Third Edition

~ COLLEGE
NALGEBRA

l Max A.Sobel
Norbert Lermner



Third Edition

COLLEGE
ALGEBRA

Max A. Sobel

Montclair State College

Norbert Lerner
State University of New York at Cortland

PRENTICE HALL, Englewood Cliffs, NJ 07632



Library of Congress Cataloging-in-Publication Data

Sobel, Max A.
College Algebra / Max A. Sobel,
Norbert Lerner. — 3rd ed.
. cm.
ISEN 0-13-142118-2
1. Algebra. 1. Lerner, Norbert. II. Title.
QA154.2.562 1991
512.9-dc20 90-35451

CIP

Editorial/production supervision: Rachel J. Witty, Letter Perfect, Inc.
Acquisitions editor: Priscilla McGeehon

Interior design: Meryl Poweski

Cover design: Meryl Poweski

Prepress buyer: Paula Massenaro

Manufacturing buyer: Lori Bulwin

© 1991 by Prentice-Hall, Inc.
A Division of Simon & Schuster
Englewood Cliffs, New Jersey 07632

([

All rights reserved. No part of this book may be
reproduced, in any form or by any means,
without permission in writing from the publisher.

Printed in the United States of America
10 9 8 7 6 5 4

ISBN 0-13-142118-2

Prentice-Hall International (UK) Limited, London
Prentice-Hall of Australia Pty. Limited, Sydney
Prentice-Hall Canada Inc., Toronto

Prentice-Hall Hispanoamericana, S.A., Mexico
Prentice-Hall of India Private Limited, New Delhi
Prentice-Hall of Japan, Inc., Tokyo

Simon & Schuster Asia Pte. Ltd., Singapore

Editora Prentice-Hall do Brasil, Ltda., Rio de Janeiro



COLLEGE
ALGEBRA



Margin Notes

Test Your
Understanding

PREFACE

College Algebra has been written to provide the essential concepts and skills of alge-
bra and the study of functions, that are needed for further study in mathematics.
Since calculus is a subject numerous students study after this course, a special em-
phasis is given to the preparation for the study of calculus. Thus, one of the major
objectives of the book is to help you make a comfortable transition from elementary
mathematics to calculus. (However, the objectives of your particular course may not
require this special pre-calculus emphasis. You will find out from your instructor or
from the course syllabus.)

A major difficulty that students have in future mathematics courses, especially
in calculus, involves the lack of adequate algebraic skills. To help you overcome
such deficiencies, an extensive review of the fundamentals of algebra has been in-
cluded in Chapter 1. You are encouraged to refer to this chapter throughout the
course if you encounter algebraic difficulties.

Of special interest are the numerous features in this book that have been de-
signed to assist you in learning the subject matter of the course. These features are
listed below, with descriptions of their purpose and suggested use.

Throughout the text, notes appear in the margin to enhance the exposition, raise
questions, point out interesting facts, explain why some things are done as they are,
show alternate procedures, give references and reminders, and caution you to avoid
errors.

These are short sets of exercises (in addition to the end-of-section exercises) that are
found within most sections of the text. These encourage you to think carefully and to
test your knowledge of new material just developed, prior to attempting to solve the
exercises at the end of each section. Answers to all of these are given at the end of



each chapter and thus provide an excellent means of self-study. For example, note
the following set of exercises which appears on page 37:

TEST YOUR
UNDERSTANDING
Think Carefully

(Answers: Page 75)

Write each of the following using fractional exponents.

1. N7 2. V10 3. V7
Evaluate.

6. 25'/2 7. 6473 8. ()2
11. 432 12. 4732 13. (&)

4. VP 5. (V5
9, 49°1/2 10. (- %)—1/3
14. (—8)*3 15. (=82

Caution ltems

Where appropriate, these items appear in the margin notes or in the text and alert
you to the typical kinds of errors that you should avoid. Frequently the caution, as
shown on page 60, will show the errors and the corrections side by side.

CAUTION: Learn to Avoid These Mistakes

WRONG RIGHT
g+£=2+x g+£=2-5+3-x_10+3x
3 5 3+5 3505 3.5 15
1 1 1 1 1 b+a

\a b a+b / a b ab
x+5=x+5 2x+5=§+§=£+§
\4 2 4 e
2+£_2+Jc 24 X 2y kX

y y
3<x+l) 3(x + 1) 3<x+1)=3(x+1)
x—1 3x+ 1) x —-1 x—1
22N\t P AN

/¢ a\c "¢ b b
1 — a4\ 1 = 1 __ab
a/t + b! a'+b! 1 1 b+a

_+_.
a b
3
x +4x+6=x2+4x+ J—c—zLA'—x—-{’—()isinsim lest form
x+2 x+ 7 x+2 p 3
1
_x2+4x+3
x+1
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lllustrative
Examples
and Exercises

Written
Assignments

Challenges

The text contains numerous illustrative examples with detailed solutions, designed to
help you to understand new concepts and learn new skills. You should study these
examples, and carefully follow each step with paper and pencil in hand. If this is
done, you will be well prepared for the exercises at the end of each section.

It is generally agreed that students need to be able to practice writing skills in their
mathematics courses. Therefore, throughout the book, written assignments will be
found that ask you to write an explanation or description rather than just to solve a
problem. These are designated in the text by this symbol: B==> Here is a selection
from Chapter 4.

Written Assignment: Use specific examples of your own to describe the conditions for
the graph of a rational function to have vertical and horizontal asymptotes.

At several places in each chapter you will be challenged to think creatively and at-
tempt to solve a problem that is more difficult than others, or that has an unusual
twist to it. For example, consider the challenge that appears on page 13:

CHALLENGE
Think Creatively

Two boats begin their journeys back and forth across a river at the same time, but from
opposite sides of the river. The first time that they pass each other, they are 700 feet from
one of the shores of the river. After they each make one turn, they pass each other once
again at a distance of 400 feet from the other shore. Assuming that each boat goes at a
constant speed and that there is no loss of time making the turn, how wide is the river?

Explorations

To solve this problem, you might consider the problem-solving strategy of drawing a
diagram and then using it to find the solution, as follows:

7N
-
(=}

: .2n|d pass
| ; e
: |
A I :
Boas i | )
A 700" ! | 400
[/' I L
|
1st pass

Within each chapter there are sets of exercises that encourage you to think critically.
These demand higher-order thinking skills and do not depend alone on the routine
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application of skills. For example, consider this set of Explorations which appear on
page 156:

EXPLORATIONS 1. How can you determine the maximum or minimum value of a function given by
Think Critically f(x) =ax® + bx + ¢?

2. Suppose that a function if increasing on one side of a point P with coordinates (a, b)
anddecr&asmgontheothermdeofthmpomt Whatcanbesa:dabomthepomtl’?
~ Explain. ;
3 Conslderthegraphofy =ty ] How can you use /
fx=0+2¢-17 : .
4. Describe the graph of y = a(x — h)* + kforvanous valuesofa,h andk Forexam—
ple,consxdera >0,k <0, and k > 0 as one case.
. Sketch the graph of a function such that any horizontal line dtawn through a range
value will intersect the curve exactly once. Such functions are called one-fo-one func-

tions. If f is a one-to-one function, and if f (x;) = f(x2), what can you say about x; and
x:?

Review Exercises Each chapter has a set of review exercises that are exactly the same as the illustrative
examples developed in the text. Thus you can use this as a self-study review of the
chapter by comparing your results with the worked-out solutions that can be found
in the body of the chapter. Following is a sample taken from Chapter 3.

REVIEW EXERCISES

The solutions to the following exercises can be found within the text of Chapter 3.
Try to answer each question before referring to the text.

Section 3.1
Graph each of the following.

Ly=x? 2.y=x+2 3.3 =wt—2

4.y =(x + 2)? 5.y =(x—2)? 6. y = —x?2

7.y = 3x? 8. y = 2x? 9. y=—x2+2

10. y= fx) = ~(x -2 + 1 1.y =f(x) = —2(x -3 + 4 12. x = y?

13. x = (y + 2 - 4 14. y = x? 15.y+(x—2F=5
Section 3.2

Write in standard form.

16. y =x2+4x + 3 17. y = 2x? — 12x + 11 18. y=—-ix2-2x+1
Write in standard form, graph, and give the vertex and axis of symmetry.

19. y =x2—4x + 4 20. y = =2 — 4x + 3x?

21. Graph the function y = f(x) = |x?> — 4| and find the range.

22. State the conditions on the values a and k so that the parabola y = a(x — h)*> + k opens

downward and intersects the x-axis in two points. What are the domain and range of this
function?

Xii Preface



Key Terms

At the end of each chapter a list of key terms will be found, such as the following for

Chapter 6. These allow you to test your knowledge of new items found in that par-
ticular chapter and provide for yet another means of self-study.

| KEY TERMS

Review these key terms so that you are able to define or describe them. A clear understanding of these terms will be

very helpful when reviewing the developments of this chapter.

Exponential function e Properties of y = b* e Exponential equation
Properties of y = log, x e Laws of logarithms

e Logarithmic function e

o Logarithmic equation e Thebasee e

The function y = e* and its properties e The natural logarithm function y = In x and its properties e
Exponential growth e Exponential decay e Radioactive carbon dating e Compound interest e

Continuous compound interest e Scientific notation e Common logarithm e

Chapter Tests

Characteristic e Mantissa

Each chapter concludes with two forms of a chapter test: standard answer and multi-

ple choice. You should use these to test your knowledge of the work of the chapter,
and check your answers with those provided at the back of the book. Following are

sample test items from Chapter 4.

CHAPTER 4 TEST: STANDARD ANSWER

Use these questions to test your knowledge of the basic skills and concepts of Chapter 4. Then

check your answers with those given at the back of the book.

Graph each function and write the equation of the asymptotes if there are any.

1 x—1
L=+ -1 2y=f@=x 3y=f@=-—> 4y=f@)=-
5. Graph: y = x> — x2 —4x + 4
; X — 2%
6. Construct a table of signs for f(x) = ;
x+3
7. Graph: y = =
raph: y = f(x) =
+
8. Graph on a number line: = ?SO
¥ —
9. Solve fora:S=%[2a+(n— 1)d]
Solve for x.
6 3 x 3x+1 6 2 1
— = s == > . = =
mx 2+ x+ 1 2 3 2 12 x2=-9 x-3 x+3
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CHAPTER 4 TEST: MULTIPLE CHOICE

1. Which of the following are true?
I. The graph of f(x) = x? is symmetric about the y-axis.
II. The graph of f(x) = x? is symmetric through the origin.

1
III. The graph of f(x) = p is symmetric about the x-axis.

(@) OnlyI (b) OnlyIl (c) Only IIl (d) Only I and II (e) None of the preceding

2. The equation of the horizontal asymptote for f(x) = .

L is
-3

@x=0 (b)y=0 c)x=3 d) x= -3 (e) None of the preceding
3. For h > 0, the graph of y = f(x — k) can be obtained by shifting the graph of y = f(x)

(a) A units to the right
(d) A units downward

Boxed Displays

Inside Covers

Solutions Manual

(b) A units to the left (¢) h units upward
(e) None of the preceding

Boxed displays for important results, definitions, formulas, and summaries appear
throughout the text and serve to alert you to major concepts and results.

DEFINITION OF POSITIVE INTEGRAL EXPONENT

If n is a positive integer and b is any real number, then

b"=b-b--+---b
— ——
n factors

The number b is called the base and n is called the exponent.

The inside of the covers contain summaries of useful information. The front cover

contains a collection of basic graphs; the back contains useful algebraic and geomet-
ric formulas.

There is a solutions manual accompanying this text that includes worked-out solu-
tions to all the odd numbered section exercises, and for all of the questions in the
chapter tests. You may wish to check with your instructor about this.

There are two other important features that are identified by special symbols:

This symbol indicates that an exercise or set of exercises would best be solved

@ by use of a scientific calculator. It would be advantageous to have such a cal-
culator, and the instructor of the course will probably indicate any limitations
for its use. Although calculator displays appear in the text as part of the solu-
tion to some problems, the variety of different calculators in common usage is
such that you are encouraged to refer to the manual that accompanies your cal-
culator for specific instruction in its use.
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A This symbol identifies exercises that are directly supportive to topics in cal-
culus. Also, when this symbol appears next to a section heading it means that
the entire section and its exercises fall into this support category.

How does one succeed in a mathematics course? Unfortunately, there is no uni-
versal prescription guaranteed to work. However, our experience with many stu-
dents suggests that the most important thing to do is to get involved in the mathe-
matical process. Don’t use this text only as a source for exercises. Rather, read the
book, attend class regularly, study your class notes, and make use of the special fea-
tures described earlier. Furthermore, keep up to date. Don’t let yourself fall behind;
it often leads to poor results. If difficulties arise and you begin to fall behind, then
don’t hesitate to get additional assistance from your instructor or from a classmate.
Working together with a friend can often be beneficial, as long as individual efforts
are also made.

Be positive! Don’t give up! We are convinced that even if you have an initial
negative attitude toward mathematics, an honest attempt to learn it properly will re-
sult not only in greater success, but will lead to a self-awareness that you have more
ability and talent than you ever gave yourself credit for!

We hope that you will find this book enjoyable, and that you will learn the skills
and concepts for future study of mathematics. We encourage you to write to us; your
comments, criticisms, and suggestions might be useful for future editions. Also, de-
spite all of our efforts, errors occasionally creep into a book. We would appreciate it
if you would call any of these to our attention. We promise to respond with our let-
ter of thanks.

Max A. Sobel
Norbert Lerner
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For every integer a we
a
have a = 1 Therefore,

every integer is a rational
number.

In Exercises 57 and 58 you
will learn how to convert
repeating decimals into the
forma/b.

The irrational number Pi () is
the ratio of the circumference
of a circle to its diameter. Us-
ing a supercomputer, the deci-
mal form of m has recently
been calculated to more than
one billion decimal places.

Reading upward, each set of
numbers is a subset of the set
of numbers listed above it.

However, there are fractions that cannot be written as integers, such as 3 and —3.

The collection of all such integers and fractions is called the set of ratiomal
numbers.

a

P where a and b are

A rational number is one that can be written in the form

integers, b # 0.

Every rational number a/b can be converted into decimal form by dividing b
into a. The decimal form will either terminate as in 11/4 = 2.75, or it will repeat
endlessly as in

2

§=.666... i=.363636...

11
Decimals that neither terminate nor repeat are called irrational numbers such as
V3 =173205... 7 =3.14159. ..

Irrational numbers cannot be expressed as the ratio of integers. Some other examples

of irrational numbers are
Vi VT Y

The collection of rational numbers and irrational numbers comprises the set of
real numbers. The relationships between these various sets of numbers can be
shown by means of this tree diagram:

Vs Vi2

Real numbers

N

Rational

Irrational
numbers numbers
Integers Non-integer
rational numbers
Whole

numbers
Natural
numbers

EXAMPLE 1 To which subsets of the real numbers do each of the following
numbers belong?
@5 Mm: @©VI @ -14

2 CHAPTER 1: Fundamentals of Algebra



0 is the identity element for
addition; 1 is the identity
element for multiplication.

Solution

(a) 5 is a natural number, a whole number, an integer, a rational number, and a
real number.

(b) % is a rational number and a real number.

(c) \V/7 is an irrational number and a real number.

(d) —14 is an integer, a rational number, and a real number. [ |

EXAMPLE 2 Classify as true or false: Every whole number is a natural number.

Solution In order for a statement to be true, it must be true for all possible cases;
otherwise it is false. Since 0 is a whole number but is not a natural number, the
statement is false. [ |

Throughout this course we shall be using various properties of the set of real
numbers, most of which you have encountered before. Here is a summary of some
of these important properties.

PROPERTIES OF THE REAL NUMBERS }

For all real numbers a, b, and c: Addition Multiplication

Closure Properties a + b is a real number a- b is a real number

Commutative Properties a+t+b=b+a a-b=b-a

Associative Properties @+b+c=a+ @+ (@b):-c=a-(b:c)

Distributive Property a(b + ¢) =ab + ac

Identity Properties 0+a=a+0=a lra=a-1=a

1.5

Inverse Properties a+(—a)=0 a-z=-‘;-a=1,a¢0

Multiplication Property of Zero 0+ra=a-0=0

Zero-product Property Ifab=0,thena =0orb = 0, orbotha = 0and b = 0.
TEST YOUR Throughout this book we shall occasionally pause for you to test your understanding of the
UNDERSTANDING ideas just presented. If you have difficulty with these brief sets of exercises, you should
Think Carefully reread the material in the section before going ahead. Answers are given at the end of the

(Answers: Page 74)

chapter.

Name the property of real numbers being illustrated.

.3+ G3+59=0B+)+5 2.3+3+5=¢+5+3
3.6+42) =42 + 6 4. 8(—6 + 2) = 8(—6) + 8(3)
5. (17-23)59 = (23:17)59 6. (17-23)59 = 17(23-59)
7. Does 3 — 5 = 5 — 3?7 Is there a commutative property for subtraction?
8. Given a counterexample to show that the set of real numbers is not commutative with
respect to division. (That is, use a specific example to show thata ~ b # b + a.)
9. Does (8 — 5) — 2 = 8 — (5 — 2)? Is there an associative property for subtraction?
10. Give a counterexample to show that the set of real numbers is not associative with
respect to division.
11. Are 3 + V7 and 3V/7 real numbers? Explain.

SECTION 1.1 Real Numbers and Their Properties 3



