where f, is the threshold value of the amplitude of the external signal. When f/f, 5 1, the
amplltuge b increases linearly with f. It is seen from Fig. 2 that these conclusions are in
good agreement with experiment.

The expressions for the amplitudes of the Langmuir oscillations near threshold can be
represented in the form of an expansion in powers of the amplitude b. Accurate to quadratic
terms, we have

2
b, a,,~c,b%,

2
a,~1l-cb®, a,~c¢c .2

4 +1
1, Are certain constants that depend on the dynamic parameters, viz., the

interaction coefficients, the wave damping, and the detuning. These relations between the
ampllitudes have been observed experimentally (Fig. 3).

where cg, c,,, and ¢

The increase of the extermal-signal amplitude f beyond threshold leads to excitation of
"relaxation" oscillations similar to those described in [6]. These oscillations are charac-
terized by intense diffusion of the plasma to the walls of the tube and by appreciable oscil-
lations of the plasma density and temperature.

Our investigations show that lon-acoustic oscillations are excited in a beam-plasma
system starting with a certain threshold value of the Langnuir-oscillation amplitude.

The power of the ion-acoustic oscillations beyond threshold is proportional to the
power P of the external high~frequency signal.

The power of the Langmuir oscillations beyond threshold increases like vP.

The growth of the ion~acoustic or Langmuir oscillation amplitudes is limited by the
excitation of relaxation oscillations.

The authors are grateful to Ya. B. Fainberg and V. P. Silin for a discussion of the
results and to L. I. Bolotin for help and interest in the work.
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It is known that induced scattering leads to instability of a monochromatic wave of
frequency mkoand wave vector Ky against excitation of long-wave oscillations (wk, K, k < kyp)

[1]. The purpose of the present study was to lnvestigate experimentally this instability in
a plasma placed in a strong magnetic field. The experiments were performed with a one-sided
Q-machine placed in a homogeneous magnetlc field of intensity H = 2x10% Oe. The system was
evacuated to a pressure (0.5 - 1)x10-% Torr and filled with a helium plasma of density

(1 - 2)x102? em—3. The plasma-to-cyclotron frequency ratio under the conditions of the ex-
periment, wp/ W, Was equal to 1/10 - 1/15. The electron thermal velocities ranged from

3x107 to 4x107 emy/sec.

The plasma oscillations were excited with the aid of a system of coaxial probes,-and
a movable coaxial probe was used to extract the oscillations. A study of the dispersion law
of these oscillatirns has shown that the first radial harmonic of the Langmuir oscillations
of the magnetized plasma is excited in the system:
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Here k, = A/a, where a = 1 cm is the plasma radius and A = 2.4,

The change of the oscillation amplitude along the system was investigated with the aid
of a moving receiving probe, the signal from which was fed to the input of a tuned measuring
receiver of the P5-G type, connected to an autanatic EPP-09-GM plotter. To investigate the
induced scattering, a pump wave (w 0’ ko z) was excited in the system in addition to the

sounding, wave (mk, kz) . In the absence of the pump wave (the main wave), the absorption of

the sounding wave is well described by the formula for the linear Landau damping. The absorp-
tion increases when the wave frequency approaches the plasma frequency and the phase velocity
of the wave becomes equal to the thermal velocity of the particles. In the study of the
induced scattering, the phase velocities of the main and scunding waves were chosen in the
interval (1 - 3)x10% cm/sec, for which v << WX = /k . In this interval, the linear
damping is small enough, but on the othe¥ d P the pphase velocity of the beats produced
as a result of the nonlinear interaction of the main and sounding waves

Wy = @
VB-L_EL

ph kx- koz ' (2)

turns out to be of the order of the thermal veloclty. The beat frequency is much lower than
the plasma frequency, and thus the beats do not belong to the spectrum of the natural plasma
oscillations.

Under these conditions the main nonlinear mechanism leading to t-e transfer of energy
from the main wave to the sounding wave is the induced scattering due to the resonant inter-
action of the beats of the difference frequency and the thermal electrons of the plasma. The
induced scattering was investigated earlier in detall only for broad wave packets [2, 3], but
such a scattering takes place also for monochromatic waves. In the case of a monochromatic
wave the scattering causes the wave to be unstable against excitation of sounding waves in
the long-wave part of the spectrum. When induced scattering is taken into account, the change
of the electric field in the sounding wave along the system is determined from the equation

L VAT X exp -(ﬂlzlh.)gk-
dx 8 kv, 2T

(3)
2

9 T /ed, ¥ Wy Ok v
- e f o - ; - X _Xgo v5 ph )E .
] \/ 2 (mv- 1¢;2) sgn (o wko) kf V_’Ph VTe® ( T k

In this formula W, and vph are the frequency and phase velocity of the sounding wave,
mko’ vgh, and ¢¢ are the frequency, phase velocity, and amplitude of the potential in the main
wave, Vp, = /T/m is the thermal velocity of the plasma electrons, and the coefficient a(vgh/vTe)
is given by

1 for ‘th“< YTe

ﬂ(vg.l{v-r.) = _ vgﬁ 6
(0 vr )t e B, for ViR Vi,

In the derivation of (3), the plasma-particle velocity distribution function was assumed to
be Maxwellian.
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Fig. 1. Distribution of the amplitude of the sounding wave along

the system. I - in the absence of the main wave, II - in the presence of

the main wave, whose frequency is higher than that of the sounding wave.

The decrease of the amplitude at large z is cormnected in this case with

the attenuation of ¢ to values at which the increment of the induced

scattering becomes smaller than the linear decrement of the Landau damping.

Fig. 2. Amplification coefficient of sounding wave vs. the phase
velocity of the beats.

The first term in the right side of (3) corresponds to linear Landau damping, and the
second to the change of the sounding wave as a result of the induced scattering. The scatter-
ing is from the electrons, lnasmuch as Vgh >> Vi and the contribution of the ions to the

polarizability at the difference frequency 1s small because Imk - ko' >> wyy - It follows

from the equation that induced scattering can lead to a growth of the amplitude of the sounding
wave when we < mko. ’

It was cobserved in the experiments that the sounding wave becomes amplified along the
system in those case when the pump frequency excited in the plasma has a higher freguency than
the sounding wave (see Fig. 1). On the other hand, if the pump frequency is lower, than the
presence of the pump wave in the plasma leads only to an enhancement of the damping of the
sounding wave.

The amplification coefficient « of the wave was determined with the aid of the spatial
distribution of the socunding wave shown in Fig. 1. The experiments were performed at main-
wave potential amplitudes ¢q = (1 - 3)b.1) The dependence of the amplification coefficient
on ¢o was quadratic in this case. At large amplitudes, the main wave turns out to be unstable
against excitation of low-frequency ionic oscillations. The amplitude of the sounding wave
was appreciably lower than ¢, s 0.1lb,

The dependence of the gain on the phase velocity v‘S of the beats (Fig. 2) was obtained
by varying the frequency of the main wave at a fixed f‘r’ea ency of the sounding wave. The
plot shown in Fig. 3 was obtained at vy = 2x109 sec~1, ¢4 = 1b, Voh = 1.5x108 em/sec. The

maximum of the amplification coefficient is reached at Vgh = (1 - 1.5)VT o The dependence of

8

K on v(S and V<S

oh at Vph < Vipg ph > Vi 8gTees qualitatively with the theoretical dependence in (3).
The experimental value of the maximum gain, K:éz = 0.5 em~!, is sufficiently close to the
. theor _ 1 R _ s _
theoretical Kmax = 0.66 cm~! obtained from (3) at « = 1 and Voh = Ve

The authors thank B. B. Kadomtsev, R. Z. Sagdeev, and Ya.B. Fainberg for valuable advice
and discussions.

Dy,

) e maximum values of the potential were measured with the aid of a sounding electron
beam [4].
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Electron-phonon interaction in metals leads to an Increase of the effective massm¥ of
the conduction electrons on the Fermi surface [1]:

=m (1 +2),

where my, is the effective mass due to the band structure, and X is a coefficlent characteriz-
ing the electron-phonon interaction. The function A(T) was calculated in [2] for Pb and Hg.

According to this calculation, a change of A should lead to an increase of m¥ by several
per cent when the temperature is increased from 0 to about U°K.

We have used cyclotron resonance (CR) to investigate experimentally the temperature
deperdence of the effective mass of lead, a metal with a strong electron-phonon interaction
(1, 2].

The sample was single-crystal Pb in the form of a disc with the normal oriented along
[011], grown by R. T. Mina from the melt in a dismountable crucible mold [3]. The sample,
freely lying on a quartz substrate, was placed in a strip resonator tuned to a frequency ~19.2
GHz, connected in the feedback loop of a self-oscillator using a traveling wave tube [4]. We
measured either the low-frequency component (at a magnetic-field medulation frequency 12 Hz)
of the generation amplitude near threshold, or the frequency deviation of the oscillator [4].

The resonator and sample were placed in a cryostat cooled with liquid He3. The sample
temperature changed less than 0.1°K during the time necessary to record each spectrum The
magnetic field H produced by the electromagnet was applied along the [0I1] axis. The field
was set parallel to the sample surface with accuracy ~5' as determined by the maximum of the
CR amplitude ¢, (the notation is the same as in [6, 7]). The magnetic field intensity was
measured with a Hall pickup, and the calibration was with a nuclear magnetometer with rurning
water [5] during each measurement of the investigated section of the CR spectrum. The mag-
netic field measurement accuracy was limited by its modulation and amounted to ~0.1%.

Figure 1 shows CR spectra obtained by the frequency-modulation method [U4]. The figure
shows three strong resonances: third-order resonances of ¢, on a noncentral hole orbit and of
X on a non-lanar orbit passing over the tubes in the third zone, and a first-order resonance
of ¢; on the central section of the tube. With increasing temperature, the CR lines broaden
as a result of the decrease of the relaxation time and shift to the stronger-field region,
corresponding to an increase of the effective mass.

The results were reduced for the most intense z; resonance, since the y, and x resonance
lines overlap when T 5 2°K, owing to the decrease of the relaxation time t. The resonant
value of the field H; and the value of wt were determined by comparing the experimental line
shape with that calculated in accord with [8] for the case corresponding to the minimum
effective mass. Sinece the Q of the strip resonator is not high (v 103), it is impossible to
register in the experiments elther 3X/oH or 9R/sH alone [9], and we chose in the reduction
the combination 3X/8H + B83R/3H or 3R/sH + 83X/8H, which describes the experimentally observed
line. The parameter g was chosen once for the measurement run, if the tuning of the circuit
did not change during the course of the measurements. The values B = 0.2 - 0.3 indicate that
the admixture of the other component was not large.
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