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We consider the mechanism of the instability that leads to stratification of the ionospheric plasma in

the region of reflection of a high-power radio wave.

Recently Utlaut, Cohen, ef al. ™! and Getmantsev
et al.'*! have observed a new nonlinear effect of self-
action and interaction of radio waves in the upper
ionosphere, namely that the intensity of a strong ordi-
nary wave reflected from the F layer decreases rather
than increases with increasing radiation power; radio
waves of other frequencies, reflected from the same
region as the perturbing wave, are also substantially
attenuated. At the same time, a sharp increase is ob-
served in the large-scale ionospheric inhomogene-
ities. '**! The interaction of the radio waves with these
inhomogeneities (scattering, linear wave transforma-
tion) seem to be the cause of this nonlinear effect. The
purpose of the present paper is a theoretical investiga-
tion of these phenomena. It is shown that an instability
of the self-focusing type is produced in the region of
reflection of a high-power ordinary wave in the iono-
sphere, and leads to an intensive growth of the large-
scale inhomogeneities. This instability is a result of
the change produced in the concentration by plasma
diffusion from the region heated by the wave.

It is important that under the conditions of the F layer
the dependence of the concentration N on the intensity
of the perturbing wave is essentially nonlocal both in
space and in time, This determines the character of the
development of the instability. We note also that para-
metric excitation of Langmuir oscillations leads to an
additional heating (in comparison with ohmic heating)
of the electrons, and consequently greatly strengthens
the effect.

The complete system of equations describing the
interaction of the ionospheric plasma with an ordinary
wave of frequency w normally incident on a plane-
layered ionosphere takes, in the region of the reflection
point where €,(z=0) =0, the form
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Here E is the amplitude of the electric field of the wave,
€,={1 —4me®N/mw?) is the dielectric constant of the un-
perturbed plasma, and AN/N is the relative perturbation
of the electron concentration, which is determined by
the power W dissipated per unit volume.

The perturbation AN/N is determined by solving the
system of equations describing the thermal conductivity
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and the diffusion of the plasma along the magnetic-field
force line.'®! G is the Green’s function of this system.
Further, « is the angle between the earth’s magnetic
field H and the vertical, and / is the time from the in-
stant when the field is turned on. We use a coordinate
system with the x axis perpendicular to the wave-propa-
gation plane; the coordinate z is reckoned from the re-
flection plane z =10 along the group-velocity vector

(z LH).

The dissipated power W which enters in (1) is ex-
pressed in terms of the wave energy density (v,< w)

2 thr
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87 1 £ < E:

where v, is the electron collision frequency and E%,,
=167NT ;Fv,/w is the threshold for the excitation of the
parametric instability'®! (F =1.75).

The Green’s function G(x, /), in a wide range of the
variables (/ <7,D./D,, Ty and 8* <4D,7,.), is equal to'™
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u1=x/\/4Dat, u2=x/\/m.

Here D, and D ,=«,/N are the coefficients of the ambi-
polar diffusion and of the electronic thermal conductivi-
ty, 7,=1/v,6%, is the time of establishment of the
electron temperature (¢, ~1 is the non-isothermy fac-
tor), 7y is the electron lifetime, and %, ~1 is the ther-
mal-diffusion ratio, '*!

Within the framework of applicability of geometrical
optics, the unperturbed wave equation (1) has the
solution
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where in the case of weak nonlinear absorption of the
RF wave (at E <(2—=3)E,,,) the amplitudes of the incident
and reflected waves are equal to the amplitude E, of the
wave incident on the ionosphere.
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Let us examine the stability of this solution. We as--
sume the incident wave to be homogeneous in the direc-
tion of the x axis and orthogonal to its propagation
plane. Then
=E, ~E et + E em 't
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inc ret
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We linearize Eqs. (1)—(3) and take the Laplace trans-
forms of the corresponding quantities in the form
afy)=[a(t)eY" de,
As a result we obtain a system of equations for the
dimensionless amplitudes a, ;=E, s/E; and a, 4
=E’;'4/E::
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where the concentration perturbation SAN/N is de-
scribed by the expression
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Here E;=3mT,8w’/e® is the characteristic plasma
field,'®! |[E12=2|E,|%/V¢, sina is the unperturbed-wave
intensity averaged over the period, and C, =6 in the
limit when [E[?> E?, .

The solutions of the linear equations (6) and (7) were
obtained in different limiting cases in the region of
large and small values of 2. An analysis of these solu-
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tions shows that small perturbations oi the incident-
wave field increase exponentially with time. As a re-
sult, inhomogeneities of the electron concentration are
produced and grow in the wave-reflection region. In the
direction perpendicular to the wave-propagation plane,
the characteristic dimension of these inhomogeneities,
X, =2m(8gB) %} (see below ®)), is of the order of the
maximum length of the incident wave near its reflection
point: x, ~27/k,,, k,=w/cR, R=(w/cusina)'/?, and
pu=1VN/N|. In the F-layer of the ionosphere, the
dimension of the produced inhomogeneities transverse
to the magnetic field is A, ~1 km. The longitudinal
dimension is A, ~VD,, ~10 km. It is determined by the
longitudinal diffusion of the plasma during the charac-
teristic time 7 of the inhomogeneity growth, The time
7=1/y,, where v, is the maximum instability incre-
ment, depends on the pump-wave intensity
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The quantity L is defined in (7), and the parameter z,
denotes the lower limit of the region of effective plasma
heating, 0 <z <z,.

In the F layer of the ionosphere, at low powers of the
perturbing waves, we have 7~7,.~1/v,6~20—40 sec;
with increasing power, and especially when the thresh-
old of excitation of the parametric instability is ex-
ceeded, the time 7 decreases rapidly (see'”®'). Thus,
at E »2E,,, it already amounts to 2—5 sec. All this
agrees with the results of the observations, * !
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