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Preface to the second edition

Six years after the first edition was prepared, it was clear that a revised edition was
in order. Continued advances in computational electromagnetics, new capabilities in
commercial codes, the continual increase in computational resources, challenging new
problems and a new generation of research students and engineers required new material.

Since the first edition appeared, several trends can be noted in the field. Firstly, in
terms of commercial companies, there has been a significant shake-out in the market.
Whilst not pretending to offer encyclopedic coverage of the large number of commercial
codes available, the three codes whose application is discussed in this book, viz. CST,
FEKO and HFSS, have further established themselves as amongst the market leaders in
their regions of application during this period. These codes have evolved continuously,
and this evolution is reflected in places in this revised edition. Secondly, whilst no
fundamentally new techniques have been introduced (either in the field in general or in
commercial codes in particular), a large number of additional features, improvements
and enhancements have continued to extend the utility of these packages. Thirdly, after
more than two decades of continual increase in CPU clock speeds in personal computers
(which now dominate computational engineering), the last few years have seen clock
speeds not only stagnate, but in some cases actually decrease. However, Moore’s law
has continued to hold sway, but in terms of multi-core and multi-processor systems.
Exploiting parallelism has become essential to benefit from new hardware. Related
to this has been a re-ignition of interest in unconventional computational platforms,
in particular the general-purpose use of graphical processing units. Fourthly, although
multi-physics code capability has increased, it has not been a dominant theme of the
2000s; most radio-frequency and microwave applications appear to remain traditional
single-discipline problems. Finally, public domain packages remain quite widely used.

Readers familiar with the first edition will note a number of changes, but should find
that their favourite material is largely unchanged. By request and suggestion of many
users of the first edition, almost no material has been entirely removed, although of
course errors have been corrected, unclear arguments rephrased and out-of-date infor-
mation updated. The most obvious change has been an entirely new chapter, Chapter 9,
introducing the finite element method (FEM) in one dimension; this was in response to
teaching experience with the first edition, where the more challenging two-dimensional
introduction to the FEM was in marked contrast to the one-dimensional introductions
to the finite difference time domain (FDTD) and the method of moments (MoM).
This new chapter uses the same one-dimensional transmission line problem as in the
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xvi Preface to the second edition

one-dimensional FDTD introduction, providing a “golden thread” highlighting the sim-
ilarities and differences between these methods. Another new feature is the greatly
expanded coverage of basic three-dimensional implementations of all the methods;
accompanying the text, there are now MATLAB codes implementing simple FDTD,
MoM and FEM problems in three dimensions. Theoretical material has also been added.
For the FDTD, the basics of finite differencing in general is discussed in more detail;
the Courant stability condition is now derived; and the three-dimensional FDTD algo-
rithm is now discussed in detail. For the MoM, the problem of scattering from infinitely
long cylinders is now addressed and an MoM solution worked through; and the by-now
classic EFIE MPIE formulation using triangular RWG elements for scattering from
three-dimensional structures is worked in detail, with supporting MATLAB code. For
the FEM, the coverage of higher-order vector elements, now routinely used, has been
much extended, again with new MATLAB codes; a new section on waveguide disper-
sion analysis has been added; and the FDTD–FETD analogy is now worked in detail
in one-dimension. The section on high-performance computing has been completely
rewritten, and benchmarks on contemporary systems added. The use of extrapolation to
improve computed results is now introduced in Chapter 1, and an application shown in
Chapter 10.

A number of end-of-chapter problems are now included, and assignments in the
form of computer coding tasks have been moved from an appendix into the main text.
These are primarily for classroom use, although some of the problems are used to
further illuminate theoretical issues and may also be of interest for self-study. Solutions
to selected problems are available to instructors via the publisher’s website. Not all
chapters have material suitable for problems. Instructors should note that especially
the more advanced coding assignments can be very time-consuming if students are
coding entirely from scratch; making some existing material available to students can
greatly reduce the time required. This is especially true of the assignments in Chapters 7
and 11.

No specific assignments are given in Chapters 5 and 8. Both chapters consist largely
of material which lends itself to assigning as tasks, as well as simple variants on the
designs presented, but this is heavily dependent on what software is available to students.
If time is pressing, a good alternative is to make available an existing model and ask
students to modify it for a different geometry, frequency range, etc. One should also not
underestimate the learning curve associated with using a new package for the first time
when assigning such tasks.

A number of MATLAB codes complement this text, and are freely available online (as
is some other supporting material). An outline of the codes is given in Appendix F. It
is hoped that these open-source codes will prove useful for readers needing to develop
their own codes. The decision to code in MATLAB was accepted without comment in
reviews of the first edition, and it is notable that a number of other texts on the topic
either use MATLAB, or have converted to it in the most recent edition. It is probably the
most popular prototyping platform in engineering at the time of writing.
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Preface to the first edition

On graduating twenty years back, in 1984, my first job was as a research engineer working
on computational electromagnetics (CEM) at the National Institute for Aeronautical
Systems Technology (as it was then called) of the Council for Scientific and Industrial
Research (CSIR) in Pretoria, South Africa. It was an exciting time to be working in
this field. Although a number of methods had already been successfully introduced,
including the three which will be discussed in detail in this book, major advances were
being made in all of these methods, and the power of desktop computers was growing in
leaps and bounds. No commercial programs (or codes, as they are generally called) were
then available for RF problems, but some US government-sponsored codes, in particular
the NEC-2 code, were becoming available for general use.

The 1980s saw the final decade of the Cold War, which in some areas (such as Southern
Africa) was far from cold. New military technologies, in particular stealth, were driving
CEM to address progressively more electromagnetically complex problems. However,
when the Cold War ended, far from CEM work coming to a halt, new commercial markets,
such as the rapidly developing market in mobile telephony and personal communication
systems, and the proliferation of electronic systems in motor vehicles, continued to
drive the technology forward at breakneck speed throughout the 1990s. This was also
due to the widespread availability of cheap and progressively more powerful personal
computers as a crucial enabling technology.

CEM has now reached a modicum of maturity, with a number of powerful methods
available, able to solve problems of real engineering interest at radio frequencies, and
with a number of commercial codes available. This has brought a significant change in
the profile of CEM practitioners, which has not been fully appreciated in the community
at the time of writing. In addition to the traditional group of CEM users – largely aca-
demics, post-graduate students and research engineers at large corporations or research
establishments – an entirely new generation of users has arisen. Their interest is typ-
ically in using an existing commercial packet to solve a particular problem as rapidly
as possible. They may well not have any post-graduate exposure to CEM methods, and
questions which may appear elementary to CEM researchers (such as which technique is
most appropriate for the problem at hand) are actually far from obvious to the beginner
in the field; furthermore, marketing can “hype” a particular implementation/technique to
the point where it appears omnipotent. Commercial codes aside, even academic papers
are not free of such bias.
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xviii Preface to the first edition

This book aims to serve the interest of both “traditional” CEM users, primarily
academics, researchers and research students, and also this new non-specialist user
community in industry. The book aims to fill the gap between traditional undergraduate
textbooks, which generally have at most a very cursory discussion of numerical methods;
antenna texts, which concentrate only on the analysis of antennas using the methods;
and the specialist books on each method which are frequently formidable reading for
students, or unnecessarily detailed for engineers whose primary interest is in using
the powerful CEM codes now available. In this book, the computational methods will
generally be introduced using simple one-dimensional or two-dimensional examples,
so that the core of the method can be appreciated without being overwhelmed by
the problems of handling complex three-dimensional geometries. Following this, the
extensions required to deal with the real three-dimensional world of RF engineering are
outlined, so that one gains an appreciation for the operation of complex codes. Such is the
complexity of general-purpose three-dimensional CEM codes that realistic applications
cannot be undertaken with anything a post-graduate student can realistically be expected
to develop during a typical course, and product cycles are too short in industry to make
the development of general-purpose three-dimensional codes feasible, given that off-
the-shelf codes are now available.

Research students will find some features not often described in other books in this
field, such as how to go about debugging and verifying a CEM code. Industrial users
should find the discussions of the strengths and weaknesses of each method, as well as
frequent modelling hints, comprehensive discussions of typical modelling errors, and
the necessity of careful evaluation and verification of results, of great interest and utility.
In short, the book discusses not only the science of CEM modelling, which can be
gleaned from (much) reading, but also the art of developing and verifying reliable codes
and computing reliable data, which is a skill generally derived from (sometimes bitter!)
experience.

This book concentrates on the “big three” techniques in CEM – the finite difference
time domain (FDTD) method, the method of moments (MoM) and the finite element
method (FEM). It was decided to focus on these three methods, since they are the
most widely used in the field and all have been implemented in successful commercial
codes; some other methods are very briefly discussed so that readers are at least aware
of them, but this book makes no pretense of addressing these other methods in any
detail. Furthermore, the discussion in this book is focussed exclusively on applications
in RF engineering. Methods such as the FEM have been used with great success for
magnetostatic problems, such as motor design, but this will not be discussed here at
all. A feature not often found in other books at this level is a discussion of stratified
media, using the Sommerfeld potentials. Although a theoretically advanced topic, the
widespread use of integrated antennas, especially microstrip, has made an appreciation
of at least the basics of this approach very important. Finally, the book does not pretend
to be a comprehensive text on electromagnetic theory, high-frequency circuit theory, or
antenna theory and design. There are a number of superb books addressing these topics
and this book is designed to complement, not compete, with them. Frequent references
are made to suitable books.
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Preface to the first edition xix

Readers will also note that the level of the material becomes increasingly sophisti-
cated as the book progresses. This is by design. The FDTD is the only method where
one can realistically hope to develop useful code oneself in a reasonable timeframe,
so the discussion of this method is rather more “nuts and bolts” than for the MoM or
FEM. CEM methods can also be approached as essentially an exercise in applied math-
ematics; although interesting theoretical insights can be thus gained, it is the author’s
experience that engineers do not readily take to this approach, certainly not for their
initial introduction to the methods, so the introductory discussions of at least the FDTD
and MoM draw mainly on engineering physics, rather than applied mathematics. Some
of the more theoretical approaches to CEM are introduced towards the end of the book,
in the chapters on the MoM and FEM. (Perhaps because of the enormous amount of
work on the FEM in applied mechanics, this is probably the method with the most
well-developed mathematical background.) These include some elementary concepts
from functional analysis, with the associated concepts of inner products and weighted
residuals, as well as a brief mention of differential forms. A difficult decision was how
much of the great volume of recent advances to reflect in the book. Topics such as the
fast multipole method have revitalized the MoM in particular, and cannot be ignored, but
the treatment of this and some other “research frontier” material is of necessity cursory.

A highly problematic issue was the selection of which commercial CEM codes to use
to illustrate complex real-world implementations. One factor influencing this was the
availability of a no-cost limited feature version of the software, as in the case of the
MoM code FEKO; however, the FDTD and FEM codes discussed are unfortunately not
available in such a format. The discussion tries to highlight generic features which a code
should offer, and how users can exploit these. User-manual style descriptions of how
to use particular codes have been avoided as far as possible, so that discussions of one
particular code should extend to other commercial codes implementing the same method,
at least to a degree. At the time of writing, FEKO supported a type of scripting language,
which has been used in places to automate the generation of complex geometries for
MoM analysis; the constructs (FOR loops, IF-THEN-ELSE conditionals) are felt to be
sufficiently generic to be useful in other codes supporting similar features.

Where appropriate, references are provided for further reading. In general, only those
readily available in the English language archival open literature have been listed. On
one or two occasions, internal reports have been included. The engineering community
is divided on the use of such references; authors in the USA in particular often refer-
ence such reports in journal papers, which often prove frustratingly difficult to locate,
sometimes being limited to US distribution only. In consequence, this has only been
done when there is no other published version of the material. A similar problem can
be encountered with theses; here, however, some significant recent research has neces-
sitated limited reference to recent dissertations, since these results are yet to appear in
the archival literature.

The book draws primarily on the literature of Western science. Much work was
done on computational electromagnetics in especially the former Soviet Union, but
unfortunately little has been translated, and what has been is very difficult reading for

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-51891-8 - Computational Electromagnetics for RF and Microwave Engineering, Second Edition
David B. Davidson
Frontmatter
More information

http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9780521518918


xx Preface to the first edition

electronic engineers trained in the Western tradition; it also tends to be at a much higher
theoretical level than the main thrust of this book.

This book is an outgrowth of notes developed over a fifteen year period for a post-
graduate course taught by the author at the University of Stellenbosch, South Africa, as
well as a short course for industry taught by the author and several colleagues in 1999.
Extensive integration of the material was undertaken during the author’s sabbatical visit
as a Guest Professor at the Delft University of Technology during 2003, where the course
was also taught. Chapter 2 is adapted and extended from notes originally prepared by
James T. Aberle at Arizona State University, Tempe, AZ, USA, and he is credited
accordingly, but the rest of the authorship is that of DBD.
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To the reader

This book is designed to serve as an introduction to computational electromagnetics for
radio-frequency applications. It assumes the reader has completed typical undergraduate
courses in electromagnetic field theory, and has some basic knowledge of antenna design
and microwave systems.

For readers in a hurry, who already know which of the techniques discussed they
would like to learn more about, it is possible to go directly to the relevant chapters, but
it would nonetheless be useful first to read the introductory chapter. For those in a hurry,
but who need first to find out which method (or methods) to use, this chapter is essential
reading.

For readers who intend working through most of the book, it would be best to
work through it in the sequence presented, although the chapters on the Sommerfeld
formulation and practical applications thereof could be omitted without interrupting
the sequence of presentation. A more detailed outline of the book may be found in
Section 1.12; this will also assist readers to locate rapidly the parts of the book of
interest to them.

At the end of each chapter, a list of references linked to the chapter topic is presented,
for further reading and study.
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Notation

Throughout this book, the following notation is used. Spatial vectors are indicated as
E (in this case, the electric field). Vectors in the linear algebra sense are indicated as
{x}, and matrices as [A]. The individual elements of a vector or matrix are of course
indicated as xi or Ai j respectively. Otherwise, the notation is as generally encountered
in engineering books on this topic. A summary is presented below.

The time convention used for phasor quantities is e jωt , hence, an e− jkr plane wave
propagates in the direction of increasing r . (Note that physics books often adopt the
e−iωt convention, in which case the sign also changes in the plane wave exponential
factor.)

∇× the curl operation
∇· the divergence operation
× the vector cross-product of two vectors
E the (field) vector E
ε0 the permittivity of free space (≈ 8.854 × 10−12 F/m)
εr relative permittivity of a dielectric material (dimensionless)
µ0 the permeability of free space (4π × 10−7 H/m)
µr relative permeability of a magnetic material (dimensionless)
c the speed of light in free space (≈ 2.9979 × 108 m/s)
λ wavelength [m/s] or real part of spectral variable kρ (the meaning will be

clear from the context)
λi simplex coordinate i
O(Mn) of the order of Mn , formally, N = O(Mn) ⇒ lim

M→∞
logN / log M = n

[A] the matrix A
ai j the i j th element of matrix A
{x} the (algebraic) vector x
xi the i th element of vector {x}
||{x}|| the Euclidean norm of the vector {x} of length n, ||{x}|| ≡√∑n

i=1 |xi |2
≡ is defined as
∀ for all
|z| absolute value of z
⇒ implies
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