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PREFACE

Basic Electronics, now in its eighth edition, is intended for students taking their
first course in the fundamentals of electricity and electronics. The book is writ-
ten for the beginning student, who is assumed to have no prior knowledge of
the technical aspects of the subject. The prerequisites for using this book in-
clude~an understanding of basic algebra and some trigonometry. In many
schools, it will'be possible to take a basic algebra-trigonometry course con-
currently with the use of this book in a course covering the fundamental con-
cepts of dc and ac theory.

The primary focus of this revision was a very careful review of its content
and layout. Many additions, deletions, and reordering of topics have occurred
as a direct result of an extensive survey sent to electronics instructors all across
the country. For current users of the book, the additions and changes will be
easy to identify throughout the book.

ORGANIZATION The book begins with a chapter entitled “Survey of Elec-
tronics.” This chapter provides a brief overview of the history of the develop-
ment of electronics, describes a variety of career opportunities available in elec-
tronics, explains the most common components used in electronics, and
identifies some of the most common types of equipment used by professionals
in the electronics field. Following the “Survey of Electronics” chapter, the book
provides complete and comprehensive coverage of the subjects which form the
real fundamentals of basic electronics. Beginning with the atomic nature of elec-
tricity in Chapter 1, the topics progress through a study of resistors, Ohm’s law,
series and parallel circuits, series-parallel circuits, voltage and current dividers,
dc meters, Kirchhoff’s laws and network theorems, conductors and insulators,
batteries, magnetism, magnetic units, electromagnetic induction, alternating
voltage and current, capacitance, capacitive reactance, capacitive circuits, in-
ductance, inductive reactance, inductive circuits, RC and L/R time constants,
ac circuits, complex numbers, resonance, and filters.

Current users of the book will notice that the chapters on capacitance, ca-
pacitive reactance, and capacitive circuits now precede the chapters on in-
ductance, inductive reactance, and inductive circuits. This change has been
made as a result of the previously mentioned survey that was sent to electron-
ics instructors. If they wish, instructors may choose to cover the chapters on in-
ductance prior to those on capacitance.




viii

In this edition, several changes have been made in Chapter 2, “Resistors.”
There is expanded coverage of both carbon and metal film resistors and the
five-band resistor color code. Also new to this chapter is coverage of surface-
mount resistors and zero-ohm resistors. These additions reflect the most state-
of-the-art coverage available on resistors in any basic textbook covering dc and
ac theory.

In Chapter 11, “Conductors and Insulators,” more information on switches
has been added. In Chapter 15, “Electromagnetic Induction,” a new section on
electromechanical relays has been added.

In Chapter 17, “Capacitance,” new and updated material regarding the cod-
ing system used with a wide variety of types of capacitors has been added. Also
new to this chapter is the coverage of surface-mount capacitors and the cod-
ing systems used with them. In Chapter 20, “Inductance,” new material covers
impedance matching and the many ratings associated with transformers. In
Chapter 23, “RC and L/R Time Constants,” new information on differentiation
and integration is included. In Chapter 27, “Filters,” a wealth of new informa-
tion, on phase angles, calculating cutoff frequency and output voitage, deci-
bels, and frequency response curves, now appears.

The last five chapters of the book provide a basic introduction to semi-
conductor theory, diodes, transistors, amplifiers, oscillators, modulation, recti-
fier circuits, circuit configurations, class of operation, troubleshooting, number
systems, basic logic gates, Boolean algebra, flip-flops, counters, op amp char-
acteristics, and op amp circuits. The coverage of op amp circuits has been ex-
panded in response to the survey.

Following the text chapters are four appendixes: Appendix A, “Electrical
Symbols and Abbreviations,” Appendix B, “Solder and the Soldering Process,”
Appendix C, “Schematic Symbols,” and Appendix D, “Using the Oscilloscope.”
The appendixes are followed by a glossary, answers to self-tests, answers to
odd-numbered chapter problems and critical thinking problems, and an index.

CHAPTER LAYOUT Each chapter begins with a brief introduction of the
topic, a list of important terms, chapter objectives (new to this edition), and a
list of the sections appearing within the chapter. Within each chapter, test-point
questions are given at the end of each section. This provides the student with
a quick means of checking his or her understanding of the material in that sec-
tion. At the end of each chapter are the following items: summary, self-test,
questions, problems, and critical thinking questions. Like the chapter objectives,
the critical thinking questions are new to the eighth edition. It should be noted
that new problems have been added to each chapter. The answers to the test-
point questions appear at the end of each chapter.

Step-by-step solutions of typical problems dealing with a particular concept
are generously provided in every chapter of the book. Where appropriate, typ-
ical calculator keystroke routines are provided as an additional aid to the stu-
dent. The illustrative examples are highlighted so that students can access them
more readily.
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ANCILLARY PACKAGE The following supplements are available to adopters
of Grob Basic Electronics:

Problems in Grob Basic Electronics: This book, written by Mitchel E.
Schultz, provides students and instructors with a source of hundreds of
practical problems for self-study, homework assignments, tests, and re-
view. Each chapter contains a number of solved illustrative problems
demonstrating, step-by-step, how representative problems on a particu-
lar topic are solved. Following the solved problems are sets of problems
for the students to solve.

Experiments in Grob Basic Electronics: This book, written by Frank
Pugh and Wes Ponick, provides students and instructors with 67 easy-
to-follow laboratory experiments. The experiments range from an in-
troduction to laboratory equipment to an experiment on operational
amplifiers. All experiments have been student-tested to ensure their
effectiveness.

Mathematics for Grob Basic Electronics: This book, written by Bernard
Grob, provides students with the basic math skills needed to solve prob-
lems in the text, Grob Basic Electronics. Included are chapters on alge-
bra, trigonometry, the basics of computer mathematics, and a new chap-
ter on complex numbers for ac circuits.

Instructor’s Productivity Center for Grob Basic Electronics, Eighth Edi-
tion: This package includes a Windows-based test generator, a math tu-
torial, and a Power Point presentation for every chapter of the text. It
also includes a graphics file of the circuits in the text. These files can be
used for tests or presentations. The optional Group Instruction software,
developed by HyperGraphics, can be accessed directly from the IPC. An
optional Electronics Workbench file of the circuits in Basic Electronics
is also available.

Instructor’s Annotated Edition for Grob Basic Electronics, Eighth Edition:
This book includes teaching hints and scheduling suggestions for the in-
structor and career information for students. Much of this material has
been given in the margin of this text for the instructor’s ease of refer-
ence while teaching a class. Answers to test-point questions, which ap-
pear in the student’s text, are also included in the margin of this version,
produced especially for the instructor.

Instructor’s Manual for Grob Basic Electronics, Eighth Edition: This book
provides the instructor with answers to all the questions and problems
in the text and in its supplements, Problems in Grob Basic Electronics,
Experiments in Grob Basic Electronics, and Mathematics for Grob Basic
Electronics.

Bernard Grob
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CHAPTER 16

ALTERNATING
VOLTAGE AND
CURRENT

This chapter begins the analysis of alternating voltage, as used for the 120-Vac
power line, and the alternating current that the voltage produces in an ac cir-
cuit. Alternating voltage reverses in polarity and amplitude periodically with
time. One cycle includes two alternations in polarity. The number of cycles per
second is the frequency whose unit is the hertz (Hz). One hertz
is equal to one cycle per second (I Hz = 1 cps). The ac power
line frequency is standardized at 60 Hz in the United States.
For an ac voltage:

1. The V reverses polarity at a specific rate. Consider one
terminal of the ac source positive at a given time, with re-
spect to the other terminal. A little later in time, the pos-
itive terminal will become negative to reverse the polar-
ity of the ac output voltage. The polarity reversals are
continuously repeated at a regular rate.

For either polarity, the ac voltage varies in amplitude. In
fact, the voltage must vary from a maximum value to zero
in order to be ready for the next polarity reversal.

!J

The alternating current that results has the following features:

1. The 7 reverses in direction with the polarity reversal in V.
The amplitude of / varies with the changing values of voltage.

()

The ac waveform with its polarity reversals and amplitude variations is
very important in electronics because the many audio, radio, and video sig-
nals are examples of ac voltages.




CHAPTER OBJECTIVES

Upon completion of this chapter, you should be able to:

*» Understand how a sine wave of alternating voltage is generated.

* Calculate the instantaneous value of a sine wave.

« Define the following values for a sine wave: peak, peak-to-peak, root-mean-square, and average.

* Calculate the rms, average, and peak-to-peak values of a sine wave when the peak value is known.

* Define the terms frequency and period and list the units of each.

* Calculate the wavelength when the frequency is known.

* Understand the concept of phase angles.

* Understand the makeup of a nonsinusoidal waveform.

* Define the term harmonics.

* Understand the 60-Hz ac power line and the basics of residential house wiring.

IMPORTANT TERMS IN THIS CHAPTER

alternation
alternator
armature
average value
brushes
commutator
cycle

delta connections
effective value

field winding
frequency
harmonic
hertz

octave

peak value
phase angle
phasor

rms value

sawtooth wave
sine wave
sinusoid

slip rings

square wave
three-phase power
wavelength

wye connections
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16-1 ALTERNATING CURRENT APPLICATIONS

416

Figure 16-1 shows the output from an ac voltage generator, with the reversals
between positive and negative polarities and the variations in amplitude. In Fig.
16-1a, the waveform shown simulates an ac voltage as it would appear on the
screen of an oscilloscope, which is an important test instrument for ac voltages.
The oscilloscope shows a picture of any ac voltage connected to its input termi-
nals, while indicating the amplitude. The details of how to use the oscilloscope
for ac voltage measurements are explained in App. D, “Using the Oscilloscope.”

In Fig. 16-1b, the graph of the ac waveform shows how the output from the
generator in Fig. 16-1¢ varies with respect to time. Assume that this graph shows
V at terminal 2 with respect to terminal 1. Then the voltage at terminal | corre-
sponds to the zero axis in the graph as the reference level. At terminal 2, the out-
put voltage has positive amplitude variations from zero up to the peak value and
down to zero. All these voltage values are with respect to terminal 1. After a half-
cycle, the voltage at terminal 2 becomes negative, still with respect to the other
terminal. Then the same voltage variations are repeated at terminal 2, but they
have negative polarity compared to the reference level. It should be noted that if
we take the voltage at terminal 1 with terminal 2 as the reference, the waveform
in Fig. 16-1b would have the same shape but be inverted in polarity. The nega-
tive half-cycle would come first, but it does not matter which is first or second.

The characteristic of varying values is the reason why ac circuits have so
many uses. For instance, a transformer can operate only with alternating current,
to step up or step down an ac voltage. The reason is that the changing current
produces changes in its associated magnetic field. This application is just an ex-
ample of inductance L in ac circuits, where the changing magnetic flux of a vary-
ing current can produce induced voltage. The details of inductance are explained
in Chaps. 20, 21, and 22.

A similar but opposite effect in ac circuits is capacitance C. The capacitance
is important with the changing electric field of a varying voltage. Just as L has

| 1 cycle |
! T=Y0s |
| | e Positive peak V
}
| |
| |
: + : ;
1 |
[/ |
0 Zero axis
R
Time
Negative peak
(b)
(a)
—o0 Terminal 2
FIG. 16-1  Waveform of ac power-line voltage with
frequency of 60 Hz. Two cycles are shown. (a) Oscillo- _
scope readout. (b) Details of waveform and alternating o Terminal 1
polarities. (¢) Symbol for an ac voltage source. (c)

CHAPTER 16
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an effect with alternating current, C has an effect which depends on alternating
voltage. The details of capacitance are explained in Chaps. 17, 18, and 19.

The L and C are additional factors, besides resistance R, in the operation of
ac circuits. It should be noted that R is the same for either a dc or an ac circuit.
However, the effects of L and C depend on having an ac source. The rate at which
the ac variations occur, which determines the frequency, allows a greater or lesser
reaction by L and C. Therefore, the effect is different for different frequencies.
One important application is a resonant circuit with L and C which is tuned to a
particular frequency. Tuning in radio and television stations are applications of
resonance in an LC circuit.

In general, electronic circuits are combinations of R, L, and C, with both di-
rect current and alternating current. The audio, video, and radio signals are ac
voltages and currents. However, the amplifiers that use transistors need dc volt-
ages in order to conduct any current at all. The resulting output of an amplifier
circuit, therefore, consists of direct current with a superimposed ac signal. More
details of amplifiers are explained in Chap. 29, “Electronic Circuits.”

TEST-POINT QUESTION 16-1

Answers at end of chapter.

Answer True or False.

a. An ac voltage varies in magnitude and reverses in polarity.

b. A transformer can operate with either ac or steady dc input.

¢. Inductance L and capacitance C are important factors in ac circuits.

16-2 ALTERNATING-VOLTAGE GENERATOR

We can define an ac voltage as one that continuously varies in magnitude and
periodically reverses in polarity. In Fig. 16-1, the variations up and down on the
waveform show the changes in magnitude. The zero axis is a horizontal line
across the center. Then voltages above the center have positive polarity, while the
values below center are negative.

Figure 16-2 illustrates how such a voltage waveform is produced by a rotary
generator. The conductor loop rotates through the magnetic field to generate the
induced ac voltage across its open terminals. The magnetic flux shown here is
vertical, with lines of force down in the plane of the paper.

In Fig. 16-2a the loop is in its horizontal starting position in a plane per-
pendicular to the paper. When the loop rotates counterclockwise, the two longer
conductors move around a circle. Note that in the flat position shown, the two
long conductors of the loop move vertically up or down but parallel to the ver-
tical flux lines. In this position, motion of the loop does not induce a voltage be-
cause the conductors are not cutting across the flux.

When the loop rotates through the upright position in Fig. 16-2b, however,
the conductors cut across the flux, producing maximum induced voltage. The
shorter connecting wires in the loop do not have any appreciable voltage induced
in them.

v

max

(b)

FIG. 16-2 Loop rotating in mag-
netic field to produce induced volt-
age v with alternating polarities.
(a) Loop conductors moving paral-
lel to magnetic field results in zero
voltage. (b) Loop conductors cut-
ting across magnetic field produce
maximum induced voltage.

CHAPTER 16 ALTERNATING VOLTAGE AND CURRENT| 417



418

CHAPTER 16

Each of the longer conductors has opposite polarity of induced voltage be-
cause the conductor at the top is moving to the left while the bottom conductor
is moving to the right. The amount of voltage varies from zero to maximum as
the loop moves from a flat position to upright, where it can cut across the flux.
Also, the polarity at the terminals of the loop reverses as the motion of each con-
ductor reverses during each half-revolution.

With one revolution of the loop in a complete circle back to the starting po-
sition, therefore, the induced voltage provides a potential difference v across the
loop, varying in the same way as the wave of voltage shown in Fig. 16-1. If the
loop rotates at the speed of 60 revolutions per second, the ac voltage will have

the frequency of 60 Hz.

THE CYCLE One complete revolution of the loop around the circle is a cycle.
In Fig. 16-3, the generator loop is shown in its position at each quarter-turn dur-
ing one complete cycle. The corresponding wave of induced voltage also goes
through one cycle. Although not shown, the magnetic field is from top to bottom
of the page as in Fig. 16-2.

At position A in Fig. 16-3, the loop is flat and moves parallel to the mag-
netic field, so that the induced voltage is zero. Counterclockwise rotation of the
loop moves the dark conductor to the top at position B, where it cuts across the
field to produce'maximum induced voltage. The polarity of the induced voltage
here makes the open end of the dark conductor positive. This conductor at the
top is cutting across the flux from right to left. At the same time, the opposite
conductor below is moving from left to right, causing its induced voltage to have
opposite polarity. Therefore, maximum induced voltage is produced at this time
across the two open ends of the loop. Now the top conductor is positive with re-
spect to the bottom conductor.

In the graph of induced voltage values below the loop in Fig. 16-3, the po-
larity of the dark conductor is shown with respect to the other conductor. Posi-
tive voltage is shown above the zero axis in the graph. As the dark conductor
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FIG. 16-3  One cycle of alternating voltage generated by rotating loop. Mag-
netic field, not shown here, is directed from top to bottom, as in Fig. 16-2.
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