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1)
2)

In addition, the electron-lattice interaction constant is renormalized.
Amirkhanov and Bashirov [k] indicate a position Hg, but in fact this should be HB,
since the g¥*-factor is negative.

3)

The g*-factor determined from spin resonance can coincide with (6) only for pure

samples.
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We have shown earlier {1] that development of two-stream instability is accompanied,
besides high-frequency oscillations (1000 - 6000 Mes), also by low-frequency oscillations
(10 kes - 30 Mcs), and by intense ion currents, comparable in magnitude with the electron
current of the primary beam. The energy of the ions reaches several hundred electron volts.
Apparently the acceleration and "heating'" of the ions are due to the low-frequency oscilla-
tions. On the other hand, these oscillations, which arise upon development of two-stream in-
stability, lead to anomalous diffusion of the plasma. Therefore a determination of the causes
of the low-frequency oscillations and a development of methods for their suppression is of in-
terest. It is also necessary to determine whether these oscillations are produced by the beam
directly or are brought about by the high-frequency oscillations.

We report here the results of experimental investigations from which it follows that
the low-frequency oscillations can be stopped by modulating the beam at a high frequency,

w = 2wHe. The connection we investigated between the low- and high-frequency spectra in-
dicates that the low-frequency oscillations are brought about by the high-frequency ones.

The experiments were made with a previously-described setup [1,2]. An electron beam
with current up to 100 mA and particle energy 2 - 5 keV is injected in an interaction chamber
situated in a longitudinal magnetic field of intensity up to 2000 QOe. At the entrance to the
system is placed a resonator tuned to 3000 Mecs, with which the beam can be modulated. The
attainable modulation depth « was equal to 0.15. The experimental conditions were chosen such
that the modulation frequency W was double the cyclotron frequency for the electrons. This
condition corresponds to the first zone of instability excitation in the presence of external
modulation [3].

The oscillations were received with probes placed in the plasma. The spectrum of the
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high-frequency oscillations was investigated with wave meters and with an IV-46 analyzer,
while an S-4-8 analyzer was used for the low-frequency oscillations.

The main results are shown in Figs. 1 and 2.
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Fig. 1. Spectrum of high-frequency Fig. 2. Spectrum of low oscillations
oscillations vs. depth of modulation vs. electron-beam modulation.

of the electron beam (f = 2992 Mcs
marks the start of the sweep; the
total sweep is 10 Mes).

Figure la shows the approximate spectrum of the high-frequency oscillations in the ab-
sence of beam modulation. The maximum of the amplitude lies in the frequency region 2900 Mes.
The spectrum extends over ~12%. The dashed line denotes the frequency &t which the beam was
modulated. Oscillograms b, ¢, and d of Figs. 1 and 2 are the spectra of the high- and low-
frequency oscillations vs. the modulation depth. The total sweep of the high-frequency spec-
trum is 10 Mcs, and that of the low-frequency oscillations is from 50 kes to 30 Mes.

Even at the relatively low values o =~ 0.04 - 0.06 one can see in the high-frequency
spectrum suppression of the frequency with the maximum amplitude, and separation of a new fre-
quency which is shifted 30 - 40 Mcs relative to the modulation frequency (the spectrum width
is of approximately the same order as before). In the low-frequency spectrum one observes a
decrease in the oscillation amplitude (Fig. 2b).

Further increase in the depth of modulation leads to a narrowing of the spectrum of the
high-frequency oscillations and to a suppression of the low-frequency ones (Fig. 1b, a =~ 0.09;
Figs. le, d and Figs. 2¢, d - @ = 0.11 and 0.15, respectively).

It is interesting to note that the width Awhf of the high-frequency spectrum coincides
approximately with the region of frequencies occupied by the low-frequency spectrum. One
possible explanation is that the low-frequency oscillations are the result of nonlinear inter-

action of the high-freguency ones and therefore whax 10 = mhf'
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fnother interesting fact is that an increasc in the depth of modulation is accompanied
not only by a narrowing of the high-frequency spectrum, but also by a shift of the frequency
of the maximum oscillation amplitude to the modulating frequency. When @ = 0.15 the maxima
of the oscillations coincide. As seen from Fig. 2d, the spectrum in the 50 kes - 30 Mes re-
gion is then fully suppressed. In the O - 50 kes region the amplitude drops by a factor 2 - 3.

Simultaneously with the change that modulation produces in the spectrum,a 30% decrease
is observed in the ion current (in individual cases up to 40%). The plasma column diameter
decreases when the low-frequency oscillations are stopped. This decrease in diameter is ap-
parently due to the decrease in the anomalous diffusion due to the low-frequency oscillations.

The experimental results indicate that prior modulation of the beam makes it possible
to suppress not only the high-frequency oscillations over a wide range of frequencies, but
also the low-frequency oscillations excited by the two-stream instability [4,5]. We have
shown that the low-frequency oscillations are produced by the high-frequency ones.

For a conclusive answer to the question whether low-frequency oscillations are the re-
sult of nonlinear interaction between high-frequency waves or to static potential wells caused

by the high-frequency fields additional research is necessary.
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This paper is devoted to an investigation of the effect of the mutual dragging of elec-
trons and phonons on the propagation of electromagnetic waves in semimetals and degenerate
semiconductors situated in an external magnetic field.

Assuming the electric field to be weak and negelecting spatial dispersion, we seek the

distribution functions f and N for the electrons in the form

£ = fexp( SBL= S0 ) 4174 (H(p), o @

il iioRs

), W= Lexp( B2 1124 (i),

oo
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