JETP LETTERS VOL 3, NO 3 1 FEBRUARY 1966
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We shall show that nonlinear interaction effects can noticeably alter the polarization
of radiation passing through a plasma, if the radiation has sufficient intensity or if its
path in the plasma is sufficiently long. Our results can be used in investigations of the
polarization properties of cosmic radiation [1], propagation of radio waves, ete.

Assuming that the nonlinear effects are weak, we can expand the current produced by the
wave in the plasma in powers of the wave amplitude. Since a current that is quadratic in the
field amplitude describes, as is well known [2], only interactions between transverse and lon-
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gitudinal waves , we shall concern ourselves with a current j containing the third power

of the wave amplitudes. The wave propagation enquation takes the form
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Here w@e = 4ne2N/me, EKw are the Fourier components of the wave field, ¢ the linear dielectric
constant of the plasma, and d\ = dK;dK,dKsd(K - K3 - Kz - Kz), where K = {Ko). Since the non-
linearity is weak, a solution of (1) can be sought by the method of Bogolyubov and Van der

Pol [4] (ef. also [6,7], assuming that
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where w(X) is the solution of the linear dispersion equation and EK(;’ t) is an amplitude that
varies slowly in time and in svace (compared with 1/w and l/!El). Retaining only the first
derivatives of the amulitude in the left side of (1) and neglecting the variation of EK(;’ t)

with T or t in the right side, we obtain
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Hereh;gr = (ﬁ/K)(d&/dK) is the group velocity of the waves in the linear approximation (we
neglect the linear damping of the waves).
2. Let us consider the interaction between different polarization components of a sin-

gle monochromatic wave with w >> woe
2 ——> —>_—> ->X - -
E = EB(K KO) + E73(K + KO),

where Eb is the wave vector of the monochromatic wave. Retaining only terms satisfying the

phase-synchronism conditions w(K) - o(Xy) - o(¥s) - o(Ks) = 0, we obtain
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Writing the polarization components E; and E, (the projections of ﬁ on two directions perpen-
dicular to ?b) in complex form, Ej = A; exp(ip;) and Es = As exp(ics), we obtain equations for

Ay, Asy, and © = @y - Pz
A 2 . Ao _ 2 . .2 2 L
5€l = -B Ay A5 sin 2¢; E%g =B Ay A7 sin 2g; = B(A7 - A5)(1 - cos 29). (W)

The system (4) has two integrals - energy conservation Ai + Ag = A5(0) + A2(0), and angular-
momentum conservation [7] Aj;Assin ¢ = A1(0)Ax(0)sin®g,. These make it possible to obtain the
solution. The result is simplest in form if the directions 1 and 2 are chosen to be of the

principal axes of the polarization ellipse at t = 0, i.e., Py = tﬂ/2 2)

A% = A5(0)cos®r + A5(0)sinPr; A3 = A5(0)sin2t + A3(0)cos?T, (5)

T = 28tA;(0)Ax(0). (6)

In this case most of the energy will have already been "pumped over" within a time 1 = n/2
into the component A>. The lengths by, 2 of the two semi-axes of the polarization ellipse at

each instant of time can be expressed in terms of the invariants,
l,r,2 2 . 2 .
b1, 2(t) = 5([AL + A5 + 2342 sinp]?/2 = [4F + AZ - 2miAs sing]/2) = by,2(0),

i.e., the ellipse does not change in shape, but merely rotates.
It is easy to ascertain that the angle 6 between the major semi-axis and its direction

at t = O increases linearly in time, tan26 = *tan26. The minus sign corresponds to @. = n/2,

0
and plus to mo = -ﬂ/2, i.e., the direction of the nonlinear rotation of the ellipse is opposite
to the electric vector rotation in the ellipse. The characteristic rotation time depends on

the product of the initial energy densities W; and Wp along the principal axes, and its esti-

mate is
2
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It can also be shown that when two waves having different frequencies interact the sum
of the energies of the two components of each of the polarizations is conserved, i.e., the

interaction (3) changes only the wave polarization.
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3. If the interacting waves are random, then we can easily obtain from (3) equations

for the mean value of the polarization components ElK and E2K 5)
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The four coefficients AlK’ A2K and BK = ReBK + i ImBK can be easily related to the Stokes para-

meters [7]. We have
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The first equation in (8) shows that the interaction of the wave K with any other wave
can lead only to a change in the ratio of the intensities of the different polarization com-
ponents, without changing the total energy of the wave i. This characteristic property of the
nonlinear interaction in question sharply distinguishes it from other known nonlinear inter-
actions (decay processes and induced scattering) that lead to a change in the spectral composi-
tion of the radiation. Another consequence of the first equation in (8) is the conservation
of entropy (which follows from the conservation of the number of quanta), and consequently re-
versibility of the nonlinear interactions for random waves. 'The latter can be illustrated by

. in
using as examples the solutions of (8) and (9) for almost-monochromatic waves )

Aa(t) = £,(0) cos 'fézi + A5(0) sin® 'gi;
Ax(t) = A(0) sin® %E + A5(0) cos? %E,

eauﬁetm B(0)
Re B = Re B(0) - ——z—=5—— sinQt, Im B = Im B(0),

2
€
Q=2 %&é'ews Im B(0), A1z = fAl’EKdK, B = [Byd.
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This solution is similar to that obtained for a fixed phase, and leads to the same estimates

as in (7).

L. In conclusion we present a rough estimate, which illustrates the role of the inter-
action under consideration for the most unfavorable case, when the ellipticity is quite small
(e.g. in (7)). Assuming that the dimension I of the object is equal to the path ct on which
the ellipse rotates through n/2, we can estimate the minimum degree of ellipticity Wi/Wp,
starting with which the effect becomes significant. For the Crab nebula, for example, with
Wy =Wo=5 €VWem® at A = 2nc/w ~ 100 m, L = 10'° em, and n = 10 em™3, we obtain the rather
small value Wy/Ws ~ 1073, An account of this effect becomes even more important for other
radio sources with larger emission density, and also in the case of radio wave propagation in

the ionosphere, etc.
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this current.

2)

over to the case when all quantities depend on x, by substituting x/c for t.

3) 3

ular to'i.

)

the condition 1 >> 1//w, where Aw is the width of the wave spectrum.

See [3,4] concerning astrophysical consequences of the decay processes described by
We assume here for simplicity that all quantities depend only on t. It is easy to go
e +e here & a’e it polarizati t ai
K = elKElK e2KE2K’ where e . an €y are two unit polarization vectors perpendic-

For random waves, the characteristic time 1 of nonlinear interaction should satisfy

INVESTIGATION OF ELECTRON COLLISIONS WITH EXCITED NEON ATOMS

A. S. Khaikin

P. N. Lebedev Physics Institute, USSR Academy of Sciences
Submitted 6 December 1965

ZhETF Pis'ma 3, No. 3, 110-114, 1 February 1966

To solve various physical problems connected with high-temperature nonequilibrium plasma
(low-pressure gas discharge, lasers, ionosphere, astrophysical problems, etc.) it is necessary
to know the effective cross sections for excitation and de-excitation of the atoms as they col-

lide with electrons. The available experimental data pertain exclusively to transitions from

68





