
PREFACE
Electromagnetic waves play an increasingly important role in communication,
remote sensing, multi-sensor integrated systems, detection and identification
(signal processing), microwave hardware design, compatibility, bio-
electromagnetics, and many other applications in extremely complex natural and/or
man-made environments. Although extremely valuable as reference and physical
insights, analytical methods are mostly incapable of handling these challenging
real-world problems. Luckily, most of these problems can be attacked by various
numerical methods, which become extremely powerful with today's computer
technology and intelligent parallel processing approaches. No single method, either
analytic or numerical, is best suited for handling all possible cases in these
problems; instead, a combination of methods is required to attain greatest flexibility
and efficiency. Therefore, the trend is definitely toward "hybridization."

Electromagnetic problems are represented by Maxwell's equations.
Mathematically, Maxwell's equations and problem-dependent boundary conditions
establish the solution. Postulating the problem, writing it down in terms of integro-
differential equations, and showing uniqueness and existence of the solutions may
be enough for mathematicians. However, for engineers, observable-based
parameterization as well as numerically computable (with rapid convergent
properties if in series) forms are essential. Numerical modeling of observable-
based numerically computable parameterized complex electromagnetic problems
is covered in this book.

The phrases "numerical electromagnetics," "electromagnetic simulation,"
"computational electromagnetics," etc., have become popular in the last few
decades. I have been experiencing difficulty in the conceptualization of
computational electromagnetics not only for the candidates of internet-oriented,
computer-weaned young researchers, but also for experienced engineers and
researchers in the electromagnetic community. Some think that computers do
everything and they usually neglect to look for the physical explanation behind the
numbers. Others believe that computing numbers and drawing a graph from a
simple equation with a computer is the substance of computational
electromagnetics. Establishing an intelligent balance between these two extremes
requires a new perspective in engineering education, which is also one of the aims
of this book.

Doing numerical simulation in electromagnetics is as easy (as well as difficult) as
doing measurements. It is easy, because you can obtain commercial codes that do
almost everything for you, like you can supply computer-controlled devices for
measurements. The simulation packages include almost everything, all are user-
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