tigation. The high luminescence efficiency of solid xenon, the absence of absorption in the
region of the emission line, and the realistic values of the threshold pump power (aceording
to estimates given in [2]) point to the possibility of attaining laser action in solid xenon
excited by electrons.
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It is well known [1] that ion-acoustic oscillations can propagate in a rarefied plasma
with hot electrons ('I‘e >> Ti’ where 'I‘e {1 electron or ion temperature). The dispersion law
b

o = o(k) for such oscillations (neglecting the weak damping) is

dune? k?
w? = —
M kZTai?

and in the limiting case of large wavelengths, k << k (1/x - Debye radius) it corresponds to
an adiabatic exponent y = 1.

Ion-acoustic waves of small amplitude in a gas-discharge piasma have been thoroughly
investigated recently [2,3]. Great interest attaches to the nonlinear dynamics of the pro-
pagation of such waves, especially since a nonisothermal plasma is a typical example of a
strongly dispersive medium with small absorption.

Propagation of nonlinear stable elementary waves, such as compression solitons [4-6],
is possible in such a medium, and in general any initial perturbation will disintegrate in
time into an aggregate of such elementary oscillations with wavelength on the order of the
characteristic dispersion length (in this case the Debye radius).

We deseribe briefly an experiment in which we were able to trace how an initially smooth
disturbance of large amplitude in a nonisothermal plasme disintegrates as a result of non-
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linear deformation into elementary oscillations
vith a characteristic spatial dimension of the
order of the Debye radius.

The plasma was produced in a metallic cy-
lindrical chamber (90 cm diameter, 120 cm length)
by ionization of a gas with an electron beam from
an incandescent cathode (Ic = 1 mA). The experi-
ments were made in the inert gases xenon, argon,
and helium at a pressure (1 - 2) x 10'“ mm Hg.
The electron temperature and density in such a
plasma were determined from probe characteris-
tics. In_the experiment described, Te = 5 eV and
n= lO6 em. To produce a disturbance wave in a
"quiet" plasma, we used a specially developed
plasma source, comprising a cylinder of 80 cm di-

ameter and 20 cm length assembled of a series-

connected flat grids 4. A positive potential

with adjustable rising front was applied to the Fig. 2. Oscillograms of signals from the
absorber at distances 1, 3, 12, and 19 cm
from the source (reading downward in the

The variation of the flux in the wave was figure). The time and density scaleg are

respectively 20 usec and 2 x 10° cm per
large division.

central grid (see Fig. 1).

recorded with a plasma absorber consisting of a
set of parallel plates installed along the di-
rection of the wave motion. The voltage applied to the plates drew out the plasma, and a
signal proportional to the current was applied to the input of a differential amplifier. The
frequency characteristic of the measuring circuit was linear up to 1 MHz.

Figure 2 shows oscillograms taken at several positions of the meter, showing the evolu-
tion of the waveform in a propagating xenon plasma. The front velocity, 3 x lO5 em/sec, cor-
responded to a Mach number M = 1.5. We see that the wave propagation is accompanied by a de-
crease in the width of the front, down to a certain level on the order of 2 cm, approximately
equal to the Debye radius. Oscillations with wavelengths on the order of the Debye radius
are produced behind the front. An electrostatic probe placed perpendicular to the wave pro-
pagation revealed that the front is plane within not more than 1 cm.
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