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Preface

he pervasive presence of electronic devices and instrumentation in all aspects

of engineering design and analysis is one of the manifestations of the electronic

revolution that has characterized the second half of the 20th century. Every

aspect of engineering practice, and even of everyday life, has been affected in
some way or another by electrical and electronic devices and instruments. Computers
are perhaps the most obvious manifestations of this presence. However, many other
areas of electrical engineering are also important to the practicing engineer, from
mechanical and industrial engineering, to chemical, nuclear, and materials engineer-
ing, to the aerospace and astronautical disciplines, to civil and the emerging field of
biomedical engineering. Engineers today must be able to communicate effectively
within the interdisciplinary teams in which they work.

OBJECTIVES

Engineering education and engineering professional practice have seen some rather
profound changes in the past decade. The integration of electronics and computer
technologies in all engineering academic disciplines and the emergence of digital
electronics and microcomputers as a central element of many engineering products
and processes have become a common theme over the nearly 20 years since the
conception of this book.

The principal objective of the book is to present the principles of electrical, elec-
tronic, and electromechanical engineering to an audience composed of non—electrical
engineering majors, and ranging from sophomore students in their first required in-
troductory electrical engineering course, to seniors, to first-year graduate students en-
rolled in more specialized courses in electronics, electromechanics, and mechatronics.

A second objective is to present these principles by focusing on the impor-
tant results and applications and presenting the students with the most appropriate
analytical and computational tools to solve a variety of practical problems.

Finally, a third objective of the book is to illustrate, by way of concrete, fully
worked examples, a number of relevant applications of electrical engineering princi-
ples. These examples are drawn from the author’s industrial research experience and
from ideas contributed by practicing engineers and industrial partners.

The three objectives listed above are met through the use of a number of ped-
agogical features. The next two sections of this preface describe the organization of
the book and the major changes that have been implemented in this fourth edition.

ORGANIZATION AND CONTENT

The book is divided into three parts, devoted to circuits, electronics, and electrome-
chanics. Changes in the contents are described next.

Part I: Circuits

The first part of the book remains essentially unchanged, after the significant revisions
brought by the fourth edition. The only major change is the addition of approximately
110 new homework problems.

Xiii
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Part: Il Electronics

Part II, on electronics, presents some new features in the treatment of transistors.
Chapter 10, on bipolar transistors, and Chapter 11, on field-effect transistors, have
been significantly reorganized to focus on the use of these devices in simple but useful
circuits. Modeling emphasis is limited to large-signal models, which are sufficient
for the intended purpose. New examples include the design of simple electric motor
drivers and of battery chargers. These two chapters now present a new, uncomplicated,
and practical treatment of the analysis and design of simple amplifiers and switching
circuits using large-signal models. The revisions were based on a conscious decision
to completely eliminate all of the material related to small-signal models of amplifiers.
Chapter 12, on power electronics, includes two new examples describing power stage
amplifier characteristics. The remainder of the electronics section, Chapters 8 and 9,
and 13, 14, and 15, are mostly unchanged, except for the addition of a handful of
new application-oriented examples. Nearly 100 new homework problems have been
added to Part II.

Part lll: Communication Systems

New in the fifth edition is the inclusion of two chapters on communications. These
chapters have been added at the request of numerous schools, where it is felt that
a modern engineer needs to have exposure to basic principles of communication
systems. Chapter 16 is a revised edition of the an analog communications chapter that
has been available on the book website since the third edition. The intent of the chapter
is to present the basic principles of analog communications systems, leading to a basic
understanding of analog AM and FM systems. Chapter 17, courtesy of Dr. Michael
Carr, of the Ohio State University ElectroScience Laboratory, introduces the basic
principles of digital communications systems. Both chapters focus on applications.

Part 1V: Electromechanics

Part IV on Electromechanics has been revised for accuracy and pedagogy, but its
contents are largely unchanged. This part has been used for many years by the author
as a supplement in a junior-year “System Dynamics” course for mechanical engineers.
The chapters include some New examples and approximately 20 new problems.

Instructors will find additional suggestions on the organization of course mate-
rials at the book’s website http://www.mhhe.com/rizzoni. Suggestions and sample
curricula from users of the book are welcome!

FEATURES OF THE FIFTH EDITION

Pedagogy

The fifth edition continues to offer all of the time-tested pedagogical features available
in the earlier editions.

« Learning Objectives offer an overview of key chapter ideas. Each chapter
opens with a list of major objectives, and throughout the chapter the learning
objective icon indicates targeted references to each objective.
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* Focus on Methodology sections summarize important methods and
procedures for the solution of common problems and assist the student in
developing a methodical approach to problem solving.

* Clearly Illustrated Examples illustrate relevant applications of electrical
engineering principles. The examples are fully integrated with the “Focus on
Methodology” material, and each one is organized according to a prescribed
set logical steps.

* Check Your Understanding exercises follow each example in the text and
allow students to confirm their mastery of concepts.

* Make the Connection sidebars present analogies to students to help them
see the connection of electrical engineering concepts to other engineering
disciplines.

* Focus on Measurements boxes emphasize the great relevance of electrical
engineering to the science and practice of measurements.

* Find It on the Web links included throughout the book give students the
opportunity to further explore practical engineering applications of the
devices and systems that are described in the text.

Supplements

The book includes a wealth of supplements, many available in electronic form. These
include

* A CD-ROM containing computer-aided example solutions, a list of Web
references for further research, device data sheets, Hewlett-Packard
Instrumentation examples, and a motor control tutorial.

+ A website (Online Learning Center) will be updated to provide students and
instructors with additional resources for teaching and learning. You can find
this site at http://www.mhhe.com/rizzoni

Online Learning Center

(http://www.mhhe.com/rizzoni)
Resources on this site include:

For Students:

* Algorithmic Problems that allow step-by-step problem-solving using a
recursive computational procedure to create an infinite number of problems.

* Device Data Sheets
+ Hewlett-Packard Instrumentation Examples
* A Motor Control Tutorial, and more...

FIND IT
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For Instructors:

« PowerPoint presentation slides of important figures from the text

« Instructor’s Solutions Manual with complete solutions (for instructors
only)

+ COSMOS (Complete Online Solutions Manual Organizing System)
+ MATLAB Solution files for selected problems

For Instructors and Students:

« Find It on the Web links, which give students the opportunity to explore, in
greater depth, practical engineering applications of the devices and systems
that are described in the text. In addition, several links to tutorial sites extend
the boundaries of the text recnt research developments, late-breaking science
and technology news, learning resources, and study guides to help you in
your studies and research

« News feeds provide current daily news from The New York Times and other
reliable online news resources related to the topics in the text. While most
students and instructors have access to currents news online, these feeds are
selected based on the topics presented in each chapter of Rizzoni’s text.
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Learning Objectives offer

an overview of key chapter ideas.
Each chapter opens with a list of
major objectives and throughout
the chapter. The learning objective
icon indicates targeted references

GUIDED TOUR

:) Learning Objectives

1. Compute the solution of circuits ining linear resi and independent and
dependent sources by using node analysis. Sections 3.2 and 3 4. i

2. Compute the solution of circuits containing linear resistors and independent and
dependent sources by using mesh analysis. Sections 3.3 and 3.4.

3.  Applytheprinciple of superpositiontoli its containing independent sources.
Section 3.5.

to each objective. 4. Compute Thévenin and Norton equivalent circuits for rks containing linear
resistors and independent and dependent sources, Section 3.6.

5,  Use equivalent-circuit ideas to compute the maximum power transfer between a
source and a load. Section 3.7.

6. Use the concept of equivalent circuit to determine voltage, current, and power for
nonlinear loads by using load-line analysis and analytical methods. Section 3.8.

3.1 Network Analysis

The analysis of an electric network consists of determining each of the unknown
branch currents and node voltages. It is therefore important to define all the rele-
vant variables as clearly as possible, and in systematic fashion. Once the known and
unknown variables have been identified, a set of equations relating these variables
is constructed, and these equations are solved by means of suitable techniques. The
analysis of electric circuits consists of writing the smallest set of equations sufficient
to solve for all the unknown variables. The procedures required to write these equa-
tions are the subject of Chapter 3 and are very well documented and codified in the
form of simple rules. The analysis of electric circuits is greatly simplified if some
standard conventions are followed.

Example 3.1 defines all the voltages and currents that are associated with a

FOCUSONMETHODOLOGY
COMPUTING THE THEVENIN VOLTAGE

1, Remove the load, leaving the load terminals open-circuited.

2. Define the open-circuit voltage voc across the open load terminals.
3, Apply any preferred method (e.g., node analysis) to solve for uoc.
4, The Thévenin voltage is vy = voc.

Focus on Methodology section
summarize important methods and
procedures for the solution of
common problems and assist the
student in developing a methodical
approach to problem solving.

The actual computation of the open-circuit voltage is best illustrated by e
ples; there is no substitute for practice in becoming familiar with these computa
To summarize the main points in the computation of open-circuit voltages, cor
the circuit of Figure 3.36, shown again in Figure 3.44 for convenience. Recall th
equivalent resistance of this circuit was given by Rr = Ry + R; || Ra. To con
voc, we disconnect the load, as shown in Figure 3.45, and immediately observ:
no current flows through R3, since there is no closed-circuit connection at that br
Therefore, voc must be equal to the voltage across Ro, as illustrated in Figure
Since the only closed circuit is the mesh consisting of vg, Ry, and Ry, the answ:
are seeking may be obtained by means of a simple voltage divider:

Ry
e L T
§ R+ R,
It is instructive to review the basic concepts outlined in the example by

sidering the original circuit and its Thévenin equivalent side by side, as shoy
Figure 3.47. The two circuits of Figure 3.47 are equivalent in the sense that the

voc = Vg2 =




EXAMPLE 3.8 Mesh Analysis
Problem
Write the mesh current equations for the circuit of Figure 3.19.

Solution
Known Quantities: Source voltages; resistor values.

Find: Mesh current equations.

Schematics, Diagrams, Circuits, and Given Data: V, = 12V:V, =6 V. R, =3 %

Ry =8BQR;=62 R =4Q.
Analysis: We follow the Focus on Methodology steps.

1. Assume clockwise mesh currents /. iy, and iy.

Figure 3.19

2. We recognize three independent vanables, since there are no current sources. Starting

from mesh 1, we apply KVL 1o obtain

Vi=Riliy =) = Raliy —i2) =0
KVL applied to mesh 2 yields

=Ryliy —iy) = Ry(i —i3) + Vo =0
while in mesh 3 we find

=Ri(iy = i) = Raiy = Ry(iy = i) =0

Clearly lllustrated Examples
illustrate relevant applications of
electrical engineering principles.
The examples are fully integrated
with the "Focus of Methodology"
material, and each one is organized
according to a prescribed set of
common sense steps.

Check Your Understanding
exercises follow each example

in the text and allow students to
confirm their mastery of concepts.

CHECK YOUR UNDERSTANDING

Find the current i, in the circuit shown on the left, using the node voltage method.
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Find the voltage v, by the node voltage method for the circuit shown on the right.
Show that the answer to Example 3.3 is correct by applying KCL at one or more nodes.

A 81— 1V LSBT') SIamsuy

EXAMPLE 35
Problem

Use the node voltage analysis to determine the voltage v in the circuit of Figure 3.9. Assume
that R, =2Q. Ry =1 Q. Ry =4Q, R, =3Q./, =2Aand ; =3 A

<L01

Solution

Known Quantities: Values of the resistors and the current sources.

Find: Voliage across Ry,

Analysis: Once again, we follow the steps outlined in the Focus on Methodology box.

1. The reference node is denoted in Figure 3.9.

2. Next, we define the three node voltages v,. v;. vy, as shown in Figure 3.9.
3. Apply KCL at each of the n — | nodes, expressing each current in terms of the adjacent

node voltages.
BEULETN 120 nodel
R
"';}"‘-%m:u node 2
U205 =0 node3

Ry
1
RN/ N
b=
()J‘ vk RS

Figure 3.9 Circuit for
Example 3.5




Make the Connection sidebars
present analogies to students
to help them see the connection
of electrical engineering
concepts to other engineering
disciplines.

LO1

Lo1

equations obtained at nodes a and b (verify this, as an exercise). This observation
confirms the statement made earlier:

' ciruit containing  nades, we can write at most » — | independent
equations.

Now, in applying the node voltage method, the currents i), iz, and i; are expressed as
functions of v,, v, and v, the independent variables. Ohm’s law requires that i, for
example, be given by
Y — U

="

(3.5)
since it is the potential difference v, — v, across R, that causes current i to flow from
node a 10 node c. Similarly,
Vg = Up
R
WU
=%
Substituting the expression for the three currents in the nodal equations (equations
3.2 and 3.3), we obtain the following relationships:

=

(3.6)

> Vg Vg — Up
_ ¥ _ _o
5 R T TR

@an

Vg —Up Up

R, Ry

Equations 3.7 and 3.8 may be obtained directly from the circuit, with a little practice.
Note that these equations may be solved for u, and vy, assuming that i, Ry, R, and
R are known. The same equations may be reformulated as follows:

1 1 1
(7 7:)w (T,)“F'*

1 1 1
(&) (+m)m=e

Examples 3.2 through 3.4 further illustrate the application of the method.

(3.8)

(39

——
EXAMPLE 3.2 Node Analysis
Problem

Solve for all unknown currents and voltages in the circuit of Figure 3.5.

Problem:
Determine the Thévenin

Solution:

Intemal resi of

Experimental Determination of Thévenin Equivalent Circuit

Thermal Circuit
Model

The conduction resistance
of the shaft is described by
the following equation:

kA
q= —L—AT

AT L
Romt === 0
where A, is a cross section-
al area and L is the distance
from the inner core to the
surface. The convection re-
sistance is described by a
similar equation, in which
convective heal flow is de-
scribed by the film coef-
ficient of heat transfer, h:
9=hAAT
AT )

R
where A; is the surtace area
of the shaft in contact with
the water. The equivalent
thermal resistance and the
overall circuit model of the
crankshah quenching
process are shown in the
figures below.

Reoas  Reome
Tt O T
q

Thermal resistance
representation of quenching
process

of an circuit from

circuit voltage and short-circuit current.

Known Quantities —Measurement of short-circuit current and open-circuit voltage.

of open-

Find—Equivalent resistance Rr; Thévenin voltage vy = voc.
Schematics, Diagrams, Circuits, and Given Data—Measured voc = 6.5 V; mea-
sured isc =3.75mA;r,, = 15Q.

(Continued)

Find it on the web links
included throughout the book
give students the opportunity
to further explore practical
engineering applications of

Comments—Note how easy the experimental method is, provided we

Network connected for measurement of
open-circuit voltage (ideal voltmeter)

Figure 3.68

are careful to account for the intemal resistance of the
measuring instruments.

Focus on Measurements
boxes emphasize the great
relevance of electrical
engineering to the science

and practice of measurements.

the devices and systems that
are described in the text.

One last comment is in order

the ical of the

internal resistance of a network. In most cases, it is not advisable to actually shon-
circuit a network by inserting a series ammeter as shown in Figure 3.67; permanent




