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Preface

The ninth edition of Electricity: Principles and Applications
utilizes the same philosophy of learning and teaching as was
used in the previous editions. It assumes that the student has
very limited or no knowledge of electrical theory and princi-
ples. Mastery of the material in this text will aid the student
desiring an entry-level job in an occupation requiring an un-
derstanding of electricity. Mastering this material will also
provide the student with the knowledge and skills needed to
pursue further education in electricity and electronics.

This text has been written so that students with limited math
and reading skills can gain a clear understanding of electricity
and electronic devices. Concepts are explained and developed
by using a number of short, simple sentences rather than one
long, complicated, convoluted sentence. It is never assumed that
something is intuitively obvious.

Any mathematics beyond simple arithmetic is carefully ex-
plained and illustrated with examples before it is used to solve
more advanced circuit problems. Although simultaneous
equations, matrixes, and determinants are introduced in Chap. 6,
they are defined and explained in some detail before actually
being used. Similarly, the elements of trigonometry used with
ac circuits are fully explained and illustrated with examples
before being applied to ac circuit problems.

Chapters 1 through 6 of this text are devoted, in general, to
the fundamentals of direct current, and Chaps. 8 through 13
focus on subjects usually associated with alternating current.
Chapter 14 provides comprehensive coverage of electric mo-
tors, including motor classifications, motor ratings, and motor
types. Chapter 15 covers the most common test instruments,
such as analog and digital multimeters. This chapter also
includes the topic of voltmeter loading. Chapter 16 introduces
students to the concepts and practices involved with residential
house wiring. This arrangement provides students with bal-
anced coverage of basic concepts. The transition from direct
current to alternating current through the study of magnetism
and electromagnetism is distinct enough to allow use of the
material in a traditional dc/ac sequence. However, all the mate-
rial is structured to provide a unified introduction to the broad
subject area called electricity.

What’s New in the Ninth Edition of
Electricity: Principles and Applications

The ninth edition of Electricity: Principles and Applications
provides complete and thorough coverage of the basics of
electricity without overwhelming the student with the unnec-
essary details and rigor of a more advanced course in electric-
ity. This book assumes that the learner has no previous
knowledge of electricity. It therefore introduces the basic
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concepts in a gradual manner, which allows the student to
transition from one topic to another without being over-
whelmed or inundated with little-known facts. The informa-
tion is carefully laid out so as not to distract the reader from
learning the basic concepts presented.

In this edition, changes have been made in every chapter to
help clarify or add to the topics being presented. Additional
Chapter Review Questions have been added to some chapters
to cover new material.

Brand-new to this edition is a chapter called “Introduction
to Powers of 10.” This chapter, which appears at the front of
the book, introduces and prepares students to work with both
very small and very large numbers expressed in both scientific
and engineering notation. The “Introduction to Powers of
10” chapter is placed before the chapters covering voltage,
current, power, resistance, etc., so that the student is prepared
to deal with the very large and very small units encountered in
these topical areas. Not only are scientific and engineering
notation covered in this chapter, but so are the metric prefixes
associated with the basic units of measure that are so common
in electricity. Students learn how to add, subtract, multiply,
divide, square, and take the square root of numbers expressed
in any form of powers of 10 notation.

Also new to this edition are homework problems that ap-
pear at the end of every chapter. Instructors can assign all of
the homework problems for a chapter or hand-pick certain
problems based on the concepts they want to emphasize.

Appendix B—Solder and the Soldering Process provides
new information involving the use of lead-free solder.
Appendix I—The Oscilloscope has been completely
rewritten for this edition. This appendix now provides
much more extensive coverage of menu-driven oscillo-
scopes and, oscilloscope probes and the measurement of

voltage, time, frequency, and phase.

Additional Resources

An Experiments Manual designed specifically for this text-
book is available. It contains a comprehensive test, a wide
variety of lab exercises and experiments, and additional problems
for each chapter in the textbook. Some experiments must be
done with physical (real) components, some must be done with
electronic-circuit simulation software (Multisim), and some can
be done with either.

The Instructor Resources provides a wide selection of infor-
mation for the instructor. It contains the following features:

¢ An Instructor’s Manual that includes a list of the parts
and equipment needed to perform lab experiments,



Learning Outcomes for each chapter, and answers to
chapter review questions

* Instructor PowerPoint slide show for each chapter

e Multisim files for experiments that can be completed
with simulation software

Remote Proctoring & Browser-Locking
Capabilities

A8 connect + ag proctorio

Remote proctoring and browser-locking capabilities, hosted
by Proctorio within Connect, provide control of the assess-
ment environment by enabling security options and verifying
the identity of the student.

Seamlessly integrated within Connect, these services allow
instructors to control students’ assessment experience by re-
stricting browser activity, recording students’ activity, and veri-
fying students are doing their own work.

Instant and detailed reporting gives instructors an at-a-glance
view of potential academic integrity concerns, thereby avoiding
personal bias and supporting evidence-based claims.

ReadAnywhere

Read or study when it’s convenient for you with McGraw Hill’s
free ReadAnywhere app. Available for iOS or Android
smartphones or tablets, ReadAnywhere gives users access to
McGraw Hill tools including the eBook and SmartBook 2.0 or
Adaptive Learning Assignments in Connect. Take notes, high-
light, and complete assignments offline—all of your work will
sync when you open the app with WiFi access. Log in with
your McGraw Hill Connect username and password to start
learning—anytime, anywhere!

Tegrity: Lectures 2U/7

Tegrity in Connect is a tool that makes class time available
24/7 by automatically capturing every lecture. With a simple
one-click start-and-stop process, you capture all computer
screens and corresponding audio in a format that is easy to
search, frame by frame. Students can replay any part of any
class with easy-to-use, browser-based viewing on a PC, Mac,
iPod, or other mobile device.

Educators know that the more students can see, hear, and
experience class resources, the better they learn. In fact,
studies prove it. Tegrity’s unique search feature helps stu-
dents efficiently find what they need, when they need it,
across an entire semester of class recordings. Help turn your
students’ study time into learning moments immediately
supported by your lecture. With Tegrity, you also increase
intent listening and class participation by easing students’
concerns about note-taking. Using Tegrity in Connect will
make it more likely you will see students’ faces, not the tops
of their heads.

Test Builder in Connect

Available within Connect, Test Builder is a cloud-based tool
that enables instructors to format tests that can be printed, ad-
ministered within a Learning Management System, or exported
as a Word document of the test bank. Test Builder offers a
modern, streamlined interface for easy content configuration
that matches course needs, without requiring a download.

Test Builder allows you to:

 access all test bank content from a particular title.

e easily pinpoint the most relevant content through robust
filtering options.

e manipulate the order of questions or scramble questions
and/or answers.

* pin questions to a specific location within a test.

e determine your preferred treatment of algorithmic
questions.

 choose the layout and spacing.

e add instructions and configure default settings.

Test Builder provides a secure interface for better protection of
content and allows for just-in-time updates to flow directly
into assessments.

Writing Assignment

Available within Connect and Connect Master, the Writing
Assignment tool delivers a learning experience to help students
improve their written communication skills and conceptual un-
derstanding. As an instructor you can assign, monitor, grade, and
provide feedback on writing more efficiently and effectively.

About the Author

Mitchel E. Schultz was the program chair of Electronic and
Computer Engineering Technology at Western Technical
College in La Crosse, Wisconsin, where he taught for 31 years
before retiring at the end of 2020. Prior to teaching at Western,
he taught electronics for eight years at Riverland Community
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teaching, he worked as an electronics technician in the field
of land mobile communications systems. Mitchel graduated
from Minnesota State Southeast Technical College in 1978,
where he earned an associate’s degree in Electronics Tech-
nology. He also attended Winona State University, Mankato
State University, and the University of Minnesota. Mitchel is
the author of Grob’s Basic Electronics and the Problems
Manual that accompanies it.
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Walkthrough

Electricity: Principles and Applications was written to be
a concise and practical introduction to this subject. The
textbook’s easy-to-read style, color illustrations, clear ex-
planations, and simple math problems make it ideal for
students who want to learn the essentials of electricity and
apply them to real job-related situations.

Learning Outcomes
This chapter will help you to:
Each chapter starts with Learning Qutcomes
that give the reader an idea of what to expect in
the following pages, and what he or she should
be able to accomplish by the end of the chapter.
These outcomes are now distinctly linked to the
chapter subsections.

11 Clearly differentiate between work and
energy.

12 Use base units for specifying and
calculating energy and work.

1-3  Understand energy conversion.

1-4  Understand and calculate efficiency of
energy conversions.

1-5  Explain the characteristics of the particles

\/\/Of{l::ir-n'/\g_‘/\/

The text contains numerous
worked-out Examples that

emphasize the importance of
using a systematic, step-by-
step approach to problem
solving. Students should make
rough approximations of the
answer to a problem before
doing the detailed math nec-
essary to find the exact an-
swer. This can reveal major
mathematical errors that are

EXAMPLE I-1

If it requires a steady force of 150 newtons
to pull a boat, how much work is required to
pull a boat 8 meters?

sometimes overlooked.

Walkthrough

Given: Force = 150 newtons
Distance = 8 meters
Find: Work
Known: Work (W) = force X distance
1 newton-meter = 1 joule (J)
Solution: Work = 150 newtons
_ X 8 meters
- = 1200 newton-meters
= 1200 joules
Answer: Work = 1200 joules

W=12001J

EXAMPLE 1-2

It requires 500 joules of energy and 100
newtons of force to move an object from
point A to point B. What is the distance be-
tween point A and point B?

Given: Energy = 500 joules
Force = 100 newtons
Find: Distance
Known: W = force X distance, and by
rearranging
Distance =
force
1 newton-meter = 1 joule
Solution: Distance = 500 newton-meters

100 newtons

R L.




Self-Test

Answer the following questions.

hed

What is the base unit of energy?

4. How much energy does it take to push
a car 120 meters with a steady force of
360 newtons?

1. Define work and energy.
2. What is a base unit? A

Answers to SeIfTss

1. Work is a force moving through a distance; energy
is the ability to do work.

2. A base unit is a term that is used to specify the
amount of something.

Self-Tests serve as positive reinforcement for
material that students already know, and they

3. joule (J) . .
4 Given: Distance = 120 meters help students identify areas thgt need furthfzr
Force = 360 newtons study. Students may check their responses in
Find:  Work < the Answers to Self-Tests sections at the end
Known: Work = force x distance of each chapter.

Solution: Work = 360 newtons X 120 meters
Answer: Work = 43,200 joules

Electron I-5 Structure of Matter
Atoms All matter is composed of atoms. Atoms are
) Proton the basic building blocks of nature. Regardless
Key Terms are carefully defined and ex- of their physical characteristics, glass, chalk,
plained in the text and listed in the mar- Neutron rock, and wood are all made from atoms. Rock

is different from wood because of the type of
atoms of which it is composed.

The smallest particle of a substance that
still has all of its characteristics is called a
Molecule molecule. A molecule consists of two or more
atoms. If a molecule of chalk is divided into
smaller parts, it is no longer chalk.

There are more than 100 different types of

\/\WW
HISTORY OF ELECTRONICS H'istor"y of Electronics fea}tures add
N historical depth to the topics

James Prescott Joule

The SI (Systéme Internationale)
unit of measure for electric en-
ergy is the joule (J), named for
James Prescott Joule (1 joule is
equal to 1 volt-coulomb).

gins so students can easily find them. Nucleus

A

Roscoe, Henry E. The Life & Experiences
of Sir Henry Enfield Roscoe, D.C.L., LL.D.,
F.R.S., London, New York: Macmillan, 1906.

_ )




PR You May Recall B -\

.. . that static electricity, which produces volt-
age, was discussed in Chap. 1. The mechanical
energy required to rub a glass rod against a
silk cloth is converted to electric energy. The
silk cloth becomes the negative terminal, and
the glass rod becomes the positive terminal of
this voltage source.

You May Recall sections connect the text

on the page with concepts that were previ-

ously introduced in the textbook.
Critical facts and principles are re-
viewed in the Summary and Review
section at the end of each chapter.

Chapter 1 Summary and Review

1. Energy is the ability to do work. 16. Valence electrons are found in the outermost shell
2. The symbol for energy is W. of the atom.
3. Electricity is a form of energy. 17. Valence electrons can become free electrons when
4. Work equals force times distance. their energy level is raised.
5. The joule is the base unit of energy. 18. Negative ions are atoms that have attracted and
. 6. The joule is the base unit of work. captured an extra (free) electron.
. 7. The symbol for the joule is J. 19. Positive ions are atoms that have given up an
8. Under ordinary conditions, energy is neither electron.
created nor destroyed. 20. Static charges are the result of an object’s
9. All matter is made up of atoms. possessing either more or fewer electrons than
10. Hydrogen has only one electron and one proton. protons.
All other atoms contain electrons, protons, and 21. A positive charge means a deficiency of electrons.
neutrons. 22. A negative charge means an excess of electrons.
11. Protons and neutrons are found in the nucleus of 23. Like charges repel each other.
the atom. 24. Unlike charges attract each other.
12. Electrons have a negative electric charge. 25. A charged object can attract an uncharged object.
13. Protons have a positive electric charge. 26. When an uncharged object touches a charged
14. Neutrons do not have an electric charge. object, it becomes charged.
~15. Atoms have an equal number of protons and
electrons.

Xii Walkthrough




[STUDY

All of the important chapter formulas are summarized at the end of each chapter
in Related Formulas. Chapter Review Questions are also found at the end of each
chapter, as are Chapter Review Problems, Critical Thinking Questions and
homework problems, which are new to this edition. J’

Percent efficient = —2% x 100

For questions 1-1 to 1-7, determine whether each
statement is true or false.

1-1. Opposite electric charges repel each other. (1-6)

1-2. Free electrons are at a higher energy level than
valence electrons are. (1-8)

1-3. The same base unit is used for both work and
energy. (1-2)

1-4. Atoms have twice as many protons as
electrons. (1-6)

1-5. An object that has a static charge can possess ei-
ther more or fewer electrons than protons. (1-10)

914 base units of electric energy to produce
585 joules of mechanical energy? (1-4)

1-2. How much work is done when an object is
moved 3 meters by applying a force of
80 newtons? (1-2)

1-2)

1-1. Discuss the probable changes in your lifestyle
if the electric service to your home is discon-
nected for one week.

1-2. In addition to decreasing costs, why is it im-
portant to increase the efficiency of electric
devices as much as is practical?

1-3. Why are large, continuously operated motors

designed to be more efficient than small, inter-
mittently operated motors?

1-1. What is the efficiency of a motor which requires

1-3. How much energy is involved in problem 1-2?

Related Formulas

Work = force X distance

|

Chapter Review Questions

1-6. The second shell, or orbit, of an atom can con-
tain any number of electrons. (1-5)

1-7. If an electric device is less than 100 percent
efficient, part of the energy provided to it is
destroyed. (1-3)

For questions 1-8 to 1-14, choose the letter that best
completes each sentence.

1-8. The symbol for energy is (1-1)
a. D
b. W

Chapter Review Problems

1-4. How much energy is required by an electric
lamp that is 18 percent efficient and provides
5463 J of light energy? (1-4)

1-5. A motor is 70 percent efficient and requires
1200 base units of energy. How much energy
does it provide? (1-4)

1- 6 How much heat energy is produced by a light
bulb that requires 400 joules of electric energy
to produce 125 joules of light energy? (1-3)

Critical Thinking Questions

1-4. Is the low efficiency of the lights in our homes
a greater disadvantage during the winter
months or the summer months? Why?

1-5. Many electric devices could be designed and
constructed to operate more efficiently. Why
aren’t they?
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Electric and electronic circuits can be dangerous. Safe
practices are necessary to prevent electrical shock, fires,
explosions, mechanical damage, and injuries resulting
from the improper use of tools.

Perhaps the greatest hazard is electrical shock.
A current through the human body in excess of
10 milliamperes can paralyze the victim and make it
impossible to let go of a “live” conductor or component.
Ten milliamperes is a rather small amount of current
flow: it is only ten one-thousandths of an ampere. An
ordinary flashlight can provide more than 40 times that
amount of current!

Flashlight cells and batteries are safe to handle be-
cause the resistance of human skin is normally high
enough to keep the current flow very small. For exam-
ple, touching an ordinary 1.5-V cell produces a current
flow in the microampere range (a microampere is one-
millionth of an ampere). This amount of current is too
small to be noticed.

High voltage, on the other hand, can force enough
current through the skin to produce a shock. If the cur-
rent approaches 100 milliamperes or more, the shock can
be fatal. Thus, the danger of shock increases with volt-
age. Those who work with high voltage must be properly
trained and equipped.

When human skin is moist or cut, its resistance to the
flow of electricity can drop drastically. When this hap-
pens, even moderate voltages may cause a serious shock.
Experienced technicians know this, and they also know
that so-called low-voltage equipment may have a high-
voltage section or two. In other words, they do not prac-
tice two methods of working with circuits: one for high
voltage and one for low voltage. They follow safe proce-
dures at all times. They do not assume protective devices
are working. They do not assume a circuit is off even
though the switch is in the off position. They know the
switch could be defective.

Even a low-voltage, high-current-capacity system like
an automotive electrical system can be quite dangerous.
Short-circuiting such a system with a ring or metal
watchband can cause very severe burns—especially
when the ring or band welds to the points being shorted.

Safety

As your knowledge and experience grow, you will
learn many specific safe procedures for dealing with
electricity and electronics. In the meantime:

1. Always follow recommended safety procedures.
2. Use service manuals as often as possible. They
often contain specific safety information. Read, and
comply with, all appropriate material safety data
sheets. Material safety data sheets (MSDS) are
provided with many products, and they discuss any
hazards associated with the product as well as the
safe use, storage, and disposal of the product.
Investigate before you act.
4. When in doubt, do not act. Ask your instructor or
supervisor.
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General Safety Rules for Electricity
and Electronics

Safe practices will protect you and your fellow workers.
Study the following rules. Discuss them with others, and
ask your instructor about any you do not understand.

1. Do not work when you are tired or taking medicine
that makes you drowsy.

2. Do not work in poor light.

3. Do not work in damp areas or with wet shoes or
clothing.

4. Use approved tools, equipment, and protective
devices.

5. Avoid wearing rings, bracelets, and similar metal
items when working around exposed electric circuits.

6. Never assume that a circuit is off. Double-check it
with an instrument that you are sure is operational.

7. Always use the lockout/tagout (LO/TO) procedure,
which is locking power OFF and tagging. If not
possible, then use the “buddy system” to guarantee
that power will not be turned on while a technician
is still working on a circuit.

8. Never tamper with or try to override safety devices
such as an interlock (a type of switch that automati-
cally removes power when a door is opened or a
panel removed).



10.

11.

12.

13.

14.

Xvi

Keep tools and test equipment clean and in good
working condition. Replace insulated probes and
leads at the first sign of deterioration.

Some devices, such as capacitors, can store a lethal
charge. They may store this charge for long periods
of time. You must be certain these devices are
discharged before working around them.

Do not remove grounds and do not use adaptors
that defeat the equipment ground.

Use only an approved fire extinguisher for electri-
cal and electronic equipment. Water can conduct
electricity and may severely damage equipment.
Carbon dioxide (CO,) or halogenated-type
extinguishers are usually preferred. Foam-type
extinguishers may also be desired in some cases.
Commercial fire extinguishers are rated for the
types of fires for which they are effective. Use only
those rated for the proper working conditions.
Follow directions when using solvents and other
chemicals. They may be toxic or flammable, or

they may damage certain materials such as plastics.
Always read and follow the appropriate material
safety data sheets.

A few materials used in electronic equipment are
toxic. Examples include tantalum capacitors and
beryllium oxide transistor cases. These devices

Safety

15.

16.

17.

should not be crushed or abraded, and you should
wash your hands thoroughly after handling them.
Other materials (such as heat shrink tubing) may
produce irritating fumes if overheated. Always read
and follow the appropriate material safety data
sheets.

Certain circuit components affect the safe perfor-
mance of equipment and systems. Use only exact
or approved replacement parts.

Use protective clothing and safety glasses when
handling high-vacuum devices such as picture
tubes and cathode-ray tubes.

Don’t work on equipment before you know proper
procedures and are aware of any potential safety
hazards. Material safety data sheets warn users of
any hazard associated with the product.

. Many accidents have been caused by people rush-

ing and cutting corners. Take the time required to
protect yourself and others. Running, horseplay,
and practical jokes are strictly forbidden in shops
and laboratories.

Circuits and equipment must be treated with respect.
Learn how they work and the proper way of working
on them. Always practice safety: Your health and life
depend on it.
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INTRODUCTION

Learning Outcomes

This chapter will help you to:

I-1

I-2

-9

1-10

Express any number in scientific or
engineering notation.

List the metric prefixes and their
corresponding powers of 10.

Change a power of 10 in engineering
notation to its corresponding metric
prefix.

Convert between metric prefixes.

Add and subtract numbers expressed in
powers of 10 notation.

Multiply and divide numbers expressed in
powers of 10 notation.

Determine the reciprocal of a power of 10.

Find the square of a number expressed in
powers of 10 notation.

Find the square root of a number
expressed in powers of 10 notation.
Enter numbers written in scientific and
engineering notation into your calculator.

Introduction to
Powers of 10

he electrical quantities you will en-

counter while working in the field of
electronics are often extremely small or
extremely large. For example, it is
not at all uncommon to work with ex-
tremely small decimal numbers such as
0.000000000027 or extremely large num-
bers such as 15,500,000,000. To enable us
to work conveniently with both very small
and very large numbers, powers of 10 no-
tation is used. With powers of 10 notation,
any number, no matter how small or large,
can be expressed as a decimal number
multiplied by a power of 10. A power of
10 is an exponent written above and to
the right of 10, which is called the base. The
power of 10 indicates how many times the
base is to be multiplied by itself. For ex-
ample, 10° means 10 x 10 x 10 and 10°
means 10 X 10 X 10 x 10 X 10 x 10. In
electronics, the base 10 is common be-
cause multiples of 10 are used in the met-
ric system of units.

Scientific and engineering notation are
the two most common forms of powers of
10 notation. In electronics, engineering
notation is generally more common than
scientific notation because it ties in di-
rectly with the metric prefixes so often
used. When a number is written in stan-
dard form without using any form of pow-
ers of 10 notation, it is said to be written in
decimal notation (sometimes referred to as
floating decimal notation). When select-
ing a calculator for solving problems in
electronics, be sure to choose one that can
display the answers in decimal, scientific,
and engineering notation.
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I-1 Scientific Notation

Before jumping directly into scientific nota-
tion, let’s take a closer look at powers of 10. A
power of 10 is an exponent of the base 10 and
can be either positive or negative.

Exponent

10X

Base

Positive powers of 10 are used to indicate num-
bers greater than 1, whereas negative powers of
10 are used to indicate numbers less than 1.
Table I-1 shows the powers of 10 ranging from
1072 to 10° and their equivalent decimal val-
ues. In electronics, you will seldom work with
powers of 10 outside this range. From Table I-1,
notice that 10° = 1 and that 10! = 10. In the
case of 10° = 1, it is important to realize
that any number raised to the zero power equals
1. In the case of 10! = 10, it is important to note
that any number written without a power is as-
sumed to have a power of 1.

Table I-1 Powers of 10

1,000,000,000 = 10°
100,000,000 = 108
10,000,000 = 107
1,000,000 = 10°
100,000 = 10°

10,000 =104

1,000 = 103

100 =102

10 =10

1=100

01=10"

0.01=1072
0.001=10"3
0.0001=10"*
0.00001=10-°
0.000001=10"°
0.0000001 = 107
0.00000001 = 1078
0.000000001 = 10-°
0.0000000001 = 10-"°
0.00000000001 = 10-"
0.000000000001 = 10"

Expressing a Number in
Scientific Notation

The procedure for using any form of powers
of 10 notation is to write the original number
as two separate factors. Scientific notation is a
form of powers of 10 notation in which a num-
ber is expressed as a number between 1 and 10
times a power of 10. The power of 10 is used
to place the decimal point correctly. The
power of 10 indicates the number of places by
which the decimal point has been moved to
the left or right in the original number. If the
decimal point is moved to the left in the origi-
nal number, then the power of 10 will increase
or become more positive. Conversely, if the
decimal point is moved to the right in the
original number then the power of 10 will de-
crease or become more negative. Let’s take a
look at an example.

EXAMPLE I-I

Express the following numbers in scientific
notation: (a) 4700 (b) 0.0000018

Answer: (a) To express 4700 in scientific
notation, write the number as a number be-
tween 1 and 10, which is 4.7 in this case,
times a power of 10. To do this, the decimal
point must be shifted three places to the left.
The number of places by which the decimal
point is shifted to the left indicates the posi-
tive power of 10. Therefore, 4700 = 4.7 x 103
in scientific notation.

(b) To express 0.0000018 in scientific
notation, write the number as a number be-
tween 1 and 10, which is 1.8 in this case,
times a power of 10. To do this, the decimal
point must be shifted six places to the right.
The number of places by which the decimal
point is shifted to the right indicates the neg-
ative power of 10. Therefore, 0.0000018 =
1.8 x 1079 in scientific notation.

When expressing a number in scientific
notation, remember the following rules:

Rule 1: Express the number as a number
between 1 and 10 times a power of 10.

Introduction to Powers of 10




Rule 2: If the decimal point is moved to the left
in the original number, make the power
of 10 positive. If the decimal point is
moved to the right in the original
number, make the power of 10 negative.

Rule 3: The power of 10 always equals the
number of places by which the
decimal point has been shifted to the
left or right in the original number.

Let’s try another example.

EXAMPLE I-2

Express the following numbers in scientific
notation: (a) 667,000 (b) 791,000,000
(c) 0.000275 (d) 0.00000000000055.

Answer: (a) To express the number
667,000 in scientific notation, move the dec-
imal point five places to the left, which gives
us a number of 6.67. Next, multiply this
number by 10°. Notice that the power of 10
is a positive 5 because the decimal point was
shifted five places to the left in the original
number. Therefore, 667,000 = 6.67 X 10° in
scientific notation.

(b) To express 791,000,000 in scientific
notation, move the decimal point eight
places to the left, which gives us a number
of 7.91. Next, multiply this number by 108.
Notice that the power of 10 is a positive 8
because the decimal point was shifted eight
places to the left in the original number.
Therefore, 791,000,000 = 7.91 x 108 in sci-
entific notation.

(c) To express 0.000275 in scientific no-
tation, move the decimal point four places
to the right, which gives us a number of
2.75. Next, multiply this number by 10~*.
Notice that the power of 10 is a negative 4
because the decimal point was shifted four
places to the right in the original number.
Therefore, 0.000275 = 2.75 x 10~*.

(d) To express 0.00000000000055 in sci-
entific notation, move the decimal point
13 places to the right, which gives us a

number of 5.5. Next, multiply this number
by 107", Notice that the power of 10 is a
negative 13 because the decimal point was
shifted 13 places to the right in the original
number. Therefore, 0.00000000000055 =
5.5 x 10~13 in scientific notation.

Decimal Notation

Numbers written in standard form without
using any form of powers of 10 notation are
said to be written in decimal notation, some-
times called floating decimal notation. In
some cases, it may be necessary or desirable
to change a number written in scientific nota-
tion into decimal notation. When converting
from scientific to decimal notation, observe
the following rules.

Rule 4: If the exponent or power of 10 is
positive, move the decimal point to
the right, the same number of places
as the exponent.

Rule 5: If the exponent or power of 10 is
negative, move the decimal point to the
left, the same number of places as the

exponent.

EXAMPLE I-3

Convert the following numbers written in
scientific notation into decimal notation:
(a) 8.32 x 10 (b) 9.3 x 107>,

Answer: (a) To convert 8.32 x 10? into
decimal notation, the decimal point must be
shifted two places to the right. The decimal
point is shifted to the right because the
power of 10, which is 2 in this case, is posi-
tive. Therefore, 8.32 x 10? = 832 in deci-
mal notation.

(b) To convert 9.3 x 10~ into decimal
notation, the decimal point must be shifted
five places to the left. The decimal point is
shifted to the left because the power of 10,
which is —5 in this case, is negative. There-
fore, 9.3 x 107 = 0.000093 in decimal
notation.




Self-Test

Answer the following questions.

1. Are positive or negative powers of 10
used to indicate numbers less than 1?

2. Are positive or negative powers of 10
used to indicate numbers greater than 1?

3. 10° = 1. (True/False)

4. Express the following numbers in scien-
tific notation: (a) 13,500 (b) 0.00825
(c) 95,600,000 (d) 0.104.

5. Convert the following numbers written
in scientific notation into decimal nota-
tion: (a) 4.6 X 1077 (b) 3.33 x 10°
(€)5.4x 108 (d) 2.54 x 1072

I-2 Engineering Notation
and Metric Prefixes

Engineering notation is another form of
powers of 10 notation. Engineering notation
is similar to scientific notation except that in
engineering notation, the powers of 10 are al-
ways multiples of 3 such as 10712, 1072, 10,
1073, 103, 10, 10° 10'2, etc. More specifi-
cally, a number expressed in engineering no-
tation is always expressed as a number
between 1 and 1000 times a power of 10 that
is a multiple of 3.

EXAMPLE I-U4

Express the following numbers in engineer-
ing notation: (a) 27,000 (b) 0.00047.

Answer: (a) To express the number
27,000 in engineering notation, it must be
written as a number between 1 and 1000 times
a power of 10 that is a multiple of 3. It is often
helpful to begin by expressing the number in
scientific notation: 27,000 = 2.7 x 10*. Next,
examine the power of 10 to see if it should
be increased to 10° or decreased to 103, If
the power of 10 is increased to 109, then the
decimal point in the number 2.7 would have
to be shifted two places to the left. Because
0.027 is not a number between 1 and 1000,
the answer of 0.027 X 10° is not representa-
tive of engineering notation. If the power of
10 were decreased to 103, however, then the
decimal point in the number 2.7 would have
to be shifted one place to the right and the
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answer would be 27 x 103, which is repre-
sentative of engineering notation. In sum-
mary, 27,000 = 2.7 x 10* = 27 x 10° in
engineering notation.

(b) To express the number 0.00047 in en-
gineering notation, it must be written as a
number between 1 and 1000 times a power
of 10 that is a multiple of 3. Begin by ex-
pressing the number in scientific notation:
0.00047 = 4.7 x 10~*. Next, examine the
power of 10 to see if it should be increased to
1073 or decreased to 107°. If the power of 10
were increased to 1073, then the decimal
point in the number 4.7 would have to be
shifted one place to the left. Because 0.47 is
not a number between 1 and 1000, the an-
swer 0.47 x 1073 is not representative of en-
gineering notation. If the power of 10 were
decreased to 10~°, however, then the decimal
point in the number 4.7 would have to be
shifted two places to the right and the answer
would be 470 x 10~¢, which is representative
of engineering notation. In summary,
0.00047 = 4.7 x 10~* = 470 x 107° in engi-
neering notation.

When expressing a number in engineering

notation, remember the following rules:

Rule 6: Express the original number in
scientific notation first. If the power
of 10 is a multiple of 3, the number
appears the same in both scientific
and engineering notation.




Rule 7: If the original number expressed in
scientific notation does not use a
power of 10 that is a multiple of 3, the
power of 10 must be either increased
or decreased until it is a multiple of 3.
The decimal point in the numerical
part of the expression must be adjusted
accordingly to compensate for the
change in the power of 10.

Rule 8: Each time the power of 10 is
increased by 1, the decimal point in
the numerical part of the expression
must be moved one place to the left.
Each time the power of 10 is
decreased by 1, the decimal point in
the numerical part of the expression
must be moved one place to the right.

You know that a quantity is expressed in
engineering notation when the original num-
ber is written as a number between 1 and 1000
times a power of 10 that is a multiple of 3.

Meftric Prefixes

The metric prefixes represent those powers of
10 that are multiples of 3. In the field of electron-
ics, engineering notation is much more common
than scientific notation because most values of
voltage, current, resistance, power, and so on are
specified in terms of the metric prefixes. Once a
number is expressed in engineering notation, its
power of 10 can be replaced directly with its
corresponding metric prefix. Table I-2 lists the
most common metric prefixes and their corre-
sponding powers of 10. Notice that uppercase
letters are used for the abbreviations of the pre-
fixes involving positive powers of 10, whereas
lowercase letters are used for negative powers of
10. There is one exception to the rule however;

Table I-2 Metric Prefixes

Power of 10 Prefix Abbreviation
10" tera T
10° giga G
108 mega M
103 kilo k
1073 milli m
106 micro u
107° nano n
10" pico p

the lowercase letter “k” is used for kilo corre-
sponding to 10°. The uppercase letter K is not
used for the metric prefix kilo because its use is
reserved for the kelvin unit of absolute tempera-
ture. Because the metric prefixes are used so
often in electronics, it is common practice to ex-
press the value of a given quantity in engineer-
ing notation first so that the power of 10, which
is a multiple of 3, can be replaced directly with
its corresponding metric prefix. For example, a
resistor whose value is 33,000 Q can be ex-
pressed in engineering notation as 33 x 10° Q.
In Table I-2, we see that the metric prefix
kilo (k) corresponds to 10°. Therefore, 33,000 Q
or 33 x 10° Q can be expressed as 33 kQ.
(Note that the unit of resistance is the ohm ab-
breviated €2.) As another example, a current of
0.0000075 A can be expressed in engineering
notation as 7.5 X 107% A. In Table I-2, we see
that the metric prefix micro (u) corresponds to
107°. Therefore, 0.0000075 A or 7.5 x 107° A
can be expressed as 7.5 yA. (The unit of current
is the ampere, abbreviated A.)

In general, when using metric prefixes to
express the value of a given quantity, write the
original number in engineering notation first
and then substitute the appropriate metric pre-
fix corresponding to the power of 10 involved.
As this technique shows, metric prefixes are
direct substitutes for the powers of 10 used in
engineering notation.

Table I-3 lists many of the electrical quanti-
ties that you will encounter in your study of
electronics. For each electrical quantity listed
in Table I-3, take special note of the unit and
symbol shown. In the examples and problems
that follow, we will use several numerical val-
ues with various symbols and units from this
table. Let’s take a look at a few examples.

Table I-3 Electrical Quantities with

Their Units and Symbols

Quantity Unit Symbol
Current Ampere (A) /
Voltage Volt (V) %4
Resistance Ohm (€2) R
Frequency Hertz (Hz) f
Capacitance Farad (F) C
Inductance Henry (H) L
Power Watt (W) P
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EXAMPLE I-5

Express the resistance of 1,000,000 Q using
the appropriate metric prefix from Table I-2.

Answer: First, express 1,000,000 Q in
engineering notation: 1,000,000 Q = 1.0 X
10° Q. Next, replace 10° with its corre-
sponding metric prefix. Because the metric
prefix mega (M) corresponds to 109,
the value of 1,000,000 Q can be expressed
as 1 MQ. In summary, 1,000,000 = 1.0 X
10°Q =1 MQ.

EXAMPLE I-6

Express the voltage value of 0.015 V using
the appropriate metric prefix from Table I-2.

Answer: First, express 0.015 V in engi-
neering notation: 0.015 V = 15 x 1073 V.
Next, replace 1073 with its corresponding
metric prefix. Because the metric prefix
milli (m) corresponds to 1073, the value
0.015 V can be expressed as 15 mV. In sum-
mary, 0.015V=15x 102V =15mV.

EXAMPLE I-7

Express the power value of 250 W using
the appropriate metric prefix from
Table I-2.

Answer: In this case, it is not necessary
or desirable to use any of the metric pre-
fixes listed in Table I-2. The reason is that
250 W cannot be expressed as a number be-
tween 1 and 1000 times a power of 10 that
is a multiple of 3. In other words, 250 W
cannot be expressed in engineering notation.
The closest we can come is 0.25 x 10° W,
which is not representative of engineering
notation. Although 103 can be replaced
with the metric prefix kilo (k), it is usually
preferable to express the power as 250 W
and not as 0.25 kW.

In summary, whenever the value of a
quantity lies between 1 and 1000, only the
basic unit of measure should be used for the
answer. As another example, 75 V should
be expressed as 75 V and not as 0.075 kV or
75,000 mV, and so forth.

Self-Test

Answer the following questions.

6. Express the following numbers in
engineering notation: (a) 36,000,000
(b) 0.085 (c) 39,300 (d) 0.000093.

7. List the metric prefixes for each of the
powers of 10 listed: (a) 10~° (b) 10°
(c) 10712 (d) 10° (e) 10%

8. Express the following values using the ap-
propriate metric prefixes: (a) 0.000010 A
(b) 2,200,000 €2 (c) 0.000000045 V
(d) 5600 €2 (e) 18 W.

I-3 Converting between
Metric Prefixes

As you have seen in the previous section, metric
prefixes can be substituted for powers of 10 that
are multiples of 3. This is true even when the
value of the original quantity is not expressed in
proper engineering notation. For example, a

Introduction to Powers of 10

capacitance value of 0.047 x 107° F could be
expressed as 0.047 uF. Also, a frequency of
1510 x 10° Hz could be expressed as 1510 kHz.
Furthermore, the values of like quantities in a
given circuit may be specified using different
metric prefixes such as 22 kQ and 1.5 MQ or
0.001 uF and 3300 pF, as examples. In some
cases, therefore, it may be necessary or



desirable to convert from one metric prefix to
another when combining values. Converting
from one metric prefix to another is actually a
change in the power of 10. When the power of
10 is changed, however, care must be taken to
make sure that the numerical part of the expres-
sion is also changed so that the value of the
original number remains the same. When con-
verting from one metric prefix to another, ob-
serve the following rule:

Rule 9: When converting from a larger metric
prefix to a smaller one, increase the
numerical part of the expression by
the same factor by which the metric
prefix has been decreased. Conversely,
when converting from a smaller
metric prefix to a larger one, decrease
the numerical part of the expression
by the same factor by which the
metric prefix has been increased.

EXAMPLE I-8

Make the following conversions: (a) convert
25 mA to pA (b) convert 2700 kQ to MQ.

Answer: (a) To convert 25 mA to uA, recall
that the metric prefix milli (m) corresponds to
10~3 and that metric prefix micro (u) corre-
sponds to 1076, Since 10~¢ is less than 10~3 by
a factor of 1000 (10%), the numerical part of
the expression must be increased by a factor
of 1000 (103). Therefore, 25 mA =25 x 103 A
= 25,000 X 107° A = 25,000 pA.

(b) To convert 2700 kQ to MQ, recall
that the metric prefix kilo (k) corresponds
to 10° and that the metric prefix mega (M)
corresponds to 10°. Since 10° is larger than
103 by a factor of 1000 (103), the numerical
part of the expression must be decreased by
a factor of 1000 (10%). Therefore, 2700 kQ =
2700 X 10° Q =2.7 X 10° Q =2.7 MQ.

Self-Test

Answer the following questions.

9. Converting from one metric prefix to an-
other is actually a change in the power of
10. (True/False)

10. Make the following conversions: (a) con-
vert 2.2 MQ to kQ (b) convert 47,000 pF
to nF (c¢) convert 2500 uA to mA
(d) convert 6.25 mW to uW.

I-4 Addition and Subtraction
Involving Powers of 10
Notation

When adding or subtracting numbers ex-

pressed in powers of 10 notation, observe the
following rule:

Rule 10: Before numbers expressed in powers
of 10 notation can be added or
subtracted, both terms must be
expressed using the same power of
10. When both terms have the same
power of 10, just add or subtract the
numerical parts of each term and
multiply the sum or difference by
the power of 10 common to both
terms. Express the final answer in
the desired form of powers of
10 notation.

Let’s take a look at a couple of examples.

EXAMPLE I-9

Add 170 x 10% and 23 x 10* Express the
final answer in scientific notation.

Answer: First, express both terms using
either 10° or 10* as the common power of
10. Either one can be used. In this example,
we will use 10° as the common power of
10 for both terms. Rewriting 23 X 10* using
103 as the power of 10 gives us 230 x 10°.
Notice that because the power of 10 was
decreased by a factor of 10, the numerical
part of the expression was increased by a
factor of 10. Next, add the numerical parts
of each term and multiply the sum by 10,
which is the power of 10 common to both
terms. This gives us (170 + 230) x 103 or

(continued)



Introduction

400 x 10°. Expressing the final answer in
scientific notation gives us 4.0 x 10°. In
summary, (170 x 10°) + (23 x 10%) = (170 x
10% + (230 x 10°) = (170 + 230) x 10° =
400 x 103 =4.0 x 10°.

EXAMPLE I-10

Subtract 250 x 103 from 1.5 x 10°. Express
the final answer in scientific notation.

Answer: First, express both terms using
either 10° or 10° as the common power of 10.
Again, either one can be used. In this example,

we will use 10° as the common power of 10
for both terms. Rewriting 250 X 10° using 10°
as the power of 10 gives us 0.25 x 10°. Notice
that because the power of 10 was increased
by a factor 1000 (10%), the numerical part of
the expression was decreased by a factor of
1000 (10%). Next, subtract 0.25 from 1.5 and
multiply the difference by 10°, which is the
power of 10 common to both terms. This
gives us (1.5 — 0.25) x 10° or 1.25 x 10°. No-
tice that the final answer is already in scien-
tific notation. In summary, (1.5 x 109 —
(250 x 10% = (1.5 x 10%) — (0.25 x 10°) =
(1.5 -10.25) x 105 = 1.25 x 106.

Self-Test

Answer the following questions.

11. Add the following terms expressed in pow-
ers of 10 notation. Express the answers in
scientific notation. (a) (470 x 10%) +
(55 x 10°) (b) (3.5 x 1072) + (1500 x 1075).

12. Subtract the following terms expressed
in powers of 10 notation. Express the
answers in scientific notation.

(@) (65 x 10%) — (200 x 10%)
(b) (850 x 1073%) — (3500 x 107).

I-5 Multiplication and Division
Involving Powers of 10
Notation

When multiplying or dividing numbers ex-

pressed in powers of 10 notation, observe the
following rules:

Rule 11: When multiplying numbers expressed
in powers of 10 notation, multiply
the numerical parts and powers of 10
separately. When multiplying powers
of 10, simply add the exponents to
obtain the new power of 10. Express
the final answer in the desired form
of powers of 10 notation.

Rule 12: When dividing numbers expressed
in powers of 10 notation, divide the
numerical parts and powers of 10
separately. When dividing powers of
10, subtract the power of 10 in the
denominator from the power of 10
in the numerator. Express the final
answer in the desired form of
powers of 10 notation.

Introduction to Powers of 10

Let’s take a look at a few examples.

EXAMPLE I-II

Multiply (3 x 10°) by (150 x 10%). Express
the final answer in scientific notation.

Answer: First, multiply 3 X 150 to obtain 450.
Next, multiply 10° by 10? to obtain 10° x 10?
= 10°*2 = 10%. To review, (3 X 10% x
(150 x 10%) = (3 x 150) x (10° x 10?) =450 x
105*2 = 450 x 108. The final answer ex-
pressed in scientific notation is 4.5 X 100,

EXAMPLE I-12

Divide (5.0 x 107) by (2.0 x 10%). Express the
final answer in scientific notation.

Answer: First, divide 5 by 2 to obtain 2.5.
Next, divide 107 by 10* to obtain 107~*= 103
7
SOX10_ 5, 10°_ 5 5, 105,

To reVieW, m ) 104

Notice that the final answer is already in
scientific notation.



Self-Test

Answer the following questions.

13. Multiply the following numbers expressed
in powers of 10 notation. Express your
answers in scientific notation.

(@) (3.3 x 1072 x (4.0 x 107%)
(b) (2.7 x 10%) x (3 x 1075).

14. Divide the following numbers expressed
in powers of 10 notation. Express your
answers in scientific notation.

(a) (7.5 x 10®) + (3.0 x 10%)
(b) (15 x 107%) = (5 x 1073).

I-6 Reciprocals with Powers
of 10

Taking the reciprocal of a power of 10 is really
just a special case of division using powers of
10 because 1 in the numerator can be written
as 10° since 10° = 1. With zero as the power of
10 in the numerator, taking the reciprocal re-
sults in a sign change for the power of 10 in the
denominator. Let’s take a look at an example
to clarify this point.

EXAMPLE I-13

Find the reciprocals for the following powers
of 10: (a) 10° (b) 107.
L _ 100 _ 1005 = 10-5;

| 105~ 10°
therefore, —— = 1075,
erefore, 105

0

1
heref ——=10°
therefore, 03 0

Answer: (a)

Answer the following questions.

Notice that in both (a) and (b), the power of
10 in the denominator is subtracted from zero,
which is the power of 10 in the numerator.

Here’s a simple rule for reciprocals of pow-
ers of 10.

Rule 13: When taking the reciprocal of a
power of 10, simply change the sign
of the exponent or power of 10.

Negative Powers of 10

Recall that a power of 10 indicates how many
times the base, 10, is to be multiplied by it-
self. For example, 10* = 10 x 10 x 10 x 10.
But you might ask how this definition fits
with negative powers of 10. The answer is
that negative powers of 10 are just reciprocals
of positive powers of 10. For example,

104 =-L = !
10° - 10X 10X 10X 10

Self-Test

15. Take the reciprocals of each of the powers of 10 listed. (a) 10~* (b) 10° (¢) 10~'¥ (d) 10°.

I-7 Squaring Numbers
Expressed in Powers of
10 Notation

When squaring a number expressed in powers
of 10 notation, observe the following rule:

Rule 14: To square a number expressed in
powers of 10 notation, square the
numerical part of the expression and
double the power of 10. Express the
answer in the desired form of
powers of 10 notation.

EXAMPLE I-I14

Square 3.0 x 10*. Express the answer in sci-
entific notation.

Answer: First, square 3.0 to obtain 9.0.
Next, square 10* to obtain (10*)? = 103
Therefore, (3.0 X 10> =9.0 x 108.





