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Preface

Our intention in writing is to provide students with a textbook for inter
mediate algebra that is accessible to them in a variety of ways. As the following
list of text features indicates, we have made every effort to produce -
pedagogically sound book filled with an enthusiasm for understanding alge
braic concepts and their application to our everyday lives. .
TOPIC TREATMENT ~ Chapter 1 treats only topics that should be familiar tc
most students from their beginning algebra course. Chapter 1 can b
skimmed, assigned as outside reading, or omitted, depending on the back
ground of the students in the class. Interval notation is introduced in Sectior
2.5 for use in graphing linear inequalities in Section 2.6. There is considerable
emphasis on graphing linear and quadratic functions and relations (see Chap
ters 7 and 8). Chapter 10 provides separate sections for finding logarithm anc
antilog values using tables (Section 10.4) and using calculators (Section 10.5)
Either section may be omitted or both may be covered, as the instructo
prefers. The last three chapters are completely independent and may b
taught in any order. Any of these may be omitted for a short course.

CHAPTER FLOWCHARTS  Each chapter opens with a diagram that shows th:
various possibilities for ordering the coverage of sections within the chapter

APPLICATIONS A large number of simple applications designed to be ac
cessible to most students is included in every chapter. More substantial appli
cations are available to challenge the better students. A step-by-step proce
dure for solving word problems is first introduced in Chapter 2. Thereafte
every chapter provides word problems to further develop the problem
solving skills learned in Chapter 2.

EXAMPLES  More than 500 completely worked-out examples are provide:
to illustrate concepts and demonstrate successful problem-solving techniques

EXERCISES  More than 4300 exercises and 450 word problems keyed t
examples are provided. These exercises are divided into A and B grouping:
the A exercises are routine problems emphasizing fundamental skills and th
B exercises contain both theoretical problems and problems requiring mor
difficult mechanics.

STANDARD ASSIGNMENT A list of exercises designated as a standard a:
signment appears in the beginning of each exercise set. The exercises in th
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list are always from the A group and the answers to these exercises appear in
the answer section of the text. The standard assignment can be used by
graduate students or new instructors as trial assignments until the needs of
their particular classes can be determined. They also serve as a guide for
students who miss class or are unable to get the assignment given by their
instructor.

CALCULATOR EXERCISES — Exercises intended for calculator solutions are
included throughout the book. They are optional exercises and are identified
by the symbol # .

WARNINGS A warning symbol clearly marks the many Warnings in-
tended to call attention to errors and misconceptions common among stu-
dents.

CHAPTER SUMMARY  Key words and phrases are identified and keyed to
the section in which they are defined. Key concepts and rules are summarized
to provide an overview of the chapter.

REVIEW EXERCISES  Numerous exercises, keyed to the appropriate section
of the text, provide additional practice on all topics covered in the chapter.

PRACTICE TESTS  Sample exams, comparable in length to that of actual
classroom tests, are provided at the end of each chapter.

EXTENDED APPLICATIONS  Each chapter ends with an application that uses
topics covered in the chapter. Interested students can be assigned these appli-
cations for presentation in class and/or to work the accompanying exercises
for extra credit.

SECOND COLOR A second color is used to indicate key steps in the exam-
ples and for the explanatory side comments accompanying the examples. Key
formulas, definitions, and procedures are also highlighted using color. A
vertical colored bar runs along each example, making the example stand
apart from the rest of the text’s material.

SUPPLEMENTS  An Instructor’s Guide with Tests contains five chapter tests for
each chapter. Two of the tests for each chapter are in multiple choice format.
A Solutions to Even-Numbered Exercises, featuring complete solutions to all even-
numbered exercises, is available. A Student Study Guide, containing problems
in a semiprogrammed format, with solutions, provides additional guidance
for students requiring extra help. A Student Solutions Guide contains solutions
to all the odd-numbered exercises in the text. Students can use this as an
additional source of examples.

We are grateful to the people who reviewed all or part of the manuscript
for their many insightful suggestions: Ann Anderson, Broward Community
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College; Arthur Dull, Diablo Valley College; Barbara Juister, Elgin Commu-
nity College; Theodore Laetsch, University of Arizona; Pamela E. Matthews,
Chemeketa Community College; Mary McCammon, Pennsylvania State Uni-
versity; Raymond McGivney, University of Hartford: Bruce Partner, Ball
State University; Mark l’lulllp.s, Cypress College: B. Louise Whisler, San Ber-
nardino Valley College.

The authors wish to thank the fine staff at D. C. Heath for their assistance
and cooperation in preparing the text. Particular thanks are due to Mary Lu
Walsh, editor; Peggy J. Flanagan, production editor; Mary LeQuesne, devel-
opment editor; and Libby Van de Kerkhove, designer.

Special thanks are owed to Carolyn Russell for typing the entire manu-
script, and to Helen Medley for her assistance in preparing the supplements.

Marcus McWaters
You-Feng Lin



To the Student

This is your book. Its purpose is to help you learn algebra. To use the book t
your best advantage, read with pencil in hand and keep a good supply o
paper handy. Every new concept or technique is illustrated by completel
worked-out examples. As you work through the examples, pay attention tc
the comments printed in color on the right-hand side of the examples. Reac
ahead and be prepared to ask your instructor any questions you may have tha
are not cleared up after hearing the class lecture.

Always work the homework problems assigned by your instructor. Worl
alone in order to develop confidence in your ability to understand the topic:
covered in class. If you have trouble working an exercise, refer to the exam
ples cited in the instructions for that exercise. Review these examples and tr
again. If you are still unsuccessful, see your instructor for help. If you mis:
class and cannot find out what your homework assignment is, work the Stan
dard Assignment given for the section or sections you miss.

The Warnings, which appear throughout the book, will point out com
mon errors that students make. Be aware of these common mistakes anc
make note of the proper technique given in the Warnings.

The review material at the end of each chapter is an important part of the
book. Read the Key Words and Phrases in the Chapter Summary and be sure
you know what they mean. If you are not clear on the meaning of any listec
word or phrase, refer to the section in which that word or phrase is definec
(the numbers in brackets give the section number). Review the Key Concept.
and Rules and then work through the Review Exercises. These exercises art
keyed to an appropriate section so that you may refer to this section it you
have any difficulty solving a problem.

Once you have finished the Review Exercises you are ready to take the
Practice Test. The answers to these tests are in the answer section at the bacl
of the text. This exam should tip you off to any existing weakness in you:
skills. Review once again the sections you are having dithiculty with. You
should now be ready for your class test. Good luck!

Marcus McWater:
You-Feng Lin



INTERMEDIATE
ALGEBRA



Contents

The Real Numbers

1.1 Sets 2

1.2 Equality and Order 7

1.3 Properties of Real Numbers 11
1.4 Addition and Subtraction 19
1.5 Multiplication and Division 26
Chapter 1 Summary 33

Review Exercises 35

Practice Test 37

Extended Applications 38

First-Degree Equations and Inequalities

2.1 Linear Equations in One Variable 41
2.2 Formulas 48

2.3 Applications 53

2.4 Equations Involving Absolute Value 64
2.5 Intervals 69

2.6 Solving Linear Inequalities 72

2.7 Compound Sentences of Inequality 79
2.8 Inequalities Involving Absolute Value 85
Chapter 2 Summary 89

Review Exercises 90

Practice Test 94

Extended Applications 95

Exponents and Polynomials

3.1 Integral Exponents 98
3.2 Rules for (xy)", (%) ,and x")" 105



Xiv

Contents

3.3  Scentific Notation 109

3.4 Polynomials 114

3.5 Product of Polynomials 122

3.6 Common Factors; Grouping 128
3.7 Factoring Techniques 132

3.8 Diagnosing a Factoring Problem 140

Chapter 3 Summary 144
Review Exercises 145
Practice Test 147
Extended Applications 148

4  Algebraic Fractions

4.1 From Rational Numbers to Rational
Expressions 150

4.2 Sums and Differences 156

4.3 Products and Quotients 164

4.4 Improper Fractions and the Division
Algorithm 170

4.5 Complex Fractions 176

4.6 Synthetic Division 182

Chapter 4 Summary 188

Review Exercises 189

Practice Test 191

Extended Applications 192

S Exponents, Roots, and Radicals

5.1 Roots and Radicals 196

5.2 Rational Exponents 201

5.3 Operations with Radicals 205
5.4 Rationalizing and Simplifying Radicals
5.5 Radical Equations 214

5.6 Complex Numbers 218

5.7 Operations with Complex Numbers
Chapter 5 Summary 226

Review Exercises 227

Practice Test 229

Extended Applications 230

149

195

210

222



Contents XV

6 Second-Degree Equations and Inequalities 232
6.1 Solution by Factoring 233

6.2 Solution of Equations of the Form x* = b; Completing the
Square 240
6.3 The Quadratic Formula 246

6.4 Equations Involving Radicals 254

6.5 Equations Leading to Quadratic Equations 257

6.6  Applications 261

6.7 Quadratic Inequalities 269

Chapter 6 Summary 276

Review Exercises 277 -
Practice Test 279

Extended Applications 280

7  Linear Equations, Inequalities, Functions 282

7.1 The Cartesian Coordinate System 283

7.2 'T'he Slope of a Line 291

7.3 Equations of a Line 298

7.4 Linear Inequalities and Their Graphs 306
7.5 Functions and Relations 311

7.6  Direct and Inverse Variation 319
Chapter 7 Summary 326

Review Exercises 327

Practice Test 329

Extended Applications 329

8 Functions and Conic Sections 302

8.1 Graphs of Quadratic Functions 333
8.2 Graphing Parabolas 340

8.3 The Distance Formula and Circles 348
8.4 The Ellipse and the Hyperbola 354
8.5 'The Graphs of Quadratic Inequalities 362
8.6 Applications 366

8.7 Inverse Functions 372

Chapter 8 Summary 378

Review Exercises 379

Practice Test 381

Extended Applications 382



XVi Contents

9@ Systems of Equations

9.1 Linear Systems in 'T'wo Variables 385
9.2 Linear Systems in Three Variables 393
9.3 Applications of Linear Systems 398
9.4  Determinants 406

9.5 Cramer’s Rule 410

9.6 Solving Linear Systems by Matrix Methods 415
9.7 Nonlinear Systems of Equations 420
9.8  Systems of Inequalities 426

Chapter 9 Summary 429

Review Exercises 430

Practice Test 432

Extended Applications 433

10 Exponential and Logarithmic Functions

10.1  Exponential Functions 437

10.2  Logarithm Functions 441

10.3  Properties of Logarithms 446

10.4  Computations with Logarithms 452
10.5  Logarithmic Computation Using Calculators 457
10.6  Natural Logarithms 460

10.7  Further Applications 466

Chapter 10 Summary 472

Review Exercises 473

Practice Test 475

Extended Applications 476

11" Sequences, Series, Permutations, and Combinations

11.1  Sequences and Series 479

11.2  Arithmetic Sequences and Series 484
11.3  Geometric Sequences and Series 490
11.4 The Binomial Theorem 497

11.5  Permutations 502

11.6 Combinations 507

Chapter 11 Summary 512

Review Exercises 513

Practice Test 516

Extended Applications

ot
—
~I

384

436

478



Contents Xvii

Appendixes A1

Appendix A Tables Al
Appendix B Linear Interpolation A8

Answers to Selected Exercises A11

Index A62



The Real Numbers

1.1
Sets

12
Equality and
Order

1.3
Properties of
Real Numbers

1.4
Addition and
Subtraction

1.5

Multiplication
and Division



2 Chap. 1 The Real Numbers

1.1 Sets

EXAMPLE 1

I3

The familiar word “set” is used in both of the following sentences: “A com-
plete set of baseball cards is worth a fortune,” and “Mom wants a set of fine
china.” A set is a collection of objects. The objects in a set are called the
elements or members of the set. In the study of algebra we are primarily
interested in sets of numbers. The numbers used in counting, 1, 2, 3, 4, 5,
6, 7, 8, ... are the elements of the set we call the natural numbers.

In order to specify or define a set we either

1. List the elements of the set, or
2. Describe the elements of the set.

When listing the elements of a set, it is customary to enclose the listed ele-
ments in braces, { }. We say that two sets A and B are equal, or A = B, if
they contain exactly the same members.

(a) The set described by the phrase “the first five natural numbers” can
be listed as {1, 2, 3, 4, 5}.

(b) The set described by the phrase “the natural numbers less than 6 and
larger than 3” can be listed as {4, 5}.

To indicate that an object, «a, is an element of the set A we use the symbol
€. Specifically,

a e A means "ais an element of A" so 5 € {3, 5, 7} means "5 is an element of
{3, 5, 7.”
{3, 5, 7%

The set of people in your algebra class who are over eight feet tall is a
peculiar set; it has no members. A set with no members is called the empty,
or null, set and is represented by a special symbol.

& denotes "the empty set”

In algebra we often use a symbol, which is usually a letter, to denote an
unspecified element in a given set. When the given set contains more than
one element, such a symbol is called a variable. A symbol used to represent
a specific element in a set is called a constant. Physicists use the letter ¢ as a
constant to represent the speed of light (¢ = 300,000,000 m/sec).

Variables are helpful in describing sets through set-builder notation. In
this notation,

{x|x is a natural number less than six}

describes the set {1, 2, 3, 4, 5}. The vertical bar following x is read “such
that.” The variable x represents an unspecified natural number.



EXAMPLE 2

1.1 Sets 3

The first and last braces are read together as “the set of all.”™ Thus,
{x]xis a natural number less than six} is read: “T'he set of all x such that x
is a natural number less than six.” Generally, {x [ x has property P} designates
the set of all x such that x has the given property P.

List the elements of {x | twice x is 8 and v 1s a natural number}.
Solution:  Since twice x 1s 8 exactly when x = 4, the desired set is {1}.
If cach element of a set A is also an element of a set B, we say that A is

a subset of B. The symbol C is used to denote the subset relation, so that
A C B is read: “A is a subset of B.”

Ais a subset of Bor A C B means every element of A is an element of B.

For example, {13 C L 2090 L5 sinee 1 and 3 are both in the set {1, 2, 3,
4, 5}. Similarly, tRussia, Germany, Francef C {x | vis a country currently using
the mewric systemj since Russia, Germany, and France all use the metric sys-
tem. The slash, /, together with the symbols C. =, and € is read “not .. .,
and thus

”

A & B indicates that A is not a subset of B,
A # B indicates that A is not equal to B, and
x ¢ A indicates that x 1s not an element of A.

For instance, {1, 3, 6} € {1, 2, 3, 4, 5} since 6 is not a member of {1, 2, 3, 4,
5}, Similarly, {1, 3, 6} # {1, 2, 3, 4, 5}, and 7 ¢ {1, 2. 3. 4, 5}.

Some Important Sets of Numbers

The natural numbers are adequate for representing the profit in dollars that
a successful business earns in a given vear. However. if we want to represent
the loss a business may show in a given year or a “break-even™ year, we need
to introduce zero and negative numbers. "This leads to our first three sets of
numbers: natural numbers, whole numbers, and integers.

The Natural Numbers: N, whose elements are 1, 2, 3, 4, 5, 6, . . . (The three dots,
., may be read as "and so on.”)

The Whole Numbers: W, whose elements are 0, 1, 2, 3, 4, 5, . ..

The Integers: J, whose elements are O, £1, £2, =3, =4, . . . (Here we use =1 to
indicate the two numbers 1 and —1.)

If two people equally split a candy bar, however, none of these numbers
will properly represent the portion of the bar (one-half) that each person
gets. 'This requires us to introduce the rational numbers.



