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SCATTERING OF ELECTROMAGNETIC PLANE WAVES
BY A COLUMN OF MAGNETIZED HOT PLASMA
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INTRODUCTION

Scatterings of electromagnetic waves from bounded plasma [1],[2] are of
continuing interest in connection with the studies of plasma diagnostic.
In this paper, the scattering of electromagnetic plane waves by a column of
hot plasma magnetized in the axial dirsction is investigated based on the
kinetic theory. The numerical results of the back scattering cross section
are obtained for both of TM and TE plane waves. The present analysis is
valid when the transverse wavelength of electromagnetic fields inside the
plasma is much larger than the Larmor radius of electrons.

FORMULATION OF THE PROBLEM

A column of plasma of radius a is immersed in an axial magnetic field
By (Fig. 1). The plasma 1is composed of hot electrons with cold massive
ions neutralizing the electrons on the average, The unperturbed state of
electrons is assumed to be subjected to a bimaxwellian velocity distribution
with different thermal velocities v, and vi in the axial and transverse
directions, respectively. The linearized Boltzmann equation with a Gross-
Krook collision term is solved by using a method of orbit integral [3], to
have the dielectric tensor of the plasma. The resulting expressions are
expanded in the powers of the ratio
of the Larmor radius of electrons
to the gradient scale length of the
electromagnetic fields, and only
the first-order terms of the expan-
sion are retained. Thus for the
perturbation of the form expl-i(uwt
-kzz)], after extensive manipula-
tions, the dielectric displacement
of this hot plasma can be deduced Fig. 1. Geometry of the problem.
as follows:
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In the above equations, vi denotes the vector derivative transverse to the z
direction, wp and wc are the electron plasma and cyclotron frequencies, v is
an effective collision frequency, 2z(sp 1is the wusual plasma dispersion
function [4], and the prime signifies the derivative of the function.
Using (1) in Maxwell's equations, the coupled-wave equations for E, and H,
are derived. Their solutions can be expressed as follows:
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where go=vug/ey, E, is a constant amplitude, In(xge) is the Bessel function
of the nth order, and Agn are unknown constants which can be determined by

applying the boundary conditions at p = a. xg are the two roots of the
quadratic equation

ax" - k3[Bla+e; +kZA2)-e,(e, - 2vykohy)1X? + Kgnes = 0, (6)
and £, (2=1, 2) are given by

Eqg = (axj/ks = Bey) /(Bkohy + YE,) ™
where )

o« =€ + Kok (Y-Xz/ke) s B =€ - ky/kg, (8)

Y = ko —kz/ko, n=32—€§, ko = wvepug -

Other field components can be obtained in terms of E; and Hz, though their
expressions have been omitted for the sake of brevity.

SCATTERING OF PLANE WAVES

We consider first the case of incidence of TM plane wave. A plane
wave with magnetic vector polarized in the y direction is assumed to impinge

on the plasma column obliquely at an angle & (Fig. 1). Then the axial
components of the incident wave take the form
E% = Eosinenz_w(—i)an(Kp) eln¢elkzz, H% =0, (9)

where k; = k,cos8 and x = kosing. The scattered waves outside the column
are composed of both of TM wave and TE wave because of the anisotropy of the
plasma. The axial components of scattered waves may be expressed as follows:
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where Hiy'(kp) is the Hankel function of the nth order of the first kind, and
RE and R are the unknown constants which characterize the strength of
scattering for the TM and TE wave components, respectively. Matching the
tangential electric and magnetic fields at p = a, simultaneous equations to
determine RE and rRY can be derived in the following expressions:
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The bistatic scattering cross section per unit length of the column is
obtained as
4
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where
[TE(¢) | = Inz_m(-l)“kﬁ e, iy | = lnz-m(—l)nR§e1n¢|. (15)

The far-field patterns of the scattered TM and TE waves are proportional to
ITE(¢) | and |TH(¢) |, respectively.

The case of incidence of TE wave with the electric vector polarized in
the -y direction can be treated in an analogous manner, In this case, the
axial components of the incident wave may be written as

ui = -i(Eo/Co)nz.m(-i)“Jn(Kp) eMPotkzz gl _ o, (16)

The expressions for the axial components of the fields inside the plasma and
the scattered fields are obtained by writing -iE, to replace the constant
amplitude E, in (4), (5), and (10). Simultaneous equations to determine
the scattering coefficients are given by replacing the right hand side of
(11) by the following column vector:

Fnp = [0, -J,(ka)sin®, -iJdp(xka), (n/Ka)Jn(Ka)cose]T. (17)

The bistatic scattering cross section and the far-field patterns can be
calculated from the same equations as (14) and (15).

NUMERICAL RESULTS

In order to have numerical appreciations of the scattering cross
section, we have carried out computations on (11) together with (14), (15),
and (17). The results of the normalized back-scattering cross section
0(0)/4a are plotted in Fig. 2 for the case of TM-wave incidence and in Fig.
3 for the case of TE-wave incidence, as a function of w/wp with the
following parameters fixed: we/wp = 2.0, v/wp = 107%, 6 = 60°, wpa/c = 1.0,
and 6 = 0.1. Note that, for ~these choise of parameters, the cyclotron
frequency and the upper-hybrid frequency are located at w/wp = 2.0 and w/wp
= 2.236, respectively. The thermal velocity of the plasma is taken to be
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Vu/c = 10-5 in Figs. 2(a) and 3(a), whereas that is vy/c = 5x 1072 in Figs.
2(b) and 3(b). The effect of the finite temperature of plasma on the
scattering cross section can be readily understood from these figures.
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Fig. 2. Back-scattering cross section for the incidence of TM plane wave.
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Fig. 3. Back-scattering cross section for the incidence of TE plane wave.
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