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When this book was first taught from, each student was asked to write a brief statement
describing his or her understanding of what role electromagnetics plays in science,
technology, and society. The following statement, submitted by Mr. Schaldenbrand, who has

since graduated with a B.S.E. degree, was selected for inclusion here:

Electromagnetics has done more than just help science. Since we have such
advanced communications, our understanding of other nations and nation-
alities has increased exponentially. This understanding has led and will lead
the governments of the world to work towards global peace. The more
knowledge we have about different cultures, the less foreign these cultures
will seem. A global kinship will result, and the by-product will be harmony.
Understanding is the first step, and communication is the means.
Electromagnetics holds the key to this communication, and therefore is an
important subject for not only science, but also the sake of humanity.

Mike Schaldenbrand
EECS 332, Winter 1994
The University of Michigan
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THE 2001 MEDIA EDITION:
INTRODUCING AN INTERACTIVE
CD-ROM

Students often complain that the subject matter taught in
electromagnetics (EM) courses is mathematically
demanding and rather “abstract” in character. Due to the
vector nature of EM fields, vector algebra is an essential
tool for gaining a quantitative understanding of EM con-
cepts and their applications at a level deeper than the usu-
ally qualitative rendition characteristic of introductory
physics courses, but it’s also true that vector operators,
such as the gradient and the divergence, are indeed diffi-
cult to visualize in three-dimensional space. The
“abstract” criticism made by students derives from the fact
that the electric and magnetic fields, E and H, are each
comprised of a magnitude (intensity) and a direction, and
each of those two features may in general vary with x, y,
Z, and ¢, which amounts to a possible maximum of 16 spa-
tial and temporal variations simultaneously! Fortunately,
E and H are coupled to one another, and in the majority of
cases of practical interest their spatial variations describe
continuous, and often symmetrical, patterns, which
reduces the dimensional complexity considerably.
Nonetheless, when teaching an EM course, the instructor
is challenged by the problem of how to effectively convey
to the students the workings of a dynamic phenomenon
using static tools, namely figures and illustrations.

The CD-ROM introduced with the 2001 edition of
this book was designed to address some of the concerns
voiced by students by serving as an interactive self-study
supplement to the text. It contains video demonstrations,
graphical displays, interactive drill exercises, and solu-
tions of some end-of-chapter problems. Examples
include video demonstrations showing how the E and H
fields inside a coaxial line, as well as the charge distrib-
utions on the conductors and the current flow along the
conductor surfaces, vary as a function of time and loca-
tion along the length of the line; video animations of
pulses bouncing back and forth between the two ends of
a transmission line; propagating waves undergoing
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reflection by and transmission across boundaries; two-
dimensional graphical displays of the E and H fields
induced by charges and currents, and a number of exer-
cises involving vector operators. The demos and exercis-
es—162 in total—do not cover every topic in the text-
book; they were designed instead to focus on about 25
topics that are somewhat challenging for students to
learn. The CD-ROM contains four types of materials:

L. Interactive modules designed to help the student
develop better understanding of certain electro-
magnetic concepts through combinations of video
animations and/or drill exercises. The book con-
tains a total of 77 modules each identified by the
letter M followed by its numeric designation;

&< NN for example, refers to Module 1 of

Chapter 2.

2. Demonstration exercises that utilize spatial displays
of field distributions or temporal plots of certain
quantities to convey the dynamic nature of electro-
magnetic fields and the roles of key parameters. Each
of the 85 demonstrations is identified by the letter D,

3. Under the section entitled “Solved Problems,” the
CD-ROM contains complete solutions for 45 prob-
lems, selected from among the end-of-chapter prob-
lems appearing in the book. Those selected for inclu-
sion in the CD-ROM are identified by the symbol #
next to the problem statement.

4. Copies of all figures appearing in the book, made
available to facilitate the process of reproducing the
figures practicably by instructors who may want to
generate viewgraphs of the figures electronically.

Message to the Student

The interactive CD-ROM accompanying this book was
developed with you, the student, in mind. Take the time
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to use it in conjunction with the material in the textbook.
The multiple-window feature of electronic displays
makes it possible to design interactive modules with
“help” icons to guide the student through the solution of
a problem when needed. Video animations can show
you how fields and waves propagate in time and space,
how the beam of an antenna array can be made to scan
electronically, and examples of how current is induced
in a circuit under the influence of a changing magnetic
field. The CD-ROM is a useful resource for self-study.
Use it!

Message to the Instructor
I found the demos contained in the CD-ROM to be

extremely helpful in explaining certain EM concepts,
particularly when both time and space are involved.

Examine D8.3 as an example and you’ll see what I
mean. With that demo, it was so much easier to explain
to the students the concepts of travelling and standing
waves, how boundary conditions are satisfied at the
interface between two dissimilar media, and what we
mean by standing wave ratio. The video presentations
were well received by the students and generated a lot of
questions. I hope you will make use of these demos also,
espectally if you have the means to project them onto a
large screen.

[ would like to take this opportunity to thank Leland
Pierce and Janice Richards for their technical assistance
in the CD-ROM development and my Prentice Hall edi-
tors, Mr. Tom Robbins and Mr. Eric Frank, for their
encouragement and enthusiastic support of the project.

Fawwaz T. Ulaby
Ann Arbor, Michigan
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Why Another EM Book?

Several textbooks are currently available for teaching
electromagnetics to students majoring in electrical engi-
neering. So, why do we need another one? The answer
is simple: (1) the curriculum for a bachelor’s degree in
electrical engineering is undergoing a radical change,
perhaps more radical in both outlook and content than
any of the curricular changes we have witnessed over
the past several decades, and (2) available textbooks are
incompatible with the philosophy of the new curriculum
proposed for the 21st century (see, for example, the arti-
cle by Director et al. in the Proceedings of the IEEE,
September 1995).

The Changing Curriculum

For a bachelor’s degree in electrical engineering, the
curriculum has undergone about one major change per
decade. In the 1960s, courses concerning solid-state
devices were introduced and those on vacuum-tube
electronics were slowly phased out. In the 1970s,
courses on electric machinery nearly disappeared from
the curricula of most universities and were replaced
with computer-programming courses. More computer-
related and digital processing courses were added in the
1980s, mainly by increasing the volume of required
courses and reducing the number of technical and free
electives. Also, there has been a sustained effort to
incorporate new knowledge and assimilate the rapidly
evolving role of technology in the undergraduate cur-
riculum. More material was added to courses, greater
effort was expected from students, and the number of
elective credit hours rapidly approached zero. By the
early 1990s, the average student at a U.S. university
needed closer to five years to complete what was origi-
nally designed as a four-year program.
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This scenario was not limited to electrical engineer-
ing; indeed, in almost any engineering discipline, the
curriculum had become too demanding in terms of time
to complete the B.S. degree and too inflexible to accom-
modate changes. From these pressures was born a new
philosophy embracing the following tenets: (1) the B.S.
degree program should be scaled back to four years, (2)
the required part of the B.S. degree program should
focus on the teaching of fundamentals, but with greater
exposure to engineering applications, and (3) the elec-
tives portion of the program should be increased sub-
stantially to allow the student to explore both engineer-
ing and nonengineering areas of interest. While this new
philosophy has been adopted, as least in principle, by
many engineering schools, the task of revising the cur-
riculum has been a major challenge, particularly at the
course level. The new electrical engineering curriculum
calls for allocating fewer credit hours in many of the tra-
ditionally core areas—electromagnetics (EM) among
them. At many universities the required EM content of
the program has been reduced from two courses down to
one. For some, the intent is to continue to offer a two-
course sequence, but with only the first being part of the
required core and the second being for students interest-
ed in deepening their knowledge in electromagnetics.

Course Contents

Given these objectives and associated boundary condi-
tions, what then should be the contents of a one-
semester or a two-course sequence in electromagnetics
and what texts might one use for this purpose? To
answer these questions, we should briefly review the
traditional approaches that have been in use over the
past two decades. Most EM books share a common tem-
plate. They begin with one or more chapters on vector
calculus and coordinate systems, followed by two or
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more chapters on statics (electrostatics and magnetosta-
tics). These topics typically constitute half of the total
material, and the second half usually covers dynamics
(time-varying fields, wave propagation and reflection,
waveguides and resonators, and antennas). Such an
arrangement of topics presents two problems. First,
starting a course with a heavy dose of mathematics
tends to “turn the students off.” And second, whereas
electrostatics and magnetostatics are interesting subjects
in themselves and have many practical applications,
their importance pales in comparison with the many
applications of time-varying fields to communication
systems, radar, optics, computers, and solid-state ¢lec-
tronics, among others. Thus, teaching statics only in the
required portion of the B.S. degree curriculum would
leave an electrical engineering student seriously lacking
in ability to deal with most electromagnetic phenomena.

Because of the heavy emphasis on mathematical
manipulations using vector calculus and the relatively
dry character of electrostatics and magnetostatics, the
student who completes such a required course is
unlikely to select to take the second course in the
sequence, which is where many of the topics relevant to
engineering practice are covered. Clearly, teaching from
a book based on this traditional sequence of topics is no
longer compatible with the format of the new curricu-
lum proposed for the 21st century.

In past years, attempts have been made by educators
at various universities to teach the dynamics of electro-
magnetics without preceding it with a study of statics.
These attempts have not been very successful, primarily
because in dynamics students must deal with several
fundamental parameters simultaneously. These include
spatial coordinates denoting location, vectors denoting
direction, time, and the interconnection between the
electric and magnetic fields. In statics, the electric and
magnetic fields are independent of one another and time
is not a variable, thereby reducing the number of para-
meters from four to two. By studying electrostatics and
magnetostatics first, the student can much more easily
tackle situations involving time-varying fields.

This Book

In view of this background, how then does one design

an appropriate one-semesler or two-course sequence in
electromagnetics? My answer to this question is charac-
terized in this book by the following elements:

1. I wanted to begin by building a bridge between
what was already familiar to a third-year electrical
engineering student and the electromagnetics material.
Prior to enrolling in an EM course, a typical student will
have taken two or more courses in circuits. Thus, he or
she is familiar with circuit analysis, Ohm’s law,
Kirchhoff’s current and voltage laws, and related topics.
Transmission lines constitute a natural bridge between
electric circuits and electromagnetics. Without having to
deal with vectors or fields, the student uses already
familiar concepts to learn about wave motion, the reflec-
tion and transmission of power, phasors, impedance
matching, and many of the properties of wave propaga-
tion in a guided structure. All of these newly learned
concepts will prove invaluable later (in Chapters 7
through 9) and will facilitate the learning of how plane
waves propagate in free space and in material media.
Transmission lines are covered in Chapter 2, which is
preceded in Chapter 1 with reviews of complex numbers
and phasor analysis.

2. The next part of the book, contained in Chapters
3 through 5, covers vector analysis, electrostatics, and
magnetostatics. Compared with most EM textbooks
written for undergraduate instruction, the present book
differs in terms of its presentation of these three topics
in the following two ways: Of the total number of pages
contained in the book, about 30% are allocated to these
topics, compared with 50% or more in most EM text-
books. The electrostatics chapter begins with Maxwell’s
equations for the time-varying case, which are then spe-
cialized to electrostatics and magnetostatics, thereby
providing the student with an overall framework for
what is to come and showing him or her why electrosta-
tics and magnetostatics are special cases of the more
general time-varying case.

3. Unlike most EM textbooks, this book does not
have a chapter on waveguides and resonators. Space
limitations and the fact that waveguides are no longer
used as widely as they had been prior to 1980 dictated
this change.

4. Chapter 6 deals with time-varying fields and sets
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Suggested Syllabi

Two-semester Syllabus One-semester Syllabus
6 credits (42 contact hours per semester) 4 credits (56 contact hours)
Chapter Sections Hours Sections Hours
1 Introduction All 4 All 4
2 Transmission Lines All 12 2-1to2-8 and 2-11 8
3 Vector Analysis All 8 All 8
4 Electrostatics All 8 4-1to 4-10 6
5 Magnetostatics All 7 5-1to 5-5 and 5-7 10 5-8 5
Exams 3 2
Total for first semester 42
6 Maxwell’s Equations All 6 6-1 to 6-3, and 6-6 3
7 Plane-wave Propagation All 7 7-1to 7-4, and 7-6 6
8 Wave Reflection and Transmission All g 8-1to 8-3, and 8-6 7
9 Radiation and Antennas All 10 9-1109-6 6
10 Satellite Communication Systems All 5 None —
and Radar Sensors
Exams 3 1
Total for second semester 40 Total 56
Extra Hours 2 0

the stage for the material in Chapters 7 through 9.
Chapter 7 covers plane-wave propagation in dielectric
and conducting media, and Chapter 8 covers reflection
and transmission at discontinuous boundaries and intro-
duces the student to fiber optics and the imaging prop-
erties of mirrors and lenses.

In Chapter 9, the student is introduced to the princi-
ples of radiation by currents flowing in wires, such as
dipoles, as well as to radiation by apertures, such as a
horn antenna or an opening in an opaque screen illumi-
nated by a light source.

5. To give the student a taste of the wide-ranging
applications of electromagnetics in today’s technologi-
cal society, Chapter 10 concludes the book with
overview presentations of two system examples: satel-
lite communication systems and radar sensors.

6. The material in this book was written for a two-
semester sequence of six credits, but it is possible to
trim it down to generate a syllabus for a one-semester

four-credit course. The above table provides syllabi for
each of these two options.

In writing this book, I avoided lengthy derivations
of theorems, particularly those involving extensive use
of vector calculus. My goal has been to help the student
to develop competence in applying vector calculus to
solve electromagnetic problems of practical interest. I
view vector calculus and mathematics in general as
useful tools and not as ends in themselves. Throughout
the material, emphasis is placed on using the mathe-
matics to explain and clarify the physics, followed with
practical examples intended to demonstrate the engi-
neering relevance of physical concepts. I believe the
combination of the approach used in presenting the
material, the arrangement of topics covered in the book,
and the relative emphasis in favor of dynamics consti-
tutes an effective algorithm for equipping our future
graduates with a relevant foundation in applied electro-
magnetics.
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