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LETTERS TO THE EDITOR

where 8 1 , cp 1 , 8 2 , cp 2 are the angles of the vectors In the non-relativistic case p = mv and, consequently
(d 2 v / dt 2 ) + w ~ v = 0, i.e., the frequency of
n 1 and n 2 in a system of spherical coordinates,
the plasma oscillation does not depend on the
amplitude. 1
In the relativistic case we express the velocity
in tenus of the momentum,

when the z-axis is along the magnetic field.
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R. Gatto, Nuovo Cimento 2, 841(1955).
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K. Adler, Phys. Rev. 84, 369 0951).
d2p
dt2
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p = 0,

2.
In conclusion the author wishes to thank Ia. B.
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A. I. Akhiezer and G. Ia. Luibarskii, Dokl. Akad.
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N Refs. l and 2 there was considered the one
I dimensional
oscillations of the electronic plasma,
without taking into account the temperature effects,
on the assumption that the electron density n , the
electrical field E and the electron speed v are
linear functions of the combination x- Vt, where
V is the velocity oft he wave, propagating along the
x-axis. In the present note we obtain a fundamental
result of this work --a relation between the frequency of the longitudinal wave and the amplitude
for a more general assumption, namely, for an arbitrary relation between the quanttities n , E and
v and x and t . The entire derivation is very much
simplified if the basic equations are transformed
from the Eulerian to the Lagrangian form.
We write the equation of motion ofthe electron
and Maxwell's equations
dpjdt = eE,

(1)

dEjiJx = 4-rre (n- n 0 ),

(2)

0 = (1/c) (iJEjdt)

(U~

Vi + p"jm2c2

from which the dependence of the frequency on
amplitude follows directly, as was obtained in Ref.

Nonlinear Theory of Longitudinal Plasrr.a
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+

+ (4-rrjc) env,

(3)

A. I. Akhiezer and R. Polovin, Dokl. Aka d. N auk
SSSR 102, 919 (1955).
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has made the statement that in a
F EYNMAN
mixed theory of scalar and vector mesons with
1

vector coupling, nonrenom1alizable infinities cancel if the coupling constants are equal. Reference
2 is devoted to the application of this theory. Such
a statement also occurs in Ref. 3. Actually, however, the cancellation of nonrenormalizable infinities is equivalent in this case to the fact that the
equation for the vector meson

where n 0 is the ion density, which is assumed to
be fixed; e , m and p are the charge, mass and momentum of the electron. From (2) and (3) follow
dEjdt

= iJEjiJt + viJEjiJx =

-4-rren 0 v.

is transformed into

(4)

Differentiating Eq. (l) with respect to time and
comparing with (4), we obtain
(5)

In this case the field 'fv describes particles with
spin one and zero, where components with spin
zero correspond to a negative energy (see Ref. 4 ).
This circumstance is also noted in Ref. l.
Starting from a Hermitian Lagrangian for two
fields with spin zero and one, interacting with the

