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1. Introduction

Objective and motivation for the basic research and its engineering

relevance.

The recent impetus to produce rigorous solutions to more realistic
models of pertinent propagation problems, over a wide frequency range, has
generated the need to derive full wave solutions to problems of radio
wave propagation in inhomogeneous anisotropic media with irregular boundaries.
The considerable growth in civil and military interest in the development
of more reliable systems for communication, detection, navigation and
positioning, the potential for developing radio wave methods for remote
sensing and the need to develop secure hardened communication systems have
contributed much to this renewed interest. These developments have been
paralleled by remarkable advances that have been made in the availability
of high powered, very low frequency electromagnetic sources as well as

the availability of transmitters operating at optical frequencies. The

ready access to large, versatile digital computers has made it possible to

| employ the rigorous full wave approach tc obtain numerical solutions to a

wide class of important problems which have hitherto been either ignored

or over-jsdealized in order to reduce them to tractable problems.
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2. Analytical and numerical techniques used and application of the findings

to engineering problems

For the purpose of the full wave analyses it was necessary to develop

generalized field transforms that provide the basis for the complete expansions

for the electromagnetic fields in irregular multilayered structures with varying

(2)

thickness and electromagnetic parameters . These complete expansiohs
consist of the vertically and horizontally polarized radiation fields, lateral
waves and guided surface waves of the multilayered structure. The generalized
field transforms are used to reduce Maxwell's equations, in conjunction with
the associated exact boundary conditions for the electromagnetic fields, into
sets of first order coupled differential equations for the forward and back-

(3),(6)

ward travelling wave amplitudes.

The full wave solutions are not restricted by frequency considerations,
nor are they limited by often used approximate effective boundary conditionms.
Furthermore, rigorous methematical techniques are employed to implement the
differentiation of the complete field expansion which do not necessarily
converge uniformly at the irregular boundaries.

Computer programs have been developed to numerically solve the coupled
differential equations. Thus the solutions obtained using éhe full wave
approach can be readily used by engineers who are not necessarily familiar
with the’anaIytIChI.téchniﬁﬁes"u5éd in che'analysts;(16)’(21)'(22)’(24)'(33)"
Recently full wave solutions have been derived for the scattered radiation
fields from rough surfaces with arbitrary slope and electromagnetic parameters.(31)
These solutions bridge the wide gap that exists between the perturbational
solutions for rough surfaces with small slopes and the quasi-optics solutionms.

Thus it is shown for example, that for good conducting boundaries the back-

scattered fields which are dependent on the polarization of the incident and

——————— - - i — A T O -—— ey
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the scattered fields at low frequencies, become independent of polarization
at optical frequencies. These solutions are consistent with reciprocity,
eriergy conservation and duality relations in electromagnetic theory. Since
the full wave solutions account for upward and downward scattering,shadowing
and multiple scatter are considered. Applications to periodic structures
and random rough surfaces are also presented.

To analyze problems of propagation through inhomogeneous anisotropic media
such as the ionosphgre, Maxwell's equations are transformed into ordinary
differential equations for the four characteristic waves in the medium. The 4

transformations used in the analysis are suitable for regions of strong

1),(5),(8),(9),(10),(15),(23)

coupling between the characteristic waves.
The solutions are shown to satisfy energy conservation and reciprocity

relationships. This approach has also been applied to problems of communica-

tion via inhomogeneous, multimode optical fibers with minimum dispersion,(lz)’(zé)

and to determine the reflection and transmission of transient signals in the i

presence of the ionosphere.(17)’(25)’(30)

Several computer programs on propagation in irregular waveguides, optical

fibers and inhomogeneous and isotropic media have also been published in the

technical literature to assist the engineer in directly applying the results
Of our inVEStigations. (7) ’ (13) ’ (14) ’ (28) ] (29) ’ (32) ] (34) ’ (35)
~ Both analytical and numerical techniques are developed ‘to determine the =~~~

transient electromagnetic response from nonuniform layered structures. This

4 work can be used to determine irregular medium efforts on navigational and

positioning systems and can be applied to problems of remote sensing.(4)’(11)’(18)&19)£20);

Time domain measurements have been conducted to determine microwave radiation

‘) effects on biological ﬁnterinla.(27)

\ (1)

. In addition to publications in the technical literature (35)

through,

the principal investigator has presented invited and contributed papers at

(36) (50)

several international conferences through.
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3. Description of research and results

Detailed description of the analytical and numerical techniques used

in these investigations and applications to engineering and technology are
given in the reprints and preprints of the technical papers submitted with
the report. (See List of Publications, Sections 6a and 6b).

An interim (320 page) Technical Report 0075-USARO-01 and seven semi-
annular Progress Reports were submitted by the principal investigator to the
U.S. Army Research Office over the period of the grant.
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