|

' SECOND EDITION



ELEMENTARY

ALGEBRA

Second Edition

Elaine Hubbard

KENNESAW STATE UNIVERSITY

Ronald D. Robmson

HOUGHTON MIFFLIN COMPANY BOSTON NEW YORK



Editor-in-Chief: Charles Hartford

Associate Editor: Mary Beckwith

Senior Project Editor: Maria Morelli

Editorial Assistant: Lauren M. Gagliardi

Senior Production/Design Coordinator: Jennifer Waddell
Senior Manufacturing Coordinator: Sally Culler
Marketing Manager: Rosalyn Kane

Cover design: Stoltze Design, Wing Ngan
Cover photo: Uniphoto

Photo Credits: Chapter 1: The Purcell Team/Corbis; AP Photo/The News Tribune, Peter Haley; Chapter 2: Paul
Almasy/© Corbis; AP Photo/Guy Reynolds, Pool; Chapter 3: AP/Photo/Kevork Djansezian; AP/Photo/Kent
Gilbert; Chapter 4: Richard T. Nowitz/Corbis; James P. Blair/© Corbis; Chapter 5: AP Photo/Kent Gilbert;
Darrell Gulin/Corbis; Chapter 6: Jonathan Smith; Cordaly Photo Library Ltd./Corbis; Neil Rabinowitz/Corbis;
Chapter 7: © Dick Hemingway; Laura Dwight/Corbis; Chapter 8: AP Photo/Official U.S. Navy Photo; AP
Photo/The Daily Astorian; Chapter 9: Yann Arthus-Bertrand/Corbis; AP Photo/Joe Cavaretta; Chapter 10:
Kelly-Mooney Photography/Corbis; AP Photo/Vail Resorts/Jack Affleck.

Copyright © 1999 by Houghton Mifflin Company. All rights reserved.

No part of this work may be reproduced or transmitted in any form or by any means, electronic or mechani-
cal, including photocopying and recording, or by any information storage or retrieval system without the
prior written permission of Houghton Mifflin Company unless such copying is expressly permitted by fed-
eral copyright law. Address inquiries to College Permissions, Houghton Mifflin Company, 222 Berkeley
Street, Boston, MA 02116-3764.

Printed in the U.S.A.

Library of Congress Catalog Card Number: 98-72041
ISBN

Student text: 0-395-90114-6

Instructor’s Annotated Edition: 0-395-92674-2

23456789-DW-02 01 00 99



LEARNING Ti
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e o ail points in the coondinatc planc that
The process of detenmiaing solutions
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Features for
Discovery,
Visualization,
and

Support

Explorations

The Exploration/Discovery format in the first edition
has been revised to Exploring the Concept. This new
pedagogical device guides students from concrete
experiences to generalizations and formal rules.
Students become active participants in the learning
process by experimenting and asking “What if” ques-
tions.

EXAMPLE 5

LEARNING TIF

All sections contain numerous,
titled Examples, many with
multiple parts graded by diffi-

Examples

culty. These Examples illustrate
concepts, procedures, and tech-
niques, and they reinforce the
reasoning and critical thinking
needed for problem solving.
Detailed solutions include help-
ful comments that justify the
steps taken and explain

their purpose.
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Graphs
Both traditional and calculator graphs are used throughout
the exposition and exercises to assist students in visualizing
concepts. Calculator displays are representative and are
intended to resemble what students typically obtain on their
own calculators.
Features for
Discovery,
m Square Root Most calculators have a key for calculating square root
Visuali zation y O i o e e o e s, (S0 i 153 W G
real numbers as all numbers that have decimal names.

Figure 1.3 The Real Numbers
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‘Whole numbers
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In parts (a) and (d) of Example |
ber of
(c), the decimal names have rgpunng p

imal names can be written with a finite num-
alled terminating decimals. In parts (b) and
atterns and are called repeating decimals. A
decimal is with a line above the repeating

nonzero digits. Such decim

block.

Decimal

way to rep
Thus | = 0.3 and 7()7"

et the number of decimal places that you w

Key Words

We indicate the appropriate use of a
calculator with a Key Word and a short
description of the pertinent calculator
function. These Key Words appear at
the initial point of use. Each Key Word
references the accompanying Graphing
Calculator Keystroke Guide, where

The Commutative Properties

' Some properties are self-evident from our experi with arithmetic. For example, we

sdents know that numbers can be added or multiplied in any order and the results will he the
same.

5+3=3+5=8 12)=27 =14

The Commutative Properties of Addition and Multiplication
For any real numbers @ and b,
lLa+tb=b+a

2. ab = ba

Commutative Property of Addition

Commutative Property of Multiplication

* Subtraction and division are not commutative operations. For example,
26 =2,but6 + 12 = 0.5, In Section 1.6, we will see that 8 — 5 # 5 — 8.

specific keystroke information for sev-
eral popular calculator models can be
found, including the TI-83. Selected
keys from typical graphing calculators
are inside the back cover.

Notes

Special remarks and cautionary notes
that offer additional insight appear

Xiv

throughout the text.




the methods for

These observations suggest the following definition of subtraction.

Definition of Subtraction

For any real numbers @ and b,a — b = a + (—b).

This definition provides the method for performing subtraction.

P i ion with Real b

'8

To subtract any two real numbers,

1. change the minus sign to a plus sign, and
2. change the subtrahend to its opposite.

Then evaluate the sum.

An obvious benefit of converting a difference into a sum is that we already know the
miles of addition

EXAMPLE 2

Property of the Opposite of a Difference

For any real numbers a and b, —(a — b) = b — a.

As we will see in our later work, this is an important rule for simplifying expressions

and for reversing the order of subtraction when we want to do so.

Using the Property of the Opposite of a Difference

Use the Property of the Opposite of a Difference to rewrite each expression without

grouping symbols. In part (a), evaluate the expression.

@ —-3-1h (b) =(5—x

Solution

@ -@G-1H=11-3=8 ®): =5 =) =x—35

s, you should be able to apply the definition mentally
ator. (When you do use a calculator, you do not need to
I calculator does it for you.)

EXAMPLE 4

LEARNING TIP

Joubling an amount means a

100% Incr

ar

results in half

amount. Use famil

s suct

Increasing and Decreasing a Number by a Given Percent
(a) What is 30 increased by 150%?
(b) What is 80 decreased by 25%?

Solution

(a) 150% of 30 is (1.50)(30) = 45. Multiply the nu by [
30+45=75 Add the result to the arigmal nut
When 30 is increased by 150%, the result is 75.

(b) 25% of 80 is (0.25)(80) = 20. Multig e nu ¥
80 — 20 = 60 Subtract the result € nur

When 80 is decreased by 25%, the result is 60.

To calculate the percent increase or decrease from an original number 10 a new num-
ber, we begin by determining the positive difference between the two numbers. Then
the percent increase or decrease is the ratio of this difference to the original number.

Definitions, Properties, and Procedures

Important definitions, properties, and procedures are
shaded and titled for easy reference.

Learning Tip

Every section has at least one Learning Tip

that offers students helpful strategies and

alternative ways of thinking about concepts.

XV



End-of-Section Features

A typical section ends with three features—Class Discussion, Quick Reference, and Speaking
the Language. Two new features — Class Discussion and Speaking the Language have been
added to help students develop their Critical Thinking and Communication Skills.

88 CHAPTER 2

Algebra Basics, Equations, and Inequalities

2.2 CLASS DISCUSSION

Do you think that the latitude and longitude system for the earth is the same as a rec-
tangular coordinate system?

2.2 QUICK REFERENCE

Familiar Graphs

Graphs in Mathematics

Coordinate Systems on a
Calculator

« Bar graphs and line graphs show the relationship between two sets of data. Such
graphs can be read from either axis to the other axis.

* Data from one set can be paired with data from another set, and the pairings can be
represented with points.

* The rectangular coordinate system (or Cartesian coordinate system or coordi-
nate plane) consists of a horizontal number line called the x-axis and a vertical
number line called the y-axis. The axes intersect at a point called the origin.

« In a coordinate plane, positive numbers are indicated with fick marks 1o the right of the
origin on the x-axis and above the origin on the y-axis. Negative numbers are indicated
with tick marks to the left of the origin on the x-axis and below the origin on the y-axis.

* The axes divide the plane into four quadrants that are numbered counterclockwise.

« The location of each point in a ¢ plane can be described with a pair of

numbers called an ordered pair. The first number of the pair is the x-coordinate,

and the second number is the y-coordinate.

« Highli

g the point corresponding to an ordered pair is called plotting the point.
Plotting the points corresponding to the ordered pairs of a set is called graphing the set.

* When we produce a coordinate system on a calculator, we must select a window (the
minimum and maximum x- and y-values for the axes) and a scale (the distance
between tick marks on the axes).

* The sign patterns for the coordinates in each of the quadrants are as follows:
Quadrant | Quadrant Il Quadrant 111 Quadrant IV
(+.+) (=+) (= =) (+.-)
« Every point of the y-axis has a y-coordinate of 0. Every point of the y-axis has an
x-coordinate of 0.

2.2 SPEAKING THE LANGUAGHE

1. In a rectangular coordinate system, the point at which the v-axis and the y-axis
intersect is called the §

2. Each point in the coordinate plane is associated with a(n) pair.

3. The x-axis and the y-axis divide the coordinate plane into regions called

4. Every point of the has an x-coordinate of 0.

Class Discussion

Every section ends with a topic for
Class Discussion. Building on con-
cepts and procedures developed
within the section, this new feature
fosters student interaction and criti-
cal thinking. Answers are listed in
the Instructor’s Annotated Edition.

Quick Reference

Quick Reference appears at the end
of all sections except those dealing
exclusively with applications. These
detailed summaries of the important
rules, properties, and procedures are
grouped by subsection for a handy
reference and review tool.

Speaking the Language

Speaking the Language now appears
at the end of all sections except
those dealing exclusively with appli-
cations. This new feature helps stu-
dents to think and communicate in
the language of mathematics by
reinforcing vocabulary and contextu-
al meanings. Answers are listed in
the Instructor’s Annotated Edition.
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16 57, What n the procedure tor simplifymg an expression

Exercises

A typical exercise set in each section includes exercises from

13 b o el each of the following groups: Concepts and Skills (including
Writing and Concept Extension), Real-Life Applications

and Modeling with Real Data, Group Project, and Challenge.

Geometric Models exercises appear in selected sections

throughout the text.

2.7 EXERCISES

Concepts and Skills In Exercises 11-16, write an inequality that co)
to the given number line graph. Use x for your variable.

sponds

% L. In your own words, explain what we mean when we
writex + 3=7.

% 2. Whatdo we mean by the solution set of an inequality? 1. <t—i—

In Exercises 3-8, for the given inequality determine
which of the given numbers is a solution

RN2+x>T 35911 01
4.5-x=<3 -8-1,25 13—
Concepts and Skills S.4=1-35 —4-2-10 '
6. x—-7>5; 0,2,6,10 14. « 3
. . . . 7o =-3==-7<5 —1,2,5.6,9 -2-1
Most exercise sets begin with the basic - P i
v . s 5. e
skills and concepts discussed within the 4 9. When we draw a number line graph of an inequality. il T
5 . 3 what symbols do we use to indicate whether an end-
text. These include Writing Exercises, point is included in the graph? e S
. . 10. If =3 < x = 7. describe the possible values of x.
designed to help students gain confidence . e e
in their ability to communicate, and G et Palical Comventon TV Ratings
Concept Extension exercises, which go S W s e i

slightly beyond the text examples. The
notation CE in the Instructor’s edition
identifies Concept Extension exercises.

[
[ Kepublicans

Group Project

The TV ratings for the Democratic conventions can he
266, del

Group Projects now appear in the exercises et bt
for many sections. These series of exercises : -
focus on real data and allow students to
work together to solve problems. An index B o i o b
of Group Projects is inside the back cover. g o e D o

1o ¢ wention
Q () Estimate and interpret the solution of the
wequality in part (a)
92. What are some factors that might reverse the down-
ward trend in the ratings !

75. To the nearest integer, compute the average number
A of resolutions during the 9 years shown in the .
table on page 91. Suppose that you plotthe points in Graphing Calculator Icons
Exercise 74 and draw a horizontal line A units above
the x-axis. What would be the significance of the

ordered pais in Exercise 74 that lie Exercises best completed with a graphing
o e s the ! calculator now have icons, which are in only
. is the purpose of such resolutions and what is
your opinion of the effectiveness of these Security the Instructor’s Annotated Editl()n SO that

Council actions?

instructors may determine appropriate use.

Challenge
In Exercises 77-80. the coordinates of the endpoints of a
line segment are given. Determine the coordinates of the Cha"enge
midpoint of the segment
77. (=2,3).(6.3) 78. (=5, -2 (-1, -2)
5, o e - U These problems appear at the end of most
81. One side of a rectangle has vertices (—2, —3) and exercise sets a.nd Offel‘ more Challenglng
73. Suppose you were to depict the information as (7. —3). Another side is 8 units long. Point P is a
ordered pairs with the year as the first coordinate third vertex in Quadrant I. Determine the coordi- WOI‘k than the Standard and Concept
and then plot the ordered pairs. In which quadrant nates of point P. E o bl
would \\\%‘j \ie? B2 A square whose sides are § units long is drawn with Xtension DYO ems.

its center al the origin, What are the coordinates of

. B ation 2 airs with the
74. Write the information as ordered pairs e four vertices?

ears since 1985 as the first coordinate.

number of Y

Ve
Z

-
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| CHAPTER REVIEW EXERCISES

section 1.1

1. Use the roster methed 10 wite the set of ntegers
i

A= (VIS

3. Wie the decimal name for the

ber and seate whether the decimal Is terminating or

1L, Wrie the product - b b - b in exponential lorm

given ranonal oum

R
62 - @1
(@ VI3

17 It <. >, or = ko make each satemen e
; 1218 s
" -3
s whale number und & i an e E TR
method 1 wite the et desribed P
Hhy. 8. Under what condition is = ~¢*
k<
00+ 10 ke cach taement v Sectlon 1.3
it & Inaois I Esercies 1923, name the propersy lunirated
e ®

(@ -1y

7. Indicate whether each of the following statements iy

e o fabse

1
i

ey

(o) Every imational number s o 4 <al number. e S
(b 047 ¢ 047 24, Name th fty that ustifies cach e
(o) The cmpty eserted by (0} R R

(1 The follow

¥ B Dewcribe the d
bers

wal names of the rvations! mum

ey 2 e @

e )

ot 27, What name do we give (o the sun

9. Name the aperution associated with esch of the ol s aditlve imversc?
Towing words 29, Ve the propertiey of real simplity each
a) factn expression. Assume that 15 3 natural mumber
€1 diference ") 4y

10, Transhae the given expression into we #=h

@ -7

hha-7

Chapter Review Exercises

Each chapter ends with a set of review exercises. These
exercises include helpful section references that direct students
to the appropriate sections for review. The answers

to the odd-numbered review exercises are included at the back

of the text.

End-of-Chapter Features

At the end of each chapter, these features appear in the following
order: Chapter Review Exercises, Looking Ahead (except Chapter
10), Chapter Test, Cumulative Test (at the end of selected chapters).

Looking Ahead

New to the second edition, this short list of review
exercises focuses on previously discussed skills and
concepts that will be needed in the upcoming
chapter. Answers are in the Instructor’s

Annotated Edition.

m CUMULAYIVE TEST

. Compare the decimal names of rational numbers

&

L

El

with the decimal names of irrational numbers.

Insert <, >, or = (0 make the statement true.

(@) —(—x) X

(b) |5 5

(©) 5+ 2(-3) (5+2)(-3)

What property justifies the statement 3(1x) = (3 - {}x?
If the addends are —4. 6, —7. and 3, what is the
sum?

Determine the difference of 6 and — 5.

Evaluate —8 = (—4) - (=3).

Evaluate —3x + x' — 5 for x = —2 on the home
screen of your calculator.

. Simplily —(x — 3a) — 2(x —a — 1).

What are the signs of the coordinates of all points in
Quadrant IV?

. If you produce the graph of the expression | — Sx

nt whose x-coordinate is 3, what
? Why?

and trace to the
is the y-coordinate

11. What do we call the following equations?
@ 2x+ 1)=2c+2 (b) 2(x + 1) =2+ |
12. Solve —3x +2— (x —4) = 2x + 8.

. Use the graphing method to estimate the solutions

of 3 = x < 5. Draw a number line graph of the solu-
tion set.

14.

=

18.

20.

. A company’s annual gross sales of $521,520 repre-

. Solve the equation for y.
X
2 S5v=2

. Write a simplified expression for the perimeter of a

. The measure of one unknown angle of a right trian-

A county commissioner won her election by a mar-
gin of 4 to 3. If 56,000 people voted, how many
voted for her opponent?

sent a 6% increase over the previous year's sales.
What were the gross sales last year?

rectangle whose width is 4 feet less than half s
length L.

Tickets to the county fair cost $§ for adults and $4
for children. Four hundred senior citizens were
admitted with a 10% discount off the adult ticket
price. If $14,080 was collected from the total of
2200 people who went to the fair, how many chil-
dren's tickets were sold?

gle is 6° more than twice the measure of another
angle. What are the measures of the three angles of
the triangle?

A person begins walking along a path at a rate of 4
mph. Ten minutes later, a jogger begins at the same
point and runs along the same path at 7 mph. To the

The fotlowng exereises seview concepts and skill tha

1=2.- 2000, oo | %

2 Suppose that (i, B bs  point of an axis. What can

you conclode sbout the coondi

In Exercires 3.5, solve the g

Sae -2

iy o evalate s v - |

6. Use the gven val

3. CHAPTEK TEST

costof an item weighing | pound. o
cents?

enured faculty (0
2 11 there are 400 faculty

are ponienured”

w0 rvangles in the figure are sunila jangles

AR and DF

L Only 05 o the people mvited 10 8 wedding were
at end. I 56 ttended the wedding.

y e & force by R 10 188
yees. How many peaple lost their Jobs”

6. I s community of 1000 voters, 6% voted for can

Chapter Test 207

7. Eyal ! for e gaven valics of the varables
you will need in Chapicr 4 1 ¥
1. Lisc a graph o the set o prediet the next [ da= Ly e 4
ondered pais n the e 3

o AC- 1. 3 and move

10 pont B, What are

mula for repested
s el fenghs

Chapter Test

A Chapter Test follows each chapter
review. The answers to all the test
questions, with the appropriate
section references, are included at
the back of the text.

Cumulative Test

A Cumulative Test appears at the
end of Chapters 3, 5, 8, and 10. The
answers to all the test questions,
with section references, are included
at the back of the text.

nearest minute, how long does it take the jogger to
catch up to the walker?
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Chapter 1

The Real Number System

1.1  The Real Numbers

1.2 Operations with Real Numbers
1.3 Properties of the Real Numbers

1.4 Addition

1.5 Addition with Rational Numbers

1.6 Subtraction
1.7 Multiplication
1.8 Division

I he accompanying bar chart shows the four :
occupations with the highest fatality rates ’ ,

per 100,000 workers.

The data in the bar chart can be written in the
form of rational numbers, which are real
numbers of a specific form. Operations can
be performed with these numbers to draw
conclusions about the hazards of these occu-
pations. For more on this real-data problem,
see Exercises 79-82 at the end of Section 1.5.

We begin our study with an examination of the
structure, order, and properties of the real num-
ber system. We then turn to the rules and meth-
ods for adding, subtracting, multiplying, and
dividing real numbers. These basic skills are
essential to your success in this and all future
courses in mathematics.

s

FATALITIES

;

%)

S
1
L)

50

-

34 25

per 100,000 Workers
o
(=]

Forestry, Taxi Drivers, Construction Truck
Logging Chauffeurs  Laborers Drivers

(Source: Bureau of Labor Statistics.)
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CHAPTER 1

The Real Number System

n THE REAL NUMBERS

The Integers ¢ The Rational Numbers e The Real Numbers e Order of the Real Numbers

Figure 1.1
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The Integers

It is reasonable to believe that the earliest use of numbers was for counting. We call the
numbers 1, 2, 3, . . . the counting numbers or natural numbers.

In mathematics it is convenient to organize a collection of objects, such as numbers,
into a set and to name the set for easy reference. For example, we can write the set N
of natural numbers as N = {1, 2, 3, ... }. Braces are used to enclose the set of num-
bers, and the three dots indicate that the numbers continue without end. The numbers
in the set are called the elements of the set.

Adding just one additional element O to set N results in a new set W, which is called
the set of whole numbers.

W=1{0,1,23,...)

Because every natural number is also a whole number, we say that set N is a subset of
set W.

The method of writing a set by listing its elements is called the roster method. If the
number of elements in a set is 0, we call the set the empty set, which is represented by
the symbol @.

Note: The set {0}, which has one element, is not the same as the set @, which has no
elements.

In everyday life we encounter numbers that describe measurements that are less than
0, such as a temperature that is below zero or a bank account that is overdrawn, or that
represent decreases or losses, such as a decline in stock value or a loss of yardage in a
football game.

To provide for such numbers, we expand the set W of whole numbers into the set
J={is55—=3:—-2,-1,0;1,2,3;: . 5}
We call set J the set of integers. Note that sets N and W are subsets of set J.

A visual way to represent the integers is a number line. To draw a number line, we
select any point of a line and associate it with the number 0. This point is called the
origin. Then we associate the remaining integers with points that are to the left and
right of the origin and that are spaced one unit apart. We call this distance the unit dis-
tance. (See Fig. 1.1.) Numbers to the right of the origin are called positive numbers.
Numbers to the left of the origin are called negative numbers and they are identified
with the symbol —. The number 0 is neither positive nor negative.

Note: For emphasis, we sometimes identify positive numbers with the symbol +, but
usually this symbol is omitted. We read +9 as positive 9, not plus 9. Similarly, the
symbol —6 is read negative 6, not minus 6.
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The Rational Numbers

For positive integers, the basic operations of addition, subtraction, multiplication, and
division are familiar to us from arithmetic. In particular, division can be indicated in
the form of a fraction such as 2 or . The number above the fraction bar is called the
numerator, and the number below the fraction bar is called the denominator.

A special kind of fraction is one in which the numerator and denominator are both
integers. Such fractions are called rational numbers.

Definition of a Rational Number

; : ; . p
A rational number is a number that can be written in the form —, where p and ¢
are integers and ¢ is not 0. 1

A letter (or any other symbol) used to represent an unknown number is called a vari-
able. In the definition of a rational number, the numerator is represented by the vari-
able p, and p can be replaced with any integer. The denominator is represented by the
variable g, and ¢ can be replaced with any integer except 0.

We used the roster method to write the sets of natural numbers, whole numbers, and
integers. Another method for writing a set is with set-builder notation. For example,
the set Q of rational numbers can be written

0= {% | p and g are integers and ¢ is not 0}

The vertical line is read such that. Thus the set Q of rational numbers is the set of all
numbers of the form £ such that p and g are integers and ¢ is not 0. According to the
q

definition, each of the following is a rational number.

5. -10 7 0 -9

& 3 1" 2 —16
From arithmetic, we know that if p is a positive integer, then p can be written as the
rational number % Later we will see that this is also true if p is a negative integer. In
short, every integer is also a rational number. Thus the set J of integers is a subset of

set Q. Figure 1.2 shows the relationship among the sets N, W, J, and Q.

Every rational numberlf has a decimal name that can be determined by dividing p by q.

Although the + key may be used for division, the symbol / may be displayed on
the screen.

Decimal Names for Rational Numbers

Use your calculator to determine the decimal names for the following rational num-
bers.

5 | 8
(a) 3 (b) 3 () 11 (d) 6




