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Preface

TO THE STUDENT

The early pioneers in electronics were intrigued by the mystery and wonder of a
newly discovered science, whereas people today are attracted by its ability to
lend its hand to any application and accomplish almost anything imaginable. If
you analyze exactly how you feel at this stage, you will probably discover that
you have mixed emotions about the journey ahead. On one hand, imagination,
curiosity, and excitement are driving you on, while apprehension and reserva-
tions may be slowing you down. Your enthusiasm will overcome any indecision
you have once you become actively involved in electronics and realize that it is
as exciting as you ever expected it to be.

ORGANIZATION OF THE TEXTBOOK

This textbook has been divided into four basic parts. Chapters 1 through 5 intro-
duce you to the world of electronics and the fundamentals of electricity. Chap-
ters 6 through 9 cover direct current, or DC, circuits; Chapters 10 through 17
cover alternating current, or AC, circuits; and Chapters 18 through 23 cover
semiconductor principles, devices, and circuits.

PART 1 The Fundamentals of Electricity
Chapter 1 'The World of Electronics
Chapter 2 Voltage and Current
Chapter 3 Resistance and Power
Chapter 4 Resistors
Chapter 5 Experimenting in the Lab

PART 11 Direct-Current Electronics
Chapter 6 Direct Current (DC)
Chapter 7 Series DC Circuits
Chapter § Parallel DC Circuits
Chapter 9 Series-Parallel DC Circuits

PART III Alternating-Current Electronics
Chapter 10 Alternating Current (AC)




viii

PREFACE

Chapter 11 Experimenting in the Lab with AC

Chapter 12 Capacitance and Capacitors

Chapter 13 Capacitive Circuits, Testing, and Applications
Chapter 14 FElectromagnetism and Electromagnetic Induction
Chapter 15 Inductance and Inductors

Chapter 16 Transformers

Chapter 17 Resistive, Inductive, and Capacitive (RLC) Circuits

PART IV Semiconductor Devices and Circuits
Chapter 18 Semiconductor Principles
Chapter 19 Junction Diodes
Chapter 20 Diode Power Supply Circuits
Chapter 21 Bipolar Junction Transistors (BJTs)
Chapter 22 Field Effect Transistors (FETs)
Chapter 23 Operational Amplifiers

The material covered in this book has been logically divided and sequenced to
provide a gradual progression from the known to the unknown, and from the
simple to the complex.

DEVELOPMENT, CLASS TESTING, AND REVIEWING

The first phase of development for this manuscript was conducted in the class-
room with students and instructors as critics. Each topic was class-tested by
videotaping each lesson, and the results were then evaluated and implemented.
This invaluable feedback enabled me to fine-tune my presentation of topics and
instill understanding and confidence in the students.

The second phase of development was to forward a copy of the revised
manuscript to several instructors at schools throughout the country. Their
technical and topical critiques helped to mold the text into a more accurate
form.

The third and final phase was to class-test the final revised manuscript and
then commission the last technical review in the final stages of production.

CIRCUIT SIMULATION USING THE ELECTRONICS
WORKBENCH® CD-ROM

In the back of this book is a CD-ROM containing the circuit simulation software
Electronics Workbench® (EWB). Using the demo on this CD, you can simulate
fifteen circuits taken directly from this text. The EWB icon shown here in the
margin indicates which circuits in this text have been prebuilt and stored on the
CD ready for simulation.

In addition to the EWB demo, the CD also contains an EWB tutorial, a
complete locked version of EWB student version 5, and a circuit-set file con-
taining over 150 circuits from Cook’s dc/ac, devices, and digital texts.




ANCILLARIES ACCOMPANYING THIS TEXT

m A comprehensive lab manual, co-authored by Nigel Cook and Gary
Lancaster, contains numerous experiments that are designed to translate all
of the textbook’s theory into practical experimentation.

m A CD-ROM is included in the back of this text containing a fully functional
Electronics Workbench® demo and an EWB tutorial.

m An Electronics Workbench® circuits file is also included on the CD-ROM
in the back of this book. This file contains many of this text’s circuits pre-
built and ready for simulation.

m An MS PowerPoint® data disk containing text figures can be used for over-
head projection in the classroom.

m A test item file manual includes additional questions for tests and exami-
nations. These questions are also available on a test item file disk that will
operate with the Prentice Hall custom test generator.

m An instructor’s solutions manual includes the full worked-out answers to all
self-test review and end-of-chapter questions.

m A companion www site located at http://www.prenhall.com/cook that
includes numerous interactive study questions designed to reinforce the
concepts of the book.
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Wi’ () Schematic. (b) Circuit Analysi Tuhle.

Salving for Resistance, Voltage, Current, and Powerin a Series-Parallel Circuit
STEP | Determine the circuit’s total resistance.
Step A Solve for series-connected resistors in ail paratlel combina-
tions.
Step B Solye for all parallel combinations.
Step € Solve for remaining series resistonces.

324 CHARTER D/ SERIES FARALLEL BC CIRCETTS

The CD-ROM in the back of this fext
contains the circnit simulation software
Electronics Workbench®. Circuit simulation
icons have beén irncluded in the margin to
indicate which of the text’s circuits have
been prebuilt and included on the CD for
simulation.

Circuit analysis tables train the student to
collect circuit facts in an easy-to-read
table that emables the student to clearly
see total and individual current, voltage,
resistanice, and power values and relation-
ships.

[ CIRCUIT ANALYSIS TABLE |

A el

" Three-Poxition Switch Contralling Lamp Brightness, (s) Schematic
e 4 Circuit (€) Circult Amalysis Table
Position 2: K=K + Q+750=1250Q
Vi
Iy = E, 9 mA
Position 3: Ry = Ry« Q4750 =1504
v, A
i S
The details of this circuit are summanzed in the analysis lable shown in Figure
7-8(c).
SELPTRST REVIEW OUESTIONS FOR SECTION 7.3
1. State the otat resistance formula for wseries cirouit.
2 Caleulie i1 R, =2 KGRy = I, 50d R, = 9100 Q.
238 CHAPTER 7/ SERIES DO CIROULTS
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FIGURE 524 Saldering Surfuce Mount Components (SMCs).

SEC €47 SOLDERING TOOLS AND TECHNIOUES 1R7

Protoboard pictorials help the beginning
student make the tramsition from circuit
schematic on paper to constructed circuit
on a protoboard.

New technology topics have been added,
such as how to solder and desolder
surface mount components (SMCs).
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Problem-S
Ch 17 (1865 1923) wa s outstanding electrical genius who
specralized in mathematics, electneal engineering, and chennstry, His three
grcatest eleetrical contribusions were his fmvestigation and discovery of the law
of hystcresis, his ehining, which resulted in his theary on
traveling wive: pliex numbers could b used 10 solve
s Solving problems was in fact his specialty, and on on
oceasion he wiss commissioned (0 troubleshont i failure on a large company
system that o one elie hiad been able 1o repair. After studying the sympioms
and schematics lor i short time, he chatked an X on one of the metal cabmets,
saying thal this was where they would find the problen, and left. He wis right
and the problem was remedid to the relicl of the company executives: however
they were not pleased when they received a bill for $1000. When they demanded
that Sicinmet, temize the charges. he replied —$1 for miking the mark and
$999 for knowing where 10 mike the mark.
T strong message this vignette conveys is that you will get $1 for physical
lahor and $999 for mental abor, and this is a good example as 10 why you shoald
tinue in your pursuit of education

Iver

les Proteus Siei

1 was during a classroom fecture im 1520 that Danish physicist Hiny Christiin
Oersted accidentally stumbled on an interesting reaction. As he laid i compiss
down on i bench he noticed that the compass needle pointed to an adjacent
conductor that wis carrying a current,
pole. Tw s and electricity were
very closely related to one another. This phenomerion is now called
electromagnetism since it is now Known that any conductor carrying an clectre or
electrical current will produce & magpctic fild,

In 1831, the English physicist Michacl Faradiy explired further Ocrsted
discovery of clectromagnetism and found that the process could be reversed
Faraday observed that if a conductor was passed through i magnetic field, s
woltage would be induced in the conductor and cause 1 current o flow, This
phenomenon is referred (o 38 elecromagnetic indeiction

In thes chapter we exaniine the terms and characteristics of
clectromagrietism (electricity to magnetism) and eleetromagnetic induction
tmagnetisen o electricity)

wtead of pointing o the carth’s north

TR 1L ECTROMALNE TISM AND ELECTROMAGNI T INDLECTION

Each chapter opening lists performance-
with each objective
directly correlated to a chapter section on

based objectives,

the following page.

Motivational stories detail the people
behind the electronics industry, and a con-
versational introduction reviews what has

been previously covered and what is about
to be covered.

THE TECHNICIAN i -
The technician is an expert in THE ENGINEER =5 1
the use of test equipment and | The engineer creatos the con THE ASSEMBLER

troubleshooting
and uses both to

fechnigues,  [cepts and designs of all new | The assembler is responsible

didd inthe [eleetronic circuits and sy | for the manulocwre of the

dosign. manufacture and ser- [16ms, final product. The training

vice of a product

clan is also able
replace the ol
component

MMARY

The Technician, Engineer, and Assembler, (Photos courtesy
Packard Compiny.)

The techni

e engineer will work | includes e correet. compo
v repair or  [closely with engineering tech | nent assembly and handling
ted faulty |mcians in the prototyping of | teehniques

the design and the repair of
any development problems.

Hewle

L Electronics is buill on four basic o0t oF propertics; current, voltage, resiancs
and pow,

2. Bleetranic components control the four basic roots o propertics of ¢

cronies

3. Groupy of companents are imierconnceted o perform certain function, i (hese
armangements are known as circuts,

4. Just as components are the building blocks for crewts. cireuits we i turn Uhe
bulding blocks for electronic cquipment,

5. All clectronic cquipment can be categanized mto one of six different bratches or
roups: communications, dith processing, consumer, industrial, test and measure
ment. and hiomedical

6. The mames for dmost all the wnits of eleciricty and electronies ae denved from
carly expermentc s
7. The four main quantities and units are
. Current_ which v
b Vola Lo volis
€ Resistance. which is measured m ohms
d. Power, which s measured in walls

CHAFTER | THEWORED OF ELECTRONICS

MAT

REVIEW

This mini-math review is designed (o remind you of the mathematical details

relating (o transposition, which will be used in the following section

Transposition
In the preceding section it was stated thit

= voltage (V)
et () = o) R

Lake all formulas, thes formu provides a relationship hetween quariitics, or
valees. I this case we can determine the current flow in a circeuit simply by divid
g the voltage applied 10 the circuit by the cireuits resistance. If we ever meed
10 caleulate only current. this formula would be fine o its own. But what if we
want to calculite voltage and we know current and resistance, or what if we want
10 caleulate resistance and we kiow corsent and voltage. 1 s important to kiow
how 16 rearrange or transpose a formula so that you can solve for any of the for
mul's quantites—this process 18 known as transposition.

smperes of current (o

To solve this problem, you first begin by placing the values in (heir appro
position within the formula. In this exam ple,

voltage (V)
resistance (K)

current (/)

Thercfore,

2 amperes =

~ HUPETE = 2t
g-¥
S

Before we proceed further in our atempt to determine the value of voliage (V)
we must fiest discuss a few ground rules
1 The cquatls sign divides the equition or formula into two halves, and in all
cases the left half always equals the right half, There fore

ol ¥

3
Teft half | vight hall

Although ot always visible, you should always assume that there are lines
under every number or letter in mathenics. For example.
z W
3
Any number heneath the line needs to be divided into the number on the
10p of the tine, s with sy fraction

s ompony 81

Chapter 1 includes extensive information
about the world of electronics and career
opportunities for the electronics technician,
providing interest in and motivation for the
material which follows.
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Mini-Math Reviews are included in appro-
priate places to review the necessary mathe-
matics needed for the discussion at hand,




2-3=4 Fioid \nilogy of Curvent and Vollage

An analopy is 0 comparison that des

wise different thimgs. In this section

nclerstanding of eurient wod voltige
n Figure 2.23(a),

used to converl clectrical energy into mechanical energy When cleetr

i applicd w6 the purmp, it Will operate and GEuse watgr 10 flow, The pu

ates:

s the simifaritios hetwee
will use a uid amalopy o

System using i pump. pipes.

LA hugh pressure ai the outlet port. which pushes (he water moleculés out
and into the system
2. A Low pressure at the infel port, which pulls the wiiter molecules inta the
punp
e wiler current flow i in the direc
o potential within the piping will be used to

dicared. ind the high pre:
the watcrwheel around. pro-

High Potential
Voltage

Patentiai Differonce

, Low or Graund
/ potenial

(a) Fluid System

Battory. Lamp ()
(6] P

b} Elecarical System

i Evciricnl st
Battery generates

valtage, which 1 the slecron
Equivalent moving force

Water currmnt flow. "’} Electron current flow,

High prassure of potsatial High voitage or potentia)
Lowprmmureorpotontsl, | Low oo of oantial

FIGUKE 228 Comparison between a Finid System (a) und un Electrical System (b).

SCLLINOLTAGE 55

8-5 POWER IN A PARALLEL CIRCUIT

As with series cireuits. the total power in s paralle] resistive cireuit is cqual 10 the
sum o all the power losses for cach of the tesistors n parallel
Po=Pa Prs Pyt Pyt
watal poecr = iddliton o1 all this pewer kysees

The formulas for caleulating the amount of power dissipated arc

Pi=txV
p_ ¥
i

| Pl R

[RXITR

Caleulate the total

ount of power dissipated in Figare 8:22
Noletion

The total power dissipated in a paraiel circuit i
Cqual 10 the sum of all the power dissipited by all iy

the resistors. With P, we anly know voltage and Bvpl_Pondun e
nd therefore we can use the formula @) :
: ) w00
B 02w o 200mw o]
1k . BEE -
With . we only know current and voliage, and s
therefore we can se the formula
= b Vi - 2mA X 20V = 80 mW
With Py, we Know V4, iid R however, we will bse
the third power formuli Siog Kol iy
Py 0% Ry= 1 mA" % 20kQ - 20 mW [SNE O
Total power (P,) equals the sum of ll the power or : H af
watlage losses for each resistor "" !

Pr=Pia P
200mW + 40 mW + 20 mW
260 mW

oo
s Reome
' it

SECESIPOWER IN A PARALLEL ClRCUTT 203

Concept analogies are used throughont the
text to take the student from the known to
the unknown,

Calculator sequences are included in all
examples that introduce new mathematical
procedures, and a running glossary defines
all new terms in the margin of the text:

AP

A common use of parallel circults is in the resic
househuld lights and appliances are
wiring eireuit in Figure X-15(a). 1€ it is 4 cold
are switehed o8, together with the space heate ex, what will the
indivielual branch currents be, and what will he the total current drawn (rom the
souree

il clectrical sysiem. All o the
a5 seen in the typical room

solution.

Figure: §-15(b) shows the schematic of the pictortal in Figure &15(a e all
resistances are conneeted in parallel across a 120V so across all
s will be 120'V, Using Ohm's faw we can caleutite the four branch cur

Outer Outter
1 2

PO
()
]
255

.
I R T R
! [ s o
i
b} e

SHC R CURRENT INA PARKLLED CiReun 2K

A A 12k

Discannact
Power

#(12v)
Once Shart
Hos Boon
Located, Discorineet
Power Supply from Disconnect Each Resistor
Wall Outiet and from Circuit and Check
Thn Replace Fuse Thoir Inciividual Resistance
or Reset Breaker Vallues
W by
BIGURE S 27 Troubleshooting a Short in u Paratlel Circuit.

8-6-4° Swmmary of Paratlel Chreuit Troubleshooting

1. An open component will cause no current flow within that branch. The total
current wall decrease, and the voliage across the component will be the
same as the source voltage

2. A shorted component will cause maximum current through that branch
The total current will inerease and the voltage source fuse will normally
Blow

W2 CHAPIER K PARALLEL DO CIRCUTTS

Actual circuit examples are included to help
the student connect a fopic to the real
world,

A strong testing, test equipment, and tron-
bleshooting emphasis prepares the student
for the working world.
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Isolate Resistor from Circuit
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PRGURE 517 Muking Measorements of u Circuit an the Protabourd.
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rosione r-‘ Yoltage t Corteii T powsr
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Wi Resstor i

/ Circuit, Branch
Curronts Wil Give

/ Incortecs Raading

FIGURE K25 Troubleshooting an Open in o Purallel Ciecuit,

Chapter 5 introduces the student to
experimenting in the lab by covering
safety, test equipment, protoboards, and
soldering tools and techniques.

Unique diagrams and tables, coupled with
the texthook’s conversational writing style,
make even traditionally difficult topics
easily accessible,

OUICK REFERENCE SUMMARY SHEE)
FIGURE 428 Resistor Color Code

[
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HIGURE 1107 The Hund-Held Scopemeter, (Cos
Reproduced with permission.)

Min mnas srendplin This Ranetion bs used to display and record up o 40 days
of signal trend which i m

problems that oceur rands
the display shows minimus
Save: Most scopemeters b for saving serecn
mages, setups. and wavefornss from the n.m “Trtae st bt

aple of how

direeily o pointer,Fipure: 111800 shoveh s shdue ave
forms and setups would appea computer sercen

SHLISTEST REVIEW OUBSTIONS 0

CTION 1154

1 What it o scopemeter? .
2. What advantages docs the soopemeter hive over the previously discussed
instruments?
HS2 CHAPTIR 11/ XPERIMENTING IN THE LA WET AG

Quick Reference Summary Sheets within
the end-of-chapter summary provide a
visual reference to all key facts, symbols,
circuits, and formulas.

ILLUSTRATED TOUR OF TEXTBOOK FEATURES

Many new photos have been included to
help student recognition.
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An extensive end-of-chapter test bank tests the student’s understanding with multiple-

choice questions, essay questions, practice problems, and troubleshooting questions.
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