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Preface

The art of computation of electromagnetic (EM) problems has grown exponentially
for three decades due to the availability of powerful computer resources. In spite
of this, the EM community has suffered without a suitable text on computational
techniques commonly used in solving EM-related problems. Although there have
been monographs on one particular technique or the other, the monographs are written
for the experts rather than students. Only a few texts cover the major techniques and
do that in a manner suitable for classroom use. It seems experts in this area are
familiar with one or few techniques and not many experts seem to be familiar with
all the common techniques. This text attempts to fill the gap.

The text is intended for seniors or graduate students and may be used for a one-
semester or two-semester course. The main requirements for students taking a course
based on this text are introductory EM courses and a knowledge of a high-level
computer language, preferably FORTRAN or C. Software packages such as Matlab
and Mathcad may be helpful tools. Although familiarity with linear algebra and
numerical analysis is useful, it is not required.

In writing this book, three major objectives were borne in mind. First, the book is
intended to teach students how to pose, numerically analyze, and solve EM problems.
Second, it is designed to give them the ability to expand their problem solving skills
using a variety of available numerical methods. Third, it is meant to prepare graduate
students for research in EM. The aim throughout has been simplicity of presentation
so that the text can be useful for both teaching and self-study. In striving after
simplicity, however, the reader is referred to the references for more information.
Toward the end of each chapter, the techniques covered in the chapter are applied
to real life problems. Since the application of the technique is as vast as EM and
author’s experience is limited, the choice of application is selective.

Chapter 1 covers some fundamental concepts in EM. Chapter 2 is intended to put
numerical methods in a proper perspective. Analytical methods such as separation
of variables and series expansion are covered. Chapter 3 discusses the finite differ-
ence methods and begins with the derivation of difference equation from a partial
differential equation (PDE) using forward, backward, and central differences. The
finite-difference time-domain (FDTD) technique involving Yee’s algorithm is pre-
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sented and applied to scattering problems. Numerical integration is covered using
trapezoidal, Simpson’s, Newton-Cotes rules, and Gaussian quadratures.

Chapter 4 on variational methods serves as a preparatory ground for the next two
major topics: moment methods and finite element methods. Basic concepts such
as inner product, self-adjoint operator, functionals, and Euler equation are covered.
Chapter 5 on moment methods focuses on the solution of integral equations. Chap-
ter 6 on finite element method covers the basic steps involved in using the finite
element method. Solutions of Laplace’s, Poisson’s, and wave equations using the
finite element method are covered.

Chapter 7 is devoted to transmission-line matrix or modeling (TLM). The method
is applied to diffusion and scattering problems. Chapter 8 is on Monte Carlo methods,
while Chapter 9 is on the method of lines.

Since the publication of the first edition, there has been an increased awareness and
utilization of numerical techniques. Many graduate curricula now include courses
in numerical analysis of EM problems. However, not much has changed in compu-
tational electromagnetics. A major noticeable change is in the FDTD method. The
method seems to have attracted much attention and many improvements are being
made to the standard algorithm. This edition adds the noticeable change in incorpo-
rating absorbing boundary conditions in FDTD, FEM, and TLM. Chapter 9 is a new
chapter on the method of lines.
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A Note to Students

Before you embark on writing your own computer program or using the ones in this
text, you should try to understand all relevant theoretical backgrounds. A computer



is no more than a tool used in the analysis of a program. For this reason, you should
be as clear as possible what the machine is really being asked to do before setting it
off on several hours of expensive computations.

It has been well said by A.C. Doyle that “It is a capital mistake to theorize before
you have all the evidence. It biases the judgment.” Therefore, you should never trust
the results of a numerical computation unless they are validated, at least in part. You
validate the results by comparing them with those obtained by previous investigators
or with similar results obtained using a different approach which may be analytical
or numerical. For this reason, it is advisable that you become familiar with as many
numerical techniques as possible.

The references provided at the end of each chapter are by no means exhaustive but
are meant to serve as the starting point for further reading.
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