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THE

interaction of a sound wave with the conduction electrons in a crystal leads to dissipation of
sound energy. Here the important influence on
the propagation of the sound is the presence of
an external field E. In the work of Hutson, McFee,
and White [l] an interesting phenomenon was discovered: the amplification of the ultrasound in the
semiconductor CdS in an electric field. In this
crystal, there is a strong piezoelectric interaction
of the electrons with the sound. However, the possibility in principle of amplification of the sound
by the conduction electrons in the electric field
does not depend on the specific character of the
interaction. The effect has the following nature.
In the absence of an electric field the electrons
absorb the sound energy Q 0• This leads to the
appearance of an electron acoustic current J,
which is proportional to Q0• Therefore, the sound
energy absorbed by the electrons per unit time is
Q = Q0 + J · E in the linear approximation in E. If
the value of E is such that Q < 0, then an amplification of the sound by the electrons takes place.
Upon absorption of a sound quantum, the velocity of the electron changes by the quantity nK/m
( IC is the acoustic wave vector, m is the effective
mass of the electron). In the time between collisions T the electron obtains a mean displacement
A= niCT/m. In the collision, the velocity of the
electron changes and it "forgets" about the momentum received. Therefore, the acoustic current
is
J = efiy.:r:vjm,

(1)

where v is the number of sound quanta absorbed
by the electrons per unit time, e is the charge of
the electron.
Taking it into account that Q 0 = liwv ( w is the
sound frequency), we represent the quantity Q in
the form
Q = Qo(l

here vd

= erE/m

+ xvd I w),

is the drift velocity.

(2)

Thus, if the vectors IC and v d are antiparallel,
and the drift velocity v d is larger than the phase
velocity of the sound s, then the sound absorption
coefficient r = Q/W is seen to be negative
(W = pw 2u5sV0 /2 is the energy flux in the sound
wave, p is the density of the crystal, V0 is its
volume, u 0 is the displacement amplitude in the
sound wave). This is a consequence of the nonequilibrium character of the electron distribution
in the electric field. The quantity li ( w + IC • vd)
represents the change in the kinetic energy of the
electron (averaged over the distribution) in the
absorption of a sound quantum. If this quantity is
negative, then the probability of the emission of a
quantum becomes larger than the probability of
absorption and forced Cerenkov radiation of sound
takes place.
The most appropriate crystals for the amplification of sound are evidently the semimetals of
the bismuth type. At low temperatures, the coefficient of lattice absorption in bismuth r p is relatively small and the electron coefficient r 0 = Q0/W
is rather large. At the same time the Joule power
p = nmva IT is comparatively small, inasmuch as
the concentration of electrons n and their effective mass m in the bismuth are small while T is
large.
It can be shown that the expression (2) for Q
remains valid even in the presence of a magnetic
field H 1 E. Here, in the case Qr » 1
( Q = eH/mc; c is the velocity of light) the drift
velocity vd is equal to the Hall velocity cE/H,
and is directed perpendicular to the fields E and
H, while the quantity Q 0 should be computed with
account of the magnetic field. It is shown that in
the case KR « 1, Kl » 1 (R = VF/£2; l = vyr;
VF is the Fermi velocity) the expression for the
sound absorption coefficient has the form

r

=

(1

+ :d

cos <Jl) r o I Icos tt

I,

(3 >

where cp is the angle between the vectors IC and
Vd; r 0 is the absorption coefficient for E = H
= 0; [ 2] the angle J. between the vectors IC and H
should satisfy the conditions
1 cos

tt 1 ~ 1 1xt.

(4)

Thus the coefficient of amplification of the sound
in the presence of a strong magnetic field can be
larger by a factor vy/s than in its absence. The
large (in absolute value ) magnitudes of the coefficient make it possible in principle to use this effect not only for amplification, but also for generation of ultrasound of high frequencies.
It should be noted that in many cases the linear

\
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approximation in E is inadequate for the calculation of the coefficient r. The case of a semiconductor in which the heating of the electrons gas in
the electric field is important and the case -of a
magnetic field in which the absorption and emission of sound has a resonance character can serve
as examples. However, these questions go beyond
the scope of the present note and will be considered
in a special paper.
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tions (1) and (2), we write the latter in the form

a1 =

! [*/A~' \
2

-

2
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THE

following reactions were investigated with
the aid of a 25-cm liquid-hydrogen chamber
placed in a 12,000 Oe magnetic field, with the
primary 1r- mesons having aii energy 340 ± 15
MeV:

+ p-+JC + :n:+ + n,
;C + p -~ :rt- + :n:O + p,
:n:- + P--+ :n:- + r + p.

:rC

(1)
(2)
(3)

The corresponding total cross sections were found
to be
0' 1 = L24 ±: 0,14 mb, a 2 =0.13 ~ 8:8~ mb,
a 3 = 0.09

~ ~--~~ mb.

In the determination of the cross section of reaction (3) we took into account only the cases in which
the energy of the emitted y quantum exceeded 100
MeV.
To gain an idea of the contribution of the different isotopic states to the cross sections of reac-

+} [\A{'/

2

- 2 Re (A{'* A{')+ JA {' J2 J.
a2

=fa I Ai' r+ ~ [f IA;/,/

2

+ 2Re(A{,. A{') + 2J A{'J

2 ].,

where Ak -invariant isotopic amplitudes (the
upper index pertains to the total isotopic spin of
the entire system, while the lower one denotes the
total isotopic spin of the two-pion system).
The values obtained for the cross sections of
reactions (1) and (2) enable us to judge, under
certain extreme assumptions, the magnitudes and
phases of the isotopic amplitudes:
a) If we set the amplitudes Alf2 and A~/2 equal
to zero, then the amplitude A~/2 turns out to be
much smaller than A612 :
3.1 IA;·'[ 2 ·~ I A.;{' / 2

MEASUREMENT OF TOTAL. CROSS SECTIONS OF ( 7T-p) REACTIONS AT 7T- MESON
ENERGY OF 340 MeV

2]

< 5. 7 i Ai'/

2;

b) If it is assumed that the cross sections a 1
and a 2 are determined essentially by the amplitudes Alf2 and Ai12, then the phases of these amplitudes are shifted by ~ 180°, and their moduli
are related by
When the energy of the incoming pions is 340
MeV, the maximum total energy in the c.m.s. of
the two pions is 400 MeV. If variant a) is correct,
then we can state that pions with energies from
280 to 400 MeV interact predominantly in states
with total isotopic spin T = 0, and not with T = 2.
This character of the 1r1r interaction was first
suggested by Korenchenko [l] and experimentally
confirmed only near the threshold of meson production. [ 2] A similar result was obtained in the
theoretical papers; [ 3• 4] Schnitzer [ 3] calculated,
in particular, the cross sections of reaction (1)
and (2). The results of the calculations do not
contradict the values of the cross sections obtained in the present paper.
From a comparison of a 2 and a 3 we can conclude that the results presented in [SJ can pertain
to the summary cross section of the two reactions
(2) and (3).
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