PEARSON

o] = L2} J& hR + E

B T RE R A

(SRIABIRAR - B4hR)

Electrical
Engineering

| 2

(%) Allan R. Hambley #

’FJH%JZIJL&H&H

Machine Press



HIFREERNA

(RIAEmIR - SB4RR)

b

‘ diAgplication ‘
d% -;—‘-ﬂ*
urt on) Bkl t P

(%) Allan R. Hamt‘ey =

@ Bl T b AR A
China Machine Press




English reprint edition copyright © 2010 by Pearson Education Asia Limited and
China Machine Press.

Original English language title: Electrical Engineering Principles and Applications,
Fourth Edition (ISBN 978-0-13-198922-1) by Allan R. Hambley, Copyright © 2008.

All rights reserved.
Published by arrangement with the original publisher, Pearson Education, Inc.,

publishing as Prentice Hall.

For sale and distribution in the People’s Republic of China exclusively (except
Taiwan, Hong Kong SAR and Macau SAR).

APFECZEIH Pearson Education Asia Ltd. FZAUHLIE Tl 4 AL I EK H
W, REWARE BRAFET, ARLMEMA T R S B A BN,

SPRT P AR ESEA R EES . BRI FBUX Fh [ S
X ) kAT,

A EHNGAT Pearson Education ( KiAE#(75 HRRAER ) BOERIThFRAE, Tkx
BEAGHE.

HIRTR(AFRI H B/

WRARER A, RLHR

A EEmiE  JeRHRIARINE KR

ABREAEIES: EF: 01-2009-4505

EHBEMREE (CIP) #iF

FE, 2 R R I (SRS 4R - 26 4 W) / ( 35) B ( Hambley, A. R.)
. —dbat: AT kL, 2010.9

(2 MFRRPE )

4 {E)‘C: Electrical Engineering Principles and Applications, Fourth Edition

ISBN 978-7-111-31459-2

I.de T3 M. BT%-3ESC V.TMI

HH A [E B4 CIP BUEAZ T (2010) 45 147889 4

BB Tl B RRAL (b s PSR 7T 07 TE AR 22 % HBEC4iHT 100037)

FHEHmE. 1 F

AL SR EN A PR 2 JIENRI

2010 4F 10 %5 1 BRAES 1 YREPRI

150mmx*214mm - 18.75 EI3k

WEASS . ISBN 978-7-111-31459-2

EM: 55.00 IC

JUAAE, AT, B, Seol, A&7k

FHARILE . (010 ) 88378991; 88361066

ML . (010) 68326294; 88379649; 68995259

KRR . (010) 88379604

BEHEfEAE : hzjsj@hzbook.com



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 be-
lieve 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 and digital systems, at a level appropriate
for either electrical-engineering students in an introductory course or nonma-
jors in a survey course. The only essential prerequisites are basic 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:

B Basic circuit analysis and measurement

M First-order transients

B Steady-state ac circuits

B Digital logic circuits

B Diode circuits

B Field-effect and bipolar junction transistors
B Operational amplifiers

While the emphasis of this book is on basic concepts, a key feature is
the inclusion 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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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 stim-
ulating student interest, eliminating frustration, and engendering an awareness
of the relevance of the material to their chosen profession. These features are:

M Statements of learning objectives open each chapter.

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

B Short boxed articles demonstrate how electrical-engineering principles
are applied in other fields of engineering. For example, see the articles on
active noise cancellation and electronic pacemakers.

B Step-by-step problem solving procedures.

B Summaries of important points at the end of each chapter provide refer-
ences for students.

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 Engineer-
ing Programs require that graduates of accredited programs have “an ability to
apply knowledge 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.

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 communication skills, end-of-chapter problems that ask students to
explain electrical-engineering concepts in their own words are included.

Solutions Manual and 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
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at www.myengineeringlab.com
Students will also find practice problems and online homework on this site

if it is assigned by their instructor.
Instructor Resources

The website also contains resources for instructors including:
B A new online homework system
B PowerPoint lecture slides
B Instructor’s Solutions Manual
Furthermore, a complete solutions manual is available in hard copy from the -
publisher to instructors who have adopted the book.
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PART ONE
Circuits

Chapter 1 Introduction

Chapter 2 Resistive Circuits

Chapter 3 Inductance and Capacitance

Chapter 4 Transients

Chapter 5 Steady-State Sinusoidal Analysis

Chapter 6 Frequency Response, Bode Plots, and Resonance

Electrical circuits are the subject of the first part of this book because they
are the basis for all branches of electrical engineering, including digital logic,
computers, instrumentation systems, electronics, electrical machines, power
conversion, and power distribution.

In Chapter 1, we point out the reasons that the study of electrical engineer-
ing is important for all engineers and scientists, describe various branches of
electrical engineering, and introduce electrical circuit quantities. In the sec-
ond chapter, we analyze resistive circuits powered by dc sources. Capacitance
and inductance are discussed in Chapter 3. Analysis of transients in electrical
circuits is presented in Chapter 4. Chapter 5 analyzes circuits containing sinu-
soidal sources in steady-state conditions. Finally, Chapter 6 treats frequency
response and resonance. ‘

The study of electrical circuits has parallels in other areas of science and
engineering. Dc analysis of resistive circuits corresponds to statics, transient
analysis of circuits corresponds to dynamics, and many of the concepts of
steady-state ac circuits, frequency response, and resonance have parallels in
the study of sound and vibration. Learning circuit analysis will strengthen the
mathematical and intuitive skills you will need in your engineering or scientific
career.



Chapter 1
Introduction

x will enable you to:

1. Recognize interrelationships between electrical engineering and other fields
of science and engineering.

. List the major subfields of electrical engineering.

. List several important reasons for studying electrical engineering.

. Define current, voltage, and power, including their units.

Calculate power and energy and determine whether energy is supplied or

absorbed by a circuit element.

State and apply Kirchhoff’s current and voltage laws.

Recognize series and parallel connections.

Identify and describe the characteristics of voltage and current sources.

. State and apply Ohm’s law.

10 Solve for currents, voltages, and powers in simple circuits.

A SO S

© % N o

In this chapter, we introduce electrical engineering, define circuit variables
(current, voltage, power, and energy), study the laws that these circuit vari-
ables obey, and meet several circuit elements (current sources, voltage sources,
and resistors).

1.1 Overview of Electrical Engineering

Electrical engineers design systems that have two main objectives:

1. To gather, store, process, transport, and present information.

2. To distribute, store, and convert energy between various forms.

In many electrical systems, the manipulation of energy and the manipulation
of information are interdependent.

For example, numerous aspects of electrical engineering relating to infor-
mation are applied in weather prediction. Data about cloud cover, precipita-
tion, wind speed, and so on are gathered electronically by weather satellites,
by land-based radar stations, and by sensors at numerous weather stations.
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(Sensors are devices that convert physical measurements to electrical signals.)
This information is transported by electronic communication systems and pro-
cessed by computers to yield forecasts that are disseminated and displayed
electronically.

In electrical power plants, energy is converted from various sources to elec-
trical form. Electrical distribution systems transport the energy to virtually
every factory, home, and business in the world, where it is converted to a mul-
titude of useful forms, such as mechanical energy, heat, and light.

No doubt you can list scores of electrical engineering applications in your
daily life. Increasingly, electrical and electronic features are integrated into
new products. Automobiles and trucks provide just one example of this trend.
The electronic content of the average automobile is growing rapidly in value.
Auto designers realize that electronic technology is a good way to provide
increased functionality at lower cost. Table 1.1 shows some of the applications
of electrical engineering in automobiles.

As another example, we note that many common household appliances con-
tain keypads for operator control, sensors, electronic displays, and computer
chips, as well as more conventional switches, heating elements, and motors.
Electronics have become so intimately integrated with mechanical systems that
a new name, mechatronics’, is beginning to be used for the combination.

Unfortunately, it would seem that too many engineers are not well equipped
to design mechatronic products:

The world of engineering is like an archipelago whose inhabitants are famil-
iar with their own islands but have only a distant view of the others and little
communication with them. A comparable near-isolation impedes the produc-
tivity of engineers, whether their field is electrical and electronics, mechanical,
chemical, civil, or industrial. Yet modern manufacturing systems, as well as the
planes, cars, computers, and myriad other complex products of their making,
depend on the harmonious blending of many different technologies. (Richard
Comerford, “Mecha ... what?” IEEE Spectrum, August 1994)

1.1.1 Subdivisions of Electrical Engineering
Next, we give you an overall picture of electrical engineering by listing and
briefly discussing eight of its major areas.

1. Communication systems transport information in electrical form. Cel-
lular phone, radio, satellite television, and the Internet are examples of commu-

1 You may find it interesting to search the web for sites related to “mechatronics.”
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nication systems. It is possible for virtually any two people (or computers) on
the globe to communicate almost instantaneously. A climber on a mountaintop
in Nepal can call or send e-mail to friends whether they are hiking in Alaska
or sitting in a New York City office. This kind of connectivity affects the way
we live, the way we conduct business, and the design of everything we use.
For example, communication systems will change the design of highways be-
cause traffic and road-condition information collected by roadside sensors can
be transmitted to central locations and used to route traffic. When an accident
occurs, an electrical signal can be emitted automatically when the airbags de-
ploy, giving the exact location of the vehicle, summoning help, and notifying
traffic-control computers.

Table 1.1. Current and Emerging Electronic/Electrical
Applications in Automobiles and Trucks

Safety
Antiskid brakes
Inflatable restraints
Collision warning and avoidance
Blind-zone vehicle detection (especially for large trucks)
Infrared night vision systems
Heads-up displays
Automatic accident notification

Communications and entertainment
AM/FM radio
Digital audio broadcasting
CD/tape player
Cellular phone
Computer/e-mail
Satellite radio

Convenience
Electronic navigation
Personalized seat/mirror/radio settings
Electronic door locks

Emissions, performance, and fuel economy
Vehicle instrumentation
Electronic ignition
Tire inflation sensors
Computerized performance evaluation and maintenance scheduling
Adaptable suspension systems

Alternative propulsion systems
Electric vehicles
Advanced batteries
Hybrid vehicles
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2. Computer systems' process and store information in digital form. No
doubt you have already encountered computer applications in your own field.
Besides the computers of which you are aware, there are many in unobvious
places, such as household appliances and automobiles. A typical modern auto-
mobile contains several dozen special-purpose computers. Chemical processes
and railroad switching yards are routinely controlled through computers.

3. Control systems gather information with sensors and use electrical en-
ergy to control a physical process. A relatively simple control system is the
heating/cooling system in a residence. A sensor (thermostat) compares the
temperature with the desired value. Control circuits operate the furnace or
air conditioner to achieve the desired temperature. In rolling sheet steel, an
electrical control system is used to obtain the desired sheet thickness. If the
sheet is too thick (or thin), more (or less) force is applied to the rollers. The
temperatures and flow rates in chemical processes are controlled in a similar
manner. Control systems have even been installed in tall buildings to reduce
their movement due to wind.

4. Electromagnetics is the study and application of electric and magnetic
fields. The device (known as a magnetron) used to produce microwave energy
in an oven is one application. Similar devices, but with much higher power
levels, are employed in manufacturing sheets of plywood. Electromagnetic
fields heat the glue between layers of wood so that it will set quickly. Cellular
phone and television antennas are also examples of electromagnetic devices.

5. Electronics is the study and application of materials, devices, and cir-
cuits used in amplifying and switching electrical signals. The most important
electronic devices are transistors of various kinds. They are used in nearly all
places where electrical information or energy is employed. For example, the
cardiac pacemaker is an electronic circuit that senses heart beats, and if a beat
does not occur when it should, applies a minute electrical stimulus to the heart,
forcing a beat. Electronic instrumentation and electrical sensors are found in
every field of science and engineering. Many of the aspects of electronic am-
plifiers studied later in this book have direct application to the instrumentation
used in your field of engineering.

6. Photonics is an exciting new field of science and engineering that promises
to replace conventional computing, signal-processing, sensing, and communi-
cation devices based on manipulating electrons with greatly improved products

1 Computers that are part of products such as appliances and automobiles are called embedded
computers.
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based on manipulating photons. Photonics includes light generation by lasers
and light-emitting diodes, transmission of light through optical components, as
well as switching, modulation, amplification, detection, and steering light by
electrical, acoustical, and photon-based devices. Current applications include
readers for DVD disks, holograms, optical signal processors, and fiber-optic
communication systems. Future applications include optical computers, holo-
graphic memories, and medical devices. Photonics offers tremendous opportu-
nities for nearly all scientists and engineers.’

7. Power systems convert energy to and from electrical form and trans-
mit energy over long distances. These systems are composed of generators,
transformers, distribution lines, motors, and other elements. Mechanical engi-
neers often utilize electrical motors to empower their designs. The selection of
a motor having the proper torque-speed characteristic for a given mechanical
application is another example of how you can apply the information in this
book.

8. Signal processing is concerned with information-bearing electrical sig-
nals. Often, the objective is to extract useful information from electrical signals
derived from sensors. An application is machine vision for robots in manu-
facturing. Another application of signal processing is in controlling ignition
systems of internal combustion engines. The timing of the ignition spark is
critical in achieving good performance and low levels of pollutants. The opti-
mum ignition point relative to crankshaft rotation depends on fuel quality, air
temperature, throttle setting, engine speed, and other factors.

If the ignition point is advanced slightly beyond the point of best perfor-
mance, engine knock occurs. Knock can be heard as a sharp metallic noise
that is caused by rapid pressure fluctuations during the spontaneous release
of chemical energy in the combustion chamber. A combustion-chamber pres-
sure pulse displaying knock is shown in Figure 1.1. At high levels, knock
will destroy an engine in a very short time. Prior to the advent of practical
signal-processing electronics for this application, engine timing needed to be
adjusted for distinctly suboptimum performance to avoid knock under varying
combinations of operating conditions.

By connecting a sensor through a tube to the combustion chamber, an elec-
trical signal proportional to pressure is obtained. Electronic circuits process
this signal to determine whether the rapid pressure fluctuations characteristic

! Electronic devices are based on controlling electrons. Photonic devices perform similar functions
by controlling photons.



