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The eighth edition of Principles of Electric Circuits: Conventional Current Version provides
a complete and straightforward coverage of the basics of electrical components and circuits.
Fundamental circuit laws and analysis methods are explained and applied in a variety of ba-
sic circuits. Applications, many of which are new to this edition, are emphasized, and most
chapters have a special feature called A Circuit Application. Troubleshooting continues to be
an important part of this edition, and many chapters have a separate section devoted to the
topic.

New in This Edition
.• Text layout and design

.• Multisim files for selected examples

• Multisim 8 files, in addition to Multisim 2001 and Multisim 7, for Troubleshooting
and Analysis problems

• Phasor coverage has been moved to Chapter 11, Introduction to Alternating Current
and Voltage

.• Complex number coverage has been moved to Chapter 15, RC Circuits

.• New problems in most chapters

.• Numerous miscellaneous improvements throughout

.• Innovative PowerPoint® slides for each chapter available on CD-ROM

.• Full-color format

• Chapter openers with a chapter outline, introduction, chapter objectives, key terms
list, and web site reference

.• An introduction and objectives at the beginning of each section within a chapter

.• A Circuit Application feature at the end of most chapters

.• Abundance of high-quality illustrations

.• Short biographies of key figures in the history of electricity in several chapters

.• Safety Notes located at appropriate points throughout the text and identified by a
special logo

.• Many worked examples

.• A Related Problem in each worked example with answers at the end of the chapter

.• Section Reviews with answers at the end of the chapter



VI • PREFACE

• Troubleshooting section in many chapters

• Summary at the end of each chapter

• Key terms defined at the end of the chapter and in the comprehensive glossary at the
end of the book

• Formula list at the end of each chapter

• Self-test at the end of each chapter with answers at the end of the chapter

• A Circuit Dynamics Quiz that tests the student's grasp of what happens in a circuit as
a result of certain changes or faults. Answers are at the end of the chapter.

• Sectionalized problem set for each chapter, with the more difficult problems indi-
cated by an asterisk. Answers to odd-numbered problems are at the end of the book.

• A comprehensive glossary at the end of the book that defines all boldface and key
terms in the textbook

• The conventional direction of current is used. (An alternate version of this text uses
electron-flow direction.)

Accompanying Student Resources
Experiments in Basic Circuits, Eighth Edition: lab manual by David Buchla (ISBN:
0-13-170181-9). Solutions are provided in the Instructor's Resource Manual.

Experiments in Electric Circuits, Eighth Edition: lab manual by Brian Stanley
(ISBN: 0-13-170180-0). Solutions are provided in the Instructor's Resource Manual.

Multisim® CD-ROM: Packaged with each text, this CD contains a set of Multisim
circuit files referenced in the text. Many of these circuits have hidden faults. All circuit
files are provided on the CD-ROM in Multisim 2001 ®, Multisim 7®, and Multisim 8®.
Circuit files in later versions of Multisim will be posted to the Companion Web site at
www.prenhall.com/floyd as subsequent versions of the software are developed by the
manufacturer, Electronics Workbench.

These Multisim circuit files are provided for use by anyone who has Multisim soft-
ware. Anyone who does not have Multisim software and wishes to purchase it in order
to use the circuit files may do so by ordering it from www.prenhall.comJewb. However,
although the circuit files are intended to complement classroom, textbook, and labora-
tory study, it is not necessary to use these files in order to successfully study dc/ac cir-
cuits or use Floyd's Principles of Electric Circuits, Eighth Edition.

Companion Website (www.prenhall.com/floyd):Forthestudent.this website offers
the opportunity to test his or her own progress and practice answering sample test questions.

Instructor Resources
To access supplementary materials online, instructors need to request an instructor access code.
Go to www.prenhall.com.click the Instructor Resource Center link, and then click
Register Today for an instructor access code. Within 48 hours after registering you will receive
a confimring e-mail including an instructor access code. Once you have received your code, go
to the site and log on for full instructions on downloading the materials you wish to use.

PowerPoint® Slides A completely new set of innovative PowerPoint® slides, created by
David M. Buchla, dynamically illustrates key concepts in the text. Each slide contains a
summary with examples, key term definitions, and a quiz for each chapter. This is an
excellent tool for classroom presentation to supplement the textbook. Another folder of
Powerf'oint'" slides contains all figures from the text. The PowerPoints® are available on
both CD and the Internet.

http://www.prenhall.com/floyd
http://www.prenhall.comJewb.
http://www.prenhall.com.click
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Key terms

Circuit
Application
Preview

Chapter
outline

List of
performance-
based
objectives

Introduction

A FIGURE P-l

A typical chapter opener.

Instructor's Resource Manual Includes solutions to chapter problems, solutions to A Cir-
cuit Application features, a test item file, Multisim circuit file summary, and solutions to both
lab manuals. Available in print and online.

Prentice Hall TestGen This is a computerized test bank, Available on CD-ROM and online.

Illustration of Chapter Features
Chapter Opener Each chapter begins as shown in Figure P-l. Each chapter opener in-
cludes the chapter number and title, a brief introduction, lists of text sections and chapter
objectives, a key terms list, A Circuit Application preview, and a website reference for study
aids and supplementary materials.

Section Opener Each section in a chapter begins with a brief introduction that includes
a general overview and section objectives. An illustration is given in Figure P-2.

Section Review Each section in a chapter ends with a review consisting of questions or
exercises that emphasize the main concepts covered in the section. An example is shown in
Figure P-2. Answers to the Section Reviews are at the end of the chapter.

Worked Examples Related Problems Numerous worked examples throughout each
chapter help to illustrate and clarify basic concepts or specific procedures. Each example ends
with a Related Problem that reinforces or expands on the example by requiring the student to
work through a problem similar to the example. Selected examples have a Multisim circuit
exercise. A typical worked example with a Related Problem is shown in Figure P-3.
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•• FIGURE P-2

A typical section opener and section
review.

•• FIGURE P-3

A typical worked example and
related problem.

Section review questions
end each section.

Introductory paragraph
begins each section.

Performance-based
section objectives.

Examples are set
off from text.
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6-3 KIRCHHOFF'S CURRENT LAW

Kirchhoff's voltage law deals with volrages in a single closed path. Kirchhoff's current
law applies 10 currents in multiple paths.

After completing this section, you should be able to

.• Apply Kirchhoff's current law

.• State Kitchhoffs current law

• Definenode

.• Determinelhetola]currentbyaddingthehranchcurrents

.• Determine an unknown branch current

Kirchhoff's current law, often abbreviated KCL, can be stated as follows:

The sum of the currents into a node (total current in) is equal to the sum of the cur-
renlsoulofthal node (total currenl out).

A node is any point or junction in a circuit where two or more components are connected
In a parallel circuit, a node or junction is a point where the parallel branches come together,
Per example, in the circuit of Figure 6-12, point A is one node and point B is another. Let's
start atthe positive terminal of the source and follow the current. TIle total current h from the
source is into node A. At this point. the current splits up among the three branches as indi-
cated. Each of the three branch currents (l], h and 13) is 0111 of node A. Kirchhoff''s current
law says that the total current into node A is equal to the total current out of node A: that is.

Now, following the currents in Figure 6-12 through the three branches you see
that they come back together at node B. Currents 11./2, and'3 are into node S, and

6ran(bCutrt'-l1u
Using llle cUlTCnl-divi<lcr formula. KircnnolT's currenl 13••...Onm's law, 0> comb;n"ions
of Ih~..,_ you can find Ihe com:nl in any branch of 3 ",riC$.paraJl~l circuil. In S()ffi~

C3SCS.i,may take ",p<3t~dappliC3tlonoflherornlulalofindagi,'encUlTCnt. The fo]·
lowlng IwO examples ••..ill help you undersland lhe proc~du",. (NOlice llm lhe sub-
sCfip"foflhe curr<nt variahle,(J) match 'heR sub,eriplS: fOfcxampl e. current through
R,i<rdcrrod'uasl,,)

HGtlU1-'I'---~---------------
Fircsl,id<nlif}"d>cseriesand pamHcJ relafionship. Nexl, dclennine how m""h eurrenl is
into no.>dcA.This is !he loW cirtUi, CUrrenl. To fond fT. you musl know RT'

RT= RI "'R:~R~J "= t.ukn + ~2~2k~n~3~~3k~6= I,Okl1 + 1.32kl1 - 2.32kl1

h-=*='2~~n =9.4KrnAEach example contains a
related problem relevant
to the example.

U.., \he currem-<l,vidcr rule for 'wo br.mche$ as gi'''n In Chopecr610 iind lhccur-
ren.llhrQughR2·

ts« (R2 ;'R}r = G~:~)9.~mA = 5.69","
N"",youC3flu..,lGrehhaff',currentLa· .•.•lonndlheeu""ntlhroughR,.

h= 12+ ts
1.1= 'T - 1) = 9.48 mA - 5.1.9 mA = 3.79 mA

bhdA#rmu A4.7kfl re,'"IO' is eoo".,cltdin p3rnllel wllhRJ in.Figurc 7-19. DelefTIll"c Illecur.
rern Ihrough1he ne", resi~l\lr.

Selected examples provide
a related Multisim circuit
file reference.

Use Mutlislm file E07..(111 10verify lhc. cakulaled resutts;n trusexample and IOCOll-
ilrmyou,ca!cuLalionfor'herelaledproblem.
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A Circuit Application is set off from text. A series of activities relates theory to practice.

Simplifi.dblo<:xdi.grnmof.b.\iC13diorecei"",.

Realistic instrument and circuit board graphics

• FIGURE P-4

A portion of a typical A Circuit Application feature.

Troubleshooting Sections Many chapters include a troubleshooting section that relates
to the topics covered in the chapter and emphasizes logical thinking as well as a structured
approach called APM (analysis, planning, and measurement) where applicable. Particular
troubleshooting methods, such as half-splitting, are applied when appropriate.

A Circuit Application This special feature at the end of each chapter (except Chapters 1
and 21) presents a practical application of certain topics covered in the chapter. Each of
these features includes a series of activities, many of which involve comparing circuit
board layouts with schematics, analyzing circuits, using measurements to determine circuit
operation, and in some cases, developing simple test procedures. Results and answers are
found in the Instructor's Resource Manual (IRM). A portion of a representative A Circuit
Application feature is illustrated in Figure P-4.

Chapter End Matter The following pedagogical features are found at the end of each
chapter:

• Summary

• Key terms glossary

• Formula list

• Self-Test

• Circuit Dynamics Quiz

• Problems
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• Answers to section reviews, related problems for examples, self-test, and the circuit
dynamics quiz

Suggestions for Teaching with Principles of Electric Circuits
Selected Course Emphasis and flexibility of the Text This textbook is designed pri-
marily for use in a two-term course sequence in which de topics (Chapters 1 through 10)
are covered in the first term and ac topics (Chapters 11 through 21) are covered in the sec-
ond term. A one-term course covering de and ac topics is possible but would require very
selective and abbreviated coverage of many topics.

If time limitations or course emphasis restrict the topics that can be covered, as is usu-
ally the case, there are several options for selective coverage. The following suggestions for
light treatment or omission do not necessarily imply that a certain topic is less important
than others but that, in the context of a specific program, the topic may not require the em-
phasis that the more fundamental topics do. Because course emphasis, level, and available
time vary from one program to another, the omission or abbreviated treatment of selected
topics must be made on an individual basis. Therefore, the following suggestions are in-
tended only as a general guide.

1. Chapters that may be considered for omission or selective coverage:

• Chapter 8, Circuit Theorems and Conversions

• Chapter 9, Branch, Loop, and Node Analyses

• Chapter 10, Magnetism and Electromagnetism

• Chapter 18, Passive Filters

• Chapter 19, Circuit Theorems in AC Analysis

• Chapter 20, Time Response of Reactive Circuits

• Chapter 21, Three-Phase Systems in Power Applications

2. A Circuit Application features and troubleshooting sections can be omitted without
affecting other material.

3. Other specific topics may be omitted or covered lightly on a section-by-section ba-
sis at the discretion of the instructor.

The order in which certain topics appear in the text can be altered at the instructor's dis-
cretion. For example, the topics of capacitors and inductors (Chapters 12 and 13) can be
covered at the end of the dc course in the first term by delaying coverage of the ac topics
in Sections 12-6, 12-7, 13-5, and 13-6 until the ac course in the second term. Another
possibility is to cover Chapters 12 and 13 in the second term but cover Chapter 15 (RC
Circuits) immediately after Chapter 12 (Capacitors) and cover Chapter 16 (RL Circuits)
immediately after Chapter 13 (Inductors).

A Circuit Application These features are useful for motivation and for introducing ap-
plications of basic concepts and components. Suggestions for using these sections are:

• As an integral part of the chapter to illustrate how the concepts and components can
be applied in a practical situation. The activities can be assigned for homework.

• As extra credit assignments.

• As in-class activities to promote discussion and interaction and to help students un-
derstand why they need to know the material.

Coverage of Reactive Circuits Chapters 15, 16, and 17 have been designed to provide
two approaches to teaching these topics on reactive circuits.
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The first option is to cover the topics on the basis of components. That is, first cover all
of Chapter 15 (RC Circuits), then all of Chapter 16 (RL Circuits), and, finally, all of Chap-
ter 17 (RLC Circuits and Resonance).

The second option is to cover the topics on the basis of circuit type. That is, first cover all
topics related to series reactive circuits, then all topics related to parallel reactive circuits, and
finally, all topics related to series-parallel reactive circuits. To facilitate this second approach,
each of the chapters has been divided into the following parts: Part 1: Series Circuits, Part 2:
Parallel Circuits, Part 3: Series-Parallel Circuits, and Part 4: Special Topics. So, for series
reactive circuits, cover Part 1 of all three chapters in sequence. For parallel reactive circuits,
cover Part 2 of all three chapters in sequence. For series-parallel reactive circuits, cover Part
3 of all three chapters in sequence. Finally, cover Part 4 of all three chapters.

To the Student
Any career training requires hard work, and electronics is no exception. The best way to
learn new material is by reading, thinking, and doing. This text is designed to help you
along the way by providing an overview and objectives for each section, numerous worked-
out examples, exercises, and review questions.

Read each section of the text carefully and think about what you have read. Sometimes
you may need to read the section more than once. Work through each example problem step
by step before you try the related problem that goes with the example. After each section,
answer the review questions. Answers to the related problems and the section review ques-
tions are at the end of the chapter.

Review the chapter summary, the key term definitions, and the formula list. Take the
multiple choice self test and the Circuit Dynamics Quiz. Check your answers against those
at the end of the chapter. Finally, work the problems. Working problems is the most impor-
tant way to check your comprehension and solidify concepts. Verify your answers to the
odd-numbered problems with those provided at the end of the book.

Careers in Electronics
The field of electronics is very diverse, and career opportunities are available in many
areas. Because electronics is currently found in so many different applications and new
technology is being developed at a fast rate, its future appears limitless. There is hardly
an area of our lives that is not enhanced to some degree by electronics technology. Those
who acquire a sound, basic knowledge of electrical and electronic principles and are will-
ing to continue learning will always be in demand.

The importance of obtaining a thorough understanding of the basic principles contained
in this text cannot be overemphasized. Most employers prefer to hire people who have both
a thorough grounding in the basics and the ability and eagerness to grasp new concepts and
techniques. If you have a good training in the basics, an employer will train you in the
specifics of the job to which you are assigned.

There are many types of job classifications for which a person with training in electron-
ics technology may qualify. A few of the most common job functions are discussed briefly
in the following paragraphs.

Service Shop Technician Technical personnel in this category are involved in the repair
or adjustment of both commercial and consumer electronic equipment that is returned to
the dealer or manufacturer for service. Specific areas include TVs, VCRs, CD and DVD
players, stereo equipment, CB radios, and computer hardware. This area also offers oppor-
tunities for self-employment.

Industrial Manufacturing Technician Manufacturing personnel are involved in the
testing of electronic products at the assembly-line level or in the maintenance and trou-
bleshooting of electronic and electromechanical systems used in the testing and manufac-
turing of products. Virtually every type of manufacturing plant, regardless of its product,
uses automated equipment that is electronically controlled.
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Ohm was born in Bavaria and
struggled for years to gain
recognition for his work in
formulating the relationship of

i current, voltage, and resistance.
This mathematical relationship is
known today as Ohm's law and the
unit of resistance is named in his
honor. (Photo credit: Library of
Congress, LC-USI62-40943.l

Laboratory Technician These technicians are involved in breadboarding, prototyping,
and testing new or modified electronic systems in research and development laboratories.
They generally work closely with engineers during the development phase of a product.

Field Service Technician Field service personnel service and repair electronic equip-
ment-for example, computer systems, radar installations, automatic banking equipment,
and security systems-at the user's location.

Engineering Assistant/Associate Engineer Personnel in this category work closely
with engineers in the implementation of a concept and in the basic design and development
of electronic systems. Engineering assistants are frequently involved in a project from its
initial design through the early manufacturing stages.

Technical Writer Technical writers compile technical information and then use the infor-
mation to write and produce manuals and audiovisual materials. A broad knowledge of a
particular system and the ability to clearly explain its principles and operation are essential.

Technical Sales Technically trained people are in demand as sales representatives for
high-technology products. The ability both to understand technical concepts and to com-
municate the technical aspects of a product to a potential customer is very valuable. In this
area, as in technical writing, competency in expressing yourself orally and in writing is es-
sential. Actually, being able to communicate well is very important in any technical job cat-
egory because you must be able to record data clearly and explain procedures, conclusions,
and actions taken so that others can readily understand what you are doing.

Milestones in Electronics
Before you begin your study of electric circuits, let's briefly look at some of the important
developments that led to the electronics technology we have today. The names of many of
the early pioneers in electricity and electromagnetics still live on in terms of familiar units
and quantities. Names such as Ohm, Ampere, Volta, Farad, Henry, Coulomb, Oersted, and
Hertz are some of the better known examples. More widely known names such as Franklin
and Edison are also significant in the history of electricity and electronics because of their
tremendous contributions. Short biographies of some of these pioneers, like shown here,
are located throughout the text.

The Beginning of Electronics Early experiments with electronics involved electric cur-
rents in vacuum tubes. Heinrich Geissler (1814-1879) removed most of the air from a glass
tube and found that the tube glowed when there was current through it. Later, Sir William
Crookes (1832-1919) found the current in vacuum tubes seemed to consist of particles.
Thomas Edison (1847-1931) experimented with carbon filament bulbs with plates and dis-
covered that there was a current from the hot filament to a positively charged plate. He
patented the idea but never used it.

Other early experimenters measured the properties of the particles that flowed in vac-
uum tubes. Sir Joseph Thompson (1856-1940) measured properties ofthese particles, later
called electrons.

Although wireless telegraphic communication dates back to 1844, electronics is basi-
cally a 20th century concept that began with the invention of the vacuum tube amplifier. An
early vacuum tube that allowed current in only one direction was constructed by John A.
Fleming in 1904. Called the Fleming valve, it was the forerunner of vacuum tube diodes.
In 1907, Lee deForest added a grid to the vacuum tube. The new device, called the au-
diotron, could amplify a weak signal. By adding the control element, deForest ushered in
the electronics revolution. It was with an improved version of his device that made
transcontinental telephone service and radios possible. In 1912, a radio amateur in San
Jose, California, was regularly broadcasting music!

In 1921, the secretary of commerce, Herbert Hoover, issued the first license to a broad-
cast radio station; within two years over 600 licenses were issued. By the end of the 1920s
radios were in many homes. A new type of radio, the superheterodyne radio, invented by
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Edwin Armstrong, solved problems with high-frequency communication. In 1923,
Vladimir Zworykin, an American researcher, invented the first television picture tube, and
in 1927 Philo T. Farnsworth applied for a patent for a complete television system.

The 1930s saw many developments in radio, including metal tubes, automatic gain con-
trol, "midget sets," directional antennas, and more. Also started in this decade was the devel-
opment of the first electronic computers. Modern computers trace their origins to the work of
John Atanasoff at Iowa State University. Beginning in 1937, he envisioned a binary machine
that could do complex mathematical work. By 1939, he and graduate student Clifford Berry
had constructed a binary machine called ABC, (for Atanasoff-Berry Computer) that used
vacuum tubes for logic and condensers (capacitors) for memory. In 1939, the magnetron, a
microwave oscillator, was invented in Britain by Henry Boot and John Randall. In the same
year, the klystron microwave tube was invented in America by Russell and Sigurd Varian.

During World War IT, electronics developed rapidly. Radar and very high-frequency com-
munication were made possible by the magnetron and klystron. Cathode ray tubes were im-
proved for use in radar. Computer work continued during the war. By 1946, John von Neumann
had developed the first stored program computer, the Eniac, at the University of Pennsylvania.
The decade ended with one of the most important inventions ever, the transistor.

Solid-State Electronics The crystal detectors used in early radios were the forerunners
of modern solid-state devices. However, the era of solid-state electronics began with the in-
vention of the transistor in 1947 at Bell Labs. The inventors were Walter Brattain, John
Bardeen, and William Shockley. PC (printed circuit) boards were introduced in 1947, the
year the transistor was invented. Commercial manufacturing of transistors began in Allen-
town, Pennsylvania, in 1951.

The most important invention of the 1950s was the integrated circuit. On September
12, 1958, Jack Kilby, at Texas Instruments, made the first integrated circuit. This inven-
tion literally created the modern computer age and brought about sweeping changes in
medicine, communication, manufacturing, and the entertainment industry. Many billions
of "chips"-as integrated circuits came to be called-have since been manufactured.

The 1960s saw the space race begin and spurred work on miniaturization and computers.
The space race was the driving force behind the rapid changes in electronics that followed.
The first successful "op-amp" was designed by Bob Widlar at Fairchild Semiconductor in
1965. Called the flA709, it was very successful but suffered from "latch-up" and other prob-
lems. Later, the most popular op-amp ever, the 741, was taking shape at Fairchild. This op-
amp became the industry standard and influenced design of op-amps for years to come.

By 1971, a new company that had been formed by a group from Fairchild introduced the first
microprocessor. The company was Intel and the product was the 4004 chip, which had the same
processing power as the Eniac computer. Later in the same year, Intel announced the first 8-bit
processor, the 8008. In 1975, the first personal computer was introduced by Altair, and Popular
Science magazine featured it on the cover of the January, 1975, issue. The 1970s also saw the
introduction of the pocket calculator and new developments in optical integrated circuits.

By the 1980s, half of all U.S. homes were using cable hookups instead of television an-
tennas. The reliability, speed, and miniaturization of electronics continued throughout the
1980s, including automated testing and calibrating of PC boards. The computer became a
part of instrumentation and the virtual instrument was created. Computers became a stan-
dard tool on the workbench.

The 1990s saw a widespread application of the Internet. In 1993, there were 130 web-
sites, and now there are millions. Companies scrambled to establish a home page and many
of the early developments of radio broadcasting had parallels with the Internet. In 1995, the
FCC allocated spectrum space for a new service called Digital Audio Radio Service. Digi-
tal television standards were adopted in 1996 by the FCC for the nation's next generation
of broadcast television.

The 21st century dawned in January 2001. One of the major technology stories has been the
continuous and explosive growth of the Internet. Internet usage in North America has in-
creased by over 100% from 2000 to 2005. The rest of the world experienced almost 200%
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growth during the same period. The processing speed of computers is increasing at a steady
rate and data storage media capacity is increasing at an amazing pace. Carbon nanotubes are
seen to be the next step forward for computer chips, eventually replacing transistor technology.
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accuracy The degree to which a measured value represents the
true or accepted value of a quantity.

admittance (Y) A measure of the ability of a reactive circuit
to permit current; the reciprocal of impedance. The unit is the
siemens (S).

ammeter An electrical instrument used to measure current.

ampere (A) The unit of electrical current.

ampere-hour (Ah) rating A number given in ampere-hours
determined by multiplying the current (A) times the length of
time (h) a battery can deliver that current to a load.

ampere-turn The current in a single loop (turn) of wire.

amplitude The maximum value of a voltage or current.

angular velocity The rotational rate of a phasor which
is related to the frequency of the sine wave that the phasor
represents.

apparent power The phasor combination of resistive power (true
power) and reactive power. The unit is the volt-ampere (VA).

apparent power rating The method of rating transformers in
which the power capability is expressed in volt-amperes (VA).

atom The smallest particle of an element possessing the unique
characteristics of that element.

atomic number The number of protons in a nucleus.

attenuation A reduction of the output signal compared to the
input signal, resulting in a ratio with a value of less than I for the
output voltage to the input voltage of a circuit.

autotransformer A transformer in which the primary and sec-
ondary are in a single winding.

average value The average of a sine wave over one half-cycle. It
is 0.637 times the peak value.

AWG American wire gauge; a standardization based on wire
diameter.

balanced bridge A bridge circuit that is in the balanced state as
indicated by 0 V across the output.

balanced load A condition where all the load currents are equal
and the neutral current is zero.

band-pass filter A filter that passes a range of frequencies lying
between two critical frequencies and rejects frequencies above
and below that range.

band-stop filter A filter that rejects a range of frequencies lying
between two critical frequencies and passes frequencies above and
below that range.

bandwidth The range of frequencies for which the current
(or output voltage) is equal to or greater than 70.7% of its value
at the resonant frequency that is considered to be passed by a
filter.

baseline The normal level of a pulse waveform; the voltage level
in the absence of a pulse.

battery An energy source that uses a chemical reaction to convert
chemical energy into electrical energy.

bias The application of a de voltage to an electronic device to
produce a desired mode of operation.

bleeder current The current left after the total load current is
subtracted from the total current into the circuit.

Bode plot The graph of a filter's frequency response showing the
change in the output voltage to input voltage ratio expressed in dB
as a function of frequency for a constant input voltage.

branch One current path in a parallel circuit; a current path that
connects two nodes.

branch current The actual current in a branch.

capacitance The ability of a capacitor to store electrical charge.

capacitive reactance The opposition of a capacitor to sinusoidal
current. The unit is the ohm (,0,).

capacitive susceptance (Bd The ability of a capacitor to permit
current; the reciprocal of capacitive reactance. The unit is the
siemens (S).

capacitor An electrical device consisting of two conductive
plates separated by an insulating material and possessing the
property of capacitance.

center frequency (fo) The resonant frequency of a bandpass or
band-stop filter.

center tap (C'I') A connection at the midpoint of a winding in a
transformer.

charge An electrical property of matter that exists because of an
excess or a deficiency of electrons. Charge can be either positive
or negative.

choke A type of inductor used to block or choke off high
frequencies.

circuit An interconnection of electrical components designed to
produce a desired result. A basic circuit consists of a source, a
load, and an interconnecting current path.

circuit breaker A resettable protective device used for interrupt-
ing excessive current in an electric circuit.

circular mil (CM) A unit of the cross-sectional area of a wire.



closed circuit A circuit with a complete current path.

coefficient The constant number that appears in front of a variable.

coefficient of coupling (k) A constant associated with transformers
that is the ratio of secondary magnetic flux to primary magnetic
flux. The ideal value of I indicates that all the flux in the primary
winding is coupled into the secondary winding.

common Reference ground.

complex conjugate A complex number having the same real part
and an oppositely signed imaginary part; an impedance containing
the same resistance and a reactance opposite in phase but equal in
magnitude to that of a given impedance.

complex plane An area consisting of four quadrants on which a
quantity containing both magnitude and direction can be repre-
sented.

conductance (G) The ability of a circuit to allow current; the
reciprocal of resistance. The unit is the siemens (S).

conductor A material in which electric current is easily estab-
lished. An example is copper.

core The physical structure around which the winding of an
inductor is formed. The core material influences the electro-
magnetic characteristics of the inductor.

coulomb (C) The unit of electrical charge; the total charge pos-
sessed by 6.25 X 1018 electrons.

Coulomb's law A law that states a force exists between two
charged bodies that is directly proportional to the product of the
two charges and inversely proportional to the square of the
distance between them.

critical frequency (le) The frequency at which a filter's output
voltage is 70.7% of the maximum.

current The rate of flow of charge (electrons).

current divider A parallel circuit in which the currents divide
inversely proportional to the parallel branch resistances.

current source A device that provides a constant current for a
varying load.

cutoff frequency (fe) The frequency at which the output voltage
of a filter is 70.7% of the maximum output voltage; another term
for critical frequency.

cycle One repetition of a periodic waveform.

DC component The average value of a pulse waveform.

decade A tenfold change in frequency or other parameter.

decibel A logarithmic measurement of the ratio of one power to
another or one voltage to another, which can be used to express
the input-to-output relationship of a filter.

degree The unit of angular measure corresponding to 1/360 of a
complete revolution.

determinant The solution of a matrix consisting of an array of
coefficients and constants for a set of simultaneous equations.

dielectric The insulating material between the plates of a capacitor.

dielectric constant A measure of the ability of a dielectric mate-
rial to establish an electric field.

dielectric strength A measure of the ability of a dielectric mate-
rial to withstand voltage without breaking down.
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differentiator A circuit producing an output that approaches the
mathematical derivative of the input.

digital multimeter An electronic instrument that combines
meters for the measurement of voltage, current, and resistance.

DMM Digital multimeter; an electronic instrument that combines
meters for measurement of voltage, current, and resistance.

duty cycle A characteristic of a pulse waveform that indicates
the percentage of time that a pulse is present during a cycle; the
ratio of pulse width to period, expressed as either a fraction or
as a percentage.

effective value A measure of the heating effect of a sine wave;
also known as the rms (root mean square) value.

efficiency The ratio of the output power delivered to a load to the
input power to a circuit, usually expressed as a percentage.

electrical Related to the use of electrical voltage and current to
achieve desired results.

electrical isolation The condition that exists when two coils are
magnetically linked but have no electrical connection between them.

electrical shock The physical sensation resulting from electrical
current through the body.

electromagnetic field A formation of a group of magnetic lines
of force surrounding a conductor created by electrical current in
the conductor.

electromagnetism The production of a magnetic field by current
in a conductor.

electromagnetic induction The phenomenon or process by which
a voltage is produced in a conductor when there is relative motion
between the conductor and a magnetic or electromagnetic field.

electron A basic particle of electrical charge in matter. The elec-
tron possesses negative charge.

electronic Related to the movement and control of free electrons
in semiconductors or vacuum devices.

electronic power supply A voltage source that converts the ac
voltage from a wall outlet to a constant (dc) voltage at a level suit-
able for electronic components.

element One of the unique substances that make up the known uni-
verse. Each element is characterized by a unique atomic structure.

energy The ability to do work.

engineering notation A system for representing any number as
a one-, two-, or three-digit number times a power of ten with an
exponent that is a multiple of 3.

equivalent circuit A circuit that produces the same voltage and
current to a given load as the original circuit that it replaces.

exponent The number to which a base number is raised.

falling edge The negative-going transition of a pulse.

fall time (tf) The time interval required for a pulse to change
from 90% to 10% of its amplitude.

farad (F) The unit of capacitance.

Faraday's law A law stating that the voltage induced across a
coil of wire equals the number of turns in the coil times the rate of
change of the magnetic flux.

field winding The winding on the rotor of an ac generator.
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filter A type of circuit that passes certain frequencies and rejects
all others.

free electron A valence electron that has broken away from its
parent atom and is free to move from atom to atom within the
atomic structure of a material.

frequency A measure of the rate of change of a periodic func-
tion; the number of cycles completed in I s. The unit of frequency
is the hertz.

frequency response In electric circuits, the variation in the out-
put voltage (or current) over a specified range of frequencies.

function generator An electronic instrument that produces
electrical signals in the form of sine waves, triangular waves,
and pulses.

fundamental frequency The repetition rate of a waveform.

fuse A protective device that burns open when there is excessive
current in a circuit.

gauss (G) A CGS unit of flux density.

generator An energy source that produces electrical signals.
ground In electric circuits, the common or reference point.

half-power frequency The frequency at which the output power
of a resonant circuit is 50% of the maximum (the output voltage
is 70.7% of maximum); another name for critical or cutoff fre-
quency.

half-splitting A troubleshooting procedure where one starts in the
middle of a circuit or system and, depending on the first measure-
ment, works toward the output or toward the input to find the fault.

harmonics The frequencies contained in a composite waveform,
which are integer multiples of the repetition frequency (fundamental).

henry (H) The unit of inductance.

hertz (Hz) The unit of frequency. One hertz equals one cycle per
second.

high-pass filter A type of filter that passes all frequencies above
a critical frequency and rejects all frequencies below that critical
frequency.

hysteresis A characteristic of a magnetic material whereby a change
in magnetization lags the application of magnetic field intensity.

imaginary number A number that exists on the vertical axis of
the complex plane.

impedance The total opposition to sinusoidal current expressed
in ohms.

impedance matching A technique used to match a load resis-
tance to a source resistance in order to achieve maximum transfer
of power.

induced current (iind) A current induced in a conductor when the
conductor moves through a magnetic field.

induced voltage (Vind) Voltage produced as a result of a changing
magnetic field.

inductance The property of an inductor whereby a change in cur-
rent causes the inductor to produce a voltage that opposes the
change in current.

inductive reactance The opposition of an inductor to sinusoidal
current. The unit is the ohm (r!).

inductive susceptance The ability of an inductor to permit current;
the reciprocal of inductive reactance. The unit is the siemens (S).

inductor An electrical device formed by a wire wound around a
core having the property of inductance; also known as coil.

instantaneous power The value of power in a circuit at any given
instant of time.

instantaneous value The voltage or current value of a waveform
at a given instant in time.

insulator A material that does not allow CUITentunder normal
conditions.

integrator A circuit producing an output that approaches the
mathematical integral of the input.

ion An atom that has a net positive or negative charge.

joule (J) The SI unit of energy.

junction A point at which two or more components are con-
nected.

kilowatt-hour (kWh) A large unit of energy used mainly by util-
ity companies.

Kirchhoff's current law A law stating that the total current into a
node equals the total current out of the node. Equivalently, the alge-
braic sum of all the currents entering and leaving a node is zero.

Kirchhoff's voltage law A law stating that (1) the sum of the
voltage drops around a single closed path equals the source volt-
age in that loop or (2) the algebraic sum of all the voltages (drops
and sources) around a single closed path is zero.

lag Refers to a condition of the phase or time relationship of
waveforms in which one waveform is behind the other in phase or
time.

lead Refers to a condition of the phase or time relationship of
waveforms in which one waveform is ahead of the other in phase
or time; also, a wire or cable connection to a device or instrument.

leading edge The first step or transition of a pulse.

Lenz's law A law that states when the current through a coil
changes, the polarity of the induced voltage created by the
changing magnetic field is such that it always opposes the change
in CUITentthat caused it. The current cannot change instanta-
neously.

linear Characterized by a straight-line relationship.

line current The current through a line feeding a load.

lines of force Magnetic flux lines in a magnetic field radiating
from the north pole to the south pole.

line voltage The voltage between lines feeding a load.

load An element (resistor or other component) connected across
the output terminals of a circuit that draws current from the
source; an element in a circuit upon which work is done.

loop A closed current path in a circuit.

loop current A CUITentassigned to a circuit purely for the pur-
pose of mathematical analysis and not normally representing the
actual physical current.

low-pass filter A type of filter that passes all frequencies below a
critical frequency and rejects all frequencies above that critical
frequency.



magnetic coupling The magnetic connection between two coils
as a result of the changing magnetic flux lines of one coil cutting
through the second coil.

magnetic field A force field radiating from the north pole to the
south pole of a magnet.

magnetic field intensity The amount of mmf per unit length of
magnetic material; also called magnetizing force.

magnetic flux The lines of force between the north and south
poles of a permanent magnet or an electromagnet.

magnetic flux density The amount of flux per unit area perpen-
dicular to the magnetic field.

magnetomotive force (mmf) The cause of a magnetic field,
measured in ampere-turns.

magnitude The value of a quantity, such as the number of volts
of voltage or the number of amperes of current.

matrix An array of numbers.

maximum power transfer A transfer of maximum power from a
source to a load when the load resistance equals the internal
source resistance.

metric prefix An affix that represents a power-of-ten number ex-
pressed in engineering notation.

multimeter An instrument that measures voltage, current, and re-
sistance.

mutual inductance The inductance between two separate coils,
such as in a transformer.

neutron An atomic particle having no electrical charge.

node A point in a circuit where two or more components are con-
nected; also known as ajunction.

Norton's theorem A method for simplifying a two-terminallin-
ear circuit to an equivalent circuit with only a current source in
parallel with a resistance or impedance.

nucleus The central part of an atom containing protons and neu-
trons.

Ohm (n) The unit of resistance.

Ohmmeter An instrument for measuring resistance.

Ohm's law A law stating that current is directly proportional to
voltage and inversely proportional to resistance.

open A circuit condition in which there is not a complete current
path.

open circuit A circuit in which there is not a complete current path.

oscillator An electronic circuit that produces a time-varying sig-
nal without an external input signal using positive feedback.

oscilloscope A measurement instrument that displays signal
waveforms on a screen.

parallel The relationship in electric circuits in which two or more
current paths are connected between two separate nodes.

parallel resonance A condition in a parallel RLC circuit in which
the reactances ideally are equal and the impedance is maximum.

passband The range of frequencies passed by a filter.

peak-to-peak value The voltage or current value of a waveform
measured from its minimum to its maximum points.
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peak value The voltage or current value of a waveform at its
maximum positive or negative points.

period (T) The time interval of one complete cycle of a periodic
waveform.

periodic Characterized by a repetition at fixed-time intervals.

permeability The measure of ease with which a magnetic field
can be established in a material.

phase The relative angular displacement of a time-varying quan-
tity with respect to a given reference.

phase current (10) The current through a generator winding.

phase voltage (Vo) The voltage across a generator winding.
phasor A representation of a sine wave in terms of its magnitude
(amplitude) and direction (phase angle).

photoconductive cell A type of variable resistor that is light-
sensitive.

photovoltaic effect The process whereby light energy is con-
verted directly into electrical energy.

pIezoelectric effect The property of a crystal whereby a changing
mechanical stress produces a voltage across the crystal.

polar form One form of a complex number made up of a magni-
tude and an angle.

potentiometer A three-terminal variable resistor.

power The rate of energy usage.

power factor The relationship between volt-amperes and true
power or watts. Volt-amperes multiplied by the power factor
equals true power.

power of ten A numerical representation consisting of a base of
10 and an exponent; the number 10 raised to a power.

power rating The maximum amount of power that a resistor can
dissipate without being damaged by excessive heat buildup.

power supply A device that provides power to a load.

primary winding The input winding of a transformer; also called
primary.

proton A positively charged atomic particle.

pulse A type of waveform that consists of two equal and opposite
steps in voltage or current separated by a time interval.

pulse repetition frequency The fundamental frequency of a
repetitive pulse waveform; the rate at which the pulses repeat
expressed in either hertz or pulses per second.

pulse width (tw) For a nonideal pulse, the time between the 50%
points of the leading and trailing edges; the time interval between
the opposite steps of an ideal pulse.

quality factor (Q) The ratio of true power to reactive power in
a resonant circuit or the ratio of inductive reactance to winding
resistance in an inductor.

radian A unit of angular measurement. There are 27T radians in
one complete 360° revolution. One radian equals 57.3°.

ramp A type of waveform characterized by a linear increase or
decrease in voltage or current.

RC time constant A fixed time interval set by the values of Rand
C that determines the time response of a series RC circuit. It
equals the product of the resistance and the capacitance.
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reactive power The rate at which energy is alternately stored and
returned to the source by a capacitor or inductor. The unit is the VAR.

real number A number that exists on the horizontal axis of the
complex plane.

rectangular form One form of a complex number made up of a
real part and an imaginary part.

rectifier An electronic circuit that converts ac into pulsating de;
one part of a power supply.

reference ground A method of grounding whereby a large con-
ducive area on a printed circuit board or the metal chassis that
houses the assembly is used as the common or reference point.

reflected load The load as it appears to the source in the primary
of a transformer.

reflected resistance The resistance in the secondary circuit re-
flected into the primary circuit.

relay An electromagnetically controlled mechanical device in
which electrical contacts are opened or closed by a magnetizing
current.

reluctance The opposition to the establishment of a magnetic
field in a material.

resistance Opposition to current. The unit is the ohm cn).
resistor An electrical component specifically designed to have a
certain amount of resistance.

resolution The smallest increment of a quantity that a DMM can
measure.

resonance A condition in a series RLC circuit in which the ca-
pacitive and inductive reactances are equal in magnitude; thus,
they cancel each other and result in a purely resistive impedance.

resonant frequency The frequency at which resonance occurs;
also known as center frequency.

retentivity The ability of a material, once magnetized, to main-
tain a magnetized state without the presence of a magnetizing
force.

rheostat A two-terminal variable resistor.

ripple voltage The variation in the de voltage on the output of a
filtered rectifier caused by the slight charging and discharging ac-
tion of the filter capacitor.

rise time (tr) The time interval required for a pulse to change
from 10% to 90% of its amplitude.

rising edge The positive-going transition of a pulse.

RL time constant A fixed time interval set by the values of Rand
L that determines the time response of a circuit and is equal to LfR.

roll-off The rate of decrease of a filter's frequency response.

rms value The value of a sinusoidal voltage that indicates its
heating effect, also known as the effective value. It is equal to
0.707 times the peak value. rms stands for root mean square.

rotor The rotating assembly in a generator or motor.

sawtooth waveform A type of electrical waveform composed of
ramps; a special case of a triangular waveform in which one ramp
is much shorter than the other.

schematic A symbolized diagram of an electrical or electronic
circuit.

scientific notation A system for representing any number as a
number between 1 and 10 times an appropriate power of ten.

secondary winding The output winding of a transformer; also
called secondary.

Seebeck effect The generation of a voltage at the junction of two
different materials that have a temperature difference between
them.

selectivity A measure of how effectively a resonant circuit passes
certain desired frequencies and rejects all others. Generally, the
narrower the bandwidth, the greater the selectivity.

semiconductor A material that has a conductance value between
that of a conductor and an insulator. Silicon and germanium are
examples.

series In an electric circuit, a relationship of components in
which the components are connected such that they provide a sin-
gle current path between two points.

series resonance A condition in a series RLC circuit in which the
reactances ideally cancel and the impedance is minimum.

shell The orbit in which an electron revolves.

short A circuit condition in which there is a zero or abnormally
low resistance path between two points; usually an inadvertent
condition.

SI Standardized international system of units used for all engi-
neering and scientific work; abbreviation for French Le Systeme
International d'Unites.

siemens (S) The unit of conductance.

simultaneous equations A set of n equations containing n un-
knowns, where n is a number with a value of 2 or more.

sine wave A type of waveform that follows a cyclic sinusoidal
pattern defined by the formula y = A sin e.
solenoid An electromagnetically controlled device in which the
mechanical movement of a shaft or plunger is activated by a mag-
netizing current.

solenoid valve An electrically controlled valve for control of air,
water, steam, oils, refrigerants, and other fluids.

source A device that produces electrical energy.

speaker An electromagnetic device that converts electrical
signals to sound waves.

squirrel-cage A type of ac induction motor.

stator The stationary outer part of a generator or motor.

steady state The equilibrium condition of a circuit that occurs
after an initial transient time.

step-down transformer A transformer in which the secondary
voltage is less than the primary voltage.

step-up transformer A transformer in which the secondary volt-
age is greater than the primary voltage.

superposition theorem A method for the analysis of circuits
with more than one source.

switch An electrical device for opening and closing a current
path.

tank circuit A parallel resonant circuit.

tapered Nonlinear, such as a tapered potentiometer.



temperature coefficient A constant specifying the amount of
change in the value of a quantity for a given change in tempera-
ture.

terminal equivalency The concept that when any given load re-
sistance is connected to two sources, the same load voltage and
load current are produced by both sources.

tesla (T) The SI unit of flux density.

thermistor A type of variable resistor that is temperature-sensitive.

thermocouple A thermoelectric type of voltage source com-
monly used to sense temperature.

Thevenin's theorem A method for simplifying a two-terminal
linear circuit to an equivalent circuit with only a voltage source in
series with a resistance or impedance.

time constant A fixed-time interval, set by Rand C, or Rand L
values, that determines the time response of a circuit.

tolerance The limits of variation in the value of a component.

trailing edge The second step of transition of a pulse.

transformer An electrical device constructed of two or more
coils (windings) that are electromagnetically coupled to each other
to provide a transfer of power from one coil to another.

transient time An interval equal to approximately five time
constants.

triangular waveform A type of electrical waveform that consists
of two ramps.

trigger The activating signal for some electronic devices or in-
struments.

trimmer A small variable capacitor.

troubleshooting A systematic process of isolating, identifying,
and correcting a fault in a circuit or system.

true power The power that is dissipated in a circuit, usually in
the form of heat.

turns ratio (n) The ratio of turns in the secondary winding to
turns in the primary winding.
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unbalanced bridge A bridge circuit that is in the unbalanced
state as indicated by a voltage across the bridge that is propor-
tional to the amount of deviation from the balanced state.

valance Related to the outer shell or orbit of an atom.

valence electron An electron that is present in the outermost
shell of an atom.

VAR (volt-ampere reactive) The unit of reactive power.

varactor A semiconductor device that exhibits a capacitance char-
acteristic that is varied by changing the voltage across its terminals.

volt The unit of voltage or electromotive force.

voltage The amount of energy per charge available to move elec-
trons from one point to another in an electric circuit.

voltage divider A circuit consisting of series resistors across
which one or more output voltages are taken.

voltage drop The decrease in voltage across a resistor due to a
loss of energy.

voltage source A device that provides a constant voltage for a
varying load.

voltmeter An instrument used to measure voltage.

Watt (W) The unit of power. One watt is the power when 1 J of
energy is used in 1 s.

Watt's law A law that states the relationships of power to current,
voltage, and resistance.

waveform The pattern of variations of a voltage or current show-
ing how the quantity changes with time.

weber The SI unit of magnetic flux, which represents 108 lines.

Wheatstone bridge A 4-legged type of bridge circuit with which
an unknown resistance can be accurately measured using the bal-
anced state of the bridge. Deviations in resistance can be mea-
sured using the unbalanced state.

winding The loops or turns of wire in an inductor.

wiper The sliding contact in a potentiometer.



Absolute permittivity, 473
Absolute value, 727
AC coupling, 504, 571, 651
Accuracy, 53
Admittance, 628, 661, 692, 741
Alarm system, 398
Alternating current, 406-453
Alternation, 407
Alternator, 413
Ammeter, 49, 62, 200
Ampere, 24, 62
Ampere-hour, 108, 110
Ampere-turn, 378, 400
Amplifier, 305, 309, 360, 511, 571, 658
Amplifier, tuned, 761
Amplitude, 414, 453
Amplitude modulation (AM), 450
Analog mnltimeter, 53, 104, 200, 246
Analog oscilloscope, 444
Angle, 419, 427, 602
Angular measurement, 419-423
Angnlar velocity, 430, 453
Antenna, 577, 762
APM (Analysis, Planning, and

Measurement) method, 84, 655, 711
Apparent power, 581, 591, 643, 644,

661,702
Arbitrary waveform generator, 414
Atom, 17,62
Atomic number, 18
Attenuation, 647, 781,801
Audio, 384
Automotive application, 200, 394
Autoranging, 52
Autotransformer, 585
Average value, 417, 438, 453
AWG (American Wire Gauge), 45, 62
Axis
imaginary, 602
real, 602

Balanced bridge, 253, 264
Balanced load, 891, 908
Bandwidth, 650, 651, 661, 757-761, 790
Bar graph, 50
Baseline, 436, 438
Battery, 27, 108

Bias voltage, 143,505,651
Bipolar voltage divider, 244
Bleeder current, 242, 264
Bode plot, 782, 801
Body resistance, 56
Bohr model, 17
Branch, 173,212,235,344,362,810
Branch current method, 344-346
Breakdown voltage, 471
Bridge circuit, 253-257, 300, 316
Bridged-T, 351, 358
Brushes, 396
Bypass capacitor, 505

Calculator, 9,185,341,410,419,
424,490

Capacitance, 468, 480, 485
Capacitive reactance, 498-500, 513, 610,

727, 729, 737
Capacitive susceptance, 627,

661,741
Capacitor, 466-513
aluminum, 477
blocking, 487, 504
bypass, 505
ceramic, 475
coupling, 504
electrolytic, 477
fixed, 474
mica, 474
plastic-film, 476
polarized, 477
tantalum, 477
trimmer, 478
variable, 477

Capacitor charging, 486, 489, 843
Capacitor discharging, 487, 489, 843
Capacitor labeling, 479
Carbon composition resistor, 33
Cathode ray tube (CRT), 443
Cell, 27
Center tap, 582, 591
CGS,374
Characteristic determinant, 337
Charge, 21-22, 24, 63, 106,467,507
Chlorine atom, 22
Choke, 551

Circuit, 40-49, 63
capacitive, 480-510
closed, 42, 63, 134
equivalent, 286, 296, 306, 816, 822,
828, 834

inductive, 533, 534, 677-716, 737
open, 42, 63, 151, 156,204,587,653,
710, 873, 875

parallel, 172-212,484-486,626-634,
691-697, 740-748

RC, 488, 600-662, 780, 786, 843,
849,854

resonant, 729, 733-739, 745-748, 768,
769, 792, 793, 796, 797

RL, 536, 540, 677-716, 783, 788,
861, 866

RLC,726-769
series, 117-156,610-625,678-690,
727-739

series-parallel, 226-265, 635-641,
698-701,749-756

short, 152-154, 156,208,307,587,
654,828

tuned, 552, 761
Circuit breaker, 44
Circular mil, 45
Closed circuit, 42, 63, 134
Coefficient, 335
Coefficient of coupling, 564
Coercive force, 389
Coil, 526, 564
Color code, resistor, 34-37
Common, 47, 146
Commutator, 395
Complex conjugate, 829, 834
Complex number, 601-610
polar form, 605, 662
rectangular form, 605, 662

Complex plane, 602, 661
Computer memory, 506
Conductance, 25, 63, 184,627,692,741
Conductor, 20, 63
Contact resistance, 209
Conventional current direction, 41
Coordinate, 603
Copper, 19,890
Core loss, 579



Core, magnetic, 528, 566
Coulomb, 21, 23, 63, 468
Coulomb's law, 470, 513
Coupling, 447, 504, 651
Crankshaft position sensor, 394
Current, 23-24, 25, 29-31, 41, 50, 63, 73,

74,76,77-80,118,120-122,173,
178-182,192,234,242,289,307,
344,347,375,415,487,507,530,
536,543,616,631,683,695,735,
743,747,810

Current direction, 41
Current divider, 193-197,212
CUITent source, 29-31, 63, 192,283-285,

287,306,309,825
Current tracer, 208
Cycle, 407, 453

d' Arsonval movement, 385
DC blocking, 504
DC component, 870, 878
DC generator, 29, 395-397
Decade, 782, 801
Decibel, 779
Decoupling, 505
Degree, 419, 453
,1-connected generator, 896
,1-,1 system, 904
,1-Y conversion, 313
,1-Y system, 902
Derivative, 497
Derived unit, 2
Determinant, 337-344, 362
Dielectric, 467, 487, 500, 513
Dielectric constant, 472
Dielectric strength, 471
Differentiator, 854-861, 866-870, 871, 878
Digital oscilloscope, 445
Digital-to-analog conversion, 250
DMM (digital multimeter), 51, 63,

104,246
DPDT (double-pole-double-throw)

switch,43
DPST (double-pole-single-throw)

switch, 43
Duty cycle, 438, 453

Earth ground, 47
Eddy current, 579
Effective value, 417
Efficiency, 108, 110,581
Electrical charge, 21-22, 24, 63, 106,

467,507
Electrical units, 3
Electrical safety, 55-57
Electrical shock, 55, 63
Electric circuit, 40-49
Electric field, 21, 500
Electrode, 27
Electrolyte, 27

Electromagnet, 380
Electromagnetic field, 375, 400, 526,

530,564
Electromagnetic induction, 29, 390-394,

400,527
Electromagnetism, 375-380,400
Electromotive force, 26
Electron, 17, 19,21,63
Electron charge, 21
Electron flow direction, 41
Element, 17
Energy, 18,23,98-99, 106, 111,470,500,

527,579
Energy level, 18, 19
Engineering notation, 7-9, 12
Equivalent circuit, 286, 296, 306, 816,

822,828,834
Expansion method for determinants, 339
Exponent, 4, 12
Exponential curve, 489, 492, 493, 536,

537,539,853

Fall time, 437, 453,872
Farad, 468, 513
Faraday's law, 393, 400, 530, 579
Ferromagnetic, 374, 528
Field winding, 888, 908
Filter, 503, 504, 648-651, 661, 705,

778-801
band-pass, 790-794,801
band-stop, 795-798, 801
high-pass, 649, 706, 786-790,
801, 871

low-pass, 648, 705, 779-785, 801, 871
power-supply, 503, 504
resonant, 792, 793, 796, 797
signal, 505

Flux, magnetic, 371
Flux density, 372
Free electron, 19,24,63
Frequency, 410-411,413, 453, 498, 547,

617,650,684,735,746,849,
870-872

break,779
center, 757, 801
critical, 757, 779, 786,801
cutoff, 650, 661, 757, 779
fundamental, 441, 453
half-power, 759, 768
-3 dB, 757, 779
resonant, 735, 745, 746,
768, 792

Frequency response, 649, 661,
706-708, 870

Full-scale deflection current, 201
Full-wave rectifier, 503
Function generator, 295, 414, 453
Fundamental frequency, 441, 453
Fundamental unit, 2
Fuse, 44
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Galvanometer, 254
Gauss, 374
Germanium, 20
Generator, 29, 391
AC,412-414,419, 888, 889-898
DC, 29, 395-397

Giga (G), 8
Graph, 75, 76, 492
exponential, 489, 492, 493, 536, 537, 539
logarithmic, 490, 779, 781, 782

Ground,47-49,63, 146, 147
Ground loop, 550

Half-power frequency, 759, 768
Half-splitting, 86, 152
Half-wave rectifier, 503
Harmonics, 441, 453
Helium atom, 18
Henry (H), 527, 555
Hertz (Hz), 410, 453
Horsepower, 98
Hydrogen atom, 22
Hypotenuse, 427
Hysteresis, 388-390, 400
Hysteresis loss, 579

Imaginary axis, 602
Imaginary number, 603, 662
Impedance, 576, 611-613, 626-629, 638,

662,679,684,691-694,727,737,
746,819,827

Impedance matching, 576-578, 591
Impedance triangle, 612, 633, 679
Induced current, 391,400
Induced voltage, 390-391, 400, 527,

530,555
Inductance, 527, 555
Induction, electromagnetic, 29, 390-394,

400,527
Inductive reactance, 546-547, 555, 678,

716,729
Inductive susceptance, 692, 716, 741
Inductor, 525-555
parallel, 534
series, 533

Instantaneous power, 501, 513, 549
Instantaneous value, 415, 426,

453,497
Insulator, 20, 63
Integrator, 843-854, 861-866,

871,878
Internal resistance of a voltmeter, 246
Inverse tangent, 612
Ion, 19,22
Ionization, 19
Isolation, electrical, 564, 571

j operator, 602, 604
Joule, 23, 98, 111
Junction, 178,212
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Kilo (k), 8
Kilohm (kQ), 77,81
Kilovolt (kV), 79
Kilowatt (kW), 98
Kilowatt-hour (kWh), 99, 111
Kirchhoff''s current law, 178-182,212,

235,356,432,484
Kirchhoff''s voltage law, 133-137, 156,

236,347,480,616

Ladder network, 247-252
Lag,421, 620, 687
Laser, 386
LeD (liquid-crystal display), 52
LCR meter, 479
Lead, 422, 610, 623,685
Lead-acid cell, 27
Leakage, 471, 580, 654, 874
LED (light-emitting diode), 52
Lenz's law, 393, 400, 530
Light meter, 309
Linear, 38, 74, 89
Line current, 894, 908
Lines of force, 21, 371, 375, 400,

470,564
Line voltage, 894, 908
Line spectrum, 18
Load, 41, 63, 107,240,282,284,311,

572,576,704,755,899
Load cell, 257
Loading effect of a voltmeter, 245-247
Logarithmic, 779
Loop, 344,362,413
Loop current method, 347-353

Magnetic coupling, 566, 591
Magnetic disk, 385
Magnetic domain, 374
Magnetic field, 29, 371-375, 388, 400,

412,530,888,889
Magnetic field intensity, 388
Magnetic flux, 371, 400, 579
Magnetic flux density, 372
Magnetic hysteresis, 388-390
Magnetic pole, 371
Magnetic switch, 374
Magnetic units, 3
Magnetizing force, 388
Magnetomotive force (mmf), 378, 400
Magneto-optical disk, 386
Magnitude, 416, 622, 624, 687, 689
Matrix, 337, 362
Maximum power transfer theorem,

310-313, 320, 829-832
Measurement, 2, 49-55, 86, 146,205,206,

255,303,479,638,639,906
Mega (M), 8
Megawatt (MW), 98
Megohm (MQ), 81
Mesh current method, 347

Meter movement, 201, 385
Metric prefix, 8, 12,77,81,83
Metric unit conversions, 10-11
Mho, 25
Micro (u), 8
Microampere (/lA), 10, 78, 83
Microfarad (flF), 11
Microvolt (uV), 10
Microwatt (/lW), 98
Mil,45
Milli (m), 8
Milliamperes (mA), 9, 78, 81
Millivolt (mV), 10
Milliwatt (mW), 98
Motor, 392, 889
Motor action, 392
Multimeter, 49, 53
Multiple-source circuit, 289
Multiple-winding transformer, 584
Mutual inductance, 564-565, 591

Nano (n), 8
Nanoampere (nA), 10
Natural logarithm, 494
Negative charge, 17,22
Negative number, 601
Neutral atom, 18, 19
Neutron, 17
Node, 178,212,344,362
Node voltage method, 353-359
Noise
conductive, 550
radiated, 551

Noise suppression, 550
Nonsinusoidal waveforms, 436-442
Norton's theorem, 306-310, 320,

825-828,834
Nucleus, 17

Ohm, 25, 63
Ohmmeter, 49, 63, 104
Ohm's law, 72-89, 126-130, 188-192,

253,379,432,499,508,547,614,
629,682

Ohm's law for magnetic circuits, 379
Open circuit, 42, 63,151,156,204,587,

653,710,873,875
Open circuit voltage, 281, 296, 816
Operational amplifier, 360
Orbit, 18
Oscillator, 414, 453,648
Oscilloscope, 443-449, 453, 639

Parallel circuits
capacitive, 484-486
inductive, 534
RC, 626-634
resistive, 172-212
resonant, 743, 745-748, 758,
792, 793

RL,691-697
RLC, 726-769

Parallel notation, 187
Parallel resonance, 745-748, 768, 793, 797
Parallel-to-series conversion, 632
Passband, 779, 801
Peak-to-peak value, 416, 453
Peak value, 416, 453
Period, 408-409, 410, 453
Periodic, 406, 437, 453, 849
Periodic table, 18
Permeability, 377, 400, 528
Phase, 421, 453, 497, 545, 610, 616,620,

631,639,646,683,684,685,688,
695, 738, 747, 785, 789

Phase current, 894, 908
Phase dot, 568
Phase shift, 424, 610,646, 785, 789
Phase voltage, 894, 908
Phasor,425-430, 453, 605
Photoconductive cell, 39, 309
Photovoltaic effect, 28
Pi(n),419
Pico (p), 8
Picofarad (pF), 11
Picowatt (pW), 98
Piezoelectric sensor, 29
Plate, capacitor, 467, 472
Polar form, 605, 662
Polarity, 21, 391, 407, 477
Pole, magnetic, 371
Pole, switch, 42
Positive charge, 22
Positive number, 601
Potential difference, 23
Potentiorneter, 38, 63, 141
Power, 98,100-102, Ill, 144-146,

197-199,432,500,548,573,
642-646,702-705,889,905,906

apparent, 581, 591, 643, 644, 661, 702
instantaneous, 501, 513, 549
reactive, 501, 513, 549, 642, 702
true, 501,513, 549, 642, 702

Power dissipation, 102
Power factor, 643, 662, 703, 704
Power loss, 108
Power rating, 102-105,581
Powers of ten, 4, 12
Power supply, 29, 107-109, 111,208,503,

589, 708
Power triangle, 642, 702
Power transfer, 310-313
Primary, 566, 587, 591
Probe, oscilloscope, 448
Product-aver-sum, 185
Proton, 17
Pulse, 436, 453, 844, 855, 859, 862, 867,

870-873
Pulse repetition frequency, 437
Pulse width, 436, 437, 453,845



Pulser,208
Push-button switch, 43
Pythagorean theorem, 606

Quadrant, 602
Quality factor (Q), 549, 555, 747, 756,

759, 792
Quantum number, 19

Radian, 419, 453
Radian/degree conversion, 420
Radio receiver, 142,450,762,765
Ramp, 439, 453
Range switch, 104, 202
RC circuit, 488, 600-662,780, 786, 843,

849, 854
Reactance
capacitive, 498-500, 513, 610, 734
inductive, 546-547,555, 734

Reactive power, 501, 513, 549
Read/write head, 385
Real axis, 602
Real number, 602, 662
Rectangular form, 605, 662
Rectifier, 503
Reference ground, 47, 146, 156
Reflected load, 574-575
Reflected resistance, 574, 591
Relative permeability, 377
Relative permittivity, 473
Relay, 382-383, 400
Reliability band, 36
Reluctance, 377, 400
Residential application, 200
Resistance, 25, 46,51,63,75,76,82-84,

122-126,182,209,233,281,283,
296,308,529

Resistivity, 47
Resistor, 32-40, 63
carbon-composition, 33
chip, 33
emulated, 508
film, 33, 103
fixed, 32
power, 103
variable, 38-40
wire-wound, 33

Resistor color code, 34-37
Resistor failure, 36, 104
Resistor label code, 37
Resistor network, 33
Resistor power rating, 32, 102-105
Resistor reliability, 36
Resistor tolerance, 33
Resolution, 52
Resonance
parallel, 745-748, 768, 793, 797
series, 729, 733-739, 769, 792, 796

Resonant circuit Q, 747, 756, 759
Response curve, 781, 787

Retentivity, 389, 400
RF choke, 551
Rheostat, 38, 63, 304
Right-hand rule, 376
Right triangle, 427
Ripple voltage, 504, 513
Rise time, 437, 453,872
RL circuit, 536, 540, 677-716, 783, 788,

861,866
RLC circuit, 726-769
RMS value, 417, 453
Roll-off, 781,801
Root mean square, 417, 453
Rotary switch, 43
Rotor, 888, 908
R/2R ladder, 250

Safety, 55-57
Sawtooth waveform, 439, 441
Schematic, 42
Schroedinger, 19
Scientific notation, 4-7, 12
Secondary, 566, 587, 591
Second-order equation, 335
Seebeck effect, 29
Selectivity, 759, 768
Self-inductance, 527
Semiconductor, 20, 63
Sensitivity factor, 246
Series circuits
capacitive, 480-484
inductive, 533
RC, 610-625
resistive, 117-156
resonant, 733-739, 792, 796
RL,678-690
RLC,727-39

Series-parallel circuits, 226-265, 635-641,
698-701,749-756

Series-parallel to parallel conversion, 752
Series resonance, 729, 733-739, 769,

792, 796
Shell, 18
Shock, 55
Short circuit, 152-153, 156,208,307,654,

587,711,875
Short-circuit current, 307
Shunt resistor, 201, 209
Siemens (S), 25, 63, 628
Signal generator, 414
Silicon, 20
Silver, 20
Simultaneous equations, 335-344, 362
Sine wave, 407-411, 453, 497
Single phase, 890
SI units, 2, 12,372
Sinusoidal response, 610-613, 678-679
Sinusoidal waveform, 407-411
Slip ring, 412
Solar cell, 28
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Solenoid, 381, 400
Solenoid valve, 381
Source, 26, 192,311,412-415, 810,899
Source conversion, 285-288
SPDT (single-pole-double-throw) switch, 42
Speaker, 383, 400
SPST (single-pole-single-throw) switch, 42
Square wave, 438, 495, 849
Squirrel-cage, 889
Stator, 889, 908
Steady-state, 851, 878
Step, 436
Strain gauge, 256
Static electricity, 21
Superheterodyne, 763
Superimposed voltages, 434
Superposition theorem, 288-295, 320,

810-815,834
Surface-mount technology, 33
Susceptance, 627, 692, 741
Sweep voltage, 441
Switch, 42, 509
Switched capacitors, 507-510
Switching regulator, 708-709

Tank circuit, 746, 755, 769, 793, 797
Tap, 582
Tape read/write head, 385
Taper, 39
Television, 577, 763
Temperature coefficient, 39, 471
Temperature controller, 262
Temperature measurement, 255
Tera (T), 8
Terminal equivalency, 286, 297, 320
Tesla (T), 372, 400
Thermistor, 39, 255, 263, 319
Thermocouple, 29
Thevenin's theorem, 295-306, 320, 495,

815-825, 834
Three-phase systems, 887-908
Three-wattmeter method, 906
Throw, 42
Time constant, 488, 493, 536-538, 555,

844,845,849,851,878
Time response, 842-878
Timing circuit, 506, 876
Toggle switch, 44
Tolerance, 33
Transducer, 255
Transformer, 563-591
air-core, 566
auto, 585
double-tuned, 762
ferrite-core, 566
iron-core, 567
multiple-winding, 584
step-down, 570
step-up, 569
tapped,582
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Transformer efficiency, 581
Transformer power rating, 581
Transient time, 489, 845, 878
Transistor, 305
Triangular waveform, 439, 440
Trigger, 446
Troubleshooting, 84-87, 89, 150-154,

204-208,258-261,587-588,
653-658, 709-713, 873-876

True power, 501, 513
Tuned circuit, 552, 761
Turns ratio, 568, 591
Two-wattmeter method, 907

Unbalanced bridge, 255, 265
Units, electrical, 3
Units, magnetic, 3
Units, SI, 3
Universal exponential curve, 492

Valence electron, 19,22
Valence shell, 19
Varactor,479
Variac,585

Vector, 426
Volt, 23, 63
Voltage, 23, 50, 63, 73, 74, 80-82, 176-178,

353,390,414,415,483,540,616,
622,624,631,683,695,735,844

Voltage amplitude, 414, 453
Voltage divider, 137-143, 156,240-244,

483
Voltage drop, 106-107, Ill, 139,

151,236
Voltage rating, 471
Voltage source, 26-29, 63,130-133,

281-283,285,287,296,412-415
Volt-ampere (VA), 581
Volt-ampere reactive (VAR), 501, 513
Voltmeter, 49, 63
Volume control, 142

Watt, 98, 111,644
Watt-hour, 99
Wattmeter, 644, 906
Watt's law, 101
Waveform, 453
Wave mechanics model, 19

Weber (Wb), 372,400
Wheatstone bridge, 253-257, 265, 300,

319,349,355
Winding, 526, 555, 566
Winding capacitance, 529, 580
Winding resistance, 529, 579, 747
Wiper, 38,141
Wire, 45-46
Working voltage, 471

Xc (capacitive reactance), 498-500, 513,
610

XL (inductive reactance), 546-547, 555,
678, 716

Y(admittance), 628, 661, 692, 741
Y-connected generator, 893
Y-Il conversion, 314
Y-Il system, 901
Y-Y system, 899

Z (impedance), 576, 611-613, 626-629,
638,662,679,684,691-694,727,
737,746,819,827
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