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If the infinite plasma is passed by a nonmodulated
parallel beam of electrons, whose initial velocity exceeds
the average thermal velocity of plasma electrons, then
longitudinal electric waves are excited in plasma wi-
th exponentially increasing amplitude. In this case, the
state of the beam becomes unstable, and the fluctuati-
ons of density and velocity that exist in the beam
also propagate in the form of longitudinal waves wi-
th increasing amplitude. In other words, the area wi-
th increased or decreased density naturally arise in the
beam and propagate in the form of waves with increasing
amplitude.

These assertions are correct if the role of the collisi-
ons of plasma electrons with positive ions and with beam
electrons is not taken into account and the deviations
of different quantities from their equilibrium values are
considered small.

A linearized system of equations describing the
interaction of plasma with a beam of electrons without
regard for collisions of particles takes the form [1,2]
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where f is the deviation of the distribution function of
plasma electrons from the equilibrium function f0; u is
the projection of the velocity of plasma electrons on the
x-axis, in which direction the beam electrons move; E
is the electric field; ρ and v are,respectively, deviations
of the beam charge density and the velocity of beam
particles from the equilibrium values ρ0 and v0; e and
m have usual meaning. The deviations of all quantities

from their equilibrium values are assumed to be small in
comparison with the equilibrium values.

A solution of the system of equations (1)–(4) will be
sought in the form of plane waves like const · ei(ωt−kx).
If |ka| � 1, where a =

(
θ/4πn0e

2
)1/2 (θ is the absolute

temperature, and n0 is the plasma electron density),
then the relation between ω and k (the so-called dispersi-
on equation) reads
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where ω2
0 = 4πe2n0/m, Ω2 = 4πeρ0/m, vT = (3θ/m)1/2.

If the beam velocity v0 exceeds the average thermal
velocity of plasma electrons vT , then relation (5) consi-
dered as an equation for k has complex roots at a gi-
ven frequency ω. This means that both the field E and
the deviation ρ of the beam density from the equili-
brium value look like waves, whose amplitudes increase
exponentially with x. This implies that, as the beam is
passing through plasma, the generation and amplificati-
on of high frequency oscillations in plasma are possible.

The maximum value of the modulus of the imaginary
part of k, being a function of the frequency ω, is attained
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2 and is equal to
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This quantity has, in turn, a maximum at v0 =
√

2vT ,
which corresponds to the maximally amplified frequency
equal to

√
2ω0.

Let us dwell on the problem of the generation of mi-
croradiowaves with the help of electron plasma. Usually,
the conclusion is drawn [3] about the impossibility to
generate ultrahigh frequencies with the help of plasma
in view of the facts that the period of plasma oscillati-
ons T ∼ n

1/2
0 (n0 is the plasma electron density) and

the time between two collisions τ ∼ n−1
0 . Therefore, wi-

th increase in n0 which is necessary for the generation
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of microradiowaves, the effect of the electrons – positive
ions collisions withdrawing electrons from the oscillation
process strongly increases.

We would like to emphasize at this point that these
considerations are not applicable, strictly speaking, to
the case where plasma oscillations are excited by a beam
of charged electrons, since the generated frequency is
determined, in this case, by both the plasma density and
the ratio of velocities v0 and vT .

In conclusion, we note that, on the passage of a
nonmodulated beam of charged particles through a
waveguide filled with a dielectric or through a chain
of coupled endovibrators, the increasing waves of the
electric field strength and the beam charge density
also arise under certain conditions and have the same
character as that in the case of plasma. In all these
cases, the dispersion equation similar to relation (5) is
valid. In the case of a waveguide, the role of the thermal
speed vT is played by the phase velocity of propagati-
on of electromagnetic waves in an infinite dielectric, and
the condition for the beam instability and the creation
of charge “bunches” propagating in the beam coincides
with the condition for the Cherenkov radiation arising
on the movement of a single charge with velocity v0 in
a dielectric.
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