the equilibrium density ny (ng>
on), wy=3/2 Wpe (krd)z, andy is the decrement in the attenuation of the Langmuir waves.

Slow movements of a plasma with an arbitrary ratio of electron and ion temperatures must be de-
scribedkinetically. We can account for the effect of the Langmuir oscillations on these motions as the
effect on the electrons of a "high-frequency" force with the potential
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For the distribution functions f© 1 we have [3]
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where ¢ is the slow part of the electrostatic potential and f “,3 »1 are the Maxwell distributions for the elec-

trons and ions
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Let us set
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We obtain the following dispersion equation for the complex frequency w:
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where v, and vj are the thermal velocities of the electrons and ions. In the derivation of (6) and (7) it was
assumed that |w | <kve; all the instabilities considered below lie in this region of frequencies.

We note that (7) is applicable only when P <1, when the velocity of the electron oscillations in the
external field is much less than their thermal velocity. The dispersion equation used in [4] and based on
the successive kinetic approach differs from (7) in allowing for electron—electron and electron —ion colli-
sions, the first of which in a majority of cases makes a small contribution to the low-frequency decrement
in the attenuation compared with Landau damping, while the second are allowed for phenomenologically in
(1). Moreover, small corrections to the electron plasma frequency in terms of the parameter (m/M) Y2 are
retained in this equation. The simplified dynamic description based on averaging over the fast time “’_113
thus retains all the features of the kinetics. On the other hand it allows one to examine rather simply the

nonlinear stage in the development of an instability.

Instabilities in a nonisothermal plasma have been well studied [4]. For example, the aperiodic (Rew =
0) and decay instabilities differ when wy—wpe > y. The aperiodic instability has a maximum increment
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at the surface
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The minimum threshold is Ppin =4 (Te + Ty Téi'y/wpe. In a nonisothermal plasma (Tg >»Tj) the con-
dition kvi> T of applicability of (10) is rapidly violated with an increase in the field E,. However, Eq. (10)
remains valid when kv; « T « Q. (Qk is the ion sonic frequency), as follows from (7)-(9). Thus, the nature
of the aperiodic instability does not depend on the temperature ratio.

The decay instability in a nonisothermal plasma has a much lower threshold than the aperiodic in-

stability
1/2
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and corresponds to the limiting case |w|> kvis v g i8 the low-frequency decrement in attenuation.

The maximum increment is reached at the surface
Wy — Ope = O 4- Q (12)
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At this surface Re w= Q. The region of applicability of (13), as for (10), is limited by fields at
which ) > I'. With an increase in the ion temperature the surface (12) is found in a region with strong
Landau damping on the ions. In this region one must depart from the exact equations (7) and (8) in order
to clarify the nature of the instability.

For frequency differences w;—wk—wpe »>v it follows from (7) that when I' < Re w
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In this case for the threshold value of the field one obtains

: (15)

The numerical solution of (14) and (15) makes it possible to determine the minimum threshold and the
surface of the maximum in the increment in the case of Ty ~Tj. The calculations show that when Ty ~3/4
T; the thresholds in the decay and aperiodic instabilities are comparable. Figure 1 shows the dependence
of the ratio n of minima of the decay and aperiodic instability thresholds on the temperature ratio. Strong
damping on the ions also changes the dependence of the increment on the external field in this region com-
pared with the nonisothermal case. When Ty~ Tj
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The value of b is taken at the surface (14). The dependence of the increment T =4 T/wpe P on the
relative frequency difference 6 =(wi—wy +wpe) / (Te/ M)1/2 for the values Te/Ti=1and 4 is shown in Fig. 2.
The condition (14), as it is easy to show, means that | +| <« |¢_ | . Thus, in an approximation linear ‘with
respect to the disturbances,pairs of waves (dny; and ¥_) with opposite wave vectors are formed and develop
for which the sum of the phases, as seen from (8), is a fully determined value. This fact is obviously not
connected with the kinetics.

Thus, in an isothermal plasma one must distinguish two instabilities having comparable thresholds,
the same dependence of the increments on the external field, and developing in different regions of k-space.
Disturbances with wave vectors at the surface wy=w; —~ wpe Which separates the regions indicated above
are not excited at all in the framework of (7).

The conclusions presented are necessary for a study of the nonlinear stage of development of an
instability.

In conclusion the author thanks V. E. Zakharov for the formulation of the problem and a helpful dis-
cussion, as well as A, M. Rubenchik for valuable remarks.
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