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During the past decade, a
great deal of work has been car-
ried out by various investiga-
tors on the problem of the inter-
action of microwaves with an in-
homogeneous dielectric or plasma
column'~"*. Applications range
from the reflection of waves by
meteor tralls, the re-entry com-
munication problem, plasma dlag-
nostics to the scattering of
light by optical fibers. For a
radially inhomogeneous cylinder,
the solution of the wave equa-
tion even for the normal inci-
dence case 18 a very difficult
task; it usually lnvolves in-
finite summations of untabulated
functions, or of solutions to an
infinite set of second-order d4dif-
ferential equations. For the
oblique incidence case, the wave
equation reduces to two coupled
second-order differential equa-
tions whose solutions are usually
very difficult to obtain even
with the help of computers.

A useful approximate ap-
proach for an analytical solution
of electromagnetic problems in-
volving a radially inhomogeneous
column is to subdivide it into
thin homogeneous layers, and to
solve an easler problem in each
layer3:®., The fields in each
layer are expanded in appropriate
eigenfunctions and the expansion
coefficlents determined by match-
ing boundary conditions. However
this straight-forward approach
becomes much too tedlous, and the
number of simultaneous equations
to be solved tends to be prohib-
itively large as the number of
layers increases. It 1s there-
fore quite apparent that a dif-

ferent approach must be taken.

The purpose of this presen-
tation is to discuss the formula-
tion of and the solution to the
problem of the scattering of an
obliquely incident electromagnetic
wave by a radially inhomogeneous
dielectric or plasma cylinder.

A harmonic plane wave with
its electric vector polarized in
the axial direction is assumed to
impinge obliquely upon a radial
inhomogeneous dielectric cylinder
of radius a. The axlal compon-
ents of the incident wave may be
expressed as
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where E, and w are, respectively,
the amplitude and the frequency
of the incident wave and

ko = w(ugeg)3. 0p 18 the angle
between the propagation vector
and the positive y axis in the
y-z plane. The axial components
of the scattered wave must take
the form '
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vwhere and B, are arbitrary
constants. The cylindrical co-
ordinates (r,08,z) have been used.

Unlike the case for the
gscattering by homogeneous dielec-
tric cylinders, the field com-
ponents within the inhomogeneous
cylinder for the present problem
can not be expressed simply 1in
terms of infinite series of
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Bessel functions. PFurthermore,
the wave equations for E, and H,
within the cylinder are coupled
to each other. It is known,

from Maxwell's equations however,
that the tangential components
of electric and magnetic flelds
within the cylinder must satisfy
the following equations:
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e/e_ 1s the inhomogeneous di-

eleftric variation within the
cylinder. The boundary condi-
tions at p=py with pg=k.a and at
p=0 for the above set o? equa-
tions are, respectively,
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The problem now is appropriately 10} J v\
formulated ﬁn terms of the well- ’
known two point boundar value
problem’ with E,, pEg »"lg /€ 2.0 ~
and pYuo/eo Hg @s the depen ent
variables. Lol ! N\

As a specific example, the ) ST SO AR
Luneburg lens profile 1s chosen 0° 40" 80° 1208 160" 200° 248 280° 320 360°

as the dielectric variation e/e,
i.e., €(p)/e, = 2 - (p/py) Nu-
merical computations were car-
ried out for the differential
scattering cross section for var-
ious kpa. Results are shown in
Fig. 1. Detailed discussions
concerning the numerical solution
of the two point boundary value
problem will be given in the
presentation.

It is important to note that
this technique may be applied
easily to the problem of the in-
teraction of obliquely incident
microwaves with an inhomogeneous
and anisotropic plasma column.
This work is now in progress.
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