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PREFACE

The art of teaching
is the art of assisting discovery.
MARK VAN DOREN

For many students a College Algebra course represents the first opportunity to discover the
beauty and practical power of mathematics. Thus instructors are faced with the challenge
of teaching the concepts and skills of algebra while at the same time imparting a sense of
its utility in the real world. In this edition, as in the previous four editions, our aim is to
provide instructors and students with tools they can use to meet this challenge.

The emphasis is on understanding concepts. Certainly all instructors are committed to
encouraging conceptual understanding. For many this is implemented through the rule of
four: “Topics should be presented geometrically, numerically, algebraically, and verbally.”
Technology facilitates the learning of geometrical and numerical concepts, extended proj-
ects and group learning help students explore their understanding of algebraic concepts,
writing exercises emphasize the verbal or descriptive point of view, and modeling can clar-
ify a concept by connecting it to real life. Underlying all these approaches is an emphasis
on algebra as a problem-solving endeavor. In this book we have used all these methods of
presenting college algebra as enhancements to a central core of fundamental skills. These
methods are tools to be used by instructors and students in navigating their own course of
action toward the goal of conceptual understanding.

In writing this fifth edition one of our main goals was to encourage students to be ac-
tive learners. So, for instance, each example in the text is now linked to an exercise that
will reinforce the student’s understanding of the example. New concept exercises at the be-
ginning of each exercise set encourage students to work with the basic concepts of the sec-
tion and to use algebra vocabulary appropriately. We have also reorganized and rewritten
some chapters (as described below) with the goal of further focusing the exposition on the
main concepts. In all these changes and numerous others (small and large) we have re-
tained the main features that have contributed to the success of this book. In particular, our
premise continues to be that conceptual understanding, technical skill, and real-world ap-
plications all go hand in hand, each reinforcing the others.

NEW for the Fifth Edition

m  New chapter openers emphasize how algebra topics in the chapter are used in the
real world.

= New study aids include Learning Objectives at the beginning of each section and
expanded Review sections at the end of each chapter. The review includes a sum-
mary of the main Properties and Formulas of the chapter and a Concept Summary
keyed to specific review exercises.

m A new Practice What You’ve Learned feature at the end of each example directs
students to a related exercise, allowing them to immediately reinforce the concept
in the example.

= Approximately 15% of the exercises are new. New Concept exercises at the begin-
ning of each exercise set are designed to encourage students to work with the ba-
sic concepts of the section and to use mathematical vocabulary appropriately.
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m  New Cumulative Review Tests appear after Chapters 2, 5, 8, and 10 and help stu-
dents gauge their progress and gain experience in taking tests that cover a broad
range of concepts and skills.

= Chapter P, Prerequisites, has been revised to provide a more complete review of
the prerequisite basic algebra needed for this course. The properties of real num-
bers and the real number line now appear in two separate sections (Sections P.2
and P.3).

= Chapter 3, Functions, has been rewritten to focus more sharply on the concept of
function itself. It now includes a new section entitled “Getting Information from
the Graph of a Function.” (The material on quadratic functions now appears in the
chapter on polynomial functions.)

= Chapter 4, Polynomial and Rational Functions, now begins with a section en-
titled “Quadratic Functions and Models.” (This section previously appeared in the
chapter on functions.)

= In Chapter 6, Systems of Equations and Inequalities, the order of the sections
“Partial Fractions” and “Systems of Inequalities” has been switched; the material
on systems of inequalities now immediately precedes the section on linear
programming.

Special Features

Exercise Sets The mostimportant way to foster conceptual understanding is through the
problems that the instructor assigns. To that end we have provided a wide selection of exer-
cises. Each exercise set is carefully graded, progressing from basic conceptual exercises and
skill-development problems to more challenging problems requiring synthesis of previ-
ously learned material with new concepts. To help students use the exercise sets effectively,
each example in the text is keyed to a specific exercise via the Practice What Youve Learned
feature; this encourages students to “learn by doing” as they read through the text.

Real-World Applications We have included substantial applications of algebra that
we believe will capture the interest of students. These are integrated throughout the text in
the chapter openers, examples, exercises, Discovery Projects, and Focus on Modeling sec-
tions. In the exercise sets, applied problems are grouped together under the label Applica-
tions. (See, for example, pages 31, 120, 178, and 234.)

Discovery, Writing, and Group Learning Each exercise set ends with a block of ex-
ercises labeled Discovery ¢ Discussion * Writing. These exercises are designed to encour-
age the students to experiment, preferably in groups, with the concepts developed in the
section, and then to write out what they have learned, rather than simply look for “the an-
swer.” (See, for example, pages 26, 121, 166, and 224.)

Graphing Calculators and Computers Calculator and computer technology ex-
tends in a powerful way our ability to calculate and to visualize mathematics. We have in-
tegrated the use of the graphing calculator throughout the text—to graph and analyze func-
tions, families of functions, and sequences; to calculate and graph regression curves; to
perform matrix algebra; to graph linear inequalities; and other such powerful uses. We also
exploit the programming capabilities of the graphing calculator to provide simple pro-
grams that model real-life situations (see, for instance, pages 264, 549, and 701). The
graphing calculator sections, subsections, examples, and exercises, all marked with the
special symbol E, are optional and may be omitted without loss of continuity.

Focus on Modeling In addition to many applied problems where students are given a
model to analyze, we have included several sections and subsections in which students are
required to construct models of real-life situations. In addition, we have concluded each
chapter with a section entitled Focus on Modeling, where we present ways in which



Preface xi

algebra is used to model real-life situations. For example, the Focus on Modeling after
Chapter 2 introduces the basic idea of modeling a real-life situation by fitting lines to data
(linear regression). Other Focus sections discuss modeling with polynomial, power, and
exponential functions, as well as applications of algebra to architecture, computer graph-
ics, optimization, and others. Chapter P concludes with a section entitled Focus on Prob-
lem Solving.

Projects One way to engage students and make them active learners is to have them
work (perhaps in groups) on extended projects that give a feeling of substantial accom-
plishment when completed. Each chapter contains one or more Discovery Projects (listed
in the Contents); these provide a challenging but accessible set of activities that enable stu-
dents to explore in greater depth an interesting aspect of the topic they have just studied.

Mathematical Vignettes Throughout the book we provide short biographies of inter-
esting mathematicians as well as applications of mathematics to the real world. The biog-
raphies often include a key insight that the mathematician discovered and which is relevant
to algebra. (See, for instance, the vignettes on Viete, page 89; Salt Lake City, page 139; and
radiocarbon dating, page 402.) The vignettes serve to enliven the material and show that
mathematics is an important, vital activity, and that even at this elementary level it is fun-
damental to everyday life. A series of vignettes, entitled Mathematics in the Modern World,
emphasizes the central role of mathematics in current advances in technology and the sci-
ences. (See pages 106, 462, and 554, for example.)

Check Your Answer The Check Your Answer feature is used, wherever possible, to em-
phasize the importance of looking back to check whether an answer is reasonable. (See,
for instance, pages 81 and 105.)

Review Sections and Chapter Tests Each chapter ends with an extensive review sec-
tion, including a Chapter Test designed to help students gauge their progress. Brief an-
swers to odd-numbered exercises in each section (including the review exercises), and to
all questions in the Chapter Tests, are given in the back of the book. The review material
in each chapter begins with a summary of the main Properties and Formulas and a Con-
cept Summary. These two features provide a concise synopsis of the material in the chap-
ter. Cumulative Review Tests follow Chapters 2, 5, 8, and 10.

Ancillaries

College Algebra, Fifth Edition, is supported by a complete set of ancillaries developed un-
der our direction. Each piece has been designed to enhance student understanding and to
facilitate creative instruction. New to this edition is Enhanced WebAssign (EWA), our
Web-based homework system that allows instructors to assign, collect, grade and record
homework assignments online, minimizing workload and streamlining the grading pro-
cess. EWA also gives students the ability to stay organized with assignments and have up-
to-date grade information. For your convenience, the exercises available in EWA are indi-
cated in the instructor’s edition by a blue square.
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TO THE STUDENT

Xiv

This textbook was written for you to use as a guide to mastering College Algebra. Here are
some suggestions to help you get the most out of your course.

First of all, you should read the appropriate section of text before you attempt your
homework problems. Reading a mathematics text is quite different from reading a novel,
anewspaper, or even another textbook. You may find that you have to reread a passage sev-
eral times before you understand it. Pay special attention to the examples, and work them
out yourself with pencil and paper as you read. Then do the linked exercise(s) referred to
in the Practice What You’ve Learned at the end of each example. With this kind of prepa-
ration you will be able to do your homework much more quickly and with more under-
standing.

Don’t make the mistake of trying to memorize every single rule or fact you may come
across. Mathematics doesn’t consist simply of memorization. Mathematics is a problem-
solving art, not just a collection of facts. To master the subject you must solve problems—
lots of problems. Do as many of the exercises as you can. Be sure to write your solutions
in a logical, step-by-step fashion. Don’t give up on a problem if you can’t solve it right
away. Try to understand the problem more clearly—reread it thoughtfully and relate it to
what you have learned from your teacher and from the examples in the text. Struggle with
it until you solve it. Once you have done this a few times you will begin to understand what
mathematics is really all about.

Answers to the odd-numbered exercises, as well as all the answers to each chapter test,
appear at the back of the book. If your answer differs from the one given, don’t immedi-
ately assume that you are wrong. There may be a calculation that connects the two answers
and makes both correct. For example, if you get 1/ (\/E — 1) but the answer given is
1 + V2, your answer is correct, because you can multiply both numerator and denomi-
nator of your answer by V2 + 1 to change it to the given answer.

The symbol @ is used to warn against committing an error. We have placed this sym-
bol in the margin to point out situations where we have found that many of our students
make the same mistake.



CALCULATORS
AND CALCULATIONS

Calculators are essential in most mathematics and science subjects. They free us from per-
forming routine tasks, so we can focus more clearly on the concepts we are studying.
Calculators are powerful tools but their results need to be interpreted with care. In what
follows, we describe the features that a calculator suitable for a College Algebra course
should have, and we give guidelines for interpreting the results of its calculations.

Scientific and Graphing Calculators

For this course you will need a scientific calculator—one that has, as a minimum, the usual
arithmetic operations (+, —, X, =) as well as exponential and logarithmic functions (e”,
10%, In x, logx). In addition, a memory and at least some degree of programmability will
be useful.

Your instructor may recommend or require that you purchase a graphing calculator.
This book has optional subsections and exercises that require the use of a graphing calcu-
lator or a computer with graphing software. These special subsections and exercises are in-
dicated by the symbol |i7;. Besides graphing functions, graphing calculators can also be used
to find functions that model real-life data, solve equations, perform matrix calculations
(which are studied in Chapter 7), and help you perform other mathematical operations. All
these uses are discussed in this book.

It is important to realize that, because of limited resolution, a graphing calculator gives
only an approximation to the graph of a function. It plots only a finite number of points and
then connects them to form a representation of the graph. In Section 2.3, we give guide-
lines for using a graphing calculator and interpreting the graphs that it produces.

Calculations and Significant Figures

Most of the applied examples and exercises in this book involve approximate values. For
example, one exercise states that the moon has a radius of 1074 miles. This does not mean
that the moon’s radius is exactly 1074 miles but simply that this is the radius rounded to
the nearest mile.

One simple method for specifying the accuracy of a number is to state how many sig-
nificant digits it has. The significant digits in a number are the ones from the first nonzero
digit to the last nonzero digit (reading from left to right). Thus, 1074 has four significant
digits, 1070 has three, 1100 has two, and 1000 has one significant digit. This rule may
sometimes lead to ambiguities. For example, if a distance is 200 km to the nearest kilo-
meter, then the number 200 really has three significant digits, not just one. This ambiguity
is avoided if we use scientific notation—that is, if we express the number as a multiple of
a power of 10:

2.00 X102

When working with approximate values, students often make the mistake of giving a final
answer with more significant digits than the original data. This is incorrect because you

Xv
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Calculators and Calculations

cannot “create” precision by using a calculator. The final result can be no more accurate
than the measurements given in the problem. For example, suppose we are told that the two
shorter sides of a right triangle are measured to be 1.25 and 2.33 inches long. By the Py-
thagorean Theorem, we find, using a calculator, that the hypotenuse has length

V1.25% 4+ 2.33% = 2.644125564 in.

But since the given lengths were expressed to three significant digits, the answer cannot be
any more accurate. We can therefore say only that the hypotenuse is 2.64 in. long, round-
ing to the nearest hundredth.

In general, the final answer should be expressed with the same accuracy as the least-
accurate measurement given in the statement of the problem. The following rules make this
principle more precise.

RULES FOR WORKING WITH APPROXIMATE DATA

1. When multiplying or dividing, round off the final result so that it has as many
significant digits as the given value with the fewest number of significant digits.

2. When adding or subtracting, round off the final result so that it has its last
significant digit in the decimal place in which the least-accurate given value
has its last significant digit.

3. When taking powers or roots, round off the final result so that it has the same
number of significant digits as the given value.

As an example, suppose that a rectangular table top is measured to be 122.64 in. by
37.3 in. We express its area and perimeter as follows:

Area = length X width = 122.64 X 37.3 =~ 4570 in’ Three significant digits
Perimeter = 2(length + width) = 2(122.64 + 37.3) = 319.9in.  Tenths digit

Note that in the formula for the perimeter, the value 2 is an exact value, not an approximate
measurement. It therefore does not affect the accuracy of the final result. In general, if a
problem involves only exact values, we may express the final answer with as many signif-
icant digits as we wish.

Note also that to make the final result as accurate as possible, you should wait until the
last step to round off your answer. If necessary, use the memory feature of your calculator
to retain the results of intermediate calculations.



ABBREVIATIONS

kcal
kg
km
kPa

Ib
Im

centimeter
decibel
farad
foot
gram
gallon
hour
henry
Hertz
inch
Joule
kilocalorie
kilogram
kilometer
kilopascal
liter
pound
lumen
mole of solute
per liter of solution
meter

mg
MHz

min

mL

qt
oz

A=<’

yr
°C

00 =

milligram
megahertz
mile

minute
milliliter
millimeter
Newton

quart

ounce

second

ohm

volt

watt

yard

year

degree Celsius
degree Fahrenheit
Kelvin

implies

is equivalent to

xvii
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Algebraic Expressions
Factoring

Rational Expressions

© Daimler AG

Smart car? This exciting all-electric concept car, called smart fortwo
EV, was designed by Daimler Motors, which plans to introduce it in some
markets in 2008. Will driving this car help to keep the air we breathe
cleaner? What are the cost and environmental impact of producing the
electricity where this car is plugged in for recharging? Will driving this car
save money? (See Exercise 23, Section P.1.) All these questions involve
numbers, and to answer them, we need to know the basic properties of
numbers. Algebra is about these properties. The fundamental idea in
algebra is to use letters to stand for numbers; this helps us to find patterns
in numbers and to answer questions like the ones we asked here. In this
chapter we review some of the basic concepts of algebra.



2 CHAPTERP | Prerequisites

P.1

Modeling the Real World with Algebra

LEARNING OBJECTIVES
After completing this section, you will be able to:

Use an algebra model
Make an algebra model

In algebra we use letters to stand for numbers. This allows us to describe patterns that we
see in the real world.

For example, if we let N stand for the number of hours you work and W stand for your
hourly wage, then the formula

P=NW

gives your pay P. The formula P = NW is a description or model for pay. We can also call
this formula an algebra model. We summarize the situation as follows:

Real World Algebra Model
You work for an hourly wage. You would like to _

P=NW
know your pay for any number of hours worked.

The model P = NW gives the pattern for finding the pay for any worker, with any hourly
wage, working any number of hours. That’s the power of algebra: By using letters to stand
for numbers, we can write a single formula that describes many different situations.

We can now use the model P = NW to answer questions such as “I make $10 an hour,
and I worked 35 hours; how much do I get paid?” or “I make $8 an hour; how many hours
do I need to work to get paid $1000?”

In general, a model is a mathematical representation (such as a formula) of a real-world
situation. Modeling is the process of making mathematical models. Once a model has
been made, it can be used to answer questions about the thing being modeled.

Making a model
/\

REAL WORLD MODEL

\_/

Using the model

The examples we study in this section are simple, but the methods are far reaching. This
will become more apparent as we explore the applications of algebra in the Focus on Mod-
eling sections that follow each chapter starting with Chapter 1.

Using Algebra Models

We begin our study of modeling by using models that are given to us. In the next subsec-
tion we learn how to make our own models.

EXAMPLE 1 Using a Model for Pay

Use the model P = NW to answer the following question: Aaron makes $10 an hour and
worked 35 hours last week. How much did he get paid?
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V SOLUTION We know that N = 35 h and W = $10. We substitute these values into
the formula.

P =NW Model
=35 X 10 Substitute N = 35, W=10
= 350 Calculator
So Aaron got paid $350.

XN Practice what you’ve learned: Do Exercise 3. A

EXAMPLE 2 | Using a Model for Pay

Use the model P = NW to solve the following problem: Neil makes $9.00 an hour tutor-
ing mathematics in the Learning Center. He wants to earn enough money to buy a calcu-
lus text that costs $126 (including tax). How many hours does he need to work to earn this
amount?

V SOLUTION  We know that Neil’s hourly wage is W = $9.00 and the amount of
pay he needs to buy the book is P = $126. To find N, we substitute these values into the
formula.

P =NW Model
126 = ON Substitute P =126, W = 9.00

9 ivide by
N =14 Calculator

So Neil must work 14 hours to buy this book.

X Practice what you’ve learned: Do Exercise 7. A

EXAMPLE 3 | Using an Elevation-Temperature Model
A mountain climber uses the model
T=20— 10h
to estimate the temperature 7 (in °C) at elevation # (in kilometers, km).

(a) Make a table that gives the temperature for each 1-km change in elevation, from
elevation 0 km to elevation 5 km. How does temperature change as elevation
increases?

(b) If the temperature is 5°C, what is the elevation?

V SOLUTION

(a) Let’s use the model to find the temperature at elevation 2 = 3 km.
T =20 — 10h Model
20 — 10(3)  Substitute h=3

= —-10 Calculator

So at an elevation of 3 km the temperature is —10°C. The other entries in the following
table are calculated similarly.
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CHAPTER P

12 mi/gal

Prerequisites

Elevation (km) | Temperature (°C)
0 20°
1 10°
2 0°
3 -10°
4 —-20°
5 -30°

We see that temperature decreases as elevation increases.
(b) We substitute 7 = 5°C in the model and solve for A.

T=20—10h Model
5=20—10h Substitute T=5

—15 = —10h Subtract 20
—15
——=h Divide by —10
—10

1.5=nh Calculator

The elevation is 1.5 km.

N Practice what you’ve learned: Do Exercise 11. A

B Making Algebra Models

In the next example we explore the process of making an algebra model for a real-life
situation.

» EXAMPLE 4 | Making a Model for Gas Mileage

The gas mileage of a car is the number of miles it can travel on one gallon of gas.

(a) Find a formula that models gas mileage in terms of the number of miles driven and
the number of gallons of gasoline used.

(b) Henry’s car used 10.5 gallons to drive 230 miles. Find its gas mileage.
40 mi/gal

Thinking About the Problem

Let’s try a simple case. If a car uses 2 gallons to drive 100 miles, we easily see that
. 100 .
gas mileage = BN = 50 mi/gal

So gas mileage is the number of miles driven divided by the number of gallons
used.

V SOLUTION
(a) To find the formula we want, we need to assign symbols to the quantities involved:

In Words In Algebra
Number of miles driven N
Number of gallons used G

Gas mileage (mi/gal) M
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We can express the model as follows:

number of miles driven

1 _
TS number of gallons used

M=— Model
(b) To get the gas mileage, we substitute N = 230 and G = 10.5 in the formula.
N
M= — Model
G

230
= — Substitute N = 230, G = 10.5
10.5

~ 219 Calculator

The gas mileage for Henry’s car is 21.9 mi/gal.

XN Practice what you’ve learned: Do Exercise 21.

P.1 EXERCISES

where 7 is the radius and £ is the height of the can. Find the

1. The model L = 4S5 gives the total number of legs that § volume of a can with radius 3 in. and height 5 in.

sheep have. Using this model, we find that 12 sheep have
L=____  legs.

2. Suppose gas costs $3 a gallon. We make a model for the
cost C of buying x gallons of gas by writing the formula

cC=___ . 5in.

V¥ SKILLS

3-12 = Use the model given to answer the questions about the ob-

ject or process being modeled.
& 7. The gas mileage M (in mi/gal) of a car is modeled by

@ 3. The sales tax T in a certain county is modeled by the M = N/G where N is the number of miles driven and G is the
formula 7' = 0.08x. Find the sales tax on an item whose price number of gallons of gas used.
is $120. (a) Find the gas mileage M for a car that drove 240 miles on
8 gallons of gas.
(b) A car with a gas mileage M = 25 mi/gal is driven
175 miles. How many gallons of gas are used?

4. A company finds that the cost C (in dollars) of manufacturing
x compact discs is modeled by

C =500 + 0.35x 8. A mountain climber models the temperature T (in °F) at eleva-
. . . tion / (in ft) by
Find the cost of manufacturing 1000 compact discs.
T =70 — 0.003h

5. A company models the profit P (in dollars) on the sale of (a) Find the temperature T at an elevation of 1500 ft.

x CDs by
P =0.8x — 500

Find the profit on the sale of 1000 CDs.

6. The volume V of a cylindrical can is modeled by the formula

V=mr’h

(b) If the temperature is 64°F, what is the elevation?

. The portion of a floating iceberg that is below the water surface

is much larger than the portion above the surface. The total vol-
ume V of an iceberg is modeled by

V=958

where S is the volume showing above the surface.
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(a) Find the total volume of an iceberg if the volume showing
above the surface is 4 km®.

(b) Find the volume showing above the surface for an iceberg
with total volume 19 km?®.

10. The power P measured in horsepower (hp) needed to drive a
certain ship at a speed of s knots is modeled by

P = 0.06s*

(a) Find the power needed to drive the ship at 12 knots.
(b) At what speed will a 7.5-hp engine drive the ship?

2 11. An ocean diver models the pressure P (in 1b/in?) at depth d
(in ft) by

P =147+ 0.45d

(a) Make a table that gives the pressure for each 10-ft change
in depth, from a depth of O ft to 60 ft.
(b) If the pressure is 30 1b/in?, what is the depth?

12. Arizonans use an average of 40 gallons of water per person

each day.

(a) Find a model for the number of gallons W of water used by
x Arizona residents each day.

(b) Make a table that gives the number of gallons of water
used for each 1000-person increase in population, from
0 to 5000.

(c) Estimate the population of an Arizona town whose water
usage is 140,000 gallons per day.

13-20 = Write an algebraic formula that models the given quantity.
13. The number N of days in w weeks

14. The number N of cents in g quarters

15
16
17
18
19
20

. The average A of two numbers a and b

. The average A of three numbers a, b, and ¢

. The cost C of purchasing x gallons of gas at $3.50 a gallon

. The amount 7 of a 15% tip on a restaurant bill of x dollars

. The distance d in miles that a car travels in ¢ hours at 60 mi/h

. The speed r of a boat that travels d miles in 3 hours

V APPLICATIONS

21

22,

23.

24.

. CostofaPizza A pizza parlor charges $12 for a cheese
pizza and $1 for each topping.

(a) How much does a 3-topping pizza cost?

(b) Find a formula that models the cost C of a pizza with
n toppings.

(c) If a pizza costs $16, how many toppings does it have?

n=1 n=4

Renting a Car At a certain car rental agency a compact car

rents for $30 a day and 10¢ a mile.

(a) How much does it cost to rent a car for 3 days if the car is
driven 280 miles?

(b) Find a formula that models the cost C of renting this car
for n days if it is driven m miles.

(c) If the cost for a 3-day rental was $140, how many miles
was the car driven?

Energy Cost fora Car The cost of the electricity needed to
drive an all-electric car is about 4 cents pe