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eading this book is intended to be an enjoyable experience, even
though the text is by necessity scientifically rigorous and somewhat
mathematical. We, the authors, are trying to share the idea that
circuit analysis can be fun. Not only is it useful and downright essential to
the study of engineering, it is a marvelous education in logical thinking, good
even for those who may never analyze another circuit in their professional
lifetime. Looking back after finishing the course, many students are truly
amazed by all the excellent analytical tools that are derived from only three
simple scientific laws—Ohm’s law and Kirchhoff’s voltage and current laws.

In many colleges and universities, the introductory course in electrical engi-
neering will be preceded or accompanied by an introductory physics course
in which the basic concepts of electricity and magnetism are introduced,
most often from the field aspect. Such a background is not a prerequisite,
however. Instead, several of the requisite basic concepts of electricity and
magnetism are discussed (or reviewed) as needed. Only an introductory
calculus course need be considered as a prerequisite—or possibly a co-
requisite—to the reading of the book. Circuit elements are introduced and
defined here in terms of their circuit equations; only incidental comments
are offered about the pertinent field relationships. In the past, we have tried
introducing the basic circuit analysis course with three or four weeks of
electromagnetic field theory, so as to be able to define circuit elements more
precisely in terms of Maxwell’s equations. The results, especially in terms
of students’ acceptance, were not good.

We intend that this text be one from which students may teach the science
of circuit analysis to themselves. It is written to the student, and not to the
instructor, because the student is probably going to spend more time than the
instructor in reading it. If at all possible, each new term is clearly defined
when it is first introduced. The basic material appears toward the beginning
of each chapter and is explained carefully and in detail; numerical exam-
ples are used to introduce and suggest general results. Practice problems
appear throughout each chapter; they are generally simple, and answers to
the several parts are given in order. The more difficult problems appear at
the ends of the chapters and follow the general order of presentation of the
text material. These problems are occasionally used to introduce less im-
portant or more advanced topics through a guided step-by-step procedure,
as well as to introduce topics which will appear in the following chapter.
The introduction and resulting repetition are both important to the learning
process. In all, there are over 950 end-of-chapter problems in addition to
numerous practice problems and worked examples. Most of the exercises
are new in this edition, and, with the assistance of several colleagues, each
problem was solved by hand and checked by computer when appropriate.
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If the book occasionally appears to be informal, or even lighthearted, it is
because we feel that it is not necessary to be dry or pompous to be educa-
tional. Amused smiles on the faces of our students are seldom obstacles to
their absorbing information. If the writing of the text had its entertaining
moments, then why not the reading t0o?

Much of the material in the text is based on courses taught at Purdue Uni-
versity: the California State University, Fullerton; Fort Lewis College in
Durango: the joint engineering program of Florida A&M University and
The Florida State University: and the University of Canterbury.

New in the Sixth Edition

Revising this text has been a daunting task, to say the very least. [ used
it as an undergraduate at Purdue University, where I was fortunate to take
circuits from Professor Hayt himself—one of the best professors I ever had.
In looking back, it’s sometimes hard to remember how exactly I came to be
invited to join the team of such a famous textbook. I met the sponsoring
editor, Catherine Shultz, through my participation in the review of another
textbook, and the fact that McGraw-Hill was planning to add a new co-
author to Engineering Circuit Analysis eventually came up in conversation.
She invited me to review the Fifth Edition, and summarize my thoughts as to
where the Sixth Edition needed to go. That was back in March of 1999—and
I"ve been working on this project ever since.

There are several very noteworthy features of Engineering Circuit Analysis
that are responsible for its success. It is a very well structured book—key
concepts are presented in a logical format, but also interlinked seamlessly
into a larger framework. Bill Hayt and Jack Kemmerly put a great deal of
work into the creation of the First Edition, and their desire to impart some
of their boundless enthusiasm to the reader comes through in every chapter.

My first impressions were that not only did the figures need redrawing and
updating, but that the numerous examples were often very difficult to locate.
Also, the Fifth Edition relied very heavily upon the premise that students
would work each and every Drill Problem; as such, Drill Problems were
used as key vehicles to transfer concepts regarding methodology and basic
problem-solving skills. Further, there was a need to inject more practical
flavor into the text to capture the attention of today’s students, to increase the
number of examples, and to provide a larger assortment of end-of-chapter
problems for instructors.

Each and every chapter in this book received careful attention. Some of the
key changes users of the Fifth Edition will observe include:

1. A new introductory chapter has been written to provide students with a
brief overview as well as key reasons for requiring them to study
circuit analysis early in their program.

2. Chapter | has been split into two chapters, as has Chap. 2: this was
done so that this important material could be introduced at a less
rushed. more leisurely pace. The network topology material in Secs.
2.7 and 2.8 has been moved to an appendix.

3. In keeping with reviewer comments and the modern trend to reduce
the amount of lecture time spent in time-domain analysis, the material
in Chaps. 4 and 5 has been combined into a single chapter.
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The material on op amps has been relocated from Chap. 1 to a
self-contained chapter (Chap. 6). To the degree possible, the
remainder of the text was written so that instructors who prefer to
leave the teaching of op amp circuits to later electronics courses can
do so without undue distraction. The common approach to op amps in
circuit analysis textbooks is to attempt to use them as a “practical”
application of dependent sources. This doesn’t work perfectly,
however, since almost as soon as we establish that model for op amps,
we discard it in favor of the ideal op amp model. In this treatment, the
ideal op amp is presented in the same way as the ideal resistor,
capacitor, and inductor. Practical op amp analysis skills are
emphasized in the introductory sections. Once the students develop
some confidence with this eminently practical device, the ideal op amp
model is derived from a more accurate (but nevertheless still
approximate) dependent voltage source model.

Sinusoidal steady-state response concepts have been consolidated into
a single chapter for a more streamlined approach.

A section on three-phase power measurement has been updated and
reintroduced from an earlier version.

The chapter dealing with transformers has been relocated to
immediately following the three-phase power chapter for the
convenience of instructors.

Perhaps one of the largest reorganizations is the combination of the
original treatment of complex frequency with the introduction to the
Laplace transform. The modern trend has been to introduce Laplace
transforms earlier in the course. However, students are almost always
completely confounded when first confronted with the notion of a
complex frequency, and so it was felt that a more gentle introduction
to some of the related concepts was still appropriate.

Several new sections have been added, including discussions of how to
choose from among the various circuit analysis techniques explained
in the different chapters, and the design of filter circuits from a general
perspective.

The chapter on state-variable analysis has been removed from the
bound version of the text. However, depending on the interests of the
instructor, this material can provide a useful perspective of general
circuit analysis theory. For this reason, it was decided to make the
original material available through the textbook website.

Over 300 new end-of-chapter problems have been added.

Practical Application sections have been added to many of the
chapters, with the intention of showing how the many equations and
theories presented apply to the real world.

PSpice® and MATLAB® examples have been added to almost every
chapter. However, the authors feel strongly that computer-aided
engineering should be just that—an aid, not a substitute for developing
problem-solving skills. Thus, the introduction of computer tools has
been carefully timed with the aid of many reviewer suggestions.
Computer-aided analysis is introduced into homework problems only
as the last part of a regular problem in order to encourage students to
compare hand calculations to digital results. PSpice® student version
9.1 and MATLAB student version 5.0 were used.
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14. The introduction to each chapter has been shortened, and now includes
a Goals and Objectives section. Each chapter concludes with a short
summary of key concepts to aid in review.

15. A series of margin icons has been introduced:

&
§i~ to indicate common errors;

E highlights points to note carefully; and

m indicates a design problem.

This edition of Engineering Circuit Analysis introduces a new
multimedia supplement, Virtual Professor. Educators are slowly
beginning to understand how different people learn in different
fashions. For example, some students tend to be more visually
oriented, while others are more audio-oriented. Others prefer to obtain
the majority of their information directly from the written word.
Accounting for variations in learning preferences, however, can be a
daunting task in writing a textbook. The introductory set of eleven
Virtual Professor modules has been developed as one means of
combining the best of all worlds. Each module contains a narrated,
animated mini-lecture on a particular introductory circuit analysis
topic, along with one or more worked examples. The media player
allows the module to be paused to allow notes to be taken, as well as to
allow the student to attempt to finish an example before the solution is
given. It also allows the user to replay a particular portion of any
module as often as desired. The eleven modules are

16

Current, Voltage, and Power Basic Mesh Analysis

Kirchhoftf’s Current Law Advanced Mesh Analysis
Kirchhoftf’s Voltage Law The Supermesh

Basic Nodal Analysis Source Transformation
Advanced Nodal Analysis Thévenin’s Theorem

The Supernode

One perspective, I suppose, is that the movie came out at the same
time as the book!

The unexpected passing of Bill Hayt at the very beginning of this revision
was an enormous shock. I never had the opportunity to talk to him about the
intended changes—I can only hope that the revisions have helped this book to
speak to yet another generation of bright young engineering students. In the
meantime, we (durbin@ieee.org and the editors at McGraw-Hill) welcome
comments and feedback from both students and instructors.

The ever-present support of the McGraw-Hill editorial and production staff,
including Tom Casson, Betsy Jones, Michelle Flomenhoft, James Labeots,
John Wannemacher, Kelley Butcher, Heather Sabo, Phil Meek, and Linda
Avenarius is gratefully acknowledged. Catherine Shultz, the sponsoring
editor for Electrical Engineering, deserves a special acknowledgement for
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her constant support, enthusiasm, patience, and dedication to the successful
completion of this project. It simply would not have happened without her,
and working with her has been one of the best parts of the entire experience.
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Sinusoidal excitation, power due to, 355-356
Sinusoidal steady state, 303. See also Phasor(s)
average power in, 359-360
maximum power transfer theorem for, 363
Sinusoidal waveform (sinusoids), 303-309,
340-342
effective value of, 367-368
Laplace transforms of, 483
Software, circuit analysis, 5
Source(s)
combined, 42-43, 60-62
dependent, 15, 17-18
independent, 15-17
Source transformations, 110-116
equivalent practical sources, 113-114
exercises, 135-138
practical current sources, 112113
practical voltage sources, 1 10-112
Source-free RC circuits, 220-222, 247-248
Source-free RL circuits, 211-216
alternative approach to, 213-214
direct approach to. 213
exercises, 245-246
general solution approach to. 214-215
Source-free RLC circuits
parallel circuits, 261-265, 295
series circuits, 280-284, 298-299
Spectra, frequency, 667
SPICE, 86, 88-89, 100, 721
S-plane. and natural response, 529-532
Square matrix, 710
Stators, 405
Steady-state response, 212, 234, 306-307
Step-up transformer. 444
Stopband filter, 589
“Summing amplifier.” 151
Superconducting transformer, 449
Supermeshes, 81-83. 95-97

Index

Supernodes, 74-77. 91-93
Superposition principle, 101-110
applicability of, 110
and dependent vs. independent sources,
103-104
exercises, 132-135
and forcing functions, 102—103
theorem. superposition, 103-104
Symmetry, 654-658
even- and odd-function, 654
and Fourier series terms. 655-656
half-wave, 656-658
Synchronous generators, 405
Synchronous reactance. 406
System function, 680-688
exercises, 695-696
and input/output phasors, 688
physical significance of, 685-687
and response in the frequency domain,
680-683

t parameters. See Transmission parameters
Tera-, 8
Tesla, Nikola, 389
Thévenin, equivalent circuits, 116-126,
138-141, 331, 348-351
Thévenin. equivalent resistance, 120. 180
Thévenin, M. L., 117
Thévenin impedance, 623
Thévenin’s theorem, proof of, 717-719
3-dB frequency, 576
Three-phase systems
power measurement in, 406-415, 419-421
Y-Y connection. three-phase. 396-401.
416418
Time constant, 217-218
Time differentiation theorem. 479-481
Time functions
Fourier transform of general periodic,
678-679, 694-695
Fourier transforms for simple, 674-678. 694
Laplace transforms of simple. 471473, 490.
741-743
Time-domain analysis, 2-3
Time-domain representation. 316
Time-integration theorem, 481-483
Time-scaling theorem, 746
Time-shift theorem, 484
Topology, 697-698
Transfer admittance, short-circuit, 612
Transfer functions, 510-511.519-520
Transformer(s), 423, 434
ideal, 440448
for impedance matching, 443444
linear, 434-440
and reflected impedance. 434-435
step-up. 444
superconducting, 449
for voltage level adjustment, 444445

Transient analysis, 201
Transient response, 212
Transistor amplifier, cutoff frequency of,
330-331
Transistors, 19, 631
Transmission parameters (t parameters).
643-644
Transmission parameters (t parameters).
633-636
Treble settings (sound systems), 594-595
Trees, 698-707
Turns ratio, 440443
Two-port networks, 610-637, 639-644
admittance parameters, 610-616, 639-640
equivalent networks, 617-625. 640-641
hybrid parameters. 630-633. 642-643
impedance parameters, 625-630, 641-642
transmission parameters, 633-636. 643-644
Two-sided inverse Laplace transform, 469-470
Two-sided Laplace transform, 469

Ultracapacitors. 180
Unbalanced systems, 408-412
Underdamped parallel RLC circuits, 274-279
exercises, 297-298
finite resistance in, 276-277
form of underdamped response in, 274-275
graphical representation of response in, 276
Unit-impulse function, 227
Fourier transform of, 674-675
Laplace transform of, 472-473
Units, 7-8
Unit-step function, 227-230
exercises, 252-253
Fourier transform for, 676
Laplace transform of, 472
and physical sources, 228-229
and rectangular pulse function, 229-230
University of California at Berkeley, 86, 721
Upper half-power frequency, 554

VA (voltampere), 371
Value, effective. See Effective value
VAR (volt-ampere-reactive). 374
Varhourmeters, 375
Varmeter, 375
Vectors, 710
Virtual ground, 149
Volt, 12
Volta, A. G. A. A, 12n.
Voltage(s), 11, 12
capacitor, 175-177
differential input, 157
input offset, 160-161
internal generated, 405406
line, 396401
mutual, 426



