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Abstract

It is shown that using even harmonics of a test wave it is possible to diagnose the fast time evolution of the current density.
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Electron collisions with ions represent one of the
basic physical mechanism yielding in a plasma the
generation of harmonics of a high-frequency (HF)
field. For a plasma with an initial Maxwellian elec-
tron distribution function (EDF) the generation of odd
harmonics has been predicted many yeargdagd he
selective generation of onbdd harmonics takes place
when the EDF is invariant with respect to electron ve-
locity direction inversiorj2—4]. Such invariance prop-
erty does not hold, if in plasma the electron fluxes are
present (see, for instand®,6]). As a consequence, in
a current-carrying plasnid], or in a plasma with heat
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flux [8], besides odd harmonics generation, the even
harmonics generation as well takes place. As electron
fluxes are the sources of even harmonics generation,
the detailed investigation of the latter may serve as the
basis to obtain information on the electron fluxes in
a plasma. In this communication, we investigate the
flux density time evolution of radiation at the even
harmonics frequencies of a test wave, and establish
its link with the evolution of the current density pro-
duced by a constant electric field. We show how the
generation efficiency of the second and forth harmon-
ics is correlated to the current density values. The
characteristics concerning even harmonics generation,
established below, may serve as the basis of a new di-
agnostic method to study plasma electron conductivity
in situations when small time and space resolutions are
required.
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Let us consider a fully ionized plasma in the pres-
ence of a uniform conant electric fieIdEo. We as-
sume that the ion ionization multiplicity is greater
than unity and that the electric field strengHp is
much less than the strength of the Dreicer critical field
Ep =mvrvle| ™2,

Eo < R 1)
32f
wherev = v(vr) = 4nZe*N Am~2v;3 is the elect-

ron—ion collision frequencyA is the Coulomb log-
arithm, e, m, N and vy are, respectively, the elec-

tron charge, mass, density and thermal velocity. If the ar

electric field satisfies the conditida), then the elec-
tron distribution weakly deviates of the Maxwellian
Fn(v) = N@2r)~32u3exp—v?/2v2). Assuming
that the constant electric field is switched on at the
moment: = 0 one can write the following weakly
anisotropic EDF

F(©) = Fyu(v)
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The current density corresponding to the distribution
2)is

2

J=e / di - 5F @) = <X ¢ (vn) B, &)
mvy

where the time dependency is given by the function
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The plot of ¢(7) is shown inFigs. 1 and 2 Below,
EDF (2) is used to investigate harmonics generation
of HF radiation acting on a current-carrying plas-
mas. Assuming that the HF field switching-on time
is much smaller than the time of EDR) modifica-
tion, the HF field may be written aB coSwt — ki)
wherek - E = 0, and the frequency is linked to
the wave vectori_é by the dispersion relatiow? =
w? +k2c? ~ k2c?, w? = 4we?N/m. We assume that
the amplitude of the electron quiver velocity: =
|Vg| = |eE/mw| is much smaller than the speed of

¢(r) =

32

425

light ¢. It will permit to describe the HF field ac-
tion on the plasma within the dipole approximation,
neglecting both the EDF spatial variations and the
radiation magnetic field influence on the electrons.
As the quasistationary electric fielbly is weak (see
(1)), and the electron—ion collision frequency much
smaller thanw, the EDF in the HF field may be repre-
sented asf = fp + 8f, wheresf is a small addition,
while fo = F[v — Ug(1)], with Vg (1) = Vg Sin(wt —
k7). The equation for the small additiaty has the
form
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The approximate Ed5) is valid for §f changing with

the frequencyw or with greater frequencies. As the
EDF (2) fully defines the electron density, the cor-
rectionsf satisfies the conditioff v §f = 0. Taking

into account this condition, fron(5) we obtain the
time derivative of the HF correction to the current den-
sity8j = e [ dv-v8f. The time derivative of j allows

to find the correction to the current density brought
about by the electron—ion tisions at the fundamental
frequency, and the current density of high order har-
monics as well. The term iaé;j/dz, which does not
contain the static fieldsp, describes the generation of
odd harmonics. The theory of HF field odd harmon-
ics generation in a fully ionized plasma is developed
in Ref.[1]. The term inds j /a1 containing the fieldZo
describes instead the current density leading to even
harmonics generation. This term may be represented
as
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In the general case, the expression fﬁﬁf(/at)gn

has components along and perpendicularly to the HF
radiation wave vector. Current oscillations anfég
are purely potential and for the harmonics genera-
tion are not of interest. Current oscillations in the
plane perpendicular t& are, instead, the sources
of e.m. radiation. Being interested in even harmon-
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