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We investigate experimentally the oscillations of the current of fast electrons produced when a
microwave is incident on a plasma layer. The increased excess above threshold changes the oscillation
frequency from 22 to 4 MHz. The phenomenon is explained on the basis of the premises of the

nonstationary theory of Langmuir turbulence.

In experiments on nonlinear interaction between
microwave radiation and an inhomogeneous plasma lay-
er, we have observed an anomalous transparency of the
plasma layer, the production of accelerated electrons,
and the appearance of Raman lines in the scattered
radiation. "' These facts have enabled us to conclude
that parametric instability sets in under these experi-
mental conditions. As the work developed further, we
undertook a more detailed study of the instability,
namely, we increased the time resolution of the appara-
tus used to measure the electron currents. This has
revealed a new phenomenon, namely nonstationary
electron turbulence produced in a collisionless
plasma.

The electron currents were measured with a multigrid
probe screened against the action of the microwave field
and placed inside the plasma layer. The load of the
probe collector was a 50  resistor, so that the electric
circuit of the probe, and also the amplifier and the re-
cording apparatus, ensured a temporal resolution up to
25 MHz. Just as in the already mentioned experiments,
a powerful electromagnetic wave in the 10-cm band was
turned on at the instant when the electron concentration
at the center of the plasma layer reached its maximum.
We then registered the appearance of a current of fast
electrons that are produced if the maximum electron
concentration in the layer is equal to or larger than a
critical value for the incident radiation. This phenome-
non is characterized by an incident-radiation power
threshold of 100 kW, corresponding to a field intensity
360 V/cm in the incident wave at the probe location, or
to a ratio vg/vp,=0.3 (v7, is the initial thermal velocity

FIG. 1. Oscillograms of the current of accelerated electrons:
1—electric field or incident wave 1 kV/cm [excess above pres-
sure a?=(1/2) (1~ E,,/E) =0. 32], 2—incident wave 1.5 kV/ecm
(@ = 0. 38); oscilloscope sweep 1 usec/div.
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FIG. 2. Depth of modulation of the electron current vs. fre-
quency of incident wave: the abscissa scale is logarithmic; the
threshold of the oscillations is 360 V/em. The curve corre-
sponds to the time interval 1.0—1.5 usec from the instant of
turning on the incident wave.

of the electrons, V,,=10°% cm/sec and vy =eE,/mw,).

We have observed that the electron current in the
probe has an oscillating component (see Fig. 1). This
component has an appreciable time duration, practically
comparable with the total lifetime of the electron cur-
rent, i.e., with the time of plasma-layer decay due to
the action of the high-power microwave field. The time
of appearance of the electron current is approximately
0.1 usec, which coincides with the duration of the lead-
ing front of the microwave pulse; this time remains
practically unchanged in the range of incident-wave
powers corresponding to electric fields from 360 to
1750 V/cm.

The depth of modulation (m,%) of the electron current
as a function of the incident-wave power is characterized
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FIG. 3. Dependence of the oscillation frequency on the incident-
wave power: the curve is plotted for the time interval 1.0-~1.5
usec.
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by an abrupt threshold, also equal to 100 kW, and then
stays at an approximate level of 40% (see Fig. 2). At
higher powers, the depth of modulation has a weakly
pronounced tendency to decrease. An interesting feature
of the observed process is the variation of the oscillation
frequency with changing power level of the incident
wave. It follows from Fig. 1 that at a slight excess of
the power above the instability threshold the oscillation
frequency is much higher than 20 MHz, and cannot even
be measured by the employed apparatus (SI-15/1 ampli-
fier with S8-9A oscilloscope). With increasing excess
over threshold, the oscillation frequency decreases, as
illustrated in Fig. 3, and varies approximately like

fose ~1n{E,, */EZ). In all our measurements we registered
frequencies from 22 down to 4 MHz, i.e., this region
may include the 5-MHz oscillations mentioned in'?!,
where a similar plasma placed in a waveguide operating
in the 10-cm band was investigated. This may signify
that the processes occurring in plasma in these
experiments are similar.

An attempt can be made to attribute the observed
oscillations to an intense acoustic wave and the asso-
ciated modulation of the local plasma potential. How-
ever, such an explanation is not confirmed by experi-
ment, since turning off the incident wave at the middle
of the electron-current pulse leads to a rapid (approxi-
mately 0.1 usec) vanishing of both the electron current
and its modulation, whereas the damping decrement of
the acoustic wave should be at least smaller than its
frequency. In addition, the acoustic waves produced in
the case of a potential periodic instability have wave
numbers k, >k, and a probe measuring approximately
1 em cannot respond to small-scale density changes. It
can consequently be concluded that the observed oscilla-

tions are connected with the turbulent state of the elec-
trons. Oscillations of such a state were theoretically
predicted in!3%, A qualitative comparison with the
theory'¥) shows that under our experimental conditions
the time of turbulence development is #, =2Xx107® sec,
the time necessary for the turbulence to assume a
stationary value is f, = 10° sec, and the oscillation fre-
quency is f,  =6X10° Hz. The experimentally observed
decrease of the oscillation frequency with increasing
excess over threshold can be attributed to a decrease in
the collisionless damping of the plasma waves %) with
increase of their amplitude; nevertheless, the compari-
son can only be qualitative, since the employed theory
has been developed for the case when 8> 1, and in the
experiment we have B~1 (8™ is the scale of the kernel
in the angular distribution of the noise energy). In addi-
tion, the cited paper!®! deals with decay of a pumping
wave into two plasmons, whereas under our conditions
the lower threshold is unstable against the formation of
a plasma and an ion-acoustic wave.

The authors thank M. S. Rabinovich for interest in the
work and N.E. Andreev and V.V. Pustovalov for a use-
ful discussion of the results.

1G. M. Batanov and V.A. Silin, Interaction of Electromagnetic
Waves with Plasma, Trudy FIAN SSSR 73, 87 (1972).

2y.1. Barinov, I.R. Gekker, V.A Ivanov, and D.M. Karfidov,
Eleventh Intern. Conf. on Phenomena in Ionized Gases,
Prague, 1973. Preprint FIAN SSSR, No. 89, 1973.

3W.L. Kruer and E.J. Valeo, Phys, Fluids 16, 675 (1973).
N.E. Andreev, V.V. Pustovalov, V. P, Silin, and V.T.
Tikhonchuk, ZhETF Pis. Red. 18, 624 (1973) [JETP Lett. 18,
366 (1973)].





