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PREFACE

ELECTROMAGNETIC FIELD THEORY has been and will continue to be one of the
most important fundamental courses of the electrical engineering curriculum. It is one of
the best established general theories, providing explanations and solutions to intricate
electrical engineering problems when other Theories are no longer applicable.

This book is intended as a basic text for a two-semester sequence for undergraduate
students desiring a fundamental comprehension of electromagnetic fields. The text can also
be used for a one-semester course as long as the topics omitted do not result in any loss
of continuity or of student’s preparation for ensuing chapters and courses. This text may
also serve as a reference for students preparing for an advanced course in electromagnetic
fields.

* We have developed the text from first principles and have presented sufficient infor-
mation on vector analysis for a student to comprehend the presentation with a minimum
of instructional help. This text also contains many numerous, carefully placed, worked
examples. These examples, clearly delineated from the textual matter, not only enhance
appreciation of a concept or a physical law but also bridge the perceived gap, real or
otherwise, between a formal theoretical development and its applications. We believe that
examples are necessary for immediate reinforcement and further clarification of a topic.
We have also included exercises at the end of each section to impart motivation, nurture
confidence, and heighten the understanding of the material presented. The problems at the
end of each chapter also offer a wide range of challenges to the student. These problems
are an important part of the text and form an integral part of the study of electromagnetic
fields. We recommend that the student use basic laws and intuitive reasoning to solve
them. The practice of such problem-solving techniques instills confidence, empowering
the student to tackle more difficult, real-life problems. Each chapter ends with a summary
and a set of review questions. The summaries also include some of the important equations
for easy reference. The review questions are designed to ensure that a student has grasped
the basics of the material. We have tried to make this text as student friendly as possible
and we welcome any suggestions in this regard.

Our experience dictates that students tend to view the theoretical development as an
abstraction and place emphasis on some of the equations, considering them as *‘formulas.”
Soon frustrations set in as the students find that the so-called formulas are different, not
only for different media but also for different configurations. The array of equations needed
to compute just one field quantity intimidates them to the extent that they lose interest in
the material. It then becomes just another *‘difficult’’ course that they must pass to satisfy
the requirements for a degree in electrical engineering. We believe that it is definitely the
instructor’s responsibility to

+ Explain the aim of each development,
+ Justify assumptions imperative to that development,
* Emphasize its limitations,
* Highlight the influence of the medium, and
* Ilustrate the impact of geometry on an equation.
To attain these goals, instructors must use their own experiences in the subject and

also emphasize other areas of applications. They must also stress any new advancements
in the field while they are discussing the fundamentals. For example, while explaining the
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magnetic force between two current-carrying conductors, an instructor can discuss mag-
netically levitated vehicles. Or, an instructor can deliberate upon the design of a microwave
oven while discussing a cavity resonator.

When the subject matter is explained properly and the related equations are developed
from basic laws, the student then learns to

¢ Appreciate the theoretical development,

+ Forsake intimidation,

* Regain motivation and confidence, and

* Grasp the power of reasoning to develop new ideas.

A quick glance at the table of contents reveals that the text is basically divided into
two parts. The first part introduces the students to static fields such as electrostatic fields.
magnetostatic fields, and fields due to steady currents. Because most of the applications
of static fields involve both electric and magnetic fields, we decided to present such ap-
plications in one chapter. We also felt that once the students understand the basics of static
fields. they can study the applications with a minimum of guidance. For these reasons, we
have devoted Chapter 6 to some of the well-known applications of static electric and
magnetic fields.

We present the developments of Maxwell’s equations in both the time domain and
phasor (frequency) domain in Chapter 7, stressing the concept of average power density
and the coexistence of time-varying electric and magnetic fields. This chapter also includes
some of the applications of time-varying fields.

The rest of the book deals with the propagation, transmission, and radiation of elec-
tromagnetic fields in a medium under various constraints. Even though the Smith chart
provides a visual picture of what is happening along a transmission line, we still feel that
itis basically a transmission-line calculator. We can now use pocket calculators and com-
puters to obtain exact information on the line. For this reason, we have discussed the Smith
chart in an appendix. The instructor can decide whether to highlight its applications or to
omit it.
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