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ntermediate Algebra is designed to provide students with the algebra
background needed for further college-level mathematics courses. The
unifying theme of this text is the development of the skills necessary for
solving equations and inequalities, followed by the application of those skills to
solving applied problems. My primary goal in writing the third edition of Interme-
diate Algebra has been to retain the features that made the second edition so
successful while incorporating the comments and suggestions of second-edition
users. In addition, I have provided many new features that will help instructors to
reach the goals that they have set for their students. As always, I endeavor to write
texts that students can read, understand, and enjoy, and at the same time gain confi-
dence in their ability to use mathematics. Although a complete development of each
topic is provided in Intermediate Algebra, the text Elementary Algebra in this series
would be more appropriate for students with no prior experience in algebra.

Content Changes

While the essence of the text remains, the topics have been rearranged and new
features added to reflect the current needs of instructors who are teaching interme-
diate algebra courses.

* Graphing is covered earlier in the text. Graphing linear equations in two variables
is now in Chapter 3 immediately following linear equations in one variable. An
introduction to functions and their graphs is also included in Chapter 3.

* Functions are also covered earlier in the text. The phrase, “is a function of” can
be found in Section 3.3. The definition of a function as an object is then given in
Section 3.5.

* Systems of equations and inequalities (Chapter 4) is also covered earlier in the
third edition.

* More emphasis is given to reading and understanding graphs. Exercises that in-
volve graphs have been added to many sections of the text along with conceptual
questions relating to the graphs.

In addition to these changes, the text and exercise sets have been carefully revised
where necessary. Many new, applied examples have been added to the text and a
large number of new, applied exercises included in the exercise sets. Particular care
has been given to achieving an appropriate balance of problems that progressively
increase in difficulty from routine exercises in the beginning of the set to more chal-
lenging exercises at the end of the set. As in earlier editions, fractions and decimals
are used in the exercises and throughout the text discussions to help reinforce the
basic arithmetic skills that are required for success in algebra.

Features

» Each chapter begins with a Chapter Opener that discusses a real application of
algebra. The discussion is accompanied by a photograph, and in most cases by a
real-data application graph that helps students to visualize algebra and more fully

xifi



Preface

to understand the concepts discussed in the chapter. In addition, each chapter
contains a Math at Work feature, which profiles a real person and the math-
ematics that he or she uses on the job. These two features have corresponding
real-data exercises.

N s s P— 5
(EW! > An increased emphasis on real-data applications that involve graphs

is a focus for the third edition. Applications have been added throughout the text
to help demonstrate concepts, to motivate students, and to give students practice
using new skills. Many of the real-data exercises contain data obtained from the
Internet. Internet addresses are provided as a resource for both students and
teachers. Because Internet addresses frequently change, a list of addresses will
also be available on the web site. An Index of Applications listing applications by
subject matter is included at the front of the text.

Every section begins with In This Section, a list of topics that shows the student
what will be covered. Because the topics correspond to the headings within each
section, students will find it easy to locate and study specific concepts.

Important ideas, such as definitions, rules, summaries, and strategies, are set
apart in boxes for quick reference. Color is used to highlight these boxes as well
as other significant points in the text.

. m‘ﬂ;}The third edition contains three new margin features that appear

throughout the text:

Calculator Close-ups give students an idea of how and when to use a
graphing calculator. Some Calculator Close-ups simply introduce the fea-
tures of a graphing calculator, whereas others enhance the understanding of
algebraic concepts. For this reason many of the Calculator Close-ups will
benefit even those students who do not use a graphing calculator. A graphing
calculator is not required for studying from this text.

Study Tips are included in the margins throughout the text. These short tips
are meant to reinforce continually good study habits and to keep reminding
students that it is never too late to make improvements in the manner in
which they study.

Helpful Hints are short comments that enhance the material in the text,
provide another way of approaching a problem, or clear up misconceptions.

At the end of every section there are Warm-up exercises, a set of ten simple state-
ments that are to be answered true or false. These exercises are designed to
provide a smooth transition between the ideas and the exercise sets. They help
students to understand that every statement in mathematics is either true or false.
They are also good for discussion or group work.

@/ Every section-ending exercise set in the third edition generally begins

with six simple writing exercises. These exercises are designed to get students to
review the definitions and rules of the section before doing more traditional ex-
ercises. For example, the student might be simply asked what properties of
equality were discussed in this section.

The end-of-section Exercises follow the same order as the textual material and
contain exercises that are keyed to examples, as well as numerous exercises that
are not keyed to examples. This organization allows the instructor to deal with only
part of a section if necessary and to easily determine which exercises are appropri-
ate to assign. The keyed exercises give the student a place to start practicing and
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building confidence, whereas the nonkeyed exercises are designed to “wean” the
student from following examples in a step-by-step manner. Getting More Involved
exercises are designed to encourage writing, discussion, exploration, and cooper-
ative learning. Graphing Calculator Exercises require a graphing calculator and
are identified with a graphing calculator logo. Exercises for which a scientific
calculator would be helpful are identified with a scientific calculator logo.

* Every chapter ends with a four-part Wrap-up, which includes the following:

The Chapter Summary lists important concepts along with brief illustrative
examples.

» Enriching Your Mathematical Word Power appears at the end of

each chapter and consists of multiple-choice questions in which the impor-
tant terms are to be matched with their meanings. This feature emphasizes
the importance of proper terminology.

The Review Exercises contain problems that are keyed to the sections of the
chapter as well as numerous miscellaneous exercises.

The Chapter Test is designed to help the student assess his or her readiness
for a test. The Chapter Test has no keyed exercises, thus enabling the student
to work independently of the sections and examples.

* At the end of each chapter there is a Collaborative Activities feature that is de-
signed to encourage interaction and learning in groups. Instructions and sugges-
tions for using these activities and answers to all problems can be found in the
Instructor’s Solutions Manual.

* The Making Connections exercises at the end of Chapters 2—12 are designed to
help students review and synthesize the new material with ideas from previous
chapters, and in some cases to review material necessary for success in the
upcoming chapter. Every Making Connections exercise set includes at least one
applied exercise that requires ideas from one or more of the previous chapters.

Coverage

For those who wish to cover more on functions, Chapter 9 can be covered after
functions are introduced in Chapter 3. For those who wish to cover less on func-
tions, Sections 3.5 and 3.6 can be omitted. Some or all of Chapter 4 can be omitted
for those who desire a less extensive treatment of systems of linear equations. How-
ever, if you have a graphing calculator to do the determinants, Cramer’s rule with
three variables is rather fun.

Supplements for the Instructor

ANNOTATED INSTRUCTOR’S EDITION

This ancillary includes answers to all exercises and tests. Each answer is printed
next to each problem on the page where the problem appears. The answers are
printed in a second color for ease of use by instructors.

PRINT AND COMPUTERIZED TEST BANK

The testing materials provide an array of formats that allow the instructor to create
tests using both algorithmically generated test questions and those from a standard
test bank. This testing system enables the instructor to choose questions either
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manually or randomly by section, question type, difficulty level, and other criteria.
Testing is available for IBM, IBM compatible, and Macintosh computers. Instruc-
tors can edit questions in the testing system as well if they seek a degree of cus-
tomization. The print version of the test bank is softcover and provides questions
found in the computerized version along with answer keys. Each chapter of the print
version contains three different tests. Additionally, the print test bank contains four
different, comprehensive final exams.

INSTRUCTOR’S SOLUTIONS MANUAL

Prepared by Mark Dugopolski, this supplement contains detailed, worked solutions
to all of the exercises in the text. The solutions are done by the techniques used in
the text. Instructions and suggestions for using the Collaborative Activities feature
in the text are also included in the Instructor’s Solutions Manual.

Supplements for the Student

STUDENT’'S SOLUTIONS MANUAL

Prepared by Mark Dugopolski, the Student’s Solutions Manual contains complete
worked-out solutions to all of the odd-numbered exercises in the text. It also con-
tains solutions for all exercises in the Chapter Tests. It may be purchased by your
students from McGraw-Hill.

DUGOPOLSKI VIDEO SERIES

The video tape series contains instructional material and presents opportunities for
students to work problems and to check their results. The tapes are text-specific and
cover all chapters of the text. The tapes are facilitated by instructors who introduce
topics and work through examples. Students are encouraged to work examples on
their own and to check their results with those provided.

DUGOPOLSKI TUTORIAL CD-ROM

This interactive CD-ROM is a self-paced tutorial specifically linked to the text and
reinforces topics through unlimited opportunities to review concepts and to practice
problem solving. The CD-ROM contains text-, chapter-, and section-specific tuto-
rials, multiple-choice questions with feedback, as well as algorithmically-generated
questions. It requires virtually no computer training on the part of students and sup-
ports IBM and Macintosh computers.

In addition, a number of other technology and Web-based ancillaries are under
development; they will support the ever-changing technology needs in develop-
mental mathematics. For further information about these or any supplements,
please contact your local McGraw-Hill sales representative.
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Rational
Expressions

p nformation is everywhere —in the newspapers and magazines we

' read, the televisions we walch, and the computers we use. And

now people are talking about the Information Superhighway,

which will deliver vast amounts of information directly fo con-

sumers' homes. In the future the combination of telephone, television,
and computer will give us he-spot health care recy dati

video conferences, home shopping, and perhaps even electronic voting

and driver’s license renewal, 1o name just a few, There is even talk of

500 television channels!

Some experts are concerned that the consumer will give up privacy
for this techniology. Others worry about regulation, access, and con-
tent of the enormous international computer network.

Whatever the future of this technology, few people understand
how all their electronic devices work. However, this vast array of
electronics rests on physical principles, which are described by
mathematical formulas. In Exercises 49 and 50 of Section 6.6
we will see that the formula governing resistance for re-
ceivers connected in parullel involves rational expressions,
which are the subject of this chapter,

»
5

-
:

. Buying fruit. Molly bought $5.28 worth of oranges and

. Total resistance. 1f two receivers with resistances R, and

Chapter Opener

Each chapter opener features a
real-world situation that can be
modeled using mathematics. Each
chapter contains exercises that
relate back to the chapter opener.

Chapter 6 Rational Expressions

bng hedges. Lourdes can trim the hedges around her relates the total resistance for the circult & with R, and R,
property in & hours by using an clectric hedge trimmer Given that R, is 3 ohms and R is 2 ohms, find R,

Rafisel can do the same job in 15 hours by using s manus

trimmer. How long would it take them o trim the hedges

working together? Ky

Fillimg the tub. 1t takes 10 minues to fill Alisha's bathiub -

and 12 minutes 1o drain the water out. How long would it x

take w il it with the drain accideatally left open? FIGURE FOR EXERCISE 49

50, More resistance, Use the formula from Exercise 49 10 find
R, and R, given that the total resistance is 1.2 ohms and R,
is 1 ohm larger than R,

51 Las Vegas vacation. Brends of Horizon Travel has
urranged for  group of gamblers to shre the $24,000 cost
of a charter flight 10 Las Vegas. If Brenda can get 40 more
people (o share the cost. then the cost per persan will
decreas by $100.

) How many people were in the original group?

FIGURE FOR EXERCISE 43 b) Write the cost per person a5 a function of the aumber of

people sharing the cost

Eating machine. Charles can cmpty the cookie jur in 11
Hours. 1t takes his mother 2 hours to hake enough cookies 10
6l it 1f the cookic jar fs full when Charies comes bome
from school. and his mother continues baking and restock

s00
ing the cookie jaz, then how loog wil it take kim fo empty
atn
the cookie jar? |
g Y0}
H
. Filing the imvoices. 1t takes Gina 90 minutes 1 file the £ 200}
monthly invoices. If Hilda files twice as fast as Gina does, 3
how long will it take them working logether? ]
Painting alome. Julic can paint u fence by hersell in Howhoyul poiple
12 houss. With Betsy's help, it takes only 5 hours, How FIGURE FOR EXERCISE §1

lang would it take Betsy by horself?

52. White-water rafting. Adventures, Inc. has a 1,500 group
rate for an avemight rafting trip on the Colorado River. For
the lust trip five people fuiled to show, causing the price per
persan to increase by $25. How many were originally
scheduled for the trip?

SKAO worth of apples. She bought 2 more pounds of or-

anges than apples. If apples cost twice as much per pound

s aranges. thea how many pounds of exch id she huy? gy Dk g ATy R S NS i g i ool
28 days, wheress Missy cats 2 25-pound bag in 23 days.
How many days would it take them together 1o finish a
S0-paund bag of dog food.

Raiving rabbits. Luke raises rabhits and raccoons 10 sell
for meat. The price of racooan meat is three times the price
of rabbit meat. One day Luke sold 160 pounds of meat,
,‘"‘::::;“““h ype. Whit s the price per pound Of ook @) s4. Rexdent food. A post control specialist has found that  rats
can eat an entire box of sugsr-costed breakfast cereal in
3.6 mimtes, and it takes a dozen mice 34.7 minutes 10 de-
vour the same size box of cereal. How lang woald it take all
18 rodeats, in & cooperative manner, (o finish off & box of

LA Iy cereal?

R, are connecied in paraliel, then the formula

R R




Margin Notes

Margin notes include Helpful Hints,
Study Tips, and Calculator Close-
ups. The Helpful Hints point out
common errors or reminders. The

\

Study Tips provide practical sugges-
tions for improving study habits.
The optional Calculator Close-ups
provide tips on using a graphing
calculator to aid in your under-
standing of the material. They also
include insightful suggestions for
increasing calculator proficiency.

224 (4-26) Chapter4  Systems of Linear Equations

38, Three-digit number, 'The sum of the digits of » three-digit
mumber is 1. 1f the digits are reversed, the new number is
46 more thun five times the old number. If the hundreds
digit plus twice the tens digit is equal Lo the units digit, then
what is the number?

39. Working overtime. To make cnds meet, Ms, Famsby
works three jobs, Her total income lust year was $45,000.
Her income from teaching was just $6,000 more than her
Income from house puinting. Royalties from her textbook
sales were onc-seventh of the total money she received
from teaching and house painting. How much did she make
from cach source last year?

40, Pocker change. Harry has $225 in nickels, dimes, and
quarters, If he had twice as many nickels, half us many
dimes, and the same number of quarters, he would have
$2.510. £ he has 27 cains altogether, then how many of each
does he have?

calculator

close-up

These Clculator Closeps
are desianed 10 halp reinforce
the concepts of algetira, nat
replace them Do not rely o
heavity an your caleulator or
use 110 replace the aigebraic
methods taught in this course

EXAMPLE 2

Take notes in class Write
down everhing you can, As
snon 35 possible after class.
rewnte your notes Fil in
detalls ana make corections
Make @ note of exsmples and
exarcises in the Text that are
SImilar to examples 6 your
notes. If your instructor tskes

the time to work an example

i class. It is 8 "good
your Instructor expe
to understand ‘the conceprs
involved

12 The Real Numbers

Graphing on the Number Line

Toconstructa number line, we draw a straight line and label any convenicnt point with
the number 0. Now we choose any convenient length and use it to locate points 1o the
right of 0 as points correspanding to the positive integers and points 1o the left of O as
points corresponding to the negative integers. See Fig. 1.4. The numbers correspond-
ing to the points on the line are called the f the points. The distance be-
tween lwo consecutive integers is called 4 unit, and it is the same for any two consec-
utive integers. The point with coordinate 0 is called the origin. The numbers on the
number line increase in size from left to right. When we compare the size of any two
numbers, the larger number lies to the right of the smaller one on the number line,

1umit Origm 1 unit
- =3 2 - 0“3 3 3 A
FIGURE 1.4

It is often convenient to illustrate sets of numbers on a number line. The set of
integers, J, is illustrated or graphed as in Fig, 1.5. The three dots to the right and
left on the number line indicate that the integers go on indefinitely in both
directions.

-4 -3 -2 a4 0 1 2 3 4
FIGURE 1.5
Graphing on the number line

List the elements of each set and graph each set on a number line.
a) {x|xisa whole number less than 4}

b) {a | ais an integer between 3 and 9}

© {y|yisan integer greater than —3}

Solution

a) The whole numbers less than 4 are 0, 1, 2, and 3. Figure 1.6 shows the graph of
this set,

32 = 0 1 2 3 4 s
FIGURE 1.8

b) The integers between 3 and 9 are 4, 5, 6, 7, and 8. The graph is shown in
Fig. 1.7.

FIGURE 1.7

©) The integers greater than —3 are =2, —1, (), 1, and so on. To indicate the con-
tinuing pattern, we use a series of dots on the graph in Fig. 1.8.

-5 -4 -3 -2 -1 0

FIGURE 1.8 |}

GETTING MORE INVOLVED
A1, Exploration. Draw Giagrams showing the possible ways to

ﬁ position three planes in three-dimensional space.
42

. Discussion. Make up s system of three linear equations in
three variables for which the salution set is {(0, 0, 0)).
A systen with this solution set is called a homogencous

& system. Why do you think it is given that name?
.

Cooperative learning. Working in groups, do parts

(#)~(d) below. Then write a report on your findings.

a) Find values of @, b and ¢ 50 that the graph of
¥ =ax + bx + ¢ goes through the points (-1, —2),

(1, 0),and (2. 7).

b) Asbitrarily select three ardered pairs and find the equi-
tion of the parabols that goes through the three poins.

€) Could mare than one parubola pass through three given
points? Give reasons for your answer.

d) Explain how to pick three points for which no parabola
passes through all of them,

* Natrices

» The Augmented Matrix

« The Gaussian Elimination
Mettiod

® Inconsistent and
Dependent Equations

EXAMPLE 1

As s00n a5 possible after class,
firsd & uiet place and warkon
your homework. The langer
ol wailt. the harder It Iy to
1 what happened in

SOLVING LINEAR SYSTEMS
USING MATRICES

You solved lincar systems in two variables by substitution and addition in
Sections 4.1 and 4.2. Those methods are done differently on each system. In this
section you will learn the Gaussian elimination method, which is related to the
addition method, The Guussian elimination method is performed in the same way
on every system. We first need to introduce some new terminology,

Matrices

A matrix is o rectangulur array of numbers. The rows of a matrix run horizontally,
and the columns of & matrix run vertically. A matrix with m rows and a columns has
order m X n (read “m by n"). Each number in a matrix is called an element or
entry of the matrix,

Order of a matrix
Determine the order of each matrix.

i | 2 2 3 1
a| 5 V2 m|_] ;J ol 4

0o 3 2 -1
Selution

Because matrix (a) has 3 rows and 2 columns, its order is 3 X 2. Matrix (b) is a
2 % 2 matrix, matrix (¢) is a 3 X 3 matrix, and matrix (d) isa | X 3 matrix. W

n
6 a1 3 6
2

)

The Augmented Matrix
The solution to a system of linear equations such as
X—2p==§
Ikt y=6
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1 FACTORING AND COMPLETING
 THE SQUARE
Factoring and the cven-root property were used 1o solve quadratic equations in
Chapters 5, 6, and 7. In this section we first review those methods. Then you will
learn the method of completing the square, which can be used to solve any quadratic
equation.

® Reveew of Factoring

® Review of the Even-Root
Propesty

* Completing the Square

* Miscellaneous Equations

Review of Factoring
A quadratic equation is a second-degree polynomial equation of the form

a +bx+c=0,
* imaginary Solutions
where a, b, and ¢ ure real numbers with @ # 0. If the second-degree polynomial on
the left-hand side can be factored, then we can solve the equation by breaking it into
two finst-degree polynomial equations (lincar equations) using the following
strategy.

Strategy for Solving [ y i

1. Write the equation with 0 on the right-hand side.

2. Factor the left-hand side.

3. Use the zero factor property to set each factor equal to zero.
4. Solve the simpler equations,

5. Check the answers in the original equation.

EXAMPLE 1 Solving a quadratic equation by factoring

Solve 3x* — 4x = 15 by factoring.

Solution

m Subtract 15 from each side to get 0 on the right-hand side:

o you bt Bikoeed e Wod-15=0
quedratic  palynamial, use Bx+S5)x-3)=

e e ™+5=0 o x-3=0
Cmeding 13 The et step. ik =-5 or x=3
e et
3
“The solution set is {3, 3]. Check the solutions in the original equation. "

Review of the Even-Root Property
In Chapter 7 we solved quadratic equations by using the even-root property.

................. Strategy Boxes

The strategy boxes generally pro-
vide a numbered list of concepts
from a section or a set of steps to
follow in problem solving. They can
be used by students who prefer a
more structured approach to prob-
lem solving or used as a study tool

e to review important points within
sections.
65 Solving Equations Involving Rational Expressions € 369

Math at Work

The Math at Work feature that
appears in each chapter explores
the careers of individuals who use
the mathematics presented in the
chapter in their work. Students
are referred to exercises that
directly relate to the occupation
highlighted in Math at Work.

; s AGENT
Decisions

|
|
|
Insurance  Company, investigates, evaluates, re.
|

EXAMPLE 8

Ratios and proportions
The ratio of men to women at 2 football game was 4 to 3. If there were 12,000 more
men than women in attendance, then how many men and how many women were in
attendance?
Solution
Let x represent the number of men in attendance and x — 12,000 represent the
number of women in attendance. Because the ratio of men to women was 4 to 3, we
can write the following proportion:

- M

3 x - 12,000

4x — 48,000 = 3x

x = 48,000

So there were 48,000 men and 36,000 women at the game. -

L waru-urs [

L. In solving an equation involving rational expressions, multiply each side by
the LCD for all of the denominators.

2. To solve 5 + z—" =1, first change cach rational expression (o an equivalent
rational expression with a denominator of 6x.

3. Extrancous roots are nol real numbers,

Al 2

A

b




Warm-ups

Warm-ups appear before
of exercises at the end
section. They are true
statements that can be
check conceptual understanding of
material within each section.

394

each set
of every
or false
used to

COLLABORATIVE ACTIVITIES

Beorg's Business

In munufacturing or other businesses in which time is mancy
and tasks are easily shared, problems involving work appear. An
owner or manager wha wanls to know hm m bid ob often de-
velops a table of i ded determined
by how much wark is required and who mum be assigned to
the job,

Beorg owns o kuleidoscope-manufacturing company with
two employees, Scott and Salinn. It takes Scott one hour to
mitke one kaleidoscope, and it takes Salina  hour to make one
kaleidoscope. Beary wants to know how long it would take to
complete # certain number of kaleidoscopes, Using the infor-
mation given and answering the questions below, fill in the fol-
lowing table for Bearg.

Name of Time for one Time for 20
Employee kaleidoscope kaleidoscopes
Scott Lhe
1
Suling She
Scott & Salini
Sammy
3
Scott & Sammy i

Salina & Summy

Seott, Salina,
& Sammy

WRAP-UP

Chapter 6 Summary 0

78

EXAMPLE B8

Chapter 7 Rational Exponents and Radicals

Because there are no real even roofs of negative numbers, the expressions

13, A and yte

are not real numbers if the variables have negative values. To simplify matters, we
sometimes assume the variables represent only positive numbers when we are
waorking with expressions involving vnnﬂbl:s with rational exponents. That way we
do not have to be d with ions and absalute value.

Expressions involving variables with rational exponents

Use the rules of exponents to simplify the following. Write your answers with
positive exponents, Assume all variables represent positive real numbers.
2

2) 20

o @Ay

Solution
) 32 = B
=2 ey, (e o i
b) 12174 L
=a'M po—

o (A

d) Because this expression is u negative power of a quotient, we can first find the
reciprocal of the quollenL lh:n xpply the power of a power rule:
16

»

»

1
2
8. (l“jl/‘: =2

10, 2421 = ¢

Grouping:  Four students per group
Topic:  Applications of work problems
1. How long will it take Scott and Salina working together to
make one kaleidoscope?
2. Beorg hires 4 third person, Sammy, and has him and Scott
make one kaleidoscope. Warking together, it takes them
3 hour t0 make one kaleidoscope. How fong would it 1ake
Sammy by himself 10 make one kaleidoscope?
. How long would it take Salina and Sammy working to-
gether to make one kalcidoscope? How long would it take
for all three working logether?
Now Beorg wants to finish his time table. He would like to
have 20 kaleidoscopes completed cach day.
Finish the preceding table, and find the best combination or
combinations of employees 10 use 1o have 20 kaleidoscopes
atthe end of an 8-hour day.

w

#

Extension: Is Sammy in the cambination or combinations you
found in the lLast question? I it worth having Sammy work? Re-
member that when someone is starting & new job, he or she may
work more slowly until he or she learns how (o do the job more
efficiently, Find out how fast Sammy would need 1o work for
production 1o double (40 kaleidoscopes in an 8-hour day).

ClHAPTER

Rational Expressions

Rational expression

Domain of a
rational expression

The ratio of two polynomials with the
denominator not equal to zero

The set of all possible numbers that can be used
as replacements for the variable

Examples

2%

o=[e1x=3

B SRTTETUPITRRY

Collaborative Activities

Collaborative Activities appear at
the end of each chapter. The activi-
ties are designed to encourage in-
teraction and learning in a group
setting.




&4

Solve each equation. Practice combining some steps. Look for
miore efficient ways to salve each equation. See Example 8.

2 -9=0 B S i=0
B.7—z=~0

2 [}
.&i}’;‘

. e S=dg=1
L S 4 00(x +2) = 110

N1 -Mx-N=4x-1-3

Sol

tve each equation.

P+

95, x —~ (06 = SO.000

9%, x -~

8,

005 = 500
L 13655 + 1602 = 14R00S

~34Kx + 6.98] = 4329¢ ~ 6851

Solve each problem. Sec Example 9.

9.

Public school enrollment. The expression
0.45x + 30.05

«can be used to upproximute in millions the total enrollment
in public elementary and secondary schools in the year
1988 + x (Natonal Cemier for Education Statistics,
wwwices e gov).
8) What was (he public school enrollment in 19927
b In whach year will enroliment resch SO million stedents?
) Judging from the sccompanying grapb, is enrollmest

incroasing ot ing?

Pl Scood Endiment

wes o0
Ve

FIGURE FOR EXERCISE 99

100. Teacher’s average salary. The expression

553.7c + 27966
cun be used 1o approximate the average annual salary
in dollars of public school feachers in fhe year
1985 + x (National Center for Education Sitistics,
www,nices, el gov),

11,

Mumicrpt willd wante

.IGL

Chapter 2 Linear Equations and Inequalities in One Variable

) What was the averuge teacher's saliry in 19937
b) In which vear will the average salary reach $40,0007

Solid waste recovery. In 1960 the United Stales gener-

ated 87.1 million wns of solid waste and recov-

eved (of recycled) oaly 4.3% of it (US. Department of

Energy, www.doe gov). The amount of solid waste gever-

atod in the United States in the year 1960 + nis given by
w= 314 + K7L

whereas the amount recovered is given by

w=10576n + 3,78,

where w is in millions of tons.

) Use the accompanying graph (o estimate the first year
in which the United States generated over 100 million
1ons of municipal solid waste.

b) Find the yesr in which 13% of the municipal solid
waste will be recovered by solving

05768 + 378 = 0.13(3.14a + ¥7.1),

FIGURE FOR EXERCISE 1071

Recycling progress. Find the year in which 14% of the

municipal solid waste will be recovered by solving
0576n + 378 = 0L14(3.140 + K7.1)

See the previcus exercive.

GETTING MORE INVOLVED

103,

glu
ﬂ 108,

Exploration. 1f you solved the equations in the two pre-

vious exercises. then you found the years in which recov-

ety of municipal solid waste will reach 13% und 14%

#) Write equations correspanding to fecovery rates of
15%, 16%, 17%, 18%, and 19%.

b) Solve your equations to find the years in which those
recovery raes will be achieved.

€ Use your results 1o judge whether we are making real
progress in recovery of manicipal solid waste.

Writing. Explain how W climinste the docimals in an

i i i Would

you use the g
Discussion. Explain why the multiplication property of
cquality does not allow us 1o multiply cuch side of an
equation by zero,

Exercises

The theme of mathematics in every-
day situations is carried over to the
exercise sets. Applications based on
real-world data are included in each
set. The Index of Applications can
help students to quickly identify
exercises that associate the mathe-
matics that may be used in their
areas of interest.

<........n.‘:

Getting More Involved appears
within selected exercise sets. This

feature may contain

Q Writing,

a Cooperative Learning,

e Exploration, and/or

ﬁ Discussion exercises. Each of
these components is designed to
give students an opportunity to im-
prove and develop the ways in
which they express mathematical

ideas.

The exercise sets contain exer-
cises that are keyed to examples, as
well as exercises that are not keyed

to examples.

456 (810) Chapter 8 Quadratic Equations and Inequalities

Firal the complex solutions to each equation. See Example 10.
@r+u+5=0 68 e dre5=0

coefficient of 1iff, S is the surface area of the wings in
square feet (17), and A is approach speed in feet per sec-
ond. Find A for the Piper Cheyennc, which has 3 gross
weight of 8700 Ib, & coefficient of 1ift of 281, und wing
surface area of 200 £

Time to swing. The period T (time in sccands for one
complete cycle) of x simple pendulum is related io the
feagth L (in feet) of the pendulum by the formuls
BT = w'L, If u child is on 1 swing with a 10-foot chain,
then how long does it take to complete one cycle of the
swing?

6. v 12=0 70 -3 -U=0

M ~a+1=0

Find all real or imagiriary solutions 1o each equation. Use the
method of your choice.

a4 25=0 97. Tume for a swim. Tropical Pools figures that its monthly
revenue in dollars on the salé of x above-ground poals is
N givenby R = 150s — 35, whese ¥ i less than 25, What
T 5w -3=0 wamber of pools sold would provide a revesue of
175687
98. Pole vaulting. I 1981 Viadimis Poliakov (USSR) set &
world record of 198 2in. for the pole vault (Doubledsy
Almanas), To reach that height, Pollakoy obtained a speed
of approximalely 36 fect per second on the runway. The
7S+ G =3=0 function & = ~ 167 + 36 gives his height ¢ secands
: after leaving the ground.
: ) Use the formuila to find the exact values of  for which
B WA -1=0 his height was 18 feet,
) b) Use the sccompanying graph o estimate the value of ¢
PO 7
Lo o) e which he was at his maximum height.
L el (sl © Approximaiely how long was he in the air?
8l
8. »f
. »|
M- 2=0 z
1 R
8. -G+ W=0 3
86~ K +17=0 £
8. % -5=Vix+7 s
88, Vix+ 0 =x+3 i
1 " | 2
89, S Tirme imec)
- ' FIGURE FOR EXERCISE 98

x 1-x 2

GETTING MORE INVOLVED
99. Discussion. Which of the following cquations is not u

If the solution to an equation Ls imaginary or trrational, ( takes
« bit mure effort ta check. Replace x by each given mumber to

verify eoch statement, quadsatic squation?
91. Bath2 + Viand2 - Visatisfy s’ — dx < 1 =0, D -Vi-1=0 miF-1=0
92. Both1 + VZand | - Vigtisfys' - 26~ 1 =0, 4r+s=0 ) 0009 =0

93. Both 1+ fund ] — [satisfy x* = 2¢ 4 2 =0

94. Both 2+ 3 and 2 ~ 3 satisfy  — dx + 13 =0,

Solve each problem,

95. Approach speed. 'The formuls 121114 = CA’S is used to
determine the approsch speed for Janding n aircraft, where
L s the gross weight of the aircraft in poands, C s the

QR100. Exploration. Solve x* — 4x + k= 0 fork = 0,4, 5,
and 10

u) When dues the equation have anly one solution?

b) For what values of  are the solutions real?

€) For what values of & are the solutions imaginary?




Calculator Exercises

Calculator exercises are optional.
They provide an opportunity for
students to learn how a scientific or
graphing calculator may be useful
in solving various problems.

42 The Addition Method (11 209
deducting the boms. So
T= 0400100000 — B).
) Use the accompanying graph 10 estimate ihe values of T
and B that satisfy both equations.
b) Solve the system ulgebraically w find the bonus and the
amount of tax.
S7. Textbook case. The secompanying graph shows the cost of
producing texthooks and the revenue from the salk of those
texthooks.

d) The price at which supply and demand ure equal s called
the equilibrium price. What is the equilibriom price?

W) What is the coss of producing 10,000 lexthooks?

) What is the revenne when 10,000 textbooks are sold?

©) For what mumber of texthooks is the cost equal 1o the
revenne?

d) The cost of producing zero testbooks bs called the fxed
cost. Find the fixed cost

5 GETYTING MORE INVOLVED

59. Discussion. Which of the following equations is not
equivalent to 2x — 3y = §

a3y -2w=6 by =

o +3 &) 2Ax~5) =3y —4

ﬂn Discussion. Which of the following cquations s
incomistent with the equation 3x + 4y = 87

2 b 6x + By = 16

4 B -y =8

i GRAPHING CALCULATOR

FIGURE FOR EXERCISE 57 EXERCISES

58, Free market. The function § = S000 4 200x and
D = 9500 ~ 100x express the supply § and the demand D,
respectively, fora populur compact disk brand us 4 function
o its price & (in dollars),

#) Graph the functions on the same coordinate sysiem.
1) What happens to the supply = the price icreases?
€ Witat happens w the demnand as the price increases?

61. Solve cuch sysicm by graphing cach pair of equations on
graphing caleultor and using (he trace feature or infersect
feature 10 estimate the point of Iniersection. Find the
eoordinates of the intersection 1o the nearest teath.
w) y=35:-72 b) 23 -4y =

y= =213z + 91

k)
1.3

e THE ADDITION METHOD

In Section 4.1 you used substitution to eliminate a variable in 2 system of equations.
In this section we see another method for eliminating a variable in a system of
cquations.
The Addition Method
In the addition method we climinale a variable by adding the equations.
An independent system solved by addition
Salve the system by the addition method:
x-Sy =-9

® The Adddition Methost

 Equations Inoiving
Fractions of Decimals
® Applicatons

EXAMPLE 1

Chapter 7 Rational Exponents and Radicals

Find the radiux of a spherical tank that has 3 volume of

uyia
9 9. (32 22 cubic meters

. @ ”m. (—2uh"”

9, 3N 100, (5v 7y

100, (a3 Hab'") 102. (m'"a! R’ FIGURE FOR EXERCISE 124

103, (km" 3 (Kme)! 104, (WYt Yy R . 125, Maximum sail area. According to the new Intemational

America’s Cup Class Rules, the maximum safl ares in
square meters. for # yacht in the America's Cup mce is
given by

S % (13,0368 + 7.84D" - LBLY,

Use a scieatific calculator with a powr key () 10 find
ﬁ I J vedse of ench e Hiuad =

Jour decimal places
108, 20 106 57 where D s the displacement in cubic meters (), and L is
07, -2 108 (31" the length in meters (). (Seientific American. May

et ul 1992). Find the maximum sail arex for 2 boal that hus &
% 1y 4, 7790 displacemens of 18.42 m’ snd 4 leagth of 2145 m
[T 12, 240%

61\ 32

L (u.n:s] . (:u’

- 5 (mY)
Simpiify cach expression. Assume a and b are povirive real num- -
bers and i and n are rational numbers.
16, 4t

b

4

HE, o g
7 8.
ur. us. -

=i

uy. (@ Vi
2L ("—‘ - “] -

120, (u "t FIGURE FOR EXERCISE 125

8 126 Orbics of the planets. According W Kepler's thicd kaw of
planctary motian. the average radius R of the orbit of 3

122 (:~

& +5y=2

In Exercises 133-130, solve each problem.

123, Diaganal of & boe. The Jength of the disgonal of a box
can be found from the formuta

D= (L5 + W s 05,

Where L, W, and H represent the length, with, and height
o the box. respectively. If the box is 12 inches long.
4 inchies wide, and 3 inches high, then what is the length
of the diagonal?

FIGURE FOR EXERCISE 123

124, Radius of @ sphere. The radius of & sphete s a function
af its volume, given by the formuls

planct sround the sun is delermined by B = 757, where 7

is the number of years for one orbit and R is measured in

astronomical units or AUS (Windows to the Universe,

www.windows.umich.cdu).

#) It takes Mars 1 881 years 10 muke one otbit of the sun.
What s the average radius (in AUs) of the orbit of
Mars?

10
L o
R=7%
5
b -
o 0 20 W

[ime for ane aebit
(yen)

FIGURE FOR EXERCISE 126
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Chapter s Exponents and Polynotmials

WRAP-UP

C/HAPTER

SUMMARY

Definitions

Definition of negative

integral exponents

Definition of
Ze10 exponent

I a is @ nonzero real number and n is a
positive integer, then

1f @ is any nonzeto real number, then a” = 1
The expression (' is undefined.

Rules of Exponents

1f @ and b arc nonzero real numbers and m and 4 arc integers,
then the following rules hold.

Negative exponent
rules

Product rule

Quotient rule

Powerof a
power rule

Power of a
product rule

Power of o
quoticnt rule

Scientific Notation
Converting from
sclentific notation

and

a== 2.

(a")y' = a™

(ab)' = a"b"

1. Determine the number of plices to move
the decimal point by examining the
exponent on the 10,

2. Move to the right for a positive exponent
and to the left for 4 negative exponent,

3.3 =38 270, o

Examples
4 % 10" = 4000

3 %107 = 00003

=2

5

o reeenienaanas

Wrapiup

Every chapter ends with a four-part
Wrap-up:

The Summary lists important con-
cepts along with brief illustrative
examples.

Enriching Your
Word Power enables students to
review terms introduced in each
chapter. It is intended to help rein-
force students’ command of mathe-

matical terminology.

Review Exercises contain prob-
lems that are keyed to each section
of the chapter as well as miscella-
neous exercises that are not keyed to
the sections. These exercises are
designed to test the student’s abil-
ity to synthesize various concepts.

Mathematical

»
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ENRICHING YOUR MATHEMATICAL WORD POWER

For each mathemaical term, choose the correct meanimg. 8. integral exponent
1. mth root of 4 an exponent that is an integer
& @ square oot b, powitive exponent
b, the mat of o © & rational sxponent

3
a4

2 number b such that o* = b
 numbey b such that b = a

& a fractional exponent

9. rational exponent

2 square ofa ) a 3. anexponent that produces & rational number
& a oumber b such that b° = a b, an integral exponent

b. o c. an exponent that s a real number

&) [ d. un exponent that Is u rational number
4 Va
3. cube root of @ 10. vadicand .
gt 4. the expression Va
b, a number b such that b' = u b: | theexpramion Var_
c a3 ©  the number a ln Va
4. wnumber bsuch that b = o' 4 e eamberx o Ve
4. principal root 11 comples numbers
2, the wais mol L @+ bi, where @ and b are real
b, ihe positive even root of & positive number b | ievetlind s
€ the positive odd ot of & negative number < imaginary numbers
4. the negative odd suat of s negative number d V=1
5. odd root of @
2 tbe number b such that " = a, where & is at odd 12, imaginary unit
number s |
b the opposite of the even root of & L
¢ the mth root of a &
4. the mumber bsuch that & = u, where # is an odd L

sumber

6. Indexofs radical
a. the mumber 1 in Y a
b, the number nin Ve
¢ the mumber nina®_
. the number a1 in Ve

13, imaginary number
o, @+ i, where @ and b ure real
b ¢
€ neomplex number
d. # complex mamber in which b # 0

7. like radicals 14, complex conjugates
. radicals with the same indes o e V-1
b, sdicals wilh the same radicand b a+banda - b
©  radicals with the samo radicand and the same jndex & (0% b)a -0
d.  radicals with even indices 4 cand ~1

REVIEW EXERCISES

T4 Simplify the expressions involving rational expoments. As-
sume all variables represent povitive real mimbers. Write
your unswers with poxitive expanents.

1. (=2 2 =2 - Xy
3 an'* 4 (e 9. (b by
5. 10072 6 10007

10, (7))




