PLASMA PHYSICS

ELECTROMAGNETIC WAVE SCATTERING IN A SEMI-BOUNDED PLASMA-MOLECULAR
MEDIUM '
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The phenomenon of noncoherent wave reflection associated with scattering by
electromagnetic fluctuations in a semibounded plasma—molecular medium is
studied. The differential reflection coefficients are computed for scatter-
ing by collective bulk and surface fluctuations.

The purpose of this paper is to investigate noncoherent electromagnetic wave reflection
processes from the interfacial boundary of a partially ionized plasma due to scattering by
fields in- spontaneous fluctuations penetrating the plasma.

Scattered Radiation Sources. We consider a semibounded (Z > 0) partially ionized plasma
containing charged and neutral particles. According to [1l] we will describe the molecular
subsystem as an ensemble of pairs of classical electrons and ions connected by the oscillator
potential V(r) = mewr?r?/2 (me is the mass of the electron and w is the transition frequency).

Let a high-frequency electromagnetic wave

Eine (R, t) = Einc cos (l;oR — w,l),

Y Y
K, = ( mo} s (wy) sindy/e, 0, o, V g(wg) cos by ¢/,

with 8, the angle of incidence fall from the external medium (Z < 0) with dielectric permit-
tivity €(w) on the system mentioned.

As a result of the interaction between this wave and the fluctuations a nonlinear cur-
rent occurs in the medium which plays the part of a scattered radiation source [2]. For
the high-frequency external fields in the case under consideration, the scattering current
can be written in the form

I (R, t) = N0a(R, t) Vo (R, )+ En, (R, 1)V, (R, 1), (D

I=e,m

where

Vie (R, £) = i (€Ey[2m m) exp [i (1R — @pt)] + c.Cu
Vi (R, t) = i[ew,Ey2m, (0} — w})] exp [ (£,R — 0yt)] — c.c.,
Ey = M) EJS

: (2)

2D} = 2 (0p) Ka/[e (0o) 2, + & (0g) Ki]; M = 0(i # j),

AD) = 2 (K, + Ka); MY = 2 (wg) K [€ () Kz, - & () K]
Kz = [(!)53 ((!)0)/03 —Kio]”2; xlro =A’;J—0'

e(w) is the high-frequency dielectric permittivity of the plasma-molecular medium

(o) = 1+ Dxe (0);
I=e,m
Xe (©) = — 036/0 (0 + 89,); Y (0) = — @, [0 — 0} + v 0];

0pe = 4nen,m,; oin\= 4ne’n,'m,,
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e, ne, and ve are the charge, mean density and effective collision frequency for electrons;
nm is the mean molecule density; vm is the dissipation constant of molecular polarization;
8po( R, t) are electrical charge fluctuations in subsystems of free (o = e) and bound (¢ =
m) electrons and 8np( R, t) are molecule density fluctuations.

Noncoherent Reflection Coefficient. Using the known solution of the problem of excita-
tion a semibounded plasma by given sources [3], it is easy to compute the noncoherent reflec-
tion coefficient by defining it by means of the relationship

T d'R
SC — (0] c
<PE> = dear. L P,

(3)

5 (igm

where <PSC> and PInC are the scattered and incident radiation Poynting vectors. We conse-
quently obtain

AR|dwdQ =¥ (s, wy, #, 0) F (Ak, lo). (4)

Here
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3 and ¢ are angles governing the radiation direction and e is the incident wave polarization
vector.

In the Born approximation when the incident and scattered waves do not experience the in-
fluence of the boundary [i.e., e(w) = &(w)], Aij = §ij and Gij0¢l, w) = 4718135 — kikj/x?),

where ¥ = (#;, —«xz(w)); F(Ak, Aw) is a quantity determined by the fluctuation spectra as

F Ak, Aw) = F?{Ar, do) 4 Fo (A K, Do)+ FS(Ax, A o) =
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Here

L= % Im (k, + x,); A = (Ake., Ak,);
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AR, =K, — K., MAe, =K, + Kz, do=0 — v, (7)
Tay = 73 (®) N3/ 1s (®) My

<6p°6p*K'>AK,AwV and <6pAKz°6p§Kz*°'>AKL,Aw5’VS are the bulk, surface, and cross components
of the correlation function of the electrical charge density in the system under considera-
ation [4-6] and <6nm2>AK,Aw is the spectral density of the correlation function of the mole-
cule density fluctuations. )

In the Born approximation the expression for the differential coefficient of reflection
related to scattering by bulk fluctuations is simplified to the form

2 ; 112 + +
d?R,'dwd9=_"’_( () ) (3 — K, &) eie,F7 (3, Aw), (8)

o -:(“’o)

which agrees for np = 0 with the well-known result for the differential coefficient scatter-
ing in the case of an unbounded plasma [2].

It follows from (6) that the scattered radiation spectrum in the domain of existence of
collective excitations in a plasma contains resonances in the neighborhood of the frequencies
w=wy ¥ wpk and w = wy * wAk , where wak and wak) are the natural bulk and surface wave fre-
quencies in a semibounded plasma—molecular medium [4-6]. The characteristic dependence of
the normalized noncoherent reflection coefficients

Rvs = (d?R|dwdQ)/(€T ,/mic*)

on Aw/wy in the domain of bulk and surface resonances is represented in Figs. 1 and 2. The
curves presented correspond to the following values of the parameters wpm/mr = 5-10"%, vm/

wr = 107%, wpe/wr = 0.9, ve/wpe = 107%, wo/ur =5, e(w) =1, 9, =0, & = /3, =mu/3,1-—-

c/se = ®w, 2 — cf/se = 1000, 3 — c/se = 200, 4 — c/se = 100, where se = (Te/me)l/z, and Te is
the electron temperature.

As regards wave scattering by molecule density fluctuations, then in the case of a rare-
fied molecular subsystem
Qrz,,,l (Ao -iVYW (Z,)

hntgn ‘ o = = ’
SO Zanie = N T e T W (Z,) 9)

where W(Z) is the dispersion plasma function, and Zm = (Aw + iv)/Aosm (v and sm are the ef-
fective collision frequency and the thermal velocity of the molecules). Depending on the
relationship between v and Aksm the formulas (6) and (9) describe the Doppler-broadened
maximum (v « Akspm) or the homogeneously broadened line (v > Aksm) in the scattered radiation
spectrum.

In the gas-dynamic limit, the known hydrodynamic fluctuation spectrum should be substi-
tuted in (6) [7], which yields a general formula suitable for analyzing scattering in both
the case of a small frequency change and in the domain of the Mandel'shtam-Brillouin doublet
with reflection and refraction of the incident and scattered fields taken into account.
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