
Preface

This book is written for the serious student of electromagnetic theory.
It is a principal product of my experience over the past 25 years interacting
with graduate students in electromagnetics and applied mathematics at the
University of Arizona.

A large volume of literature has appeared since the latter days of
World War II, written by researchers expanding the basic principles of
electromagnetic theory and applying the electromagnetic model to many
important practical problems. In spite of widespread and continuing in-
terest in electromagnetics, the underlying mathematical principles used
freely throughout graduate electromagnetic texts have not been systemati-
cally presented in the texts as preambles. This is in contrast to the situation
regarding undergraduate electromagnetic texts, most of which contain pre-
liminary treatments of fundamental applied mathematical principles, such
as vector analysis, complex arithmetic, and phasors. It is my belief that
there should be a graduate electromagnetic theory text with linear spaces,
Green's functions, and spectral expansions as mathematical cornerstones.
Such a text should allow the reader access to the mathematics and the elec-
tromagnetic applications without the necessity for consulting a wide range
of mathematical books written at a variety of levels. This book is an effort
to bring the power of the mathematics to bear on electromagnetic problems
in a single text.

Since the mastery of the foundations for electromagnetics provided
in this book can involve a considerable investment of time, I should like
to indicate some of the potential rewards. When the student first begins a
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study of electromagnetic theory at the graduate level, he/she is confronted
with a large array of series expansions and transforms with which to re-
duce the differential equations and boundary conditions in a wide variety
of canonical problems in Cartesian, cylindrical, and spherical coordinates.
Often, it seems to the student that experience is the only way to determine
specifically which expansions or transforms to use in a given problem. In
addition, convergence properties seem quite mysterious. These issues can
be approached on a firm mathematical base through the foundations pro-
vided in this book. Indeed, the reader will find that different differential
operators with their associated boundary conditions lead to specific expan-
sions and transforms that are "natural" in a concrete mathematical sense for
the problem being considered. My experience with graduate students has
been that mastery of the foundations allows them to appreciate why certain
expansions and transforms are used in the study of canonical problems.
Then, what is potentially more important, the foundations allow them to
begin the more difficult task of formulating and solving problems on their
own.

I first became interested in Green's functions and spectral representa-
tions during my graduate studies at UCLA in the 1960s. I was particularly
influenced by the treatment of the spectral representations of the delta
function by Bernard Friedman [1], whose book at that time formed the
cornerstone of the Applied Mathematics Program at UCLA in the College
of Engineering. Subsequently, examples of spectral representations began
appearing in texts on electromagnetic theory, such as [2]-[4], and, more
recently, [5]. However, no text specifically devoted to Green's functions
and spectral expansions and their application to electromagnetic problems
has been forthcoming.

The material in this book forms a two-semester sequence for graduate
students at the University of Arizona. The first three chapters contain the
mathematical foundations, and are covered in a course offered every year
to electrical engineering and applied mathematics graduate students with
a wide range of interests. Indeed, the first three chapters in this book
could be studied by applied mathematicians, physicists, and engineers with
no particular interest in the electromagnetic applications. The fourth and
fifth chapters are concerned with the electromagnetics, and are covered
in a course on advanced electromagnetic theory, offered biennially. In
this book, I have presumed that the reader has a working knowledge of
complex variables. In addition, in the last two chapters, I have assumed
that the reader has studied an introductory treatment of electromagnetics at
the graduate level, as can be found, for example, in the texts by Harrington


