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Preface

As in the previous editions, my guiding philosophy in writing this book has three
elements. The first element is my belief that in the long run students are best served
by learning basic concepts in a general setting. Second, I believe that students need to
be motivated by seeing how the principles apply to specific and interesting problems
in their own fields. The third element of my philosophy is to take every opportunity
to make learning free of frustration for the student.

This book covers circuit analysis, digital systems, electronics, and electromechan-
ics at a level appropriate for either electrical-engineering students in an introductory
course or nonmajors in a survey course. The only essential prerequisites are ba-
sic physics and single-variable calculus. Teaching a course using this book offers
opportunities to develop theoretical and experimental skills and experiences in the
following areas:

®m Basic circuit analysis and measurement

m First- and second-order transients

m Steady-state ac circuits

® Resonance and frequency response

Digital logic circuits

Microcontrollers (68HC11)
Computer-based instrumentation, including LabVIEW
Diode circuits

Electronic amplifiers

Field-effect and bipolar junction transistors
Operational amplifiers

Transformers

Ac and dc machines

Computer-aided circuit analysis (PSpice)

While the emphasis of this book is on basic concepts, a key feature is the in-
clusion of short articles scattered throughout showing how electrical-engineering
concepts are applied in other fields. The subjects of these articles include anti-knock
signal processing for internal combustion engines, a cardiac pacemaker, active noise
control, and the use of the Global Positioning System in surveying, among others.

I welcome comments from users of this book. Information on how the book could
be improved is especially valuable and will be taken to heart in future revisions. My
e-mail address is arhamble@mtu.edu
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SOFTWARE

Two CDs are included with this book. One contains the student version of Lab-
VIEW 7 Express, which is briefly discussed in Section 9.4. LabVIEW has become
the industry standard software package for engineering instrumentation and testing.
The intention is to make students aware of how LabVIEW coupled with a personal
computer and a data acquisition board can be used to rapidly create special-purpose
instrumentation and control systems. Later, when they have the need to design such
systems, they will have enough knowledge to establish a proper direction for further
development of their computer-aided instrumentation skills.

The second CD contains OrCAD Family Release 9.2 Lite Edition. This is a
powerful suite of programs produced by Cadence Systems for circuit analysis and
design. In Appendix D, we show how to use Capture for entering circuit diagrams and
setting up analyses, PSpice for analyzing the circuit, and Probe for viewing results.
A number of circuits selected from throughout the book, starting in Chapter 2, are
taken as examples. Students find computer-aided analysis to be an effective method
for extending their “feel” for circuits and for checking some of the answers obtained
through traditional analysis.

Besides the evaluation programs, the virtual instruments (LabVIEW programs)
and circuit files discussed in the book are included on the OrCAD CD. Furthermore,
solutions to the in-chapter exercises, answers for selected end-of-chapter problems,
and summaries of key equations for each chapter are included in pdf files on the
OrCAD CD. ’

CHANGES AND NEW FEATURES IN THE THIRD EDITION

® The Student Edition of LabVIEW 7 Express is included with the book, providing
students with a full featured version of this industry-standard instrumentation
software that they can use in subsequent courses.

m End-of-chapter problems have been added to nearly every chapter, increasing
the total number by over twenty percent.

m Numerous changes and additions have been made throughout the book to en-
hance clarity.

m A new example using KVL, KCL, and Ohm’s Law to solve a circuit has been
added to Chapter 1.

m A discussion of computer generated Bode plots utilizing MATLAB has been
added to Section 6.5.

m An example on sensor loading has been added to Chapter 9 and the section on
LabVIEW has been updated. "

m Practical Application 9.1 The Virtual First Down Line has been added.

m Practical Application 11.1 Electronic Stud Finder has been added to illustrate
the use of several electrical-engineering principles.

m The discussion of balance-circuit design has been deleted from Chapter 11.



Chapter 14 Operational Amplifiers has been reorganized, absorbing the discus-
sion of summing-point constraint into the section on inverting amplifiers.

Section 16.7 DC Generators has been added.
A discussion of brushless dc machines has been added to Chapter 17.

Solutions for the exercises and problems in Appendices A and C are now pro-
vided in the instructor’s Solutions Manual and on the OrCAD CD for student
reference.

PREREQUISITES

The essential prerequisites for a course from this book are basic physics and single-
variable calculus. A prior differential equations course would be helpful but is not
essential. Differential equations are encountered in Chapter 4 on transient analysis,
but the skills needed are developed from basic calculus.

PEDAGOGICAL FEATURES

The book includes various pedagogical features designed with the goal of stimulat-
ing student interest, eliminating frustration, and engendering an awareness of the
relevance of the material to their chosen profession. These features are:

Statements of learning objectives open each chapter.

Comments in the margins emphasize and summarize important points or indicate
common pitfalls that students need to avoid.

Short boxed articles demonstrate how electrical-engineering principles are ap-
plied in other fields of engineering. For example, see the articles on active noise
cancellation (page 263) and electronic pacemakers (starting on page 364).

Step-by-step problem solving procedures. For example, see the step-by-step
summary of node-voltage analysis (on pages 72-73) or the summary of Thévenin
equivalents (on page 88).

Complete solutions to the in-chapter exercises included as pdf files on the Or-
CAD CD provide students with help.

Answers to approximately one-quarter of the end-of-chapter problems, provided
as pdf files on the OrCAD CD, build student confidence and indicate where
additional study is needed.

Summaries of important points at the end of each chapter provide references for
students.

Key equations highlighted in the book and included as pdf files on the OrCAD
CD provide quick and convenient references for students.

Preface

xi
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MEETING ABET-DIRECTED OUTCOMES

Courses based on this book provide excellent opportunities to meet many of the
directed outcomes for accreditation. The Criteria for Accrediting Engineering Pro-
grams require that graduates of accredited programs have “an ability to apply knowl-
edge of mathematics, science, and engineering” and “an ability to identify, formulate,
and solve engineering problems.” This book, in its entirety, is aimed at developing
these abilities.

Also, graduates must have “an ability to design and conduct experiments, as
well as analyze and interpret data.” Chapter 9, Computer-Based Instrumentation
Systems, helps to develop this ability. If the course includes a laboratory, this ability
can be developed even further.

Furthermore, the criteria require “an ability to function on multi-disciplinary
teams” and “an ability to communicate effectively.” Courses based on this book
contribute to these abilities by giving nonmajors the knowledge and vocabulary to
communicate effectively with electrical engineers. The book also helps to inform
electrical engineers about applications in other fields of engineering. To aid in com-
munication skills, end-of-chapter problems that ask students to explain electrical-
engineering concepts in their own words are included.

The LabVIEW and OrCAD PSpice software packages distributed with this book
contribute to developing “an ability to use the techniques, skills, and modern engi-
neering tools necessary for engineering practice.”

SOLUTIONS MANUAL AND WEBSITE

Students can find solutions for the in-chapter exercises and answers (without solu-
tions) for selected end-of-chapter problems on the OrCAD CD included with the
book and on the website.

Any corrections that may be needed for the book or solutions manual will be
posted on the website as they are found. The home page for this book is located at
http://www.prenhall.com/hambley

INSTRUCTOR RESOURCES

The website also contains resources for instructors including:
B PowerPoint lecture slides
® Syllabus Builder™
B Instructor’s Solutions Manual in Word and pdf formats

Furthermore, a complete solutions manual is available in hard copy from the
publisher to instructors who have adopted the book.



CONTENT AND ORGANIZATION

Part | Circuits

Chapter 1 defines current, voltage, power, and energy. Kirchhoff’s laws are intro-
duced. Voltage sources, current sources, and resistance are defined.

Chapter 2 treats resistive circuits. Analysis by network reduction, node volt-
ages, and mesh currents is covered. Thévenin equivalents, superposition, and the
Wheatstone bridge are treated.

Capacitance, inductance, and mutual inductance are treated in Chapter 3.

Transients in electrical circuits are discussed in Chapter 4. First-order RL and
RC circuits and time constants are covered, followed by a discussion of second-order
circuits.

Chapter 5 considers sinusoidal steady-state circuit behavior. (A review of com-
plex arithmetic is included in Appendix A.) Power calculations, ac Thévenin and
Norton equivalents, and balanced three-phase circuits are treated.

Chapter 6 covers frequency response, Bode plots, resonance, filters, and digital
signal processing. The basic concept of Fourier theory (that signals are composed
of sinusoidal components having various amplitudes, phases, and frequencies) is
qualitatively discussed.

Part Il Digital Systems

Chapter 7 introduces logic gates and the representation of numerical data in binary
form. It then proceeds to discuss combinatorial and sequential logic. Boolean alge-
bra, De Morgan’s laws, truth tables, Karnaugh maps, coders, decoders, flip flops, and
registers are discussed.

Chapter 8 treats microcomputers with emphasis on embedded systems using the
Motorola 68HC11 as the primary example. Computer organization and memory
types are discussed. Digital process control using microcontrollers is described in
general terms.. Finally, selected instructions and addressing modes for the 68HC11
are described. Assembly language programming is treated very briefly.

Chapter 9 discusses computer-based instrumentation systems including measure-
ment concepts, sensors, signal conditioning, and analog-to-digital conversion. The
chapter ends with a discussion of LabVIEW), including an example virtual instru-
ment that students can duplicate using the included student version on their own
computers.

Part 1ll Electronics

Chapter 10 presents the diode, its various models, load-line analysis, and diode cir-
cuits, such as rectifiers, Zener-diode regulators, and wave shapers. '

In Chapter 11, the specifications and imperfections of amplifiers that need to
be considered in applications are discussed from a users perspective. These include
gain, input impedance, output impedance, loading effects, frequency response, pulse
response, nonlinear distortion, common-mode rejection, and dc offsets.

Preface
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Chapter 12 covers the MOS field-effect transistor, its characteristic curves, load-
line analysis, large-signal and small-signal models, bias circuits, the common-source
amplifier, and the source follower.

Chapter 13 gives a similar treatment for bipolar transistors. If desired, the order
of Chapters 12 and 13 can be reversed. Another possibility is to skip most of both
chapters so more time can be devoted to other topics.

Chapter 14 treats the operational amplifier and many of its applications. Non-
majors can learn enough from this chapter to design and use op-amp circuits for
instrumentation applications in their own fields.

Part IV Electromechanics

Chapter 15 reviews basic magnetic field theory, analyzes magnetic circuits, and
presents transformers.

Dc machines and ac machines are treated in Chapters 16 and 17, respectively.
The emphasis is on motors rather than generators because the nonelectrical engineer
applies motors much more often than generators. In Chapter 16, an overall view
of motors in general is presented before considering dc machines, their equivalent
circuits, and performance calculations. The universal motor and its applications are
discussed.

Chapter 17 deals with ac motors, starting with the three-phase induction motor.
Synchronous motors and their advantages with respect to power-factor correction are
analyzed. Small motors including single-phase induction motors are also discussed.
A section on stepper motors and brushless dc motors ends the chapter.
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