
PREFACE

The topics covered in this book are all relatively new and emerging areas of research
in the field of electromagnetics. These topics were carefully selected not only because
of their innovative nature, but also because they have the potential to make a
significant impact on future directions in electromagnetics research. The chapters are
designed to be as self-contained as possible with ample references provided for the
benefit of interested readers. Many chapters also contain a brief tutorial intended to
acquaint the unfamiliar reader with the mathematical foundations and fundamental
concepts which form the basis for the more advanced material that follows.

The book contains 18 chapters that are organized into four sections. The first
section (Chapters 1-7) addresses recent progress toward combining electromagnetic
theory with concepts originating from several branches of mathematics including
geometry, topology, and groups. State-of-the-art techniques in electromagnetic op-
timization and estimation are discussed in the second section of the book (Chapters
8-10). A variety of new developments in analytical and numerical methods for solving
electromagnetics problems are considered in sections three (Chapters 11-13) and four
(Chapters 14-18), respectively.

Fractal electrodynamics is the area of research that combines fractal geometric
concepts with Maxwell's theory of electromagnetism in order to study a new class of
radiation, scattering, and propagation problems. Recent advancements in fractal
electrodynamics research are presented in Chapters 1-3. Chapter 1 starts out with an
introduction to the properties of fractals, followed by an overview of research into the
fundamental nature of electromagnetic wave interactions with fractal surfaces and
superlattices. Applications of fractals to the design of antenna elements and arrays are
discussed in Chapters 2 and 3, respectively. Chapters 4 and 5 deal with applications
of group theory to the solution of electromagnetic problems that possess certain
geometrical symmetries. The impact of reciprocity and geometrical symmetry of a
target on the associated scattering dyadic is considered in Chapter 4. Chapter 5
introduces a generalized theory of self-complementary structures that is based on
conformal and stereographic projections. The application of some topological results
from knot theory to electromagnetics is addressed in Chapters 6 and 7. In Chapter 6,
particular emphasis is placed on investigating the topological features of twisted
or knotted field line configurations. The electromagnetic radiation and scattering
properties of thin, knotted wires are discussed in Chapter 7.

Genetic algorithms are a group of powerful optimization methods that are based
on the processes of procreation and natural evolution. Chapter 8 describes some
novel approaches to antenna array beamforming based on genetic algorithms and
neural networks. An approach for model-order reduction, known as model-based
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parameter estimation, has been successfully applied to expedite the solution of a wide
variety of computational electromagnetics problems. Chapter 9 includes a brief
background discussion of model-based parameter estimation techniques followed by
several examples illustrating its many practical uses in computational electromag-
netics. Wavelets have received a considerable amount of recent attention for the
potential advantages they offer in the solution of many electromagnetics problems.
A newly developed wavelet-based method for the adaptive decomposition of
electromagnetic signals into a wide range of physically meaningful mechanisms is
presented in Chapter 10.

A technique for finding analytical solutions to a special class of electromagnetics
problems which relies on Lommel expansions is outlined in Chapter 11. Several
examples are presented in Chapter 11 including the derivation of an exact representa-
tion for the cylindrical wire kernel, and of useful near-field expansions for the circular
loop antenna. Fractional calculus is the branch of mathematics that deals with a
generalization of the well-known operations of differentiation and integration to
non-integer orders. Chapter 12 explores applications as well as physical interpretation
of non-integer order differential and integral operators in electromagnetics. A vector
spherical-multipole analysis technique is presented in Chapter 13 that may be used for
deriving analytical solutions to a wide range of interesting scattering and diffraction
problems.

The recently introduced concept of perfectly matched layers and their application
to the general problem of mesh truncation in finite methods for computational
electromagnetics analysis are discussed in Chapter 14. A new method for the rapid
calculation of interconnect capacitances is introduced in Chapter 15 which combines
an electrostatic finite differencing scheme with a perfectly matched layer approach for
mesh truncation. Chapter 16 examines the most recent and popular advances in
finite-difference time-domain algorithm development for analysis of wave propaga-
tion in complex media. A new discrete mechanics approach to computational
electromagnetics is introduced in Chapter 17. This new computational method offers
several advantages over conventional approaches for the simulation of the interaction
between electromagnetic fields and physically realistic media. Chapter 18 begins with
a background discussion on the classification of bianisotropic composites, which are
formed by embedding miniature complex-shaped inclusions, such as helices or
omegas, in a host medium. This is followed by a more in-depth coverage of both
analytical and numerical methods for modeling the electromagnetic properties of
individual bianisotropic inclusions as well as composites.
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