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An electron plasma placed in a strong high-frequency electric field was investigated. It is shown that 
the oscillation of the electron mass in an external high-frequency field leads to parametric buildup of 
both potential and non-potential high-frequency oscillations. 

1. Much attention has been paid recently to the question 
of plasma stability in a strong HF field. It was shown 
inP-31 that a plasma in a strong HF field is unstable 
against the buildup in it of both potential and non
potential oscillations. In the foregoing investigations 
of the parametric buildup of the potential oscillations, 
the decisive role was played by ion oscillations. 

In the present paper we consider the stability of a 
purely electronic plasma against natural oscillations 
in a strong HF field. It is assumed here that the ions 
do not take part in the oscillations, but only cancel out 
the equilibrium space charge of the electrons. Allow
ance for the relativistic effect of motion of the elec
trons in the external field causes the material parame
ter that oscillates in the external HF field to be the 
electron mass. On the other hand, oscillations of the 
electron mass lead to parametric buildup of both 
potential and non-potential HF oscillations. It is 
shown that at certain plasma parameters the growth 
increment of the potential oscillations can exceed the 
maximal increment obtained in(2l, 

The field applied to the plasma is represented in 
the form Eo(t) = E0(0)sin w,J., assuming that the wave
length of the natural oscillations is much smaller than 
the characteristic length of plasma inhomogeneity, and 
also the length of the external HF wave. Since we are 
interested in the parametric excitation of the natural 
HF oscillations in a purely electronic plasma, we use 
the relativistic equation of single-fluid electron hydro
dynamics of a cold plasma and Maxwell's equations 
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The velocity of the plasma electrons in the equilibrium 
state is determined by 
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Linearizing the system (1) with respect to small 
deviations from the equilibrium state ( n0 >> n1 , 110 

>> 11 1 etc.), and assuming for the non-equilibrium 
values a coordinate dependence in the form exp ( ikr ), 
we obtain a system of equations describing the para
metric buildup of the natural oscillations of the plasma: 
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We confine ourselves below to an analysis of the 
system (2) in two limiting cases: when the wave vector 
k is parallel to the external field Eo and when it is 
perpendicular to Eo. 

2. Let us consider the case k 11 E0 • The system (2) 
can be reduced in this case to two equations, the first 
of which describes longitudinal oscillations, namely 
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where WLe = ..J 41Tno e 2/ m 0 is the Langmuir frequency 
of the electrons in the laboratory coordinate system, 
and 

The second equation represents the oscillations of 
the magnetic field (purely transverse waves) and is 
written in the form 
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In view of the complexity of the analytic investiga
tion of Eqs. (3) and (5), we consider the case "E/c 2 

« 1, which leads to Mathieu equationsC 4l. Equation (3) 
then takes the form 
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From (6) there follows parametric excitation of the 
electronic Langmuir oscillations, with the fundamental 
resonance occurring at an external-field frequency w 0 

on the order of the electron Langmuir frequency WLe, 
while the buildup increment of these oscillations is 
given by1> 

(7) 

On comparing the increment (7) with the maximum 
increment obtained in( 2l 

y.,,,. = (nee (m / M) '{, (8) 

1lThe result (7) was also obtained in a recent paper [ 5 ] in the limit 
ask-+ 0. 
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it turns out that the increment (7} can become larger 
than the increment (8) if the equilibrium density of 
the electrons is of the order of 108-109 cm-3, the 
external-field amplitude is of the order of several 
kV /em, and the ion mass is of the order of several 
dozen hydrogen masses. 

In Eq. (5) with vE;/c 2 « 1, it follows that the maxi
mum transverse-wave growth increment is 

(9) 

3. Let us consider now the case k 1 Eo. System 
(2) reduces in this case to the following equations: that 
of a purely transverse wave 
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and of a longitudinally-transverse wave of fourth 
order 
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When kc « w0 , WLe• Eq. (11) becomes simpler and 
goes over into the equation for longitudinal oscillations, 
Ex 11 kx, and has the same form as Eq. (3): 

(12) 

X=--- 1-- +wL 2E c [ fJ ( 8Ex( v02 ) -'/•) ] 
IJO at at C2 e X ' 

We note once more that the effects described above 
are due to periodic variation of the electron mass in 
an external HF field 

In conclusion, the author is grateful to A. A. 
Rukhadze for numerous discussions and valuable re
marks and toM. L. Levin and D. D. Tskhakaya for a 
discussion. 
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