
PREFACE

This book is an outgrowth of a graduate-level course taught at the Uni-
versity of Illinois, Urbana-Champaign. The course was conceived to fill a need
for educating students working with waves and fields in their research. As
technology grows more sophisticated, the need for solutions to more complex
problems becomes greater. Fortunately, in the last two decades, the devel-
opment of computer technology has provided a new means for solving many
of these problems. This book is intended to elucidate the methods and tech-
niques pertinent to wave and field problems in inhomogeneous media, so that
students may apply them in order to solve practical problems. Hence, the
reader may use a computer to implement many of the techniques described
in this book.

This is not a book on numerical techniques, however. For that, the reader
is referred to many excellent works written on numerical methods. The em-
phasis here is on understanding the basic foundations of the many mathe-
matical methods employed in solving problems of waves and fields in inhomo-
geneous media. Hence, the reader shall learn to formulate many complicated
problems using such methods. A straightforward application of numerical
methods to many wave and field problems involves using intensive compu-
tation and extensive computer time, and may saturate the resources of even
present-day supercomputers. Good judgement that adapts a combination of
numerical and analytical methods, however, can usually generate computer
codes that are many times more efficient. The details of the numerical anal-
yses of these techniques, namely, numerical integration, matrix analysis, or
finite-element analysis, are beyond the scope of this book, but they can be
gleaned from many other relevant sources. Furthermore, this book does not
discuss random inhomogeneous media, a subject that could span another
volume of similar size.

Analytic techniques were in vogue before computers became available.
They were often the sole technique for analyses in the days of "pencil-and-
paper" physics or engineering. For instance, many classical topics, like waves
in planarly layered media, the Cagniard-de Hoop method for transient anal-
ysis, and the Gel'fand-Levitan-Marchenko methods for inverse scattering,
are elegantly developed for solving one-dimensional, inhomogeneous-medium
problems. Such techniques usually have limited scope for applications; how-
ever, to ignore the discussion of such topics in this book would render it
incomplete. They are included to pay homage to those predecessors who
developed them and to give the reader a historical perspective.

Despite the preponderance of electromagnetic examples contained herein,
many of the techniques are easily adapted to other wave phenomena, such as


