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Your Guide to Success

« Implement the study skills that appear in the Reach for Success feature at the beginning and end of each
chapter, and complete the activities that accompany them.

Reﬂ«C,’lfO r Success Organizing Your Time

Life during your college years should be fun but it also requires time-management skills if you want to be academically
successful. Although you previously examined a typical 24-hour day and a week, looking
at a longer period will help you identify potential time conflicts.

Populate a two-week calendar with all the graded assignments from your syllabus in each
of your classes.

Begin by filling in the dates in the chart. Then

1. Record all exams in the boxes.

2. Include due dates for any papers.

3. Add any labs/homework assignments.

4. Record employment hours including any scheduled overtime.

© Stockphoto com/Ryan Baldoras

+ Review each EXAMPLE and complete the corresponding SELF CHECK to be sure you understand the concepts.

EXAMPLE4  Simplify: 2(x +3) + 8(x — 2)
Solution  To simplify the expression, we will use the distributive property to remove parentheses
and then combine like terms.
2(x +3) +8(x —2) =2x +2-3 + 8x — 8:2  Use the distributive property to
remove parentheses.
=2x+6+8 — 16 2:3=6and8-2 =16

=2x+8+6—16 Use the commutative property of
addition: 6 + &x = 8x + 6

=10x — 10 Combine like terms

SELFCHECK4  Simplify: —3(a + 5) + 5(a — 2)

+ Solve the problems at the end of the section to strengthen and deepen what you have
practiced and to help you transition to skills needed in future sections and chapters.

NOW TRY THIS

Solve the compound inequality and express the solution as a graph.
1. 6x—2(x+ 1) < 100r —5x < —10
2. 4x =2(x — 6) and —5x = 30

1, )

in interval

Solve the compound inequality and express the
3. x>3o0rx = -2
4, x >3andx = -2

« Work the Warm-Up, Review, and Vocabulary Exercises to ensure you are prepared for the remainder of the
exercise set. Guided Practice Exercises literally “guide” you through the section’s content with references to the
Examples and Objectives, should you encounter difficulty. Additional Exercises provide you with the opportunity
to select the correct procedure to work an exercise from the many you have learned throughout the section.
Finally, Applications give you the opportunity to apply these skills in real-world situations.

* Repeat the above process to continually Reach for Success throughout the course!
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Important Concepts Guide

CHAPTER1 A REVIEW OF BASIC ALGEBRA
Natural numbers: 1,2, 3,4, 5,6, . . .

Prime numbers: 2, 3, 5,7, 11, 13,17, . . .
Composite numbers: 4, 6, 8,9, 10, 12, . . .
Whole numbers: 0, 1,2, 3,4,5,6,. . .
.,—3,-2,-1,0,1,2,3,. ..

Rational numbers: Any number that can be written in the

Integers: . .

form% (b # 0), where a and b are integers

Irrational numbers: Any decimal that cannot be written

in the form% (b # 0), where a and b are integers

Real numbers: The union of the rational and irrational
numbers

Properties of real numbers:
If a, b, and ¢ are real numbers, then

a + bis a real number.
a — bis areal number.
Closure properties: § ab is a real number.

%is a real number (b # 0).

(@a+b)ytc=a+((b+o
(ab)c = a(bc)
at+b=b+a

ab = ba

Distributive property: a(b + ¢) = ab + ac

0 is the additive identity.

1 is the multiplicative identity.

Associative properties: {

Commutative properties: {

a and —a are additive inverses.
1 e e

aand — (a # 0) are multiplicative inverses.
a

Double-negative rule: —(—a) = a

Properties of exponents:
If there are no divisions by 0, then

xmxn — xm+n (xm)n — xmn
n n.n X ! xn
()" = X"y () =
Y y
0 —n 1
x=1 (x#0) x "=
X

Formulas for area and volume:

Figure Area Figure Volume
Square A=4s Cube V=ys
Rectangle A4 =1Iw Rectangular V' = lwh
solid
4
Circle A= mr? Sphere V= §7TV3
1
Triangle A= Ebh Cylinder V = Bh*
1 1
Trapezoid A = Eh(bl + b,)  Cone V= gBh*
1
Pyramid V= gBh*

*B is the area of the base.

CHAPTER 2 GRAPHS, EQUATIONS OF LINES,
AND FUNCTIONS

Midpoint formula: If P(x;, y;) and Q(x», y,), the midpoint
of segment PQ is

+ +
M(xl X2 V1 yz)

202
Slope of a nonvertical line: If x; # x,, then
Ay _ V2= n

AxX X — X
Equations of a line:
Point-slope form: y — y; = m(x — x)
Slope-intercept form: y = mx + b
General form: Ax + By = C (A4 and B not both 0)
Horizontal line: y = b
Vertical line: x = a

Function notation:
f(a) is the value of y = f(x) when x = a.

CHAPTER 3 SYSTEMS OF LINEAR EQUATIONS
Determinants:

a b
=ad— b
. d a 1
Cramer’s rule:
+ by =
The solution of {ax y-e is
ex+dy=f
D D,
xzf and yzj}, where
D= a b D - e b D - a e
c d|’ " f od|”7 f

(continues on the back endsheet)
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Preface

To the Instructor

This tenth edition of Intermediate Algebra: A Guided Approach is an exciting and innova-
tive revision. The new edition reflects a thorough update, has new pedagogical features
that make the text easier to read, and has an entirely new and fresh interior design. This
series is known for its integrated approach, for the clarity of its writing, for making alge-
bra relevant and engaging, and for developing student skills. The revisions to this already
successful text will further promote student achievement. Coauthors Rosemary Karr and
Marilyn Massey joined David Gustafson and have now assumed primary responsibility,
bringing more experience in developmental education.

This new edition has expanded on the learning plan that helps students transition
to the next level, teaching them the problem-solving strategies that will serve them well
in their everyday lives. Most textbooks share the goals of clear writing, well-developed
examples, and ample exercises, whereas the Karr/Massey/Gustafson series develops stu-
dent success beyond the demands of traditional required coursework. The tenth edition’s
learning tools have been developed with your students in mind.

Through their collective teaching experience, the authors have developed an acute
awareness of students’ approaches to homework and have determined that exercise sets
should serve as more than just a group of problems to work. The authors’ philosophy is
to guide the student through new material in a gentle progression of thought develop-
ment that slowly reduces the student’s dependence on external factors and relates new
concepts to previously learned material. They have written the textbook to guide stu-
dents through the material while providing a decreasing level of support throughout each
section. Initially, the authors provide a map to the content through learning objectives
that serve as advanced organizers for what students can expect to learn that day. The
vocabulary encourages students to speak the language of mathematics. Getting Ready
exercises at the beginning of each section prepares students for the upcoming concepts by
reviewing relevant previous skills. The instructor may guide the students through the ex-
amples, but the students will independently attempt the Self Checks. Students will begin
to use their “mathematical voice” to explain problems to one another or work collectively
to find a solution to a problem not previously encountered, a primary goal of the Now
Try This feature. The guidance shifts from instructor to fellow students to individual
through carefully designed exercise sets.

B New to This Edition

The major changes to this edition are the inclusion of Self Checks for ALL examples,
study skills strategies for each chapter, modification of the Warm-Up exercises, and the
revision of many exercises.

» The Warm-Ups have been significantly revised to reflect the original intention
of this group of exercises. We wanted the Warm-Ups to be just that, warm-ups.
Thus, most have been revised to include skills needed for the development of
section concepts.

« A set of interactive study skills strategies, called Reach for Success have been
incorporated throughout the textbook for a more holistic learning experience.

Xi

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Xii

PREFACE

The authors feel that most students already know effective study strategies
and could list many of the successful techniques, but it is the authors’ intent to
encourage the student’s thoughtful consideration and implementation of these
skills. The interactive approach engages the student, encouraging an active
participation to develop and reinforce the skills. The incorporation of student
advising and the development of study skills is critical for academic success.
This is why this feature is titled REACH for Success. The authors hope to help
students do just that. These worksheets (and others) are available online for
flexibility in the order of assignment.

Everyday Connections have been revised to more accurately reflect a topic of
the selected chapter.

Self Checks have been included for EVERY example in the textbook, especially
significant for applications where students need to develop problem solving
strategies.

 Additional Teaching Tips have been included at the request of our reviewers.

The use of calculators is assumed throughout the text although the calculator icon
makes the exercises easily identifiable for possible omission if the instructor chooses to
do so. We believe that students should learn calculator skills in the mathematics class-
room. They will then be prepared to use calculators in science and business classes and
for nonacademic purposes.

Since most intermediate algebra students now have graphing calculators, key-
strokes are given for both scientific and graphing calculators. Removable cards for the
Basic Calculator Keystroke Guide for the TI-83/84 Family of Calculator and Basic Calcula-
tor Keystroke Guide for the fx-9750GII CASIO are bound into the book as resources for
those students learning how to use a graphing calculator.
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A Gu

Chapter Openers showcase the variety Co
of career paths available in the world of mathematics.

We include a brief overview of each career, as well as job
outlook statistics from the U.S. Department of Labor,
including potential job growth and annual earning

Tour

PREFACE Xiii

potential.

Reach for Success analyzing Your Time

We can all agree that we only have 24 hours in a day, right? The
expression “My, how time flies!” is certainly relevant. It might surprise
you where the time goes when you begin to monitor the hours.

How can you schedule your time to allow for a successful semester?
Begin by completing the pie chart to analyze a typical day.

Careers and Mathematics

hs, Equations of Lines,
Functions

ATMOSPHERIC SCIENTISTS,

INCLUDING METEOROLOGISTS REACH FOR SUCCESS

2.1 Graphing Linear Equations

HOW MANY HOURS A DAY DO YOU SPEND: 24-Hour Pie Chart

For every hour spent on each activity shade that many pie
segments. (It might be helpful to use a different color to shade
for each question.) There are no right or wrong answers. You
just need an honest assessment of your time.

working at outside employment (include
commute time)?
sleeping?

preparing meals, eating, and exercising?

getting ready for work/class?

in class (include lab hours, commuting, or
tutoring time)?

with family and friends?

on the Internet, phone, playing video
games, texting, watching TV, going to
movies, or other entertainment?

2.2 Slope of a Line
Atmospheric science is the study of the atmosphere—the 2.3 Writing Equations of Lines
blanket of air covering the Earth. Atmospheric scientists, 2.4

including meteorologists, study the atmosphere’s physical
characteristics, motions, and processes. The best-known
application of this knowledge is in forecasting the weather.
Abachelor's degree in meteorology, which generally
includes advanced courses in mathematics,
is usually the minimum
educational
requirement for an
entry-level position

in the field.

Introduction to Functions

2.5 Graphing Other Functions

Projects

REACH FOR SUCCESS EXTENSION
CHAPTER REVIEW

CHAPTER TEST

CUMULATIVE REVIEW

In this chapter
It is often said that “A picture is worth a
thousand words.” In this chapter, we will
show how numerical relationships can
be described by using mathematical
pictures called graphs.
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Now we have a mathematics problem! How many hours are left for studying? Remember, the rule of thumb is for
every 1hour in class, you will need at least 2 hours of studying. For mathematics, you could need even more. The key
is to spend as much time as you need to understand the material. There is no magic formula!

A Successful Study Strategy . . .

Lz Adjust your schedule as needed to support your educational goals.

At the end of the chapter you will find an additional exercise to guide you in planning
for a successful semester.

Appearing at the beginning of each section, Learning Objectives

are mapped to the appropriate content, as well as to relevant exercises in
the Guided Practice section. Measurable objectives allow students to iden-
tify specific mathematical processes that may need additional reinforce-
ment. For the instructor, homework assignments can be developed more
easily with problems keyed to objectives, thus facilitating identification of

appropriate exercises.

able

In order to work mathematics, one must be able to speak the language.
Not only are Vocabulary words identified at the beginning of each section,
these words are also bolded within the section. Exercises include questions
on the vocabulary words, and a glossary has been included to facilitate the
students’ reference to these words. An optional Spanish glossary is avail-

upon request.

Getting Ready questions appear at the beginning of each section,

linking past concepts to the upcoming material.

) Reach for Success is a new feature where study
skills have been written for inclusion in every chapter.
This feature is designed as an opening activity to help the
student prepare for a successful semester.

Co

Solving Systems of Two Linear Equations

in Two Variables by Graphing

" © Ssolve a system of two linear equations by graphing.

,g Recognize that an inconsistent system has no solution.

g a Express the infinitely many solutions of a dependent system as a general

) ordered pair.

S a Use a system of linear equations in two variables to solve a linear
equation in one variable graphically.

S

=1 system of equations inconsistent system independent equations

=1 consistent system distinct lines. dependent equations

g equivalent systems

>

Bl Lty = —3x+ 2. Find the value of y when

S

S EER 2. x=3. 3. x=-3 4 x=-1

[ i five pairs of numbers

.E 5. witha sumof 12. 6. with a difference of 3.

LY}

O
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352 CHAPTER5 Polynomials, Polynomial Functions, and Equations "’3 Examples are worked out in each chapter
Formandsolve ancaustion We cn sbsiex for . 3¢ for . and T highlighting the concept being discussed. We
96 for A in the formula for the area of a
wiangle A = b and solve for . . include Author notes in many of the text’s
A=gbh ‘ L examples, giving students insight into the thought
96 = (30 Figure 5-8 process one goes through when approaching a
192 = 3¢ Multiply both sides by 2 to clear fractions prob|em and Working toward a solution.
64 = x? Divide both sides by 3, .
0=x - 64 Subtract 64 from both sides All examples end with a Self Check, so that
0= (x +8)(x —8) Factor the difference of two squares. . . .
x+8=0 or x—8=0 Set each factor equal to zero. StUdentS Ccan measure thEIr readlng comprehen5|on.
L Answers to each section’s Self Checks are found at
State the conclusion  Since the height of a triangle cannot be negative, we must discard the negative solution. .
“Thus, the height of the truss is 8 feet, and s width is 3(8), or 24 fec. the end of that section for ease of reference.
Check the result ~ The area of a triangle with a width (base) of 24 feet and a height of 8 feet is 96 square
feet:
Each section ends with Now Try This Co
exercises intended to increase conceptual understanding through _ o o
B . . . A vertical asymptote appears at any value for which a simplified rational function is undefined.
active ClaSSrOOm pa rthIpatIOn and Involvement, These pl’Ob'emS A hole in the graph of a function occurs at any value resulting from a factor common to the
.. . . . numerator and denominator of the original function.
transition to the Exercise Sets, as well as to material in future sections ) ) )
. ) . For each of the functions below, determine where the vertical asymptote(s) occurs
and can be worked independently or in small groups. The exercises (if any) and where the hole(s) occurs (if any). Graph the original function and any
. . . . . simplified function and compare their graphs. What do you notice?
reinforce topics, digging a little deeper than the examples. To Y o x3e
. . . . 1) =5 2. gx) = .
discourage a student from simply looking up the answer and trying W9 150 = 5¢°
to find the process that will produce the answer, answers to these
problems will be provided only in the Annotated Instructor’s Edition of the text.
The Exercise Sets transition Exercises _%@
students through progressively
more difficult homework problems. WARM-UPS Evaluate each expression. 19.5 = 18mandc = 82m B
e e 20.h = 7 ftand ¢ = 25 ft
Student.s are |n|.t|a|Iy asked to 1.Ves 2./289 e e T . )
work quick, basic problems on EIRVAEEYE 417+ 8 22.a=8cmandb = 15cm
their own, then proceed to work 5. Vs -3 6. V5 — 4 2.a=V8miandb = V8 mi 4 b c
exercises keyed to examples and/or REVIEW  Find cach prodct. 24.a= Vil fandb = V38 1t
objectives, and finally to complete | 7 o 55— s (D@ ) T o
app|lcat|0ns and Crltlcal'thlnklng SEE EXAMPLE 2. (OBJECTIVE 2)
questions on their own. 9. (4a = 3b)(5a — 2b) 10. (4r = 3)(2r* + 3r = 4) 25.(0,0), (3, —4) 26. (0,0), (—6,8)
27. (10,8), (=2.3) 28. (5.9).(8.13)
VOCABULARY AND CONCEPTS Fillin the blanks. 29. 2’7- ‘2;’ 2’1’4; 30. E’S ’2>’)<Z 3) :
. . 31. (12, -6),(—3,2 32. (—14,-9),(10, -2
Warm UpS get StUdentS 11. In a right triangle, the side opposite the 90° angle is called the 33. (=3,5), (=5, —5) 34. (2,-3), (4, —8)
into the homework mind- 35.(-9,3),(4.7) 36. (—1,-3),(-5,8)

12. In aright triangle, the two shorter sides are called .

set, asking quick memory-
testing questions.

* Review exercises are included to remind students of previous skills.

« Vocabulary and Concepts exercises emphasize the main concepts taught in this
section.

« Guided Practice exercises are keyed to the objectives to increase student success
by directing students to the concept covered in that group of exercises. Should a
student encounter difficulties working a problem, a specific example within the
objective is also cross-referenced.

« Additional Practice problems are mixed and not linked to objectives or examples,
providing the student with the opportunity to distinguish among problem types
and to select an appropriate problem-solving strategy. This will help students pre-
pare for the format generally seen on exams.
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« Applications ask students to apply their new skills in real-life situations, Writing
About Math problems build students’ mathematical communication skills, and Some-

thing to Think About encourages students to consider what they have learned in a
section, and apply those concepts to a new situation.

Exercises

bound on the volume of the

Projects
and then minimizing the su

PROJECT1 that must be buil. The can be
Al expressed in a formola that contains A, and h, Derive

PROJECT2
Knowing any three poinis on the graph of a parabol
functi h to determine the equation of that
that for any three points that could

a,there is exactly one parabola
points, and this parabola will

parat
possibly lie on
that passes thr

bolic function, no
x-coondinate, and
y-coordinate. Expl

n Review

The Real Number System
} DEFINITIONS AND CONCEPTS

<« Cumulative Review -~ -

line and graph he prime Find

ghentha f1x)

Chapter-ending Projects encourage in-depth exploration of key concepts.

Cumulative Review Exercises follow the end of chapter material for every even-
numbered chapter, and keep students’ skills current before moving on to the next topic.

Xv

b + Many exercises are available online through Enhanced WebAssign®. These homework
problems are algorithmic, ensuring that your students will learn mathematical pro-
cesses, not just how to work with specific numbers.

A Chapter Review grid presents the material cleanly and simply, giving students an efficient
means of reviewing the chapter.

Chapter Tests allow students to pinpoint their strengths and challenges with the material.
Answers are included at the back of the book.

A Glossary has been included to function as a student reference to the vocabulary words and

definitions.

Everyday connections

Historical and Projected US. Population

Projected
Growth

Perspective boxes highlight interesting Co
facts from mathematics history or important
mathematicians, past and present. These brief

but interesting biographies connect students to
discoveries of the past and their importance to the
present.

B Additional Features

Perspective THE FIBONACCI
SEQUENCE AND
THE GOLDEN RATIO

Perhaps one of the most intriguing examples of how a
mathematical idea can represent natural phenomena is
the Fibonacci Sequence, a list of whole numbers that is
generated by a very simple rule. This sequence was first
developed by the Italian mathematician Leonardo da
Pisa, more commonly known as Fibonacci. The Fibo-
nacci Sequence is the following list of numbers

1o 16258, 55,8, 13,21 0 0

where each successive number in the list is obtained by
adding the two preceding numbers. Although Fibonacci
originally developed this sequence to solve a mathe-
matical puzzle, subsequent study of the numbers in this
sequence has uncovered many examples in the natural
world in which this sequence emerges. For example, the
arrangement of the seeds on the face of a sunflower, the
hibernation periods of certain insects, and the branching
patterns of many plants all give rise to Fibonacci numbers.

Among the many special
properties of these numbers
is the fact that, as we gener-
ate more and more numbers
in the list, the ratio of succes-
sive numbers approaches a
constant value. This value is
designated by the symbol ¢
and often is referred to as the
“Golden Ratio.” One way to
calculate the value of ¢ is to
solve the quadratic equation

¢ —¢—1=0.

1. Using the quadratic formula, find the exact value of ¢.

Leonardo Fibonacci

2. Using a calculator, find a decimal approximation of ¢,
correct to three decimal places.

Note: Negative solutions are not applicable in this
context.
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Accent If an equation in x and y is solved for y, we can use a graphing calculator to generate a table
on technology of solutions. The instructions in this discussion are for a TI-84 graphing calculator.

) To construct a table of solutions for 2x + 5y = 10, we first solve for y.
» Generating Tables

of Solutions 2x + 5y =10
Sy = —2c+ 10  Subtract 2x from both sides
2
y=—Zx+2 Divide both sides by 5 and simplify

5

Toenter y = —2x + 2, we press Y= and enter () (2£5) % T, 6,0 () +2, as
shown in Figure 2-9(a).

To enter the x-values that are to appear in the table, we press 2ND WINDOW
(TBLSET) and enter the first value for x on the line labeled TblStart=. In Figure 2-9(b),
—5 has been entered on this line. Other values for x that are to appear in the table are
determined by setting an increment value on the line labeled ATbl=. Figure 2-9(b) shows
that an increment of 1 was entered. This means that each x-value in the table will be 1 unit
larger than the previous x-value.

The final step is to press the keys 2ND GRAPH (TABLE). This displays a table of
solutions, as shown in Figure 2-9(c).

<) Accent on Technology boxes teach students the calcula-
tor skills to prepare them for using these tools in science and
business classes, as well as for nonacademic purposes. Calculator
examples are given in these boxes, and keystrokes are given for
both scientific and graphing calculators. For instructors who do
not use calculators in the classroom, the material on calculators
is easily omitted without interrupting the flow of ideas.

Comment notations alert studentsto <~
common errors as well as provide helpful and
pertinent information about the concepts they
are learning.

COMMENT If @ and b are both negative, then \/LE * \/E\/ZJ. Recall, the simplified
form of a radical expression does not contain a negative radicand. Therefore the V' —16
and the V=4 must be simplified prior to multiplying. For example, if ¢ = —16 and
b = —4, we have

V(=16)V(—4) = (4i)(2i) = 8> =8(—1) = -8

The imaginary numbers are a subset of a set of numbers called the complex numbers.

For the instructor, Teaching Tips are provided in
the margins of the Annotated Instructor’s Edition
as interesting historical information, alternative
approaches for teaching the material, and class
activities.

A Spanish Glossary is available for inclusion upon
request.

Teaching Tip

If your class is full and the chairs

are arranged in rows and columns,

introduce graphing this way:

1. Number the rows and columns.

2. Ask row 3, column1to stand. This
is the point (3,1).

3. Ask(1,3) to stand. That this s a
different point emphasizes the
ordered pair idea.

4, Repeat with more examples.
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FORTHE STUDENT FORTHE INSTRUCTOR

Annotated Instructor Edition

(ISBN: 978-1-4354-6251-9)

The Annotated Instructor Edition features answers to all
problems in the book.

Student Solutions Manual

(ISBN: 978-1-285-84624-8)

Author: Michael Welden, Mt. San Jacinto College

The Student Solutions Manual provides worked-out solutions
to the odd-numbered problems in the book.

Complete Solutions Manual

(ISBN: 978-1-285-84623-1)

Author: Michael Welden, Mt. San Jacinto College

The Complete Solutions Manual provides worked-out solutions
to all of the problems in the text.

Student Workbook

(ISBN: 978-1-285-84625-5)

Author: Maria H. Andersen, former math faculty at Muskegon Com-
munity College and now working in the learning software industry
The Student Workbook contains all of the assessments, activi-
ties, and worksheets from the Instructor’s Resource Binder for
classroom discussions, in-class activities, and group work.

Instructor’s Resource Binder

(ISBN: 978-0-538-73675-6)

Author: Maria H. Andersen, former math faculty at Muskegon Com-
munity College and now working in the learning software industry
The Instructor’s Resource Binder contains uniquely designed
Teaching Guides, which include instruction tips, examples,
activities worksheets, overheads, and assessments, with answers
provided.

Instructor Companion Website

Everything you need for your course in one place! This collection
of book-specific lecture and class tools is available online via www
.cengage.com/login. Formerly found on the PowerLecture, access
and download PowerPoint® presentations, images, and more.

Solution Builder

This online instructor database offers complete worked solutions
to all exercises in the text, allowing you to create customized,
secure solutions printouts (in PDF format) matched exactly to
the problems you assign in class. For more information, visit
www.cengage.com/solutionbuilder.

Enhanced WebAssign®
WebAsslgn (Printed Access Card ISBN:
978-1-285-85770-1
Online Access Code ISBN:
978-1-285-85773-2)
Enhanced WebAssign (assigned by the instructor) provides
instant feedback on homework assignments to students. This
online homework system is easy to use and includes a multi-
media eBook, video examples, and problem-specific tutorials.

Enhanced WebAssign®
WebASSlgn (Printed Access Card ISBN:
978-1-285-85770-1
Online Access Code ISBN:
978-1-285-85773-2)
Instant feedback and ease of use are just two reasons why
WebAssign is the most widely used homework system in higher
education. WebAssign’s homework delivery system allows you to
assign, collect, grade, and record homework assignments via the
web. And now this proven system has been enhanced to include a
multimedia eBook, video examples, and problem-specific tutori-
als. Enhanced WebAssign is more than a homework system—it is
a complete learning system for math students.

Text-Specific Videos

Author: Rena Petrello

These videos are available at no charge to qualified adopters of
the text and feature 10-20 minute problem-solving lessons that
cover each section of every chapter.
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PREFACE

To the Student

Congratulations! You now own a state-of-the-art textbook that has been written espe-
cially for you. We have tried to write a book that you can read and understand. The
text includes carefully written narrative and an extensive number of worked examples
with corresponding Self Checks. Now Try This exercises can be worked with your
classmates, and Guided Practice exercises tell you exactly which example to use as a
resource for each question. These are just a few of the many features included in this
text with your success in mind. Perhaps the biggest change is the inclusion of Study
Skill strategies at the start and end of each chapter. We urge you to take the time to
complete these worksheets to increase your understanding of what it takes to be a
successful student.

To get the most out of this course, you must read and study the textbook carefully.
We recommend that you work the examples on paper first, and then work the Self Checks.
Only after you thoroughly understand the concepts taught in the examples should you
attempt to work the exercises. A Student Solutions Manual is available, which contains the
worked-out solutions to the odd-numbered exercises.

Since the material presented in Intermediate Algebra, Tenth Edition, may be of value
to you in later years, we suggest that you keep this text. It will be a good reference in the
future and will keep at your fingertips the material that you have learned here.

B Hints on Studying Algebra

The phrase “practice makes perfect” is not quite true. It is “perfect practice that makes
perfect.” For this reason, it is important that you learn how to study algebra to get the
most out of this course.

Although we all learn differently, here are some hints on studying algebra that most
students find useful.

Planning a Strategy for Success To get where you want to be, you need a goal and a plan.
Your goal should be to pass this course with a grade of A or B. To earn one of these
grades, you must have a plan to achieve it. A good plan involves several points:

» Getting ready for class,

+ Attending class,

+ Doing homework,

+ Making use of the extensive extra help available, including WebAssign if your
instructor has set up a course, and

» Having a strategy for taking tests.

Getting Ready for Class To get the most out of every class period, you will need to pre-
pare for class. One of the best things you can do is to preview the material in the text
that your instructor will be discussing in class. Perhaps you will not understand all of
what you read, but you will be better able to understand your instructor when he or she
discusses the material in class.

Do your work every day. If you fall behind, you will become frustrated and
discouraged. Make a promise that you will always prepare for class, and then keep
that promise.

Attending Class The classroom experience is your opportunity to learn from your instruc-
tor and interact with your classmates. Make the most of it by attending every class. Sit
near the front of the room where you can see and hear easily. Remember that it is your
responsibility to follow the discussion, even though it takes concentration and hard work.

Pay attention to your instructor, and jot down the important things that he or she
says. However, do not spend so much time taking notes that you fail to concentrate on
what your instructor is explaining. Listening and understanding the big picture is much
more important than just copying solutions to problems.
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Do not be afraid to ask questions when your instructor asks for them. Asking ques-
tions will make you an active participant in the class. This will help you pay attention and
keep you alert and involved.

Doing Homework 1t requires practice to excel at tennis, master a musical instrument, or
learn a foreign language. In the same way, it requires practice to learn mathematics. Since
practice in mathematics is homework, homework is your opportunity to practice your
skills and experiment with ideas. Consider creating note cards for important concepts.

It is important for you to pick a definite time to study and do homework. Set a for-
mal schedule and stick to it. Try to study in a place that is comfortable and quiet. If you
can, do some homework shortly after class, or at least before you forget what was dis-
cussed in class. This quick follow-up will help you remember the skills and concepts your
instructor taught that day.

Each formal study session should include three parts:

1. Begin every study session with a review period. Look over previous chapters
and see if you can do a few problems from previous sections. Keeping old
skills alive will greatly reduce the amount of time you will need to prepare
for tests.

2. After reviewing, read the assigned material. Resist the temptation to dive
into the problems without reading and understanding the examples. Instead,
work the examples and Self Checks with pencil and paper. Only after you
completely understand the underlying principles behind them should you try
to work the exercises.

Once you begin to work the exercises, check your answers with the
printed answers in the back of your text. If one of your answers differs from
the printed answer, see if the two can be reconciled. Sometimes answers have
more than one form. If you decide that your answer is incorrect, compare
your work to the example in the text that most closely resembles the exercise,
and try to find your mistake. If you cannot find an error, consult the Student
Solutions Manual. If nothing works, mark the problem and ask about it in
your next class meeting.

3. After completing the written assignment, preview the next section. This
preview will be helpful when you hear the material discussed during the next
class period.

You probably already know the general rule of thumb for college homework: two to
three hours of practice for every hour you spend in class. If mathematics is difficult for
you, plan on spending even more time on homework.

To make doing homework more enjoyable, study with one or more friends. The
interaction will clarify ideas and help you remember them. If you choose to study alone, a
good study technique is to explain the material to yourself out loud or use a white board
where you can stand back and look at the big picture.

Accessing Additional Help Access any help that is available from your instructor. Often,
your instructor can clear up difficulties in a short period of time. Find out whether your
college has a free tutoring program. Peer tutors often can be a great help or consider set-
ting up your own study group.

Taking Tests Students often become nervous before taking a test because they are afraid
that they will do poorly.

To build confidence in your ability to take tests, rework many of the problems in
the exercise sets, work the exercises in the Chapter Reviews, and take the Chapter Tests.
Check all answers with the answers printed at the back of your text.

Guess what the instructor will ask, build your own tests, and work them. Once you
know your instructor, you will be surprised at how good you can get at selecting test ques-
tions. With this preparation, you will have some idea of what will be on the test, and you
will have more confidence in your ability to do well.
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When you take a test, work slowly and deliberately. Write down any formulas at the
top of the page. Scan the test and work the problems you find easiest first. Tackle the
hardest problems last.

We wish you well.
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Index of Applications

Examples that are applications are shown with boldface numbers.
Exercises that are applications are shown with regular face numbers.

Architecture

Architecture, 354

Calculating clearance, 712
Designing a patio, 767-768
Designing a swimming pool, 355
Designing an underpass, 712
Drafting, 438

Finding the dimensions of a truss, 351-352
Gateway Arch, 696-697

House construction, 355
Landscape design, 708-709

Business

Analyzing ads, 28

Annual rate of depreciation, 128
Appreciation equations, 128
Art, 128

Bank accounts, 40

Bookstores, 76

Building shelves, 76

Car repair, 128, 174

Carpentry, 86, 305, 355, 472
Cell phone growth, 626

Cell phone usage, 631

Choosing salary plans, 189
Computing salaries, 69
Computing selling price, 75
Cost of electricity, 59

Cost of water, 59

Costs of a trucking company, 440
Crafts, 278

Customer service, 300

Cutting beams, 67

Cutting boards, 67

Cutting cables, 67

Cutting hair, 137-138

Demand equations, 104
Depreciating a lawn mower, 128
Depreciation, 99, 649
Depreciation equations, 128
Diet supplements, 274-275
Directory costs, 376-377
Discount buying, 413

Earning money, 27, 257-258
Fertilizer, 286

Figuring taxes, 261

Finding the percent of markdown, 62
Fine arts, 354

Food service, 174

Furnace equipment, 269
Furniture, 269, 278

XXii

Housing, 141

Income, 273-274
Inventories, 217, 278
Long-distance telephone call, 237
Making bicycles, 187
Making clothing, 198
Making furniture, 76
Making gutters, 300

Making sporting goods, 261
Making statues, 197

Making water pumps, 188
Managing a beauty shop, 188
Managing a computer store, 188
Manufacturing footballs, 197
Manufacturing hammers, 194-195
Merchandising, 187

Milling brass plates, 188
Operating costs, 577

Price increases, 413

Printer charges, 128

Printing books, 188

Printing stationery, 732

Rate of decrease, 116

Rate of growth, 116
Reading proof, 412

Real estate, 128

Real estate listings, 128
Renting a rototiller, 240
Renting a truck, 240

Retail sales, 181

Retailing, 174

Running a record company, 188
Salvage value, 128, 631
Scheduling equipment, 240
Selling apples, 480

Selling calculators, 67

Selling clothes, 28

Selling grass seed, 67

Selling hot dogs, 141

Selling shirts, 438

Selling tires, 141

Selling toys, 67

Selling trees, 261

Selling TVs, 315

Selling vacuum cleaners, 312
Small businesses, 238

Supply equations, 104

Time for money to grow, 649
Transportation, 403
Trucking, 75

Value of a boat, 439
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Value of a lathe, 122-123
Work rates, 394

Education

Averaging grades, 28, 240
Calculating grades, 28
Computing grades, 76
History, 14

Planning a work schedule, 240
Raising grades, 75

Saving for college, 627
School plays, 76
Selecting committees, 787
Staffing, 438

Taking a test, 791

Electronics

Buying a computer, 240

Buying CDs, 240

CDs, 268

Computers, 790

DVDs, 543

Electronics, 187, 321, 403, 440, 466, 520
Finding the gain of an amplifier, 649
Production, 278-279

Selling DVD players, 141

TV translators, 693—694

Entertainment

Buying tickets, 104

Concert receipts, 68

Concert tickets, 198, 262, 552
Juggling, 299

Movie stunts, 331

Production schedules, 275-276
Theater seating, 206

TV coverage, 104

TV programming, 785

Farming

Farming, 105, 187, 439
Fencing a field, 577
Fencing pastures, 68
Fencing pens, 68
Filling a pond, 412
Gardening, 305, 354
Grooming horses, 28
Making whole milk, 76
Milk production, 73-74
Planting corn, 802
Production, 279
Storing corn, 412

Finance

Amount of an annuity, 773-774
Annuities, 776

Boat depreciation, 806
Break-point analysis, 183-184, 188
Car depreciation, 802

Comparing interest rates, 631
Comparing savings plans, 631

INDEX OF APPLICATIONS

Compound interest, 631, 677
Compounding methods, 639
Computing taxes, 732

Continuous compound interest, 633-634, 638, 677
Cost and revenue, 174

Declining savings, 776

Depreciation, 158, 639

Depreciation rates, 506-507
Determining a previous balance, 638
Determining the initial deposit, 638
Doubling money, 58, 655

Earning interest, 59, 103

Financial planning, 70-71, 279
Frequency of compounding, 631
House appreciation, 776

Inheriting money, 75

Installment loans, 767

Interest rates, 552

XXiii

Investing, 75, 88, 217, 238, 240, 262, 282, 313, 451, 575, 686

Investing money, 728
Investment, 87

Investment income, 187
Managing a checkbook, 28
Maximizing revenue, 577
Motorboat depreciation, 776
Pension funds, 67

Portfolio analysis, 62—63
Profit, 552

Rule of seventy, 677

Saving money, 543, 545, 767
Savings growth, 776

Stock appreciation, 802
Stock averages, 28
Supplemental income, 75
Tripling money, 655

Value of an IRA, 67

Geometry

Angles in a triangle, 64

Angles of a polygon, 59

Area of a circle, 439

Area of a triangle, 384

Area of an ellipse, 712

Area of many cubes, 473

Base of a triangle, 552

Circumference of a circle, 28
Complementary angles, 68
Complementary angles in a right triangle, 68
Curve fitting, 195-196, 197, 198, 206
Diagonal of a baseball diamond, 466
Dimensions of a rectangle, 550, 552, 609
Equilateral triangles, 67

Finding dimensions, 68

Geometry, 86, 88, 187, 188, 197, 206, 207, 305, 315, 316, 354,

439, 440, 472, 473, 487-489, 728
Height of a triangle, 552
Inscribed squares, 776
Integers, 197, 354, 364, 552, 728
Interior angles, 768
Parallelograms, 185
Perimeter of a rectangle, 394, 552
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xxiv INDEX OF APPLICATIONS

Perimeter of a square, 28, 355 Miscellaneous
Perimeter of a trapezoid, 27 Accidents, 545
Perimeter of a triangle, 27 Arranging an evening, 790
Quaderilaterals, 67 Arranging appointments, 790
Radius of a circle, 466 Arranging books, 790
Side of a square, 552 Artillery, 728
Supplementary angles, 68 Balancing a seesaw, 86
Supplementary angles and parallel lines, 69 Balancing seesaws, 68, 69
Surface area of a cube, 473 Bouncing balls, 781
Triangles, 69 Broadcast ranges, 701
Vertical angles, 68 Building construction, 440
Volume of a cone, 435-436 Buying gasoline, 26
Volume of a pyramid, 363 Call letters, 791
Volume of a rectangular solid, 363 Candy, 331

Cards, 806
Home Management and Shopping Cats and dogs, 206
Buying a TV and a Blu-ray player, 69 Chainsaw sculpting, 198
Buying a washer and dryer, 67 Checkers, 343
Buying books, 67 Choosing books, 791
Buying furniture, 67 Choosing clothes, 791
Buying roses, 68 Choosing people, 804
Car depreciation, 104 Combination locks, 790
Choosing housekeepers, 261 Communications, 525
Cooking, 438 Controlling moths, 781
Cost of carpet, 111 Cutting ropes, 67
Dog runs, 64-65 Darts, 331
Draining a pool, 27, 412 Dimensions of a window, 552
Drywalling a house, 408 Discharging a battery, 631
Enclosing a swimming pool, 69 Dolphins, 141
Filling a pool, 27, 412 Doubling time, 653-654
Finding the percent of markdown, 62 Draining a tank, 448
Framing pictures, 69 Earthquakes, 649, 683
Grocery shopping, 430 Electric service, 472
House appreciation, 104 Elevators, 240
House painting, 412 Falling object, 545
Housecleaning, 412 Falling objects, 768
Landscaping, 174, 265-266 Finding the endpoint of a line segment, 104
Renting trucks, 68 Finding the variance, 577
Roofing a house, 412 Fitness equipment, 711
Siding a house, 448 Forming a committee, 791
Slope of a ladder, 115 Forming committees, 791
Slope of a roof, 115 Framing a picture, 323, 552
Telephone costs, 105 Free-falling objects, 639
Value of a car, 305 Genealogy, 776
Value of a house, 305 Generating power, 509
Value of two cars, 305 Hardware, 491
Value of two houses, 305 Height of a bridge, 503

Height of a flagpole, 439
Medicine Height of a tree, 431-432, 439
Body mass, 438, 473 Highway design, 701
Choosing a medical plan, 240-241 Hobbies, 438
Diet, 278 Horizon distance, 508
Epidemics, 639 Hourly wages, 103
Forensic medicine, 656 Ice cubes, 343
Losing weight, 27 Information access, 735
Medicine, 466, 545, 639, 676, 677, 796 Ironing boards, 492
Nutritional planning, 197 Labor force, 553
Physical therapy, 188, 206 Lifting cars, 68
Pulse rates, 501 Lining up, 790, 804, 806
Recommended dosage, 438 Making Jell-O, 656
Sizes of viruses, 28 Maximizing area, 572-573, 577
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Meshing gears, 701

Metal fabrication, 552
Mixing candies, 75

Mixing candy, 187

Mixing fuel, 438

Mixing nuts, 72-73, 198
Mixing solutions, 87, 88, 480
Model railroading, 438
Monuments, 394

Moving stones, 68
Numbers, 728

Office furniture, 343

Organ pipes, 440

Packing a tennis racket, 473
Palindromes, 790

Paying taxes, 26

Pendulum, 530, 545

Period of a pendulum, 462, 466

Photography, 498-499, 501
Piggy banks, 206
Planning a picnic, 791
Pool tables, 712
Preformed concrete, 364
Projectiles, 701

Quality control, 796
Reach of a ladder, 472
Renting a jet ski, 735
Riding in a taxi, 735
Roller coasters, 300
Royalties, 735

Satellite antennas, 701
Selecting committees, 805
Selecting people, 805
Shipping crates, 530
Shipping packages, 473
Signaling, 217

Sonic boom, 722

Springs, 253-254
Statistics, 466

Storage, 343

Storage capacity, 385
Storing oil, 440
Stretching a vacation, 413
Supporting a weight, 472
Targets, 501

Telephone service, 472
Value of a car, 103
Variance, 573

View from a submarine, 525
Walking for charity, 412
Water usage, 84
Wheelchair ramps, 116
Width of a ring, 394
Width of a river, 439
Width of a walkway, 701
Winning a lottery, 791
Winter recreation, 355

Politics, Government, and the Military

Aircraft carriers, 323
Building a freeway, 470

INDEX OF APPLICATIONS

Building highways, 436
City planning, 635-636
Congress, 787

Crime prevention, 105
Displaying the flag, 27
Environmental cleanup, 376
Fighting fires, 468

Flags, 545

Forming committees, 804, 806
Growth of a town, 772-773
Highway design, 508

Law enforcement, 466, 545
Louisiana Purchase, 631
Making a ballot, 790
Making license plates, 790
Marine Corps, 188
Military, 28

Phone numbers, 790

Police investigation, 141
Police investigations, 577
Population decline, 639, 775
Population growth, 636, 638-639, 655, 673, 676, 775
Predicting burglaries, 128
Rodent control, 676

School enrollment, 577
Space program, 553

Taxes, 450

Town population, 631

U.S. population, 682

Water usage, 577

World population growth, 638

Science

Alcohol absorption, 639
Alloys, 595

Alpha particles, 722
Angstroms per inch, 47
Aquariums, 665

Artillery fire, 141
Astronomy, 44, 314

Atomic structure, 719-720
Bacteria cultures, 631
Bacterial cultures, 676
Bacterial growth, 676
Balancing levers, 69
Ballistics, 141, 352, 355, 571-572, 576, 577, 609
Carbon-14 dating, 672, 676, 686
Change in intensity, 666
Change in loudness, 666, 685
Changing temperatures, 27
Chemistry, 553

Choosing sample size, 241
Climate change, 115, 116

Conversion from degrees Celsius to degrees Fahrenheit, 141
Conversion from degrees Fahrenheit to degrees Celsius, 141

Converting temperatures, 58
Data analysis, 403

dB gain, 683

dB gain of an amplifier, 649
Diluting solutions, 76

Distance to Alpha Centauri, 47
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XXVi INDEX OF APPLICATIONS

Distance to the Moon, 47
Distance to the Sun, 47
Earth’s atmosphere, 198
Electrostatic repulsion, 722
Engineering, 65-66, 403, 413
Engineering designs, 69
Establishing equilibrium, 68
Falling objects, 439, 466, 802
Finding the constant of variation, 440
Finding the pH of a solution, 663, 665
Flight to Pluto, 47

Focal length, 413

Force of gravity, 58

Gas pressure, 439, 440
Generation time, 673-674
Half-life, 676

Half-life of radon-22, 671
Heaviside unit step function, 734
Height of a rocket, 294-295
Hurricanes, 93-94

Hydrogen ion concentration, 665
Increasing concentration, 76
Lab experiments, 385

Lead decay, 677

Lens maker’s formula, 413
Life of a comet, 47

Light intensity, 434-435
Light year, 47

Mass of protons, 47
Measuring earthquakes, 646
Mixing solutions, 76, 181-183, 187
Oceanography, 677

Ohm’s Law, 59

Operating temperatures, 254
Path of a comet, 701

pH of grapefruit, 685

pH of pickles, 666

Physics, 331

Power loss, 59

Radio frequencies, 189
Radioactive decay, 631, 637, 639, 676, 682, 686
Range of a comet, 47

Range of camber angles, 254
Reading temperatures, 14
Research, 288

Signum function, 734

Solar flares, 47

Solar heating, 69

Speed of light, 47

Speed of sound, 47

Storm research, 75
Temperature change, 593
Temperature ranges, 254
Temperature scales, 69
Tension, 440
Thermodynamics, 58
Thorium decay, 677

Tritium decay, 676

Volume of a tank, 47
Volume of sphere, 36
Wavelengths, 47

Weather forecasting, 595
Weber—Fechner law, 663

Sports

Area of a track, 712
Averaging weights, 28
Baseball, 472
Boating, 240, 413
Boats, 268

Bowling, 473

Buying golf clubs, 69
Cutting a rope, 61
Cycling, 75

Football, 21, 268
Mountain climbing, 27
NFL records, 198
Rate of descent, 112
Rowing a boat, 413
Running a race, 75
Sailing, 472, 525

Ski runs, 439
Skydiving, 639

Track and field, 268
U.S. sports participation, 105

Travel

Aviation, 254, 413
Braking distance, 300
Bus fares, 552

Car rentals, 68
Computing distance, 75
Computing time, 75
Computing travel time, 76
Distance, rate, and time, 385
Distance traveled, 103
Driving rates, 728
Driving to a convention, 408-409
Finding distance, 439
Finding rates, 413
Flight paths, 439
Flying speed, 448

Gas consumption, 438
Gas mileage, 98-99
Grade of a road, 115
Motion, 87
Navigation, 174
Planning a trip, 804
Rates, 552

Riding a jet ski, 76
Riding a motorboat, 76
River cruise, 409—410
Sailing time, 451
Stowing baggage, 187
Taking a walk, 76

Time of flight, 355
Time on the road, 413
Train travel, 413

Travel, 187, 575

Travel choices, 790
Travel times, 71-72
Trip length, 448
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j

f Basic Algebra

Careers and Mathematics

FARMERS, RANCHERS, AND

AGRICULTURAL MANAGERS REACH FOR SUCCESS

1.1 The Real Number System
1.2 Arithmetic and Properties of Real Numbers
1.3 Exponents

American farmers and ranchers direct the activities of one of
the world’s largest and most productive agricultural sectors.

They produce enough food to meet the needs of the United 1.4 Scientific Notation

States and produce a surplus for export. 1.5 Solving Linear Equations in One Variable
Modern farming requires increasingly complex scientific, 1.6 Using Linear Equations to Solve Applications
business, and financial decisions. Therefore, even 1.7 More Applications of Linear Equations

people who were raised on farms must acquire
the appropriate education.

in One Variable
H Projects
REACH FOR SUCCESS EXTENSION
CHAPTER REVIEW
CHAPTER TEST

In this chapter

The language of mathematics is algebra. The

word algebra comes from a book written by
the Arabian mathematician Al-Khowarazmi
around A.D. 800. Its title, lhm al-jabr wa'l

mugabalah, means restoration and
reduction, a process then used to solve
equations.
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Reach for Success analyzing our Time

We can all agree that we only have 24 hours in a day, right? The
expression “My, how time flies!” is certainly relevant. It might surprise
you where the time goes when you begin to monitor the hours.

How can you schedule your time to allow for a successful semester?
Begin by completing the pie chart to analyze a typical day.

©Brad Collett/Shutterstock.com

HOW MANY HOURS A DAY DO YOU SPEND: ~: 24-Hour Pie Chart

For every hour spent on each activity shade that many pie
segments. (It might be helpful to use a different color to shade
for each question.) There are no right or wrong answers. You
just need an honest assessment of your time.

working at outside employment (include
commute time)?
sleeping?

preparing meals, eating, and exercising?

getting ready for work/class?

in class (include lab hours, commuting, or
tutoring time)?

with family and friends?

on the Internet, phone, playing video

games, texting, watching TV, going to
movies, or other entertainment?

Now we have a mathematics problem! How many hours are left for studying? Remember, the rule of thumb is for
every 1hour in class, you will need at least 2 hours of studying. For mathematics, you could need even more. The key
is to spend as much time as you need to understand the material. There is no magic formula!

A Successful Study Strategy . . .

§Z Adjust your schedule as needed to support your educational goals.

At the end of the chapter you will find an additional exercise to quide you in planning
for a successful semester.
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1.1 The Real Number System 3

Section
1 1 The Real Number System

@ /dentify any number in a set of real numbers as composite, whole,
irrational, natural, prime, rational, and/or an integer.

(7 . . .

v a Insert a symbol <, >, or = to define the relationship between two

’..3 rational numbers.

% Graph a real number, a finite set of real numbers, or an inequality on the

o) number line, and write the set in interval notation where appropriate.
(4] Graph a compound inequality.
B Find the absolute value of a real number.
variables prime numbers real numbers
set composite numbers intervals

E‘ elements of a set even integers interval notation

"= finite set odd integers compound inequalities

_g natural numbers roster method union

8 whole numbers set-builder notation intersection

g integers rational numbers absolute value
subset irrational numbers trichotomy property
coordinate

3

S

(" 1. Name some different kinds of numbers.

g' 2. Isthere a largest number?

-

)

(\)

O

In algebra, we will work with expressions that contain numbers and letters. The letters that
represent numbers are called variables. Some examples of algebraic expressions are

8 1
x + 45, l—X, — bh, g+£, and 3x+ 2y — 12
3 2 2 b d

It is the use of variables that distinguishes algebra from arithmetic.
We begin the study of algebra by reviewing various subsets of the real numbers. We
also will show how to graph these sets on a number line.

n Identify any number in a set of real numbers as composite, whole,
irrational, natural, prime, rational, and/or an integer.

A set is a collection of objects. To denote a set, we can enclose a list of its elements with
braces. If we can count the number of elements, we have a finite set. For example,

{1, 2, 3, 4} denotes the finite set with elements 1, 2, 3, and 4.

123 . . 12 3
{5, 3 Z} denotes the finite set with elements 3, 3 and 7.
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4 CHAPTER1 A Review of Basic Algebra

Three infinite sets of numbers commonly used in algebra are as follows:

NATURAL NUMBERS The set of natural numbers includes the numbers we use for counting:
{1,2,3,4,5,6,7,8,9,...}
WHOLE NUMBERS The set of whole numbers includes the natural numbers together with 0:

{0,1,2,3,4,5,6,7,8,9, ...}

INTEGERS The set of integers includes the natural numbers, 0, and the negatives of the natural
numbers:

{..,=5,—4,-3,-2,—-1,0,1,2,3,4,5,...)

Each group of three dots, called ellipses, indicates that the numbers continue forever.
In Figure 1-1, we graph each of these sets from —6 to 6 on a number line.

Origin
Natural numbers «—_A—+1—1 1 1 1 | ¢ ¢ ¢é ¢ ——é&—é—
-6 -5 4 3 2 -1 0 1 2 3 4 5 6
Origin

Whole numbers <«—~——1 L | 1 1 ¢ ¢ ¢ ¢ ¢ 66—
6

Integers ~—o—6—6—¢ 66— oo ¢ ¢ ¢
Figure 1-1

Since every natural number is also a whole number, we say that the set of natural num-
bers is a subset of the set of whole numbers. Note that the set of natural numbers and the
set of whole numbers are also subsets of the integers.

To each number x in Figure 1-1, there corresponds a point on the number line
called its graph, and to each point there corresponds a number x called its coordinate.
Numbers to the left of 0 are negative numbers, and numbers to the right of 0 are positive

COMMENT 0 is neither numbers.
positive nor negative. There are two important subsets of the natural numbers.

PRIME NUMBERS The prime numbers are the natural numbers greater than 1 that are divisible only by
1 and themselves.

{2,3,5,7,11,13, 17, 19, 23, . . .}

COMPOSITE NUMBERS The composite numbers are the natural numbers greater than 1 that are not prime.
{4,6,8,9, 10, 12, 14, 15, 16, 18, 20, 21, . . .}

Teaching Tip Figure 1-2 shows the graphs of the primes and composites that are less than or equal to 14.

Tis not a prime. If it were, every
prime would be the product of
primes:

5=5-1
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1.1 The Real Number System 5

Teaching Tip Prime numbers
-1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

In August 2008, the largest known

prime was Composite numbers
312,609 _ 1 10 1 2 3 4 5 6 7 8 9 10 11 12 13 14
It is 12,978,189 digits long. Figure1-2

COMMENT 1 is the only natural number that is neither prime nor composite.

There are two important subsets of the integers.

EVEN INTEGERS The even integers are the integers that are exactly divisible by 2.
{....,—8,-6,-4,-2,0,2,4,6,8, ...}

ODD INTEGERS The odd integers are the integers that are not even.
{..,=9,—-7,-5,-3,-1,1,3,5,7,9,.. .}

Figure 1-3 shows the graphs of the even and odd integers from —6 to 6.

Teaching Tip )
Even integers
Point out that if the last digit is even, 6 -5 4 -3-2-1 012 3 4 5 6
the integer is even. If the last digit is
odd, the integer is odd. Odd integers

6 5 4-3 2-1 0 1 2 3 4 5 6
Figure 1-3

So far, we have written sets by listing their elements within braces. This method
is called the roster method. A set also can be written in set-builder notation. In this
method, we write a rule that describes which elements are in a set. For example, the set of
even integers can be written in set-builder notation as follows:

{x | x is an integer that can be divided exactly by 2}

The set of all x such that a rule that describes membership in the set

To find coordinates of more points on the number line, we need the rational numbers.

RATIONAL NUMBERS The set of rational numbers is

a 5 5 5 .
{b | ais an integer and b is a nonzero 1nteger}.

Each of the following numbers is an example of a rational number.

3 2 4 —315 0 17 Be?ause each number has

- - ——, ———, 0=—, and 17 = — aninteger numerator and a

53 23" 476 7 . .

nonzero integer denominator

COMMENT Note that g = 0, because 5-0 = 0. However, % ios undefined, because there
is no number that, when multiplied by 0, gives 5. The fraction  is indeterminate, because
all numbers, when multiplied by 0, give 0. Remember that the denominator of a fraction
cannot be 0.
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6  CHAPTER1 A Review of Basic Algebra

EXAMPLE 1 Explain why each number is a rational number: a. —7 b. —0.66. .. c. 0.125
Solution a. The integer —7 is a rational number because it can be written as %7, where —7 and 1
are integers and the denominator is not 0. Note that all integers are rational numbers.

. . . . . -2
b. The decimal —0.666. . . is a rational number because it can be written as 3> Where
—2 and 3 are integers and the denominator is not 0.

c. The decimal 0.125 is a rational number because it can be written as %, where 125

and 1,000 are integers and the denominator is not 0. The fraction simplifies to é

SELF CHECK1 Explain why each number is a rational number:
a.4 4=, b.033.. 033...=! ¢ 05 05=

=

J

The next example illustrates that a rational number can be written as a decimal that
either terminates or repeats a block of digits.

EXAMPLE 2 Change each fraction to decimal form and determine whether the decimal terminates or
repeats: a. % b. 55
Solution a. To change % to a decimal, we divide 3 by 4 to obtain 0.75. This is a terminating
decimal.

b. To change % to a decimal, we divide 421 by 990 to obtain 0.4252525. . . . This is a
repeating decimal, because the block of digits 25 repeats forever. This decimal can
be written as 0.425, where the overbar indicates the repeating block of digits.

SELF CHECK 2 Change each fraction to decimal form and determine whether the decimal terminates
or repeats:

5 _— 2
a. ﬁ 0.45, repeating decimal  b. g 0.4, terminating decimal

J

The rational numbers provide coordinates for many points on the number line that
lie between the integers (see Figure 1-4). Note that the integers are a subset of the rational

numbers.
_3 _4 31 5o u
rational numbers 4 -3 2 -1 0 1 2 3 4
Figure 1-4

Points on the number line whose coordinates are nonterminating, nonrepeating deci-
mals have coordinates that are called irrational numbers.

IRRATIONAL NUMBERS The set of irrational numbers is

{x | x is a nonterminating, nonrepeating decimal}.

Some examples of irrational numbers are

0.313313331 . .. V2 ~ 1414213562 . . . m =~ 3.141592653 . ..
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1.1 The Real Number System 7

If we combine the set of rational numbers (the terminating and repeating decimals)
and the set of irrational numbers (the nonterminating, nonrepeating decimals), we obtain
the set of real numbers.

REAL NUMBERS The set of real numbers is

Francois Vieta (Viéte)
1540-1603

By using letters in place of
unknown numbers, Vieta simpli-
fied the subject of algebra and
brought its notation closer to the
notation that we use today. One
symbol he didn’t use was the
equal sign.

EXAMPLE 3

Solution

{x| x is a terminating decimal; a repeating decimal; or a nonterminating,
nonrepeating decimal}.

The number line in Figure 1-5 shows several points on the number line and their
real-number coordinates. The points whose coordinates are real numbers fill up the
number line.

I\rIobnm't;:ger o 5 2 1 i

rational numbers 3 3 2 <

Integers ~——¢é b o ¢ o b0 bo ¢ o dbo—¢& ¢

Irrational numbers -4 -3 -2 _\p -1 0 lyz 2 3 4
Figure 1-5

Figure 1-6 illustrates how various sets of numbers are interrelated.

Real numbers
-2, 3,0, % 3.26

!
! !

Rational numbers Irrational numbers
—7,—17—7, 0,5,2.45 3, 7, T3

!
Y !

Integers Noninteger rational numbers
-5,-2,0, 11,25 27 11
3 2 47
Negative integers Zero Positive integers
-32,-16,-7, -4, -1 0 1,3,4, 6,10, 25, 49

Y !

Prime numbers Composite numbers
2,3,5,7 1 4,6,8,9,10

Figure 1-6

Which numbers in the set {—2, 0, g, 1.25, \@, 17} are

a. natural numbers b. whole numbers c. integers
d. rational numbers e. irrational numbers f. real numbers?

a. The only natural number is 17.

b. The whole numbers are 0 and 17.

c. The integers are —2, 0, and 17.
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CHAPTER1 A Review of Basic Algebra

SELF CHECK 3

d. The rational numbers are —2, 0, g, 1.25, and 17. (1.25 is rational, because 1.25 can be
written in the form %)

e. The only irrational number is \/8. It is irrational because \/8 = 2.828427125 . . .
and this decimal is a nonterminating, nonrepeating decimal.

f. All of the numbers are real numbers.

Which numbers in the set {—2, 0,1.5, \/5, 7} are
a. positive integers 7 b. rational numbers? —2.0,1.5,7

J

COMMENT Note that the
inequality symbol always points
to the smaller number.

Insert a symbol <<, >, or = to define the relationship between two
rational numbers.

To indicate that two quantities are not equal, we can use an inequality symbol, as summa-
rized in Table 1-1.

TABLE 1-1
Symbol Read as Examples
+ “is not equal to” 6#9 and 033 # %
< “is less than” 22 <40 and 027 <3.1
> “is greater than” 19>5 and % >03
= “is less than or equal to” 1.8 =35 and 35=235
= “is greater than or equal to” 252 =237 and 29 =29
= “is approximately equal to” V2~1414 and V3=~ 1732

We can always write an inequality with the inequality symbol pointing in the opposite
direction. For example,

17 <25 is equivalent to 25> 17

53=-29 is equivalent to —29=53

On the number line, the coordinates of points get larger as we move from left to right,
as shown in Figure 1-7. Thus, if a and b are the coordinates of two points, the one to the
right is the greater.

This suggests the following general principle:

If a > b, point a lies to the right of point b on a number line.

If a < ¢, point a lies to the left of point ¢ on a number line.

b a Origin c

Figure 1-7

Graph a real number, a finite set of real numbers, or an inequality
on the number line, and write the set in interval notation where
appropriate.

Graphs of some sets of real numbers are portions of a number line called intervals. For
example, the graph shown in Figure 1-8(a) is the interval that includes all real numbers
x that are greater than —5. Since these numbers make the inequality x > —5 true, we
say that they satisfy the inequality. The parenthesis on the graph indicates that —5 is not
included in the interval.
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COMMENT The symbol oo
(infinity) is not a real number.
It is used in Figure 1-8(a) to
indicate that the graph extends
infinitely far to the right. The
— in Figure 1-8(b) indicates
that the graph extends infinitely
far to the left.
When using interval nota-
tion, — and % will always be
preceded or followed by
a parenthesis.

EXAMPLE 4

Solution

SELF CHECK 4

1.1 The Real Number System 9

To express this interval in interval notation, we write (=5, ). Once again, the
parentheses indicate that the endpoints are not included.

The interval shown in Figure 1-8(b) is the graph of the inequality x = 7. It contains all
real numbers that are less than or equal to 7. The bracket at 7 indicates that 7 is included
in the interval. To express this interval in interval notation, we write (—o%, 7]. The bracket
indicates that 7 is in the interval.

L |
AN 1
-5 7
(=5, =) (=0, 7]
{x|x>-5} {(x|x<7}
(€)] (b)
Figure 1-8

The graphs in Figure 1-8 also can be drawn using open and filled circles. An open
circle indicates that an endpoint is not included, and a closed circle indicates that an endpoint
is included.

-5 7
(=5, =) (~o0, 7]
{x|x>-5} (x|x<7}

Graph each set on the number line and then write the set in interval notation:

a. {x]x <09} b. {x|x=6}

a. {x| x < 9} includes all real numbers that are less than 9. The graph is shown in
Figure 1-9(a). This is the interval (—, 9).

b. {x | x = 6} includes all real numbers that are greater than or equal to 6. The graph is
shown in Figure 1-9(b). This is the interval [6, ).

) L
: :
@ (b)
Figure 1-9

Graph {x | x = 5} and then write the set in interval notation. [5, =)

J

COMMENT

inequality involving or, the
entire statement is true if either
part is true.

In a compound

‘{x|x<—2}‘ {xlx23}‘
N [
7 L
-2 3
Figure 1-10

Graph a compound inequality.

Expressions that involve more than one inequality are called compound inequalities. One
type of compound inequality involves the word or. For example, the graph of the set

{x | x< —2orx= 3} Read as “the set of all real numbers x such that x is less than —2
or x is greater than or equal to 3.”

is shown in Figure 1-10. This graph is called the union of two intervals and can be written
in interval notation as

(—o,—2) U [3,%) Read the symbol U as “union.”
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10 CHAPTER1 A Review of Basic Algebra

EXAMPLE 5

Solution

SELF CHECK5 Graph {x|x < —1 or x > 5} and write it in interval notation. (—o,—1) U (5, %)

Graph each set on the number line and write it in interval notation:
a. {x|x=—4orx>5} b. {x|x= —4orx>5}

a. The set {x|x = —4 or x > 5} includes all real numbers less than or equal to —4
together with all real numbers greater than 5, as shown in Figure 1-11(a). This is the
interval (—o, —4] U (5, ).

b. The set {x|x = —4 orx > 5} includes all real numbers that are greater than or
equal to —4 together with all real numbers that are greater than 5. This includes all
numbers x that are greater than or equal to —4 or greater than 5. (See Figure 1-11(b).)
This is the interval [—4, «).

Figure 1-11

J

Teaching Tip

Stress that “or” does not always
mean shading outside two values
and “and” does not always mean
shading between two values.

COMMENT In an intersec-
tion, the statement is true only
when both statements are true.

Another type of compound inequality involves the word and. For example, the graph
of the set

{x |x= —Sandx = 6} Read as “the set of all real numbers x such that x is greater than
or equal to —5 and x is less than or equal to 6.”

is shown in red in Figure 1-12(a). It is obtained by finding the overlap (or intersection) of
the graphs of {x | x = —5} and {x | x = 6}. Using interval notation, this could be written as

(—oo, 6} N [—5, ©) Read the symbol M as “intersection.”

The overlap shown in red is the intersection of two intervals.
From the graph, we see that the interval can be written more compactly as [—5, 6 .
To graph the set {x|x = —5andx > 6}, we find the overlap of the graphs of
{x|x = —5}and {x | x > 6}. This overlap is the interval (6, ) as shown in Figure 1-12(b).
In set-builder notation, the solution is {x | x > 6}.

‘{xle()}‘ ‘{xl.\'Z—S}‘ ‘{xle—S}H{xlx>6}‘
~—] i
e —
L i | L
s ! 6 s 6 i
@@ (b)
Figure 1-12

Two inequalities involving the word and often can be written as a single expression. For
example, the compound inequality x = —5 and x = 6 previously discussed can be written as
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1.1 The Real Number System mn

—5 =xand x = 6 From Figure 1-12(a), note that this includes all numbers from —5 to 6,
including —5 and 6.

or as the single expression —5 = x = 6.

EXAMPLE 6

Graph each set on the number line and then write it in interval notation:

a. x| -5=x=6} b. {x|2<x=8} c. {x|-4=x<3}

d. {x|0o<x<7}

The set {x| —5 =< x = 6} includes all real numbers from —5 to 6, as shown in

Figure 1-13(a). This is the interval [—5, 6.

b. The set {x |2 < x = 8} includes all real numbers between 2 and 8, including 8, as
shown in Figure 1-13(b). This is the interval (2, 8].

c. Theset {x | —4 = x < 3} includes all real numbers between —4 and 3, including —4,
as shown in Figure 1-13(c). This is the interval [—4, 3).

Solution a.

The set {x |0 < x < 7} includes all real numbers between 0 and 7 as shown in
Figure 1-13(d). This is the interval (0, 7).

COMMENT In partd, (0,7) d.
is an interval and not a point.

L | L | L AY L
L 1 AN 1 L 7 < 7
-5 6 2 8 —4 3 0 7
(@) (b) © d

Figure 1-13

SELF CHECK 6  Graph {x| —6 < x = 10} and then write it in interval notation. (6. 10]

Table 1-2 illustrates three ways to describe an interval.

TABLE 1-2
Set notation Graph Interval notation
{x|x>a} — — (a, )
{x|x<a} —) (=, a)
{x|x=a} —— [a, )
{xlx=ad} —1 (—,a]
{xla<x<b} ¢ } (a,b)
a b
{rla=x<b} — [a.b)
a b
{x|a<x=b} ¢ ] (a,b]
a b
{xla=x=b} — [a.b]
a b
{x|x <aorx> b} } ¢ (—o0,a) U (b, )
a b
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12 CHAPTER1

ABSOLUTE VALUE

A Review of Basic Algebra

Find the absolute value of a real number.

The absolute value of a real number «a, denoted as |a/, is the distance on a number line
between 0 and the point with coordinate a. For example, the points shown in Figure 1-14

with coordinates of 3 and —3 both lie 3 units from 0. Thus, |3]| = |—-3| = 3.
3 units 3 units
& | | ‘I’ | | b
-3 0 3
Figure 1-14
In general, for any real number a, |a| = |—al.

The absolute value of a number can be defined more formally.

if x = 0, then |x| =
if x < 0, then |x|

I
5

For any real number x, {

Il
|
=

If x is positive or O, then x is its own absolute value. However, if x is negative, then —x,
read as “the opposite of x” (which is a positive number) is the absolute value of x. Thus,
|x| = 0 for all real numbers x.

EXAMPLE 7 Find each absolute value.

a. 3] =3 b. |—4| = 4

c. |0l =0 d. —|—8| = —(8) = —8 Note that |-8| = 8.
SELF CHECK 7 Find each absolute value: a. |[—9] 9 b. —|—12] —12

SELF CHECK 1.a.4=% b.0.33...=% c.0.5=% 2.a. O.E,repeatingdecimal b. 0.4, terminating decimal 3.a.7
ANSWERS b. —2,0,1.5,7 4.« >[5, ) 5. o ¢ (=, —1) U (5,»)
5 -1 5
6. ¢ ! (-6,10] 7.a.9 b.-12
-6 10

To the Instructor

1requires students to recognize
that \/25 is an integer rather

than an irrational number, and to
distinguish between repeating and
nonrepeating decimals.

2 requires students to interpret a

graph and then distinguish between
set-builder and interval notation.

NOW TRY THIS

1. Which numbers in the set { —3,V/3,6.2222. . .,0,V/25,4, —9.01020304. . .} are
a. integers \/25,0,4 b. irrational numbers \/3.—9.01020304. . .
c. rational numbers? — %, 6.2222...,0, \/25, 4

2. Describe each graph in set-builder and interval notation.
hY
7 AN 1
-4 -4 0 -
(@) (b) ©
a. {x|x< —4},(—»,—4) b. {x] -4 <x=0},(-4,0]

c. {x|x<—-4orx=0},(—»,—4)U]J0,x)

B
[«
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1.1 Exercises 13

| Exercises (@&

WARM-UPS dentify two numbers on a number line
whose distance is

1. 5 units from zero. 5, -5 2. 8 units from zero. 8, -8

Determine whether the given number is divisible only
by 1 and itself.

3.7 vyes 4.6 no

REVIEW To simplify a fraction, factor the numerator and

the denominator and divide out common factors. For example,
12 6-2 _8-2 2 . . .
18 =63 — g-3 — 3 Simplify each fraction.

5.6 2 6205
‘8 4 24 6
32 4 54 9
7.~ 8. —
40 5 60 10

To multiply fractions, multiply the numerators and multiply the
denominators. To divide fractions, invert the divisor and multiply.
Always simplify the result if possible.

303
5 00
8
49

[\

1 3
26 13
9
15

9.

10.

=<

[V}
[}

-
—
.

12.

1

LI A=

L7
"4

| W

To add (or subtract) fractions, write each fraction with a common
denominator and add (or subtract) the numerators and keep the
same denominator. Always simplify the result if possible.

5 4 16 2
B.—+— 1 4. ——- 2
9 9 7 7

4 3 31 6 2 16
B+ — 16. - — - ——
5 4 20 7 5 35

VOCABULARY AND CONCEPTS Fill in the blanks.

17. A letter that represents a number is called a variable.

18. A set is a collection of objects called elements.

19. The numbers 1, 2, 3,4, 5, 6, . . . form the set of natural numbers.

20. The natural numbers together with 0 is called the set of whole
numbers.

21. The natural numbers, 0, and the negatives of the natural
numbers form the set of integers.

22. The union of the rational and irrational numbers is called
the set of real numbers.

23. An even integer can be divided exactly by 2.
24. An odd integer cannot be divided exactly by 2.

25. A prime number is a natural number that is larger than 1
and can only be divided exactly by itself and 1.

26. A composite number is a natural number greater than 1
that is not prime.

27. 0 is neither positive nor negative.
28. The denominator of a fraction can never be 0.

29. A repeating decimal represents a rational number.

30. A nonrepeating, nonterminating decimal represents
an irrational number.

31. The symbol < means “is less than.”

32. The symbol = means “is greater than or equal to.”

33. The symbol = means “is approximately equal to.”

34. If x is negative, |x| = —x.

35. x = 5is called an inequality while “x < —2orx =9”isa
compound inequality.

36. Integers are a subset of the rational numbers.

37. The symbol U means union and the symbol M means
intersection.

38. An answer such as {0, 1,2, 3, ... }is in roster method nota-
tion, (—2, %) is in interval notation and {x | x > —2} is in
set-builder notation.

GUIDED PRACTICE Change each fraction into a decimal
and classify the result as a terminating or a repeating decimal. SEE
EXAMPLE 2. (OBJECTIVE 1)

7 5 -
39. Py 0.875, terminating 40. 3 1.6, repeating
7 - . 19 L
41. — 15 —0.46, repeating  42. — 6 1.1875, terminating

List the elements in the set {—3, 0, % 1,V3,2, 9} that satisfy the
given condition. SEE EXAMPLES T AND 3. (OBJECTIVE 1)

43. natural number 44, whole number
1,2,9 0,1,2,9

45. integer 46. rational number
~3,0,1,2,9 ~3,0,5,1,2,9

47. irrational number 48. real number

V3 ~3,0,2,1,1/3,2,9

49. even natural number 2 50. odd integer —3.1,9
51. prime number 2 52. composite number 9

53. odd composite number 9 54. even prime number 2

Insert a < ora > symbol to make a true statement. (OBJECTIVE 2)

55.4 < 7 56. -2 > -3
57. =5 > -10 58. -6 < 2
59. -7 < 7 60.0 > -5
61.6 > -6 62. -8 < -1

Write each statement with the inequality symbol pointing in the
opposite direction. (OBJECTIVE 2)
63.19>12 12 <19

65. - 6=-5 5= -6

64. -7=-10 —10= -7
66. —10 <13 13> —10
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14 CHAPTER1 A Review of Basic Algebra

67.5=-3 3=

5 68.0= —1
69. -3<0 0> -3

70. -2 > =5

-1=0
—5< =2

Graph each set on the number line. SEE EXAMPLE 4. (OBJECTIVE 3)

71. the set of prime numbers less than 8
| | Py Py | & | Py |

o 1 2 3 4 5 6 7 8
72. the set of integers between —7 and 0

-7 6 -5 4 -3 2 -1 0

73. the set of odd integers between 10 and 18
TR W R SR RN NUN R S—
10 11 12 13 14 15 16 17 18

74. the set of composite numbers less than 10

| | | | ¢ | ¢ | ¢ Py |
o 1 2 3 4 5 6 7 8 9 10
75. {x| x> 3} 76. {x|x <0}
4—% ﬁ—»
3 0
77. [-5,») 78. (==, 9]
<—H ﬁ—»
-5 9

Graph each set on the number line. SEE EXAMPLE 5. (OBJECTIVE 4)

79. {x|x < =3 orx > 3} 80. (0, —4] U (2, )

hY L ] L
J AN 1 AN
-3 3 — 2
81. (—o, —6] U [5,») 82. {x|x< —2orx =3}
| L A L
] L J L
-6 5 -2 3

Graph each set on the number line. SEE EXAMPLE 6. (OBJECTIVE 4)
83. {x|6 <x =10} 84. {x|-3=x=8}
R e ——]

6 10 -3 8
85. {x|-1<x=3} 86. {x|2<x<5}
<—H—> 4—%—»

-1 3 2 5

Write each expression without using absolute value symbols. Simplify
the result when possible. SEE EXAMPLE 7. (OBJECTIVE 5)

87. 25| 25 88. |—14| 14

89. —|-5| -5 90. —[8] -8

ADDITIONAL PRACTICE simplify.

91. |-5] + [-2| 7 92. [-8| + |5 13

93. |-5[-[4] 20 94. |-2|-|3] ©

95. Find the value of x if [x| = 10. —10or 10

96. Find the value of x if |x| = 7. 7 or —7

97. What numbers x are equal to their own absolute values?
x=0

98. What numbers x when added to their own absolute values
giveasumof 0? x =0

Graph each set on the number line.

929. {x|x=7} 100. {x|x = —2}
——— ~—f—
7 -2
101. [0, 5) 102. [—6,9]
0 5 6 9

103.(6,©) U [9, «) 104. {x | x > —8 and x > 0}
—(— —(—

6 0
105.{x |x > 7and x = 11} 106. {x |x < —2and x = —3}
4—? +

11 -3

APPLICATIONS

107. Reading temperatures On the thermometer in the
illustration, graph each of the following temperature
readings: 12°, 8°, 0°, —6°

20
18
16
14
12
10

8

6

4

2

0
2
4
-6
-8
-10

108. History On the number line in the illustration, the origin is
the point B.C./A.D.
a. What happened in the year 1441? Mayapan fell.
b. What happened in the year 500 B.c.? (This would cor-
respond to —500 on a number line.) Maya culture

began.
MAYA CIVILIZATION
SODIAC A.D.300
Maya culture Classic period ~ A.D.900 A p. 1441

begins of Maya
culture begins  begins its
¢ decline

Maya culture Mayapén

fallsto AD. 1697

invaders Last Maya
city conquered

l by the Spanish

Based on data from People in Time and Place, Western Hemisphere
(Silver Burdett & Ginn Inc., 1991), p. 129
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1.2 Arithmetic and Properties of Real Numbers 15

WRITING ABOUT MATH 114. How many odd integers have an absolute value between 20
and 40?7 20

109. Explain why the integers are a subset of the rational 115. The trichotomy property of real numbers states that

numbers.
110. Explain why every integer is a rational number, but not every If @ and b are two real numbers, then
rational number is an integer.

a<b or a=b>b or a>b
111. Explain why the set of primes together with the set of

composites is not the set of natural numbers. Explain why this is true.
112. s the absolute value of a number always positive? Explain. 116. Which of the following statements are always true?
a. la+ b| = |al + |b]
SOMETHING TO THINK ABOUT b. |a-b| = |al-[b]
C. la+ bl = ldl + |b]

113. How many integers have an absolute value that is less

b
than 502 99 c

Section
1 2 Arithmetic and Properties of Real Numbers
[

€D Add real numbers.
#) Subtract real numbers.

§ Multiply real numbers.

-'g @ Divide real numbers.

)y @ Evaluate a numeric expression following the rules for order of operations.

o @A Find the mean, median, and mode when given a set of values.
Evaluate an algebraic expression when given values for its variables.
) dentify the property of real numbers that justifies a given statement.
addend mean associative properties

E\ sum median distributive property

= difference mode additive identity

_g factor expression multiplicative identity

8 product perimeter additive inverse

g quotient circumference multiplicative inverse
grouping symbols commutative properties

<

8 Perform each operation.

<

W 1. 5+4 9 2. 4+5 9 3. 3:4 12 4. 4-3 12

S

bl 5. 127 5 6. 15+3 5 7. 217 3 8 25—-19 6

Y]

O

We will begin this section by discussing how to add, subtract, multiply, and divide real
numbers.

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



16 CHAPTER1 A Review of Basic Algebra

Teaching Tip

Point out that we always start at the
origin.

COMMENT A negative
number moves to the left and a
positive number moves to the
right on a number line.

Teaching Tip

John Widmann (1460-?) was the first
to use the + and — symbols.

Add real numbers.

When two numbers—each number called an addend—are added, we call the result their
sum. To find the sum of +2 and +3, we can use a number line and represent the numbers
with arrows, as shown in Figure 1-15(a). Since the endpoint of the second arrow is at +35,
we have +2 + (+3) = +5.

To add —2 and —3, we can draw arrows as shown in Figure 1-15(b). Since the endpoint

of the second arrow is at —5, we have (—2) + (=3) = —5.
2 | ] . -3 .2 |
| [ | | | |
| | | | | | é | | é | | | | | |
-1 0 1 2 3 4 5 6 -6 -5 4 3 2 - 0 1
) (b)
Figure 1-15

To add —6 and +2, we can draw arrows as shown in Figure 1-16(a). Since the endpoint
of the second arrow is at —4, we have (—6) + (+2) = —4.

To add +7 and —4, we can draw arrows as shown in Figure 1-16(b). Since the endpoint
of the final arrow is at +3, we have (+7) + (—4) = +3.

+2 | -4
-6 | | +7 |
| I
! ! ! s ! ! ! ! ! ! ! ! ! é ! ! ! ! !
-7 6 -5 4 3 -2 -1 0 1 -1 0 1 2 3 4 5 6 7 8
(@) (b)

ADDING TWO REAL
NUMBERS

EXAMPLE 1

Teaching Tip

Point out why it is incorrect to say
“take the sign of the larger number.”

SELF CHECK 1

Figure 1-16

These examples suggest the following rules.

With like signs: Add the absolute values of the numbers and use the common sign.

With unlike signs: Subtract the absolute values of the numbers (the smaller from the
larger) and use the sign of the number with the larger absolute value.

Add:

a. +4 + (+6) = +10  Add the absolute values and use the common sign: 4 + 6 = +10
b. -5+ (-3)=-8 Add the absolute values and use the common sign: —(5 + 3) = —8
c. +9+(—5)=+4 Subtract the absolute values and use a + sign: +(9 — 5) = +4

d. —12 + (+5) = —7  Subtract the absolute values and use a — sign: —(12 — 5) = —7

Add: a. -7+ (-2) -9 b. -7+2 -5 ¢ 7+2 9 d.7+(=2) 5

J

Subtract real numbers.

When one number is subtracted from another number, we call the result their difference.
To find the difference between two real numbers, we can write the subtraction as an equiv-
alent addition. For example, the subtraction 7 — 4 is equivalent to the addition 7 + (—4),
because they have the same result:

7-4=3 and T+ (-4)=3
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SUBTRACTING TWO
REAL NUMBERS

EXAMPLE 2

SELF CHECK 2

1.2 Arithmetic and Properties of Real Numbers 17

This suggests that to subtract two numbers, we can change the sign of the number being
subtracted and add.

If a and b are real numbers, thena — b = a + (—b).

Subtract:
a. 12-4=12+(—-4) Add the opposite of 4.
=8
b. —13—-5=—13 + (-5) Add the opposite of 5.
= —18
c. —14 —(—6) = —14 + (+6) Add the opposite of —6.
= -8
Subtract: a. —15—4 —19 b.8—-5 3 ¢c. —12—-(=-7) -5

Teaching Tip

Christopher Clavius (1537-1612) was
the first to use the - symbol for
multiplication.

William Oughtred (1574-1660) was
the first to use the X symbol for
multiplication.

Teaching Tip

—5(4) = —20 could be explained
as “the opposite of” 5(4).

—5(—4) = 20 could be explained
as “the opposite of” 5(—4).

MULTIPLYING TWO REAL
NUMBERS

Multiply real numbers.

When two numbers—each number called a factor—are multiplied, we call the result their
product. We can find the product of 5 and 4 by using 4 in an addition five times:

five addends of 4

54)=4+4+4+4+4=20
We can find the product of 5 and —4 by using —4 in an addition five times:

five addends of —4

S(—4) = (—4) + (=4) + (=4) + (=4) + (=4) = 20

Since multiplication by a negative number can be defined as repeated subtraction, we
can find the product of —5 and 4 by using 4 in a subtraction five times:

~5(4)=-4-4-4-4-4
=—4+ (—4) + (—4) + (-4) + (-4)
=-20

Change the sign of each 4 and add.

We can find the product of —5 and —4 by using —4 in a subtraction five times:

~5(—4) = ~(~4) — (~4) — (4) ~ (~4) ~ (~4)
=4+4+4+4+4 Change the sign of each —4 and add.
=20

The products 5(4) and —5(—4) both equal +20, and the products 5(—4) and —5(4)
both equal —20. These results suggest the first two of the following rules.

With like signs: Multiply their absolute values. The product is positive.
With unlike signs: Multiply their absolute values. The product is negative.

Multiplication by 0O: If x is any real number, then x+0 = 0-x = 0.
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18  CHAPTER1 A Review of Basic Algebra

COMMENT The product of an even number of negative values produces a positive result
and the product of an odd number of negative values produces a negative result.

EXAMPLE 3  Multiply:

a. 4(—-7) = —28 Multiply the absolute values: 4+7 = 28. Since the signs are unlike, the
product is negative.

b. —5(—6) = +30 Multiply the absolute values: 5+6 = 30. Since the signs are alike, the
product is positive.

c. —7(6) = —42 Multiply the absolute values: 7+6 = 42. Since the signs are unlike, the

product is negative.

d. 8(6) = +48 Multiply the absolute values: 8 -6 = 48. Since the signs are alike, the
product is positive.

SELF CHECK 3 Multiply:
a. (=6)(5) —30 b. (—4)(-8) 32 ¢ (17)(—-2) -34 d. (12)(6) 72

ﬂ Divide real numbers.

Teaching Tip When two numbers are divided, we call the result their quotient. In the divisionx + y = ¢
Students may find one of these or )yf =¢q (y # 0), the quotient ¢ is a number such that y+g = x. We can use this rela-
helpful to determine whether a tionship to find rules for dividing real numbers. We consider four divisions:
quotient is undefined.
+10 —10
Number —— = +5, because +2(+5) = +10 —— = +5, because —2(+5) = —10
Y~ No +2 -2
P - e o —10 +10
or “If zero is ‘under,’ it is undefined. s = —5, because +2(—5) = —10 - = —5, because —2(—5) = +10

These results suggest the first two rules for dividing real numbers.

DIVIDING TWO REAL With like signs: Divide their absolute values. The quotient is positive.
NUMBERS With unlike signs: Divide their absolute values. The quotient is negative.

Division by 0: Division by 0 is undefined.

COMMENT If x # 0, then g = 0. However, % is undefined for any value of x.

EXAMPLE 4  Divide:
Teaching Tip 36 - 36 ) ) ) o
a. — = +2 Divide the absolute values: 7g = 2. Since the signs are alike, the quotient is
Johann Heinrich Rahn (1622-1676) 18 positive.
was the first to use the + symbol —44
for division. b. —— = —4 Divide the absolute values: % = 4. Since the signs are unlike, the quotient is
1 negative.
27 , 27 . . . -
Cc. _79 =-3 Divide the absolute values: G- = 3. Since the signs are unlike, the quotient is
negative.
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1.2 Arithmetic and Properties of Real Numbers 19

—64

. —78 = +8 Divide the absolute values: % = 8. Since the signs are alike, the quotient is
positive.
55 =72 —100 50
SELF CHECK 4 Divide: a. _75 —11 b. —76 12 ¢ T —-10 d. g 2

) ctvaluate a numeric expression following the rules
for order of operations.

Suppose you are asked to contact a friend if you see a rug for sale while traveling in Turkey.
After locating a nice one, you send the following text to your friend.

* Message Center *

Found rug. $5,000. Should |
buy it for you?

|smaaeauooa

The next day, you receive this response.

* Message Center *
No price too high! Repeat... No!
Price too high.

|smeoamoooa
AR
000

HE0O0000E
e D

The first statement in your friend’s text says to buy the rug at any price. The second says
not to buy it, because it is too expensive. The placement of the exclamation point makes
these statements read differently, resulting in different interpretations.

When reading mathematical statements, the same kind of confusion is possible. To
illustrate, we consider the expression 5 + 3 -7, which contains the operations of addition
and multiplication. To avoid the possibility of obtaining two different results when per-
forming this type of calculation, we will agree to do the multiplications first.

Correct choice: Multiply first Incorrect choice: Add first
5+4+3-7=5+21 Multiply 3and 7. 5+3-7=8+7 Add5and3.
=26 Add 5 and 21. =56 Multiply 8 and 7.

Different results

If we want to do additions before multiplications, we must use grouping symbols such
as parentheses ( ), brackets [ ], or braces { }. You will also see radical symbols, absolute
value bars, and the fraction bar used as grouping symbols. In the expression (5 + 3)7, the
parentheses indicate that the addition is to be done first:

(5+3)7=8-7
=56

To guarantee that calculations will have one correct result, we always will do calcula-
tions in the following order.
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20 CHAPTER1 A Review of Basic Algebra

RULES FOR THE ORDER
OF OPERATIONS FOR

EXPRESSIONS WITHOUT
EXPONENTS

EXAMPLE S

Teaching Tip

You might want to remind students of
PEMDAS although exponents are not
discussed until the next section.

SELF CHECK 5

Use the following steps to perform all calculations within each pair of grouping sym-

bols, working from the innermost pair to the outermost pair.

1. Perform all multiplications and divisions, working from left to right.

2. Perform all additions and subtractions, working from left to right.

3. Because a fraction bar is a grouping symbol, simplify the numerator and the denomi-
nator separately and simplify the fraction, whenever possible.

When all grouping symbols have been removed, repeat the rules above to complete the
calculation.

Evaluate each expression:

a. 4+2-3=4+6 Do the multiplication first.
=10 Then do the addition.
b. 23+4)=2-7 Do the addition within the parentheses
first.

=14 Then do the multiplication.

c. 5(3—6)+3+1=5(-3)+3+1 Do the subtraction within parentheses.
=—-15+3+1 Then do the multiplication: 5(—3) = —15
=-5+1 Then do the division: —15 ~ 3 = =5
= —4 Finally, do the addition.

d. 53—-2(6+3+1)]=5[3—-2(2+1)] Do the division within parentheses.

=5[3 —2(3)] Do the addition: 2 + 1 = 3
=5(3 —6) Do the multiplication: 2(3) = 6
=5(-3) Do the subtraction: 3 — 6 = —3
= -15 Do the multiplication.
4+8(3—-4) 4 Simplify the numerator and denominator
6 —2(2) 2 separately.
= -2 Do the division: =4 +~ 2 = =2

Evaluate: a. 5+3:4 17 b. (5+3):4 32 ¢ 35-7)+-6+3 2
5—2(4-06)

d. 9—-2-3

MEAN

Find the mean, median, and mode when given a set of values.

Three measures of central tendency are commonly used in newspapers and magazines: the
mean, the median, and the mode.

The mean of several values is the sum of those values divided by the number of values.

Sum of the values

M =
can Number of values
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EXAMPLE 6

Solution

SELF CHECK 6

1.2 Arithmetic and Properties of Real Numbers 21

FOOTBALL Figure 1-17 shows the gains and losses made by a running back on seven
plays. Find the mean number of yards per carry.

To find the mean number of yards per carry, we add the numbers and divide by 7.

8+ (+2) + (=6) + (+6) + (+4) + (=7) + (=5) _ —14 _
7 7

-2

The running back averaged —2 yards (or lost 2 yards) per carry.

| +2 yd | +6yd | |+4yd

-8 yd —6 yd —Tyd | |-5yd

Figure 1-17

Find the mean if the running back’s seven plays were an 8-yard gain followed by a
5-yard gain, 2-yard loss, 7-yard gain, 12-yard loss, 3-yard loss, and an 1l-yard gain.
2-yard gain

J

MEDIAN

EXAMPLE 7

Solution

SELF CHECK 7

The median of several values is the middle value. To find the median,

1. arrange the values in increasing order;
2. if there is an odd number of values, choose the middle value; and
3. if there is an even number of values, find the mean of the middle two values.

The mode of several values is the value that occurs most often.

Ten workers in a small business have monthly salaries of

$2,500, $1,750, $2,415, $3,240, $2,790,
$3,240, $2,650, $2,415, $2,415, $2,650

Find: a. the median b. the mode of the distribution
a. To find the median, we first arrange the salaries in increasing order:

$1,750, $2,415, $2,415, $2,415, $2,500,
$2.650, $2,650, $2,790, $3,240, $3,240

Because there is an even number of salaries, the median will be the mean of the middle
two scores, $2,500 and $2,650.

. $2,500 + $2,650
Median = f

= $2,575
b. Since the salary $2,415 occurs most often, it is the mode.

Given salaries of $3,275, $2,295, $4,025, $3,500, $3,015, $2,985, $3,275, and $3,000,
find a.the median and b. the mode. a. $3,145 b. $3,275

J
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22  CHAPTER1 A Review of Basic Algebra

If two different numbers in a distribution tie for occurring most often, the distribution
is called bimodal.

COMMENT Although the mean is probably the most common measure of central ten-
dency, the median and the mode are used frequently. For example, workers’ salaries often
are compared to the median salary. To say that the modal shoe size is 9 means that a shoe
size of 9 occurs more often than any other size.

Evaluate an algebraic expression when given values
for its variables.

Variables and numbers can be combined with the operations of arithmetic to produce an
algebraic expression. To evaluate algebraic expressions, we substitute numbers for the vari-
ables and simplify.

+ 3
EXAMPLE8 1fx = 2,y= —3,and z = —5, evaluate: a. x +yz b. %
y\zZ —x
Solution  We substitute 2 for x, —3 for y, and —5 for z and simplify.
xy +3z  2(=3) +3(-5)
a. x+yz=2+(-3)(-5 b. =
¥z 2+(15)( ) yz—x) -3(—5 —2)
:17 (15) =6+ (—15)
- -3(=7)
21
21
= -1
xy — 22
SELFCHECKS8 1Ifx=2,y= —5,andz = 3,evaluate: a. y —xz —11 b. =+ 2y
xz+ 2y

J

Table 1-3 shows the formulas for the perimeters (the distance around a figure) of
several geometric figures. The distance around a circle is called a circumference.

TABLE 1-3
Perimeter/
Figure Name Perimeter Figure Name circumference
R
H— b
a .
§ s Square P = dy /_\ Trapezoid P=a+b+c+d
[ 1 [ d
S
w - - C =mD
- O . C = 2mr
] Rectangle P =2+ 2w Circle

(7r is approximately
3.1416)

“ b
Triangle P=a+b+c

Unless otherwise noted, all content on this page is © Cengage Learning.

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



EXAMPLE 9

Solution

SELF CHECK 9

1.2 Arithmetic and Properties of Real Numbers 23

Find the perimeter of the rectangle shown in Figure 1-18.
We substitute 2.75 for [ and 1.25 for w into the formula P = 2/ + 2w and simplify.
P =2+ 2w

2.75m
P =2(275) + 2(1.25) i .
=5.50 + 2.50 1.25m
= 8.00 = 1
The perimeter is 8 meters. Figure 1-18

Find the perimeter of a rectangle with a length of 8 meters and a width of 5 meters. 26 m

PROPERTIES OF REAL
NUMBERS

Teaching Tip

To illustrate the commutative
property, ask students to think about
their route to campus and then back
home. The number of miles driven is
the same.

Identify the property of real numbers that justifies
a given statement.

When we work with real numbers, we will use the following properties.

If a, b, and c are real numbers, the following properties apply.

The commutative properties of addition and multiplication
atb=b+a ab = ba

The associative properties of addition and multiplication
(a+b)+c=a+ (b+c) (ab)c = a(bc)

The distributive property of multiplication over addition

a(b+ ¢) =ab + ac

The commutative properties enable us to add or multiply two numbers in either order
and obtain the same result. For example,

2+3=5 and 3+42=5

7-9 =063 and 9:-7=1063
COMMENT Subtraction and division are not commutative, because doing these opera-
tions in different orders will give different results. For example,

8—4=4 but 4—-8=—4

§8+4=2 bu 4+8=1

The associative properties enable us to group the numbers in a sum or a product in any
way that we wish and still get the same result. For example,

2+3)+4=5+4 2+(3+4)=2+7
=9 =9
(2:3)-4=06-4 2:(3-4)=2-12
=24 =24

COMMENT Subtraction and division are not associative, because different groupings
give different results. For example,
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24 CHAPTER1

b

HEa.

al| ab

1 [

o

ac

Figure 1-19

SELF CHECK 10

EXAMPLE 10

A Review of Basic Algebra

8—-4)—2=4-2=2 but 8—4—-2)=8-2=6
(8+4)+2=2+2=1 but 8+ (4+2)=8+2=4
The distributive property enables us to evaluate many expressions involving a mul-

tiplication over an addition. We can add first inside the parentheses and then multiply, or
multiply over the addition first and then add.

23+7)=2-10 23+ 7)=2-3+2-7
=20 =6+ 14
=20

We can interpret the distributive property geometrically. Since the area of the larg-
est rectangle in Figure 1-19 is the product of its width a and its length b + ¢, its area
is a(b + c). The areas of the two smaller rectangles are ab and ac. Since the area of
the largest rectangle is equal to the sum of the areas of the smaller rectangles, we have
a(b + ¢) = ab + ac.

The distributive property can be extended to any number of addends.

ab+c+d+e+---)=ab+ac+ad+ae+---

Use the distributive property to write each expression without parentheses.
a. 2(x+3) b.2(x+y—17)
a. 2(x+3)=2x+2-3

=2x+ 6
b. 2(x+y—7)=2x+2y —2-7
=2x+2y— 14

Use the distributive property to write  —5(a — 2b + 3c¢) without parentheses.
—5a + 10b — 15¢

PROPERTIES OF 0 AND 1

THE ADDITIVE INVERSE
PROPERTY

The real numbers 0 and 1 have important special properties.

Additive identity (0): The sum of 0 and any number is the number itself.
0O+ta=a+0=a

Multiplication property of 0: The product of any number and O is 0.
a0=0:-a=0

Multiplicative identity (1): The product of 1 and any number is the number itself.

la=a-1=a

For example,
74+0=17, 7(0) = 0, 1(5) = 5, and (=71 =-7

If the sum of two numbers is 0, the numbers are called additive inverses, negatives,
or opposites of each other. For example, 6 and —6 are negatives, because 6 + (=6) = 0.

For every real number «, there is a real number —a such that

a+(-a)=-a+a=0
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Exercises 25

Teaching Tip The symbol —(—6) means “the negative of negative 6” or “the opposite of negative 6.”
Compare a double negative to Because the sum of two numbers that are negatives is 0, we have
English grammar. —6+[-(=6)]=0 and —6+6=0

Because —6 has only one additive inverse, it follows that —(—6) = 6. In general, the
following rule applies.

THE DOUBLE NEGATIVE If a represents any real number, then —(—a) = a.
RULE

If the product of two numbers is 1, the numbers are called multiplicative inverses or
reciprocals of each other.

INVERSE PROPERTY

THE MULTIPLICATIVE For every nonzero real number a, there exists a real number é such that

1 1
a'z—g'a—l (a#O)

Teaching Tip Some examples of reciprocals are
) 1 . 1
Remind students that * 5 and s are reciprocals, because 5 (5) =1.
— — -2 . —3(-2
—a_a 4 . 73 and 3 are reciprocals, because 73 (T) = 1.
b —b b

The reciprocal of 0 does not exist, because % is undefined.

SELFCHECK la.-9 b.—5 9 d.5 2.a.-19 b3 ¢ -5 3.a.-30 b.32 c-34 d.72 4.a -1l
ANSWERS b.12 ¢.—10 d.2 5.a.17 b.32 c.2 d.3 6.2-yardgain 7.a.$3,145 b.$3,275
8.a.—11 b.4 9.26m 10.—5a + 10b — 15¢

To the Instructor NOW TRY THIS

In 1, many §tudents willinsert only 1. Insert the correct operations, including any grouping symbols needed to make each expres-
the operations for parts cand d. sion equal to the given value.
2 requires students to distinguish a 3-5=-2 b. -8 & 4= —4
between subtracting and ) )
multiplying negative values. .3 5 2=4 d.3 5 2=9
3+5)+2=4 35-2)=9
2. Evaluate each of the following forx = —2,y = 5,and z = —4.
a. x—y—z -3 b. x —y(—z) —22

WARM-UPS Identify the operation to be performed in 3. —7 — 4 subtraction 4. —5(—6) multiplication
simplifying each expression. -10 7 3
5. —— division 6. —— + — addition
1. -5+ (=3) addition 2. —4 — (—5) subtraction 2 8§ 4
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26 CHAPTER1 A Review of Basic Algebra

REVIEW Graph each set on the number line. 25. Write the commutative property of addition. ¢ + b = b +a

26. Write the distributive property of multiplication over addition.

7. {x[x >4} 8. (—, —5] a(b+c¢)=ab+ac
4 s 27. Multiplicative inverses are also called reciprocals.
9. (2.10] 10. (x| —4 = x =4} 28. .\VhaF is the additive identity? 0 What is the multiplicative
E 1 L 1 identity? 1
2 10 4 4 29. The additive inverse of —5 is 5 and the multiplicative inverse

1
11. Buying gasoline A man bought 32 gallons of gasoline of 7is 7.

at $2.29 per gallon and 3 quarts of oil at $1.35 per quart. 30. —(—a) = a
The sales tax was included in the price of the gasoline, but
5% sales tax was added to the cost of the oil. Find the total

GUIDED PRACTICE Add. see EXAMPLE 1. (OBJECTIVE T)
cost. $77.53

12. Paying taxes On an adjusted income of $57,760, a woman 3. -6+ (=3) -9 32.2 + (+8) 10
must pay taxes according to the schedule shown in the table. 33. -7+2 -5 3.6+ (—-3) 3
Compute the tax bill.  $10,470.00 35 1 1) 1 36 3 ( 1) 19
e Gl e e
2 < 3 6 4 5 20
2012 Tax Rate Schedules - _§ . (g) 7 28 z . (_i> Q
Schedule X—If your filing status is Single Y 4/ 36 "8 11 88

Subtract. SEE EXAMPLE 2. (OBJECTIVE 2)
39. -5—-7 —12 40. —11 — (—17
41. -33 — (=33) 0

If your taxable The tax is:

income is:

)
42.18 — (-2) 20
2

Of the
But not amount 1 3 11 1 11 1
Over— over— over— 43. 2 <_ E) 10 44. 26 13 26
$0 $8700 ... 10% $0 g5, L1 1 6. — (_g) 13
8,700 35,350 $870.00 + 15% 8,700 3 2 6 "8 4) 8

35,350 85,650  $4,867.50 + 25% 35,350 .

85,650 178,650  $17,442.50 + 28% 85,650 Multiply. SEE EXAMPLE 3. (OBJECTIVE 3)

178,650 388,350 $43,482.50 + 33% 178,650 47. —2(6) —12 48.4(—8) -2
388,350 ... $112,683.50 + 35% 388,350

49. —9(-3) 27 50. —2(—5) 10

A O

VOCABULARY AND CONCEPTS Fill in the blanks.
9

13. To add two numbers with like signs, we add their absolute 53, (7)(_ E) _¥ 54, (ﬁ)(_ E) _3
values and keep the common sign. 8 7 28 3 16 2

14. To add two numbers with unlike signs, we subtract their
absolute values and keep the sign of the number with the

Divide. SEE EXAMPLE 4. (OBJECTIVE 4)

larger absolute value. 55. -8 ) 56. 36 9

15. To subtract one number from another, we change the sign of 4 —4
the number that is being subtracted and add. 57. -4 7 58. =S5 1

16. The product of two real numbers with like signs is positive. -7 =25 5

17. The quotient of two real numbers with unlike signs is 59, 3 - <7 3) 2 60. — 3 = 7.6
negative. 4 8 5 10 7

18. The result of addition is a sum and the result of subtraction is 61. — 16 N <_ E) 24 62. a - <7 E) 1
a difference. 5 3 25 22 11 4

19. The result of multiplication is a product and the result of

. . Evaluate each expression following the order of operations.
division is a (]UO[]CHI.

SEE EXAMPLE 5. (OBJECTIVE 5)
20. To simplify a numerical expression, we follow the

order of operations. 63.3 +4-5 23 64.5+5(3) 20
21. The denominator of a fraction can never be 0. 65.2—-3-5 ~13 66.5-3 —6-4 -9
22. The three measures of central tendency are the mean, median, 67.8 —4—-3 | 68.5-3—-1 |
and mode. 69.8 — (4—-3) 7 70.5—-(3—-1) 3
23. Write the formula for the circumference of a circle. C = 7D 7M. 18+-6+3 1 72. 100 ~ 10 =5 2
or C = 2mr 73.18 = (6 +3) 9 74. 100 = (10 +5) 50

24. Write the associative property of multiplication.
@a-by-c=a-(b-c
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Use the distribution: 7,5, 9,10, 8, 6, 6, 7,9,12,9. You may use a

3 calculator. SEE EXAMPLES 6—7. (OBJECTIVE 6)

75.
77.

Find the mean. 8 76. Find the median. 8

Find the mode. 9

Use the distribution: 8,12, 23,12, 10, 16, 26, 12, 14, 8, 16, 23.

78.
80.

Find the median. 13
Find the mean. 15

79. Find the mode. 12

Leta =3,b = —2,c= —1,and d = 2 and evaluate each expression.
SEE EXAMPLE 8. (OBJECTIVE 7)

81.

83.

ab +cd —8 82.ac — bd 1
+ 5 +
@re > ga. 214,
cd + b 4 bd + a

Sorting records is a common task in data processing. A selection sort
requires C comparisons to sort N records, where C and N are related

_NIN-1)
by the formula C = =—5——
85.

86.
87.

88.

. SEE EXAMPLES 8-9. (OBJECTIVE 7)

How many comparisons are needed to sort 200 records?
19,900

How many comparisons are needed to sort 10,000
records? 49,995,000

Perimeter of a triangle Find the perimeter of a triangle
with sides that are 23.5, 37.2, and 39.7 feet long. 100.4 ft
Perimeter of a trapezoid Find the perimeter of a
trapezoid with sides that are 43.27, 47.37, 50.21, and 52.93
centimeters long. 193.78 cm

Determine which property of real numbers justifies each statement.
SEE EXAMPLE 10. (OBJECTIVE 8)

89.
90.
91.
92.
93.
94.

95.

96.

5+8=8+35 comm.prop. of add.
2:(9:13) = (2-9)+13 assoc. prop. of mult.
32+ 5)=3-2+3-5 dist. prop.
4-3=3-4
81 + 0 = 81 additive identity prop.
6(7+1)=6-7+6-1

comm. prop. of mult.

dist. prop.

sol=
5

3+(9+0)=(9+0)+3

mult. inverse prop.

comm. prop. of add.

ADDITIONAL PRACTICE Determine which property of real
numbers justifies each statement.

97.
98.
929.
100.

a+ (7+8)=(a+7)+8 assoc. prop. of add.

1-3 =3 mult. identity prop.
(2:3)+4=4-(2:3) comm. prop. of mult.
5+ (—5) =0 additive inverse prop.

Use a calculator to verify each statement and then identify the
L property of real numbers that is being illustrated.

101.

102.
103.

(379 +252) + 143 =379 + (252 + 14.3)
assoc. prop. of add.
7.1(39 4+ 8.8) =7.1-39 + 7.1-8.8 distrib. prop.

2.73(4.534 + 57.12) = 2.73-4.534 + 2.73-57.12
distrib. prop.

Unless otherwise noted, all content on this page is © Cengage Learning.
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1.2 Exercises 27

(6.789 + 345.1) + 27.347 = (345.1 + 6.789) + 27.347
comm. prop. of add.

Evaluate each expression.

105.
107.
109.
m.
113.
115.

117.

19.

98 —14—-14 70 106. —43 — 19 + 59 -3

24— (=3)—5 22 108.46 + (—21) —31 —6
—2(21)(—4) 168 10. —5(—12)(=3) —180
56 +7+2 4 12.96 ~ (—4) + (=3) 8
2+6+3—-5 —1 M4.6 -8 +-4-2 2
3+9)+~4—-8) 31M6.(6—-8)+(4—2) —1I
3(8 +4 5(4 —1 5
3@+4) ng ¥ -D 5
2:3—-9 3:2+5-3 7
100(2 — 4 8(3) — 4(6

_100@ =8 ) g, SB)Z36)

1,000 ~ 10 = 10 5(3) + 3(—7)

Leta=3,b= —2,c = —1,and d = 2 and evaluate each expression.

121. 2b — S5ac 11 122. 4a(6c — b) +d —46

123.c —d(2 —a) 1 124. (a—c)— (b—d) 38

125. a(b + ¢) —9 126.d(b +a) 2
ad + bc bc —ad 4

127. d —ad 1 128. vdtac 7

APPLICATIONS

129. Earning money One day Scott earned $22.25 tutoring
mathematics and $39.75 tutoring physics. How much did he
earn that day? $62

130. Losing weight During an illness, Wendy lost 13.5 pounds.
By the time she recovered, she had lost another 11.5 pounds.
What integer represents her change in weight? —251b

131. Changing temperatures The temperature rose 17° in the
afternoon and then dropped 13° overnight. Find the overall
change in temperature. +4°

132. Displaying the flag Before the f
American flag is displayed at
half-mast, it should first be raised
to the top of the flagpole. How
far has the flag in the illustration a8 fit
traveled? 57 ft

133. Changing temperatures If the temperature has been drop-
ping 4° each hour, how much warmer was it 3 hours ago? 12°

134. Mountain climbing A team of mountaineers climbed
2,347 feet one day and then came down 597 feet to a base
camp. What signed number represents their net change in
altitude? 1,750 ft

135. Filling a pool The flow of water from a pipe is filling a
pool at the rate of 23 gallons per minute. How much less
water was in the pool 5 hours ago? 6,900 gal

136. Draining a pool If a drain is emptying a pool at the rate of

12 gallons per minute, how much more water was in the pool
2 hours ago? 1,440 gal
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Use a calculator to help solve the following.

= 137

138.

139.

140.

141.

142.

143.

Military An army retreated 2,300 meters. After regroup-
ing, it moved forward 1,750 meters. The next day, it gained
another 1,875 meters. What integer represents the army’s net
gain (or loss)?  +1.325m

Grooming horses John earned $10 an hour for grooming
horses. After working for 12 hours, he had $154. How much
did he have before he started work? $34

Managing a checkbook Sally started with $437.37

in a checking account. One month, she had deposits of
$125.18, $137.26, and $145.56. That same month, she had
withdrawals of $117.11, $183.49, and $122.89. Find her ending
balance. $421.88

Stock averages The illustration shows the daily advances
and declines of the Dow Jones average for one week. What
integer represents the total gain or loss for the week? +46

+37 +24 Wed +17 Fri
Mon Tues —-11 Thur -21
Selling clothes If a clerk had the sales shown in the table
for one week, find the mean of daily sales. $1,211
Monday $1,525
Tuesday $ 785
Wednesday $1,628
Thursday $1,214
Friday $ 917
Saturday $1,197

Sizes of viruses The table gives the approximate lengths
(in centimicrons) of the viruses that cause five common
diseases. Find the mean length of the viruses.

74.5 centimicrons

Polio 2.5
Influenza 105.1
Pharyngitis 74.9
Chicken pox 137.4

Yellow fever 52.6

Calculating grades A student has scores of 77, 79, 89, 84,
and 86 on five exams. Find his average (mean) score. 83

144.

145.

146.

Averaging weights The offensive line of a football team
has two guards, two tackles, and a center. If the guards
weigh 298 and 287 pounds, the tackles 310 and 302 pounds,
and the center 303 pounds, find the average (mean) weight of
the offensive line. 300 Ib

Analyzing ads The businessman who ran the following ad
earns $100,000 and employs four students who earn $10,000
each. Is the ad misleading? yes

HIRING
Hard-working, intelligent students

Good pay: average wage of
$28,000

Averaging grades A student has grades of 78%, 85%,
88%, and 96%. There is one test left, and the student needs
to average 90% to earn an A. Does he have a chance? no

147. Perimeter of a square Find the u L
perimeter of the square shown in the 7.5 cm
illustration. 30 cm

1 []

148. Circumference of a circle To the near-
est hundredth, find the circumference of
the circle shown in the illustration. 78.54 m ‘

WRITING ABOUT MATH

149. The symmetric property of equality states that if a = b, then

150.

b = a. Explain why this property is often confused with the
commutative properties. Why do you think this is so?
Explain why the mean of two numbers is halfway between
the two numbers.

SOMETHING TO THINK ABOUT

151.

152.

153.

154.

Pick five numbers and find their mean. Add 7 to each of the
numbers to get five new numbers and find their mean. What
do you discover? Is this property always true?

Take the original five numbers in Exercise 151 and multiply
each one by 7 to get five new numbers and find their mean.
What do you discover? Is this property always true?

Give three applications in which the median would be the
most appropriate average to use.

Give three applications in which the mode would be the most
appropriate average to use.
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1.3 Exponents 29

Section

1 3 Exponents

Objectives

Getting Ready Wocabulary

NATURAL-NUMBER
EXPONENTS

COMMENT A natural-number
exponent tells how many times
the base of an exponential
expression is to be used as a
factor in a product.

€ Identify the base and the exponent to simplify an exponential expression.
@) simplify an expression by applying properties of exponents.

Evaluate an expression using the rules for the order of operations.

@ Apply the correct geometric formula to solve an application.

factor area sphere
power volume cylinder
base cube cone
exponent rectangular solid pyramid
Find each product.

1. 22 4 2. 3-3-3 27

3. (—4)(—4)(—4) -—o4 4. (-3)(—-3)(—3)(-3) 81

g 1111 o (2222 16

T 333 27 ) 5555 625

_

In this section, we will review exponents, a shortcut way of indicating repeated multiplication.
The rules for the order of operations will be modified to include exponents.

Identify the base and the exponent to simplify
an exponential expression.

Exponents indicate repeated multiplication. For example,

y =y*y Read y* as “y to the second power” or “y squared.”

=222 Read z° as “Z to the third power” or “Z cubed.”

x* =x-x-x+x Readx"as “x to the fourth power.”

These examples suggest the following definition.

If n is a natural number, then
n factors of x

f—%
x":x-x.xo-...x

The exponential expression x” is called a power of x, and we read it as “x to the nth
power.” In this expression, x is called the base, and 7 is called the exponent.

Base — x" < Exponent
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EXAMPLE 1 Write each expression without exponents:

a. 2°=12:2:2-2-2 b. (—2)° = (—2)(—2)(—2)(—2)(-2)
Teaching Tip =32 =32
Point out that —4* means “the c. —4=—(4% The base is 4.
opposite of 4*” Thus, = —(4-4-4-4)
—4% = _(4.4.4.4) = —256
4 _ .
Then point out that (—4)* means d. (—4)* = (=4)(=4)(=4)(=4)  Thebaseis —4.
“find the fourth power of —4." = 256
1y 1 1 1 1 )? 1 1
« (30) ~Go)Ge)Ge)  + (50) - (50)-50)
2 2 2 2 5 5 5
1, 1
= — = —}?
g 25
SELF CHECK 1 Write each expression without exponents:
3\ .
a. 3* 81 b. (=57 —125 «c (—4a> %az
Teaching Tip COMMENT Note the difference between —x" and (—x)".
You might point out in ax”, x is the
n factors of x n factors of (—x)

base, and in (ax)", (ax) is the base.

—x' = —(x+x-xx) (=x)" = (=x)(=x)(=x) - (=x)

Also, note the difference between ax” and (ax)".

n factors of x n factors of (ax)
f—/%
ax" = arxex-xccr x (ax)" = (ax)(ax)(ax) -+ (ax)

F] simplify an expression by applying properties of exponents.

5 3

Since x” means that x is to be used as a factor five times, and since x’ means that x is to be
used as a factor three times, x° - x* means that x will be used as a factor eight times.

5 factors of x 3 factors of x 8 factors of x
X3 = XX XXX ¢ XXX = XX XXX XXX
In general,
m factors of x n factors of x m + n factors of x
——— ——
men:X'X'X‘X ..... X . XoeX e X = XX X X X X°*X*e X

Thus, to multiply exponential expressions with the same base, we keep the same base and
add the exponents.

THE PRODUCT RULE If m and n are natural numbers, then
OF EXPONENTS A =

Teaching Tip COMMENT The product rule of exponents applies only to exponential expressions with
You might mention that this rule will  the same base. The expression x°y?, for example, cannot be simplified, because the bases of
be extended to integers laterin this  the exponential expressions are different.

section.
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EXAMPLE 2

SELF CHECK 2

1.3 Exponents 31

Simplify each expression:

a. xS = yl1+5 b. a’a‘a’ = (d°a*)d>
= x16 = a9(13
= q?
1 1
c. a’v’a’v? = P’’’y d. —8x* <4x3) = (—8-4>(x4x3)

— 5 bS
“ = —2x’
Simplify each expression:

a. a’a® 4% b. a’b’a’p*

. 1
a’h ¢ —8a4<—2a2b) 4a%b

J

Teaching Tip

Have the students use “when
in doubt, drag it out” to reduce
memorization.

Teaching Tip

You may want to name each power
rule:

a. (x™)" Power to a power

b. (xy)™ Product to a power

n
X .
C. )7 :Quotienttoa power

To find another property of exponents, we simplify (x*)?, which means x* cubed or

x x x
—— —— ——

(P =xtxtxt=x-xexoxexoxoxcxexexexox=x"?
In general, we have

n factors of x™ mn factors of x

(X)) = X e XM X = XXX XXX = XM

Thus, to raise an exponential expression to a power, we keep the same base and multiply
the exponents.

To find a third property of exponents, we square 3x and get

(3x)* = (3x)(3x) = 3-3-x-x = 3%? = 9x?
In general, we have

n factors of xy n factors of x n factors of y

——
()" = () o) Gey) =-ooe (ay) = oxxweeeeexeyyyeeeoey = Y

To find a fourth property of exponents, we cube %c to get

(X>3_xxx_m_x3_x3
333 3-3-3 3 27
In general, we have

n factors of x/y
/—/%

B -G() oo

n factors of x

—_—
_ XX X Multiply the numerators and multiply
yyyooccy the denominators.
%/_)
n factors of y
X!
oy

The previous three results are called the power rules of exponents.
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32  CHAPTER1 A Review of Basic Algebra

THE POWER RULES
OF EXPONENTS

EXAMPLE 3

If m and n are natural numbers, then

() =amr (xy)" =ty (;C> = )yc (»y #0)

Simplify each expression:

Teaching Tip a. (3%)° =33 b. (x!1)> = x!1?
For example 3¢ you might point out =3¢ = x%
that you would get the same answer = 729
if you first raised the power to a
power and then multiplied. c. (x2x3)6 = (x5)6 d. (x2)4(x3)2 = x*x°
= 30 E_—
SELF CHECK 3  Simplify each expression: a. (a°)® o b. (a*a®)® o' c. (a®)*(a®)® o°
J
EXAMPLE 4 Simplify each expression. Assume that no denominators are zero.
a. (x%y)* = (x%)%° b. (xy)* = (¥)*(H)*
= x%?3 = x'2y16
c <x>4 _ x4 d (x3>2 _ (X3)2
v/ o) oo )
_x _x
¥ ¥
SELF CHECK 4  Simplify each expression. Assume that no denominators are zero.
aS 3 a’
a. (a*b’)* " b. 7) 7
J

ZERO EXPONENTS

COMMENT
0° is indeterminant.

We can expand the rules for exponents to hold for exponents of 0.

0,.n 0+n

xx"=x =x"=1x"

Therefore, since x’x" = 1x", it follows that x° = 1 (x # 0).

If x # 0, then x° = 1.

Because of the previous definition, any nonzero base raised to the O power is 1. For
example, if no variables are zero, then

=1, (=7"=1  Ga)'=1, () =1
We can expand the rules for exponents to include negative integer exponents.
xt=x"=x0=1 (x #0)

. _ 1 . _ .
Therefore, since x™"+x" = 1 and ?-x" = 1, we define x " to be the reciprocal of x".
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1.3 Exponents 33

NEGATIVE EXPONENTS If n is an integer and x # 0, then

1 1
x "= 7 and e = x"
COMMENT By the definition Because of this definition, we can write expressions containing negative exponents as
of negative exponents, the base ~ €xpressions without negative exponents. For example,
cannot be 0. Thus, an expres- 1 1 1 1
. _5. . 572:7:7 10*3:7:7
sion such as 0™~ is undefined. 52 25 10° 1,000

and if x # 0, we have

(2)7=m=3 3N '=3

EXAMPLED  Write each expression without negative exponents. Assume that x # 0.

4
a. x 53 = x5+3 b. (x3) 2= K(-I=2) €. —= 453
— 2 — |6 x
= x = X
L
2

SELF CHECK 5 Write each expression without negative exponents. Assume that a # 0.

- 1 sy B 2
a.a'd® b. (a®)3 ¥ C.— 2a
a a

To develop a rule for dividing exponential expressions, we proceed as follows:

m
X 1 _ _ —
_ xm( n) _ xmx n _ xm+( n) — xm n

x" X

Thus, to divide exponential expressions with the same nonzero base, we keep the same
base and subtract the exponent in the denominator from the exponent in the numerator.

THE QUOTIENT RULE If m and n are integers, then

x7=xm_” (x #0)

EXAMPLE 6 Simplify each expression. Assume no variable is zero.

. . 5 =5
Teaching Tip a g b X7 iy
a. 5 =a T
You can now use a X
Xm - . = a2 = x716
1=—=x"""= x"toshow
X
0 _ = 7
x' =1 xl6
N ¥ g (xz)s %6
C. —= = 5 . = =
e e (x3)2 e
_ x7—(—5) — ,6—6
12 0

|
—_ =
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34 CHAPTER1 A Review of Basic Algebra

. @ _ iy ] (a2b3>3 _ < 2b3>3
Tyt © \&dv b
= xy™! = (a7
s = (@)
Y

()

a21b3
SELF CHECK 6 Simplify each expression. Assume that no variable is zero.
C I e R
(a®)? o

To illustrate one more property of exponents, we consider the simplification of (%)

(2)4_;_;1;24_134_34_(3)4
3 (2)4 2 -3 2t 20 \2

3 34

J

—4

This example suggests that to raise a fraction to a negative power, we can invert the frac-
tional base (take the reciprocal) and then raise it to a positive power.

SN (INIIINIWIY  1f 1 is an integer, then
POWERS ~
x\ " oy
=(Z) == #0,y#0
G) =) =% wrorro

EXAMPLE 7 Write each expression without using parentheses. Write answers without negative

exponents.
() -0) - (5) - (5)
5 3 x? y?
_ 625 _ x’
= e = i
22\ 3y 3\ “2p3\ 3 A\’
« (3y3) - <2x2> (a2a3b4> - (a2b3>
_ 81y 2 _ ab* \?
168 B <a2b3>
3 81 o — (as—(—z)b4—3)3
16t y = (a'b)?
_ 8l i = 2'p3
16x5 !
8l
- 16x8y12

SELF CHECK7 Write each expression without using parentheses. Write answers without negative
exponents.

2\ 125 3a® \ 7 32
a. | = b. -2 152,10
5 8 2b 2434'%h

J
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PROPERTIES
OF EXPONENTS

EXAMPLE 8

Teaching Tip

Ask the class to find examples to
show that

(x+y)"#=x"+y"
x=—y)#x -y

SELF CHECK 8

1.3 Exponents 35

We summarize the rules of exponents as follows.

If there are no divisions by 0, then for all integers m and n,

y

1 m -n n n

(x #0) w == x7 = x"" (x) = <y> = y7
X X y X X

The same properties apply to exponents that are variables.

X =1

Simplify each expression. Assume that a # 0 and x # 0.

n 3.2
aa _ XX _
a. 5 — an+l 2 b. - — x3+2 n
a X
— an*l — xS*n
n\ 2 2n n_—3
r)y 2 d. &4 n+(=3)=(=1)
c 2 4 1 a
X X a
— x2n*4 — an*3+l
— an—Z

Simplify each expression. Assume no division by 0.

1 5.7\3 n\3 —4
t]lz n—1 rr .36 —3n i 3n—15 xnx n+3
a. ! b. ~ ; c. 5 a d —
£ r a x

Accent

on technology

» Finding Powers

RULES FOR THE ORDER
OF OPERATIONS

To find powers of numbers with many calculators, we use the ¥* key. For example, to find
5.37*, we enter these numbers and press these keys:

537y 4=

The display will read 831.5668016 .
To use a TI84 graphing calculator, we enter these numbers and press these keys:

537 N 4ENTER

The display will read 5.37"4.
831.5668016

Some calculators have an X¥ key.

If these methods do not work, consult your owner’s manual.

For instructions regarding the use of a Casio graphing calculator, please refer to the Casio
Keystroke Guide in the back of the book.

Evaluate an expression using the rules for the order of operations.

When simplifying expressions containing exponents, we find powers before performing
additions and multiplications. Below we repeat the rules for order of operations, first dis-
cussed in the previous section, with a step included for exponents.

Use the following steps to perform all calculations within each pair of grouping sym-
bols, working from the innermost pair to the outermost pair.

1. Find the values of any exponential expressions.
2. Perform all multiplications and divisions, working from left to right.

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



36 CHAPTER1

EXAMPLE 9

Solution

SELF CHECK 9

A Review of Basic Algebra

3. Perform all additions and subtractions, working from left to right.

4. Because a fraction bar is a grouping symbol, simplify the numerator and the
denominator separately and simplify the fraction, whenever possible.

If x = 2and y = —3, find the value of 3x + 2y°.
3x + 2y = 3(2) + 2(-3)*
=3(2) + 2(-27)
=6— 54
= —48

Substitute 2 for x and —3 for y.
First find the power: (—3)> = —27
Then do the multiplications.

Then do the subtraction.

Evaluate —24*> — 3bifa= —4andb = 2. -38

J

EXAMPLE 10

Solution

Figure 1-20

SELF CHECK 10

Apply the correct geometric formula to solve an application.

Table 1-4 shows the formulas used to compute the areas and volumes of many geometric
figures. Remember that area is defined in square units and volume is defined in cubic units.
VOLUME OF SPHERE Find the volume of the sphere shown in Figure 1-20 as an
approximation correct to 4 decimal places.

The formula for the volume of a sphere is V = %Wﬁ . Since a radius is half as long as a
diameter, the radius of the sphere is half of 20 centimeters, or 10 centimeters.

4 3
V=—ar
3
4 s ,
V= 577(10) Substitute 10 for r.

=~ 4188.790205 Use a calculator.

To four decimal places, the volume is 4,188.7902 cm’.

Find the volume of a pyramid with a square base, 20 meters on each side, and a height

of 21 meters. 2,800 m’ J
TABLE 1-4
Figure Name Area Figure Name Volume
H— ,
1
s t
1
ml ] Square =2 N Cube V=s
S ,,/ £
S
! 1
| L] .
Rect 1
w Rectangle =lw | cctanguiar |y pon
_+- solid
[ [ sl ]
w

Unless otherwise noted, all content on this page is © Cengage Learning.
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1.3 Exercises

Figure Name Area Figure Name Volume
Circle A = mr? Sphere V= ﬁ,n.r3
- 3
| D
hy . 1 : .
= Triangle A = 5 bh h Cylinder V = Bh
b
b2
|
|
h! Trapezoid | 4 = lh(b +b,) Cone V= lBh*
H 2 3
: L]
bl
. |
‘ T

*B represents the area of the base.

SELF CHECK
ANSWERS

To the Instructor

These preview evaluating slope, the
discriminant, and distance.

15
b. —125 c.l%a2 2.a.a® b.a’® c.4a°b 3.a.a® b.a* c.a® 4.a.a%"° b.%

37

1.a.81
5.a.$ b.a” c.2a 6.a.1 b.a’h’ 7.a. % b.2433215h,0 8.a.t"! b.r*" ca B doat?
9.-38 10.2,800 m®
NOW TRY THIS
Leta= —3,b= —2,¢ =5 and d = —4. Evaluate each expression.
a—b 1 2 2 2
—5 2. b —4ac 64 3. (c—a)*+ (d—b)* 68

Ce—d 9

WARM-UPS Write each product using exponents.

- (=2)(=2)(=2)(-2)
(D@ 5t 2 16, % ~be 3
() E)GG)IG) ! '
8. ())»)

@HEE G

- =3(y) ()

N

1. (5)(5)(5) 5°

3. (=) (=y) (=y)

5. (a)(a)(b)(b)(b) b
7. () () () 4
(3 )C)G) ()

M. —(ab)(ab)(ab) —(ab)® 12

[0

o

REVIEW [fa=4,b= —2,andc =5, find each value.

B.a+b+c 7 14.a - 2b—c 3

(-2)*

a+b " 6ab + b 5

()2 VOCABULARY AND CONCEPTS Fill in the blanks.

3(x%y)? called the exponent or power.
—3(x?

used as a factor.
19. .men — xm+n

Unless otherwise noted, all content on this page is © Cengage Learning.
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17. In the exponential expression x”, x is called the base, and n is

18. A natural-number exponent tells how many times the base is
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n x"
22. (5) “(y#0)
y P :
24.Ifq # 0,thena ' = a

21 (xy)" = 2"
23.Ifa # 0, thena® = 1.

-3 5 3
25.1fx # 0, then " = " . 26. (i) _ (,)
X 5 4

Write the formula to find each quantity.

27. Area of a square: A = s’
28. Area of arectangle: A = /w

29. Area of a triangle: A = % bh

30. Area of a trapezoid: A = %/1(17| +by)
31. Areaof acircle: A = 7”

32. Volume of a cube: V = s°

33. Volume of a rectangular solid: V = Iwh
34. Volume of a sphere: V = %1 ar?

35. Volume of a cylinder: V.= Bh

36. Volume of a cone: V = %Bh

37. Volume of a pyramid: V = % Bh

38. In Exercises 35-37, B represents the area of the base of a solid.

Identify the base and the exponent of each expression.

39. 5% baseis 3, exponent is 3

40.—7* base is 7, exponent is 2
4. —x°
42. (—1)* baseis —t, exponent is 4

base is x, exponent is 5

43. 2b° base is b, exponent is 6

44. (3xy)® base is 3xy, exponent is 5
45. (—mn*)?

46. (

. ) .
base is —mn~, exponent is 3

—p’q)* base is —p’°q, exponent is 2

GUIDED PRACTICE Simplify each expression. SEE EXAMPLE 1.

(OBJECTIVE 1)

47.3* 9 48. 3* 8l
49. -3 -9 50. —3* -8l
51. (=3)>2 9 52. (—3)3 —27

54. (—3a)® —274°

2\ 6,
53.(—gx) EAA

Simplify each expression. Assume that no variables are zero. SEE
EXAMPLE 2. (OBJECTIVE 2)
55. x’x° i

57. xYy23yS a%*

56. y6y4 ‘.I()

58. a’b’a’b*  a''p’

1 o - 1
59. —12x° (5 x3y5) —4x”y’  60. 3 a*b*(—18a*®) —3a’b"
61. p’pp° p" 62. 7%

Simplify each expression. Assume that no variables are zero. SEE
EXAMPLE 3. (OBJECTIVE 2)

63. ( 6)3 xlx 64. (yS)S \,4()

Py

66. —x2y3(y4)5 _’\,z}__g
68. (bb*p*)* ™
69. (¥} 70. (a*)(a*)’ o

Simplify each expression. Assume that no denominators are zero. SEE
EXAMPLE 4. (OBJECTIVE 2)
3y’ —243y°

71 (—2x)° 64x° 72. (—
73. (Fy?)* 1 M=

a*\’ 28 a §
7. <b5) /)}S 6 ( > bll

1 4 ,
77. <5 a2b5) 16 a®p®

Simplify each expression. Assume that no variables are zero.
(OBJECTIVE 2)

~N
>N

IS

~

ma

79. 8" 1 80. -8 —|
81. —(5x%°)° —1 82. (—3a%h)" 1
83. 7x" 7 84. -3 -3
85.7°+ 7% 50 86.5* —5° 24

Simplify each expression. Assume that no variables are zero.
SEE EXAMPLE 5. (OBJECTIVE 2)

87.572 88.47°
89. (3x)~* ﬁ 90.3x*
91. x 7x* % 92. (a™3)7% 4"
1
93-? X 94, — 5x°
X

Simplify each expression. Assume that no denominators are zero.
SEE EXAMPLE 6. (OBJECTIVE 2)

8 2
- 1
95. % & 9.
a’ C C
65 P
97. : 1(? I 98. <10)-1 s
X x aat a"
5 7b74 0 2(172 3 ]
99. ‘fzbfé 5a° b? 100. ¢ . 73 ~
a’a a
(x2) 1 a*b™\* o't
101. )2 W 102. o b?

Simplify each expression. Assume that no variables are zero. SEE

EXAMPLE 7. (OBJECTIVE 2)
K3\
s ()1
Kt k

(173 -2 a(\
3\t 16 2a°%* \7 27
105. ( yﬂ) . 106.( a 2) L
6x° y° 3a""b 8a

Simplify each expression. Assume that no variables are zero. SEE
EXAMPLE 8. (OBJECTIVE 2)

n,3 b9b7
107. 25 o 108.

a
b 3 o 2\ 4

109. (—3) b 0. (“—) b
b a

Evaluate each expression when x = —2 and y = 3. SEE EXAMPLE 9.
(OBJECTIVE 3)

. x2y3 108 M2. Xy —72
-3 2

1 X
113 — 57 n4. — 108
y y

bl(v*n

16
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5. (022 o 6. —yx 2 —

_ 27 _ 27
n7.(-yw 'y o n8. (—y)’x> 7

Find the area of each figure. Round all answers to the nearest unit.
SEE EXAMPLE 10. (OBJECTIVE 4)

=3

19. 15 m’ 120. 36 in.”
] O ] O
3m 6in.
ml ] ul ]
5m 6 in.
121.113 cm’ 122. 48 in.”
10 in.
\—— —
12 in.

Find the volume of each figure. Round all answers to the nearest unit.

SEE EXAMPLE 10. (OBJECTIVE 4)

123. 343 m’ 124. 33510 cm®
! /0N
O EE—
7/
A /m
7m

125. 360 ft’ 126. 128 cm’

10 ft
[

O
\

PR
]
H ]
1

5

g I

" 1/ 6ft 8cm

ADDITIONAL PRACTICE Simplify each expression. Assume
that no variables are zero.

127. aba’b* o'’ 128. 2%’y 5y
129. (=3p%¢%)° —243p"%" 130. (3x%y*)® 27x%y"?
131. (2)3(%)2 «° 132. (%)
1
133 (r %) 134, (m'n?) >
r m-n
1 1
135. (b°%)° e 136. (a ?)'(a’)*
a
1 1
137. (—d?)*(d3)? — 138. ()
30"\ a+p
139. 5 3) 140. ———
17a°b 2(a + b)
141 (3x2)72 l 142 w L
© 3,40 3 . -2)3 ,
xx *x” Ox (2y72)* 8y
a'a®* 1 a"a”? 6
143. —; o 144, —— o'
a a a
-n,, =2 1 n
145, 4 146. L o
a a a

Unless otherwise noted, all content on this page is © Cengage Learning.
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4a7b\*  64b" 2ab3\?  44°
147. = 5 148. =5 o
3ab 27a 3a b 9b

—2a*b\? b =3x%2\72 9y
149. PR 78[121 150. 7—9)65 - 3
y y

Find the area of each figure. Round all answers to the nearest unit.

151. 45 cm? 152. 99 cm’
6 cm /_\
5cm | L]

] 6 cm
12 cm
1 [
10 cm
153. 300 cm? 154. 41 cm?®

.

u| 25 cm
15cm
1 [ [l
4 cm

15 cm

Find the volume of each figure. Round all answers to the nearest unit.

155. 168 ft’ 156. 311 m’

AU

158. 419 in?
S

8 in.

—_——"

~

157. 2,714 m’

/-2

N—

20 m )
8 in.

————

” N
v
|.—>| 10 in.
12m

Use a calculator to find each value.

159. 1.23° 160. 0.537*
3.462825992 0.0831566802

161. —6.25° 162. (—25.1)°
—244.140625 —9.,962,506.263

[%%] Use a calculator to verify that each statement is true.

163. (3.68)" =1 164. (2.1)*(2.1)* = (2.1)7
165. (7.2)%(2.7)* = [(72)(27)F

166. (3.7)> + (4.8)% # (3.7 + 48)?

167. (32)%(32)2 =1 168. [(5.9)° = (5.9)°
54\ 2.7\

169. (7.23)73 (7.23)3 170. (ﬁ) = (ﬂ)
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40 CHAPTER1 A Review of Basic Algebra

| APPLICATIONS Use a calculator to find each value. 174. Explain the rules that determine the order in which opera-
tions are performed.
175. In the definition of x!, x cannot be 0. Why not?

171. Bank accounts The formula A = P(1 + i)" gives the
amount A in an account when P dollars is the amount origi-

nally deposited (the principal), i is the annual interest rate, 176. Explain why (xyz)? = x%%Z%

and n is the number of years. If $5,000 is deposited in an

account paying 11% compounded annually, how much will SOMETHING TO THINK ABOUT

be in the account in 50 years? $922.824.13
172. Bank accounts The formula P = A(1 + i) ™" gives the 177. Find the value: 27" + 37" — 47! 177

principal P that must be deposited at an annual rate i to grow 178. Simplify: (37! +471)72 %

to A dollars in n years. How much must be invested at 9% 179. Construct an example using numbers to show that

annual interest to have $1 million in 50 years? $13,448.54 N

180. Construct an example using numbers to show that

WRITING ABOUT MATH Xy E (x4 )

173. Explain why a positive number raised to a negative power
is positive.

Section R .
1 4 Scientific Notation

Write a number in scientific notation given a number in standard

Q notation.
-_é @) Write a number in standard notation given a number in scientific
S notation.
8 €) Use scientific notation to simplify a computation.
@) Solve an application requiring answers rounded to the proper significant
digit.
standard notation scientific notation

Evaluate each expression.

1. 10" 10 2. 10 100 3. 10° 1,000 4. 10* 10,000

_ 1 _ 1 — 7
5 107 6. 107 10.000 7. 4(10°) 4,000 8. 7(107%) 0,000

Getting Ready Wocabulary

4

Very large and very small numbers occur often in science. For example, the speed of light
written in standard notation is approximately 29,980,000,000 centimeters per second, and
the mass of a hydrogen atom is approximately 0.000000000000000000000001673 gram.

Because these numbers contain a large number of zeros, they are difficult to read and
remember. In this section, we will discuss a notation that will enable us to express these
numbers in a more compact form.
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SCIENTIFIC NOTATION

EXAMPLE 1

Solution

SELF CHECK 1

1.4 Scientific Notation 41

Write a number in scientific notation given a number
in standard notation.

With exponents, we can write very large and very small numbers in a form called scientific
notation.

A number is written in scientific notation when it is written in the form N X 10", where
1 = |N| < 10 and 7 is an integer.

Write 29,980,000,000 in scientific notation.

The number 2.998 is between 1 and 10. To get 29,980,000,000, the decimal point in
2.998 must be moved ten places to the right. We can do this by multiplying 2.998 by 10'°.

29,980,000,000 = 2.998 X 10"

Write 150,000,000 in scientific notation. 1.5 X 10°

J

EXAMPLE 2

Solution

SELF CHECK 2

Write 0.000000000000000000000001673 in scientific notation.

The number 1.673 is between 1 and 10. To get 0.000000000000000000000001673,
the decimal point in 1.673 must be moved 24 places to the left. We can do this by
multiplying 1.673 by 10724,

0.000000000000000000000001673 = 1.673 X 10~

Write 0.000025 in scientific notation. 2.5 X 10

J

EXAMPLE 3

Solution

SELF CHECK 3

Write —0.0013 in scientific notation.

The absolute value of —1.3 is between 1 and 10. To get —0.0013, we move the decimal
point in —1.3 three places to the left by multiplying by 10>,

—-0.0013 = —13 x 1073

Write —45,700 in scientific notation. —4.57 x 10*

EXAMPLE 4

Solution

Write a number in standard notation given a number
in scientific notation.

We can write a number written in scientific notation in standard notation. For example, to
write 9.3 X 107 in standard notation, we multiply 9.3 X 107

9.3 X 107 = 9.3 X 10,000,000 = 93,000,000

Write each number in standard notation: a. 3.7 X 10° b. —1.1 X 107?
a. Since multiplication by 10° moves the decimal point five places to the right,

3.7 X 10° = 370,000
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b. Since multiplication by 10~ moves the decimal point three places to the left,

—1.1 X 107 = —0.0011

SELF CHECK 4

a. —9.6 X 10*

Write each number in standard notation.
—96000 b. 562 x 1073

0.00562

Each of the following numbers is written in both scientific and standard notation. In
each case, the exponent gives the number of places that the decimal point moves, and the
sign of the exponent indicates the direction that it moves:

532X 10*=53200,
AANL
4 places to the right
237X 104=0.000237
| SN
4 places to the left

489 X 10° =4.89

645X 10"=64500000,
\ANANAANANAL
7 places to the right
234X 1072 = 0.
9.234 X 10 0 83 234
2 places to the left

No movement of the decimal point

The ancient Egyptians devel-
oped two systems of writing.
In hieroglyphics, each symbol was a picture of an object.
Because hieroglyphic writing usually was inscribed in
stone, many examples still survive today. For daily life,
Egyptians used hieratic writing. Similar to hieroglyph-
ics, hieratic writing was done with ink on papyrus sheets.
One papyrus that survives, the Rhind Papyrus, was
discovered in 1858 by a British archaeologist, Henry
Rhind. Also known as the Ahmes Papyrus after its ancient
author, it begins with a description of its contents: Direc-
tions for Obtaining the Knowledge of All Dark Things.
The Ahmes Papyrus and another, the Moscow
Papyrus, together contain 110 mathematical problems and
their solutions. Many of these were probably for education,

© The Trustees of the British Museum/Art Resource, NY

The Ahmes Papyrus
because they represented situations that scribes, priests,
and other government and temple administration workers
were expected to be able to solve.

B Use scientific notation to simplify a computation.

COMMENT  Numbers such as 47.2 X 10* and 0.063 X 10~? appear to be written in sci-
entific notation, because they are the product of a number and a power of 10. However, they
are not in scientific notation, because 47.2 and 0.063 are not between 1 and 10.

EXAMPLE S

Solution

Change each number to scientific notation:

Since the first factors are not between 1 and 10, neither number is in scientific notation.
However, we can change them to scientific notation as follows:

a. 472 X 10° = (4.72 x 10") X 10°
=472 % (10" X 10°)
=472 x 10*
b. 0.063 X 1072 = (6.3 x 1072) X 1072
=63 X (1072 X 107?)
=63 %1074

a. 472 X 10 b. 0.063 X 10°*

Write 47.2 in scientific notation.

Write 0.063 in scientific notation.

Unless otherwise noted, all content on this page is © Cengage Learning.
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SELF CHECK 5

1.4 Scientific Notation 43

Write each number in scientific notation.
a. 273 X 10> 273 x 10° b. 0.0025 X 1073 25 x 10°°

EXAMPLE 6

Solution

SELF CHECK 6

Scientific notation is useful when simplifying expressions containing very large or
very small numbers.

(0.00000064) (24.000.,000,000)
(400,000,000)(0.0000000012) "

After writing each number in scientific notation, we can perform the arithmetic on the
numbers and the exponential expressions separately.

(0.00000064)(24,000,000,000) (6.4 X 1077)(2.4 X 10'°)

(400,000,000)(0.0000000012) (4 x 10%)(1.2 X 10°)
(6.4)(24)  10710"
(4)(12) ~ 10°10~°

= 3.2 X 10* The result in scientific notation.

Use scientific notation to simplify

In standard notation, the result is 32,000.

o . N (320)(25,000)
Use scientific notation to simplify: ———————— 200,000,000,000
0.00004

Accent

on technology

» Using Scientific Notation

: e b
Gottfried Wilhelm Leibniz
1646-1716

Leibniz, a German philosopher
and logician, is principally known
as one of the inventors of calcu-
lus, along with Newton. He also
developed the binary numeration
system, which is basic to modern
computers.

o

Scientific and graphing calculators often give answers in scientific notation. For example,
if we use a calculator to find 301.2%, the display will read

6.77391496 1° Using a scientific calculator
301.2 A8
6.773914961E19  Using a TI84 graphing calculator
In either case, the answer is given in scientific notation and is to be interpreted as

6.77391496 X 10"

Numbers also can be entered into a calculator in scientific notation. For example,
to enter 24,000,000,000 (which is 2.4 X 10'° in scientific notation), we enter these num-
bers and press these keys:

24 EXP 10
2.4 2ND, (EE) 10 ENTER

} Whichever of these keys is on your calculator

To use a calculator to simplify

(24.000.,000,000) (0.00000006495 )
0.00000004824

we can enter each number in scientific notation. In scientific notation, the three numbers are
2.4 % 10" 6.495 X 1078 4824 x 1078

The display will read 3.231343284E10 . In standard notation, the answer is
32,313,432,840.

For instructions regarding the use of a Casio graphing calculator, please refer to the Casio
Keystroke Guide in the back of the book.
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FINDING SIGNIFICANT
DIGITS

EXAMPLE 7

Solution

SELF CHECK7 How long would it take if the spaceship could travel at 12,000 mph? about 3.7 years

Solve an application requiring answers rounded to the proper
significant digit.

If we measure the length of a rectangle and report the length to be 45 centimeters, we have
rounded to the nearest centimeter. If we measure more carefully and find the length to be
45.2 centimeters, we have rounded to the nearest tenth of a centimeter. We say that the sec-
ond measurement is more accurate than the first, because 45.2 has three significant digits
but 45 has only two.

It is not always easy to know how many significant digits a number has. For example,
270 might be accurate to two or three significant digits. If 270 is rounded to the nearest ten,
the number has two significant digits. If 270 is rounded to the nearest unit, it has three sig-
nificant digits. This ambiguity does not occur when a number is written in scientific notation.

If a number M is written in scientific notation as N X 10", where 1 = |N| < 10 and  is
an integer, the number of significant digits in M is the same as the number of digits in V.

In an application in which measurements are multiplied or divided, the final result
should be rounded so that the answer has the same number of significant digits as the least
accurate measurement.

ASTRONOMY Earth is approximately 93,000,000 miles from the Sun, and Jupiter
is approximately 484,000,000 miles from the Sun. Assuming the alignment shown in
Figure 1-21, how long would it take a spaceship traveling at 7,500 mph to fly from Earth
to Jupiter?

When the planets are aligned as shown in Figure 1-21, the distance between Earth and
Jupiter is (484,000,000 — 93,000,000) miles or 391,000,000 miles. To find the length
of time in hours for the trip, we divide the distance by the rate.

391 ,OO0,00Q mi - 391 x 10° H_li There are three significant digits in the
7.500 % 75 % 103 % numerator and two in the denominator.
~ 05213333 X 10° mi-
~ 52,133.33 hr

Since there are 24 X 365 hours in a year, we can change this result from hours to years
by dividing 52,133.33 by (24 X 365).

52,133.33 hr

hr
(24 x 365) o
Rounding to two significant digits, the trip will take about 6.0 years.

Sun @0 - ‘upiter ]

Figure 1-21

T
~ 5.951293379 hr-lyl— ~ 5951293379 yr
r

J
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Everyday connections

United States Federal Deficit
Fiscal® Years 1970-2016

Federal Federal Federal Federal Federal
deficit deficit deficit deficit deficit
Year ($ billionP) Year ($ billion) Year ($ billion) Year ($ billion) Year ($ billion)
1970 2.84 1980 73.83 1990 221.17 2000 -235.97 2010 1293.49
1971 23.03 1981 78.97 1991 269.34 2001 —127.89 2011 1645.12%*
1972 23.37 1982 127.98 1992 290.44 2002 158.01 2012 1101.24*
1973 14.91 1983 207.8 1993 255.18 2003 377.81 2013 767.54%
1974 6.14 1984 185.42 1994 203.34 2004 412.9 2014 644.55%
1975 53.24 1985 212.36 1995 164.09 2005 318.59 2015 606.73*
1976 73.73 1986 221.29 1996 107.56 2006 248.57 2016 648.71*
1977 53.66 1987 149.79 1997 22.08 2007 160.96
1978 59.19 1988 155.24 1998 -69.05 2008 458.55
1979 40.73 1989 152.73 1999 —125.41 2009 1412.69

Source: http://www.usgovernmentspending.com (customized question)

aThe U.S. fiscal year runs from Oct. 1 through Sept. 30. °1 billion = 1 X 10° “Values are estimates.

The table shows data for the federal deficit in billions 4. What happened between October 1, 2008 and October
of dollars for fiscal years 1970 through 2016. Use the 1, 2009 to result in such a dramatic increase in the

table to answer each of the following questions.

1. Write the deficit for 1970 in standard notation.

$2,840,000,000

deficit? The U.S. economy fell into a major recession.

5. Given the 2010 federal deficit and that the total population
that year was 308,745,538, what was each person’s debt
portion? $4,189.50

2. Write the deficit for 2001 in standard notation and inter-
pret the result. —$127,890,000,000. There was no deficit;
the government had that much money in reserve.

3. Write the deficit for 2009 in standard notation.

$1,412,690,000,000

SELF CHECK
ANSWERS

To the Instructor

1.15 X 108 2.25 X 107° 3.-4.57 X 10* 4.a.—96,000 b.0.00562 5.a.2.73 X 10° b.2.5 X 10°¢
6. 200,000,000,000 7. about 3.7 years

NOW TRY THIS

1requires students to use place
value to write a number in scientific
notation.

2 requires multiplication of two
values in scientific notation.

1. An angstrom is a unit of length used to specify radiation wavelength. One angstrom is equal
to one hundred-millionth of a centimeter.
a. Write this number in standard notation. 0.00000001
b. Write this number in scientific notation. 1.0 X 10°

2. One micron is equal to 10,000 angstroms. Write this number in scientific notation.
10 x 107*
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1.4 ;ﬁ%E_xércises Q@

1

WARM-UPS Multiply.

1. 2.3(10,000) 23,000 2. -1.5(100) 150
3. —5.7(1,000) —5.700 4. 6.6(100,000)  660.000
Divide.
32
5. 22 0.032 6. —0.00085
100 10,000
-5.1 8.9
7. —— —0.0051 8.~ 0.9
1,000 10

REVIEW Write each fraction as a terminating or a repeating

decimal.
3 4
9.— 075 10.—- 0.8
4 5
13 - 14 —
m.— 14 12. — 1.27
9 11

13. A man raises 3 to the second power, 4 to the third power, and
2 to the fourth power and then finds their sum. What number
does he obtain? 89

14.Ifa = —2,b = —3, and ¢ = 4, evaluate
Sab — 4ac — 2
3bc + abc

VOCABULARY AND CONCEPTS Fill in the blanks.

15. A number is written in scientific notation when it is written in
the form N X 10", where 1 = |N| < 10 and n is an integer.

16. To change 6.31 X 10* to standard notation, we move the deci-
mal point in 6.31 four places to the right.

17. To change 6.31 X 10™* to standard notation, we move the deci-
mal point four places to the left.

18. The number 6.7 X 10° > (insert > or <) the number
6,700,000 X 107*,

GUIDED PRACTICE Write each number in scientific notation.
SEE EXAMPLE 1. (OBJECTIVE 1)

19. 5,200 5.2 x 10°
21. 17,600,000 1.76 < 10’

20.34,000 3.4 x 10"
22. 89,800,000 8.98 x 107

Write each number in scientific notation. SEE EXAMPLE 2. (OBJECTIVE 1)

23.0.0059 59 x 107 24.0.071 7.1 X 107
25. 0.0000096 9.6 X 10 ° 26.0.000046 4.6 X 10°

Write each number in scientific notation. SEE EXAMPLE 3. (OBJECTIVE 1)

27. —45,000 —4.5 X 10°  28.-547000 —547 X 10°
29. —0.000037 30. —0.00078
-3.7 %107 —-78 %1074

Write each number in standard notation. SEE EXAMPLE 4. (OBJECTIVE 2)

31. 4.6 X 10> 460 32.72 X 10°
33.7.96 X 10° 796,000 34. 9.67 X 10°

7,200
9,670,000

Write each number in scientific notation. SEE EXAMPLE 5.
(OBJECTIVE 3)

35. 6,000 X 107
37.0.0527 X 10°

7.65 X 1073
298 X 10!

6.0 X 10°%36. 765 X 1073
5.27 %X 10° 38. 0.0298 X 10°

Write each number in scientific notation and perform the operations.
Give all answers in scientific notation. SEE EXAMPLE 6. (OBJECTIVE 3)

(4,000)(30,000) (0.0006)(0.00007)
(0.0006) 21,000
2 X 10" 2 X 10712
(640,000)(2,700,000) (0.0000013)(0.000090)
120,000 0.00039
1.44 X 107 3x 1077

ADDITIONAL PRACTICE Write each number in standard

notation.
43.526 X 1073 0.00526  44.7.65 X 1072 0.0765
45.3.7 X 107* 0.00037 46. 4.12 X 107 0.0000412
47.23.65 X 10° 23,650,000 48.75.6 X 107> 0.000756
49.323 X 10° 32,300,000 50. 689 X 10° 689,000,000
Write each number in scientific notation.
51. 0.0317 X 1072 52. 0.0012 X 1073
3.17 X 107* 12X 10°°
53.52.3 X 10° 523 X 10" 54.867 X 10° 8.67 X 10°
(0.006)(0.008) 56. (600)(80,000)
0.0012 120,000
4 x 1072 4 X 10?
(220,000)(0.000009) 58, (0.00024)(96,000,000)
0.00033 640,000,000
6 X 10° 3.6 X 107°

Use a calculator to evaluate each expression. Round all answers to
the proper number of significant digits.
59.23437° 12874 % 10"  60.0.00034* 13 x 10"
61. (63.480)(893,322) 62. (0.0000413)(0.0000049)>
5671 X 10" 99 X 10716
(320,000)%(0.0009) (0.000012)%(49,000)>
12,000 64. 0.021
0.64 16.464
(69.4)%(73.1)° 66 (0.0031)*(0.0012)°
(0.0043)° T (0.0456)77
3.6 X 10 94 X 107%
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APPLICATIONS Use scientific notation to find each answer.
Round all answers to the proper number of significant digits. See
EXAMPLE 7. (OBJECTIVE 4)

67. Wavelengths Transmitters, vacuum tubes, and lights emit en-
ergy that can be modeled as a wave. List the wavelengths shown
in the table in order, from shortest to longest. . x, v, 1,1

Type Use Wavelength (m)
visible light  lighting 93 X 10°°
infrared photography 3.7 X 1073
X-ray medical 23 x 1071
radio wave communication 3.0 X 10?
gamma ray treating cancer 89 X 107

68. Distance to the Sun The Sun is about 93 million miles
from Earth. Find this distance in feet.
(Hint: 1mi = 5280 ft) 4.9 x 10" ft

69. Speed of sound The speed of sound in air is 3.31 X 10*
centimeters per second. Find the speed of sound in centime-
ters per hour. 1.19 X 10® cm/hr

70. Volume of a tank Find the volume of the tank shown in the
illustration. 8 % 10" mm’

4,000 mm
7,000 mm

3,000 mm

71. Mass of protons If the mass of 1 proton is
0.00000000000000000000000167248 gram, find the mass
of 1 million protons. 1.67248 X 10~ "% ¢

72. Speed of light The speed of light in a vacuum is about
30,000,000,000 centimeters per second. Find the speed of
light in mph.  (Hint: 160,000 cm = 1mile)) 7 X 10° mph

73. Distance to the Moon The Moon is about 239,000 miles
from Earth. Find this distance in inches. 1.51 X 10'%in.

74. Distance to the Sun The Sun is about 149,700,000
kilometers from Earth. Find this distance in miles.

(Hint: 1km =~ 0.6214 mile)) 9.302 X 10’ mi

75. Solar flares Solar flares often produce immense loops
of glowing gas ejected from the Sun’s surface. The flare in
the illustration extends about 95,000 kilometers into space.
Express this distance in miles. (Hint: 1 km =~ 0.6214 mile.)
5.9 X 10* mi

Unless otherwise noted, all content on this page is © Cengage Learning.

76.

77.

78.

79.

80.

81.

82.

1.4 Exercises 47

Distance to the Moon The Moon is about 378,196 kilome-
ters from Earth. Express this distance in inches.

(Hint: 1km =~ 0.6214 mile)) 1.489 x 10" in.

Angstroms per inch One angstrom is exactly 0.0000001
millimeter, and one inch is 25.4 millimeters. Find the number
of angstroms in one inch. 2.54 X 10°

Range of a comet One astronomical unit (AU) is the dis-
tance from Earth to the Sun—about 9.3 X 107 miles. Halley’s
comet ranges from 0.6 to 18 AU from the Sun. Express this
range in miles. 6 X 10" mito 1.7 X 10’ mi

Flight to Pluto The planet Pluto is approximately
3,574,000,000 miles from Earth. If a spaceship can travel
18,000 mph, how long will it take to reach Pluto? almost

23 years

Light year Light travels about 300,000,000 meters per sec-
ond. A light year is the distance that light can travel in one
year. How many meters are in one light year? 9 X 10" m

Distance to Alpha Centauri Light travels about 186,000
miles per second. A parsec is 3.26 light years. The star Alpha
Centauri is 1.3 parsecs from Earth. Express this distance in
miles. 2.5 X 10" mi

Life of a comet The mass of the comet shown in the
illustration is about 10'® grams. When the comet is close to
the Sun, matter evaporates at the rate of 107 grams per second.
Calculate the life of the comet if it appears every 50 years and
spends ten days close to the Sun. about 60,000 yr
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WRITING ABOUT MATH

83. Explain how to change a number from standard notation to

84. Explain how to change a number from scientific notation to

CHAPTER1 A Review of Basic Algebra

] SOMETHING TO THINK ABOUT

85. Find the highest power of 2 that can be evaluated with a
scientific calculator. 332

scientific notation.
86. Find the highest power of 7 that can be evaluated with a

standard notation scientific calculator. 118

Section - - _
1 5 Solving Linear Equations in One Variable

€D Determine whether a number is a solution of an equation.
Solve a linear equation in one variable by applying the properties
of equality.
(7
S8 E) Simplify an expression using the rules for order of operations
s and combining like terms.
) . . . T,
= @) solve a linear equation in one variable requiring simplifying one
o or both sides.
B solve a linear equation in one variable that is an identity
or a contradiction.
3 solve a formula for an indicated variable.
-~ equation algebraic terms identity
= solution set constants contradiction
= solutions numerical coefficients empty set
~§ roots like terms literal equation
8 equivalent equations similar terms
»< linear equations conditional equations
<
S
[~ Fill in the blanks.
> 12
' 1. 2 +3=5 2. 8— 4 =4 3. —=4 4. 6-:5=30
o 3
L X
-
v
O

In this section, we show how to solve equations, one of the most important concepts
in algebra. Then, we will apply these equation-solving techniques to solve formulas for
various variables.

n Determine whether a number is a solution of an equation.

An equation is a statement indicating that two quantities are equal. The equation2 + 4 = 6
is true, and the equation 2 + 4 = 7 is false. If an equation has a variable (say, x) it can be
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1.5 Solving Linear Equations in One Variable ~ 49

either true or false, depending on the value of x. For example, if x = 1, the equation
7x — 3 = 4 is true.
7(1) — 3 =4 Substitute 1 for x.
7—-3=4
4=4
However, the equation is false for all other values of x. Since 1 makes the equation true, we
say that 1 satisfies the equation.
The set of numbers that satisfies an equation is called its solution set. The elements of

the solution set are called solutions or roots of the equation. Finding the solution set of an
equation is called solving the equation.

EXAMPLE 1 Determine whether 3 is a solution of 2x + 4 = 10.

Solution We substitute 3 for x and see whether it satisfies the equation.

2x +4 =10
2(3) + 4 2 10  Substitute 3 for x.
6 +4 £ 10 First do the multiplication on the left side.

10 = 10  Then do the addition.

Since 10 = 10, the number 3 satisfies the equation. It is a solution.

Is =5 a solution of 2x — 3 = —13?7 ves
SELF CHECK 1 y

a Solve a linear equation in one variable by applying
the properties of equality.

To solve an equation we replace the equation with simpler ones, all having the same
solution set. Such equations are called equivalent equations.

SO)UN/NRANReI0/NI[elNEY Equations with the same solution set are called equivalent equations.

We continue to replace each resulting equation with an equivalent one until we have
isolated the variable on one side of an equation. To isolate the variable, we can use the fol-
lowing properties.

ADDITION, If a, b, and c¢ are real numbers and a = b, then
SUBTRACTION,
MULTIPLICATION, AND

at+tc=b+c and a—c=b—c

DIVISION PROPERTIES and if ¢ # 0, then
OF EQUALITY

ac = bc and =

o |

In words, we can say: If any quantity is added to (or subtracted from) both sides of an
equation, a new equation is formed that is equivalent to the original equation.
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50 CHAPTER1 A Review of Basic Algebra

Teaching Tip If both sides of an equation are multiplied (or divided) by the same nonzero quantity,
a new equation is formed that is equivalent to the original equation.
The most basic equations that we will solve are linear equations in one variable.

You might ask students why the
definition for linear equations has a
restriction of a = 0.

LINEAR EQUATIONS A linear equation in one variable (say, x) is any equation that can be written in the form

ax + ¢ =0 (aand c are real numbers and a # 0)

EXAMPLE 2 Solve: 2x+8 =0

Solution To solve the equation, we will isolate x on the left side.

2x +8 =0
2x + 8 — 8 =0 — 8 Toeliminate 8 from the left side, subtract 8 from both sides.
Teaching Tip 2y = —8§ Simplify.
Point out that dividing by 2 is like 2x  —8 o . . .
o 1 -_— = To eliminate 2 from the left side, divide both sides by 2.
multiplying by 5. Show that 2 2
% -8 x=—4 Simplify.
2 2 Check: We substitute —4 for x to verify that it satisfies the original equation.
is equivalent to 2+ 8=0
1 1 2(—4) + 8 £ 0  Substitute —4 for x.
L2 =19 (-9 + 8-
2 2 -8+8=0
0=0

Since —4 satisfies the original equation, it is the solution.

SELFCHECK2 Solve: —3a+15=0 5

EXAMPLE 3 Solve: 3(x — 2) = 20

Solution We isolate x on the left side.

3(x—2) =20
3x —6=20 Use the distributive property to remove parentheses.
3x =6+ 6 =20 + 6 Toeliminate —6 from the left side, add 6 to both sides.
3x = 26 Simplify.
3x 26 o ) . .
? = ? To eliminate 3 from the left side, divide both sides by 3.
2 N
X = Simplify.
3
Check: 3(x—2) =20

[l

20  Substitute 276 for x.

. 6
= 20  Get a common denominator: 2 = 3

)
N
w|R
|
W | N
N— " ~~—
[l
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1.5 Solving Linear Equations in One Variable 57

20
3(3) <20 Combine the fractions: 276 - g = %0
20 = 20 Simplify.

. 26 . . .. .
Since 3 satisfies the equation, it is the solution.

SELF CHECK3 Solve: —2(a+3) =18 —12

B Simplify an expression using the rules for order of operations
and combining like terms.
To solve many equations, we will need to combine like terms. An algebraic term is either
a number (called a constant) or the product of numbers and variables. Some examples of
terms are 3x, —7y, yz, and 8. The numerical coefficients of these terms are 3, —7, 1, and
8 (8 can be written as 8x°), respectively.
In algebraic expressions, terms are separated by + and — signs. For example, the
expression 3x* + 2x — 4 has three terms, and the expression 3x + 7y has two terms.
Terms with the same variables with the same exponents are called like terms or
similar terms:
5x and 6x are like terms.
27x%y* and —326x%y° are like terms.
4x and —17y are unlike terms. The terms have different variables.

15x%y and 6xy? are unlike terms. The variables have different exponents.
By using the distributive law, we can combine like terms. For example,
5x +6x=(5+6)x = 1lx and 32y — 16y = (32 — 16)y = 16y

This suggests that to combine like terms, we add or subtract their numerical coefficients
and keep the same variables with the same exponents.

EXAMPLE 4  Simplify: 2(x + 3) + 8(x — 2)

Solution To simplify the expression, we will use the distributive property to remove parentheses
and then combine like terms.

2(x +3) +8(x —2) =2x +2:3 + 8 — 8:2 Use the distributive property to
remove parentheses.
=2x+6+8x —16 2-3=6and8-2 =16
=2x+8x +6 —16 Use the commutative property of
addition: 6 + 8x = 8x + 6

10x — 10 Combine like terms

SELFCHECK4  Simplify: —3(a+5) + 5(a—2) 2a- 25

J

COMMENT In this book, we will simplify expressions and solve equations. Recognizing
when to do which is a skill that we will apply throughout this book. Solving an equation
means finding the values of the variable that make the equation true. Remember that

Expressions are to be simplified. Equations are to be solved.
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52 CHAPTERT A Review of Basic Algebra

Solve a linear equation in one variable requiring
simplifying one or both sides.

EXAMPLEDS solve: 3(2x — 1) = 2x + 9

Solution 3(2x —1)=2x+9
6x —3=2x+9 Use the distributive property to remove parentheses.
6x —34+3=3x+9+3 To eliminate —3 from the left side, add 3 to both sides.
6x =2x + 12 Combine like terms.
6x — 2x = 2x — 2x + 12 To eliminate 2x from the right side, subtract 2x from
both sides.
4x = 12 Combine like terms.
x=3 To eliminate 4 from the left side, divide both sides by 4.

Check: 3(2x—1)=2x+9
3(2:3—-1) £ 2-3+9 Substitute 3 for x.
35) 26 +9
15 =15

Since 3 satisfies the equation, it is the solution.

SELF CHECK5 Solve: —4(3a+4) =2a— 4 ,;l

To solve more complicated linear equations, we will follow these steps.

SOLVING LINEAR 1. If the equation contains fractions, multiply both sides of the equation by a number
EQUATIONS that will eliminate the denominators. (This is referred to as clearing the fractions.)

2. Use the distributive property to remove all sets of parentheses and combine like
terms on each side of the equation.

3. Use the addition and subtraction properties of equality to group all variables on one side
of the equation and all numbers on the other side. Combine like terms, if necessary.

4. Use the multiplication and division properties of equality to make the coefficient of
the variable equal to 1.

5. Check the result by replacing the variable with the possible solution and verifying
that the number satisfies the equation.

E(x—2)-i—2

EXAMPLEG  sohve: (x—3) =3

Solution Step1: Since 6 is the smallest number that can be divided by both 2 and 3, we multi-

Teaching Tip ply both sides of the equation by 6 to clear the fractions.
You might point out that brackets D .
are used because the original (x 3) = (x 2) +2
equation contained parentheses.
{ (x—3 } = { x—2)+ 2} To clear the fractions, multiply both sides by 6.
6- *(x -3) = *(x —2) + 6:2 Use the distributive property on the right side.
10(x —3)=9(x —2) + 12 Simplify.
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Teaching Tip

You might point out to students that

they can distribute first and then
clear fractions.

Step2: We use the distributive property to remove parentheses and then combine like

terms.

1.5 Solving Linear Equations in One Variable

10x — 30 =9x — 18 + 12

10x —30=9x — 6
Step 3:

both sides and subtracting 9x from both sides.

10x =30 —9x +30=9x — 6 — 9x + 30
x =24

We use the addition and subtraction properties of equality by adding 30 to

Combine like terms.

Since the coefficient of x in the above equation is 1, Step 4 is unnecessary.

Step5: We check by substituting 24 for x in the original equation and simplifying:

5

2= =5-2) +2

5 2 30y

5(24— 3) < 2(24 2) +2
=(21) £ %(22) +2

5(7) £3(11) + 2

35=235

Since 24 satisfies the equation, it is the solution.

SELF CHECK 6  Solve: %(x ~2) = g(x ~3)+2 0

53

EXAMPLE 7 Solve: % — 4=

Solution

8

x+2
5

+
10(x 2 _ 4x)
5

10<x h 2) — 10(4x)

— 4x

5
2(x + 2) — 40x
2x + 4 — 40x
—38x + 4
—38x +4+5x—4
—33x
—33x
-33
X
+2
Check: — —d4x =
1+2 ”
—4(1) =
-4
3 ?
— 4L
5

—_—

Lo Lo |

2(8) = 5(x +9)
16 — 5x — 45

—5x — 29

—5x —29+5x — 4
—33

—33

—33

=
+
O

[
+ oo
No)

[\

I
)

To clear the fractions, multiply
both sides by 10.

Use the distributive property to
remove parentheses.

Simplify.

Use the distributive property to
remove parentheses.

Combine like terms.
Add 5x and —4 to both sides.
Simplify.

Divide both sides by —33.

Simplify.

Substitute 1 for x.
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Since 1 satisfies the equation, it is the solution.

5 + 14
SELF CHECK7 Solve: t2u=S-t 2
Y,
EXAMPLE 8  Solve: 0.06x + 0.07(15.000 — x) = 990
Solution 0.06x + 0.07(15.000 — x) = 990

Teaching Tip

Retaining the decimals and using
a calculator would give the same
result.

SELF CHECK 8

100[0.06x + 0.07(15,000 — x)] = 100[990 ]

To remove the decimals, multiply
both sides by 100.

6x + 7(15,000 — x) = 99,000 Use the distributive property to
remove the brackets.
6x + 105,000 — 7x = 99,000 Use the distributive property to
remove the parentheses.
—x = —6,000 Combine like terms and subtract
105,000 from both sides.
x = 6,000 Multiply both sides by —1.

Check: 0.06x + 0.07(15,000 — x) = 990
0.06(6,000) + 0.07(15,000 — 6,000) £ 990
360 + 0.07(9,000) £ 990

360 + 630 £ 990

990 = 990

Since 6,000 satisfies the equation, the solution is 6,000.

Solve:

0.05(8,000 — x) 4+ 0.06x = 450 5,000

EXAMPLE 9
Solution

SELF CHECK 9

Solve a linear equation in one variable that is an identity

or a contradiction.

The linear equations discussed so far are called conditional equations. These equations
have exactly one solution. An identity is an equation that is satisfied by every number x

for which both sides of the equation are defined. The solution of an identity is the set of all
real numbers and is denoted by the symbol R.

Solve: 2(x — 1) +4=4(1+x) — (2x +2)
26— 1) +4=4(1+x)— (2x +2)
2x —2+4 =4+ 4x — 2x — 2 Use the distributive property to remove parentheses.

2x+2=2x +2 Combine like terms.

The result 2x + 2 = 2x + 2 is true for every value of x. Since every number x satisfies
the equation, it is an identity. The solution set is R.

Solve:

3a+4)+5=2(a—1)+a+19 R

J
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1.5 Solving Linear Equations in One Variable 55

A contradiction is an equation that has no solution, as in the next example.

-1 3 13x — 2
EXAMPLE 10  solve: P4
. -1 3 13x — 2
Solution z tax =2+ ——=
2 3
-1 3 13x — 2 O ions
6 X +ax) =62+ X To cl‘ear the fra'ctlons,
3 2 3 multiply both sides by 6.
2(x — 1) + 6(4x) =3(3) + 2(13x — 2)  Use the distributive property to remove
parentheses.
2x —2 +24x =9 + 26x — 4 Remove parentheses.
26x — 2 =26x +5 Combine like terms.
—-2=35 Subtract 26x from both sides.

Since —2 = 5 is false, no number x can satisfy the equation. The solution set is the
empty set, denoted as .

x+5

+ %)

W | =

_ 1!
5

SELF CHECK10 Solve:

J

Every linear equation in one variable will be one of these types, as summarized in

Table 1-5.
TABLE 1-5
Type of equation Examples Solution set
Conditional 2x +4 =28 % —4=12 {2} {32}
Identity X +x=2 2x+3)=2x+6 R R
Contradiction x=x—1 20x+3)=2x+5 %} (%)

a Solve a formula for an indicated variable.

Suppose we want to find the heights of several triangles whose areas and bases are known.
It would be tedious to substitute values of A and b into the formula A = %bh and then
repeatedly solve the formula for 4. It is more efficient to solve for 4 first and then substitute
values for A and b and compute  directly.

To solve a formula, sometimes called a literal equation, for an indicated variable
means to isolate that variable on one side of the equation.

EXAMPLE 11 Solve 4 = %bh for h.

. 1
Solution A= Ebh

1
2-A = 2(2 bh) To clear the fraction, multiply both sides by 2.

2A = bh Multiply.
2A i o )
7 =h To isolate h, divide both sides by b.
2A . .
h = b Write 4 on the left side.
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SELF CHECK 11

A Review of Basic Algebra

Solve A = %bhforb. b= 2}—A

1

/

EXAMPLE 12

Solution A=p+ prt
A —p=prt To isolate the term involving ¢, subtract p from both sides.
A-p
o =t To isolate ¢, divide both sides by pr.
A-p . :
t= Write ¢ on the left side.
pr
SELF CHECK12 Solve A =p + prforr. r—" 7
pt /

For simple interest, the formula A = p + prt represents the amount of money in an
account at the end of a specific time. A represents the amount, p the principal, r the rate
of interest, and ¢ the time. We can solve the formula for ¢ as follows:

EXAMPLE 13

Solution

The formula F = %C + 32 converts degrees Celsius to degrees Fahrenheit. Solve the
formula for C.

9
F=—-CH+32
5
9 : N i :
F—32= gC To isolate the term involving C, subtract 32 from both sides.
5 5/9
9 (F—32) = 9 (5 C) To isolate C, multiply both sides by g.
5
5(F—32)=c 2=
5
C=—(F—-32
2(r-n)

To convert degrees Fahrenheit to degrees Celsius, we can use the formula C = g(F - 32).

180(n — 2 y .
SELF CHECK 13 Solve s=¥ orn. n=21%+20rn= 5360
/
SELFCHECK l.yes 2.5 3.—12 4.2a — 25 s.—% 6.0 7.-2 8.5000 9.R 10.0
ANSWERS Mbp=3 2r="22 B.n=qg5+20rn="75%

To the Instructor

1 previews the point-slope form of an
equation of a line.

2 requires students to apply the
distributive property before solving
for p.

NOW TRY THIS

Solve each equation for the indicated variable.

1. y—y, =m(x — x) form \\:‘Y]
N -1

=m

2. A=p + prtforp ]f”:p
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1.5 Exercises

57

WARM-UPS Evaluate each expression when x = —2.

1.
3.
5.

3x+1 -5 2.7 +4x -1
—x+5 7 4.6 —x 8
3—x 5 6. -3(x—1) 9

Multiply each expression by 4.

Tix x 8. . 3
. X X 4 X JX
o.x 1 0. X2
. 4 X . 4 X
3 5
ni-2 1% 12.24+2 2045
4 2 2 4
REVIEW Simplify each expression.
x + y\°
13. ( a4 ) 14. (—20°)* 167
x =y
2,5\2 A\3 P
15. (%) 2 16. (—y) L
X Xy X
1 B\ 20
,3 )
17. (—4x)7° — e 18. (;) -

VOCABULARY AND CONCEPTS Fill in the blanks.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

An equation is a statement that two quantities are equal.

If a number is substituted for a variable in an equation and the
equation is true, we say that the number satisfies the equation.
The numbers that satisfy an equation form its solution set.

If two equations have the same solution set, they are called
equivalent equations.
The solutions of an equation are also called roots.

If a, b, and c are real numbers and @ = b,thena + ¢ =b + ¢
anda — ¢ = b — ¢, using the addition and subtraction
properties of equality.

If a, b, and c are real numbers anda = b, thena-c = b-¢

b

and 4.2 (¢ # 0), using the multiplication and division
c c

properties of equality.

A number or the product of numbers and variables is called

an algebraic term.

Like terms (similar terms) are terms with the same variables
with the same exponents.

To combine like terms, add their numerical coefficients and
keep the same variables and exponents.

An identity is an equation that is true for all values of its vari-
able and its solution set is denoted by R. A contradiction is true
for no values of its variable and its solution set is denoted by .

GUIDED PRACTICE Determine whether 5 is a solution
of each equation. SEE EXAMPLE 1. (OBJECTIVE 1)

29.

3x +2 =17 yes 30.7 + 5x =32 yes

3 2
31.gx—5:—2 yes 32.gx+12:8 no

Solve each equation. SEE EXAMPLE 2. (OBJECTIVE 2)

B.x+6=8 2 34.y-7=3 10

35 —5y =15 3 36.3v =12 4

37.34-27=0 9 38.4b+28=0 7

39. 5 =7 23 40. =3 24
4 ~3

Solve each equation. SEE EXAMPLE 3. (OBJECTIVE 2)

M3+ 1=3 42.7x +5=20 -
43.6y — 10 =14 4 44.2c—4=16 10
45.3(x—4) = —36 8 46.4(x+6) =84 15

Simplify each expression. SEE EXAMPLE 4. (OBJECTIVE 3)

49.6(2x — 5) +3(x + 1) 15x — 27
50.7(x +3) +4(3x —8) 19x — 11
51.3(x +4) + 2(x — 1) 5x+ 10
52.2(x —3) +4(x +5) 6x+ 14
53.8+2(x —4) —(6x —9) —4x+9
54.9 — 3(6x +2) — (4x +3) —22x
55.6x — 3(9 — 5x) + 8 2lx— 19

56. —8x — 7(5 — 6x) — 9 34x — 44

Solve each equation. SEE EXAMPLE 5. (OBJECTIVE 4)

57.2(a—5) — Ba+1)=0 —11

58.8(3a —5) —4(2a +3) =12 4
59.3(y—5)+10=2(y +4) 13
60.2(5x +2) =3(3x—2) —10
61.9(x +2) = —6(4 —x) +18 -8
62.3(x +2)—2=—-(5+x)+x -3

63. —4p —2(3p+5)=—-6p+2(p+2) —
64.2g —3(qg—5)=5(qg+2)—7 2

Solve each equation. SEE EXAMPLE 6. (OBJECTIVE 4)

65. - +1=" 6 66. 2(y +4) = 22
: 3 "V 2
42
67.5- "2 —7-x 4
3
2x + 3 42
683 — 23 _ o1 6
3 2
o, B2 _ 36 ol TA_ 23
2 3 2 3
a+1 a—1 2
71. + S
3 5 15
2+ - -
72. z+3 3z 4:z 2 s
3 6 2
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Solve each equation. SEE EXAMPLE 7. (OBJECTIVE 4)

1 2
73.5x—4:—1+2x —274.2x+3:§x—1 -3
X X X X
75 - ——=4 24 76. -+ —-=10 12
2 3 2 3
Sa a 5a 5 1 a
7. —— 12=—+1 6 8, ———=————2
7 3 7 6 2 2 6
79a+1 2“_3,E_2 6
o4 4 2
y—8 2y
80. +2====0
5 3

Solve each equation. SEE EXAMPLE 8. (OBJECTIVE 4)

81. 045 = 1695 — 0.25(75 — 3a) 3
82.32+ x=025(x +32) 64

83. 0.09x + 0.14(10,000 — x) = 1,275 2,500
84.0.04(20) + 0.01/ = 0.02(20 + 1) 40

Solve each equation and state whether the equation is an identity
or a contradiction. Then give the solution set. SEE EXAMPLES 9-10.
(OBJECTIVE 5)

85.4(2 — 3t) + 6t = —6¢ + 8 identity, R

3
86.2(x —3) = J(x —4) + g identity, R

87.2x — 6 = —2x + 4(x — 2) contradiction, &J

88.3(x —4) + 6 = —2(x + 4) + 5x contradiction, &

Solve each formula for the indicated variable. SEE EXAMPLE T1.
(OBJECTIVE 6)

89. A = lwforw 4

w = ’% 90. p =4sfors s =

3V

1
91. V=§BhforB B ==+

24
Y 92.b=""forA A= ibh
I h

94. ] =prtforr r = L

pt
96. p = 2/ + 2w for!

[ = p— 2w

2

93. ] = prtfort t:/)%
95. p =21 + 2wforw
L _p— 21
w _72

Solve each formula for the indicated variable. SEE EXAMPLE 12.
(OBJECTIVE 6)

1 1
97.A=5h(B+b)forB 98.A=5h(3+b)f0rb

B=—p b= -8
L h

99.y = mx + b forx 100. y = mx + b form

y—b>b y—b>b
X == m=
m X

Solve each formula for the indicated variable. SEE EXAMPLE 13.
(OBJECTIVE 6)

a—Ir 5
101. S = | for 102. C = g(F —32) for F
- r
]:(175"‘+Sr F:gC+32
n(a +1) n(a + 1)
103.S=#f0rl 104. S = ————forn
/= 28 — na _ 25
N n n=a+i

ADDITIONAL PRACTICE Ssimplify each expression.

105.4(x + 1) + (x +6) 5x+ 10
106.2(x + 2) +4(x +3) 6x + 16
107. —2(x+ 1) — (x +3) —3x—5
108. —(x —2) — (-3x+1) 2x+1
Solve each equation. If the equation is an identity or a contradiction,
so indicate.
109.5(2x —3) =3x+6 310.4(3x+2)=2x—12 —2
M. —2(4x —5)=4x—3 12. -3(2x+3)=8x—6
13 _3
12 14
M.3¢-22=-2a—-7 3M4.a+18=6a—3 -
M5.3(y—4)—6=y 9 M6.2x+ (2x—3)=5 2
17.5(5—a) =37 — 2a 18. 4a + 17 =7(a + 2)
—4 1
M9. 4(y + 1) = —2(4 — y) 120.5(r + 4) = —2(r — 3)
-6 -2
12122 + 1) = 15+ 3x  122. —2(x +5) =30 — x
13 —40
123. 98 — 15z = —15.7 1.7 124.0.05a + 025 =0.77 104
125. —3x = —2x + 1 — (5 + x) J, contradiction
126.4 +4(n+2) =301 —2(n—5)
127, 4x — 2(3x + 2) = 2(x + 3)
128.2(y +2) + 1 =2y + 5 [, identity
129.1=a+ (n — 1)dforn n:$
130.0=a+ (n— Ddford d="'—4
APPLICATIONS

131. Force of gravity The masses of the two objects in the
illustration are m and M. The force of gravitation F between

132.

133.

134.

the masses is

_ GmM

F PE

where G is a constant and d is the distance between them.

“d?

Solve form. m = @)

Thermodynamics The Gibbs free-energy formula is

G = U — TS + pV. Solve for S. S:W

Converting temperatures

Solve the formula

F= %C + 32 for C and find the Celsius temperatures that
correspond to Fahrenheit temperatures of 32°, 70°, and 212°.

C = 2(F - 32);0°,21.1°, 100°

Doubling money A man intends to invest $1,000 at simple

interest. Solve the formula A = p + prt for ¢ and find how
long it will take to double his money at the rates of 5%, 7%,

and 10%. | — <"‘(l;)/’); 20, 14.29, 10 yr
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135.

136.

137.

138.

139.

Cost of electricity The cost of electricity in a certain city
is given by the formula C = 0.07n + 6.50, where C is the
cost and #n is the number of kilowatt hours used. Solve for n
and find the number of kWh used for costs of $49.97, $76.50,

and $125. , = 100X (€= 630), 651 4 000, 1,692.9 kWh

Cost of water A monthly water bill in a certain city is

calculated by using the formula n = w, where

n is the number of gallons used and C is the monthly cost.

Solve for C and compute the bill for quantities used of 500,

1,200, and 2,500 gallons. C = (6n + 17,500)/5,000;

$4.10, $4.94, $6.50

Ohm’s Law The formula E = IR, called Ohm’s Law,

is used in electronics. Solve for R and then calculate the

resistance R if the voltage E is 56 volts and the current / is

7 amperes. (Resistance has units of ohms.)

R = %; R = 8 ohms

Earning interest An amount P, invested at a simple interest

rate r, will grow to an amount A in ¢ years, according to the

formula A = P(1 + rt). Solve for P. Suppose a man invested

some money at 5.5%. If after 5 years, he had $6,693.75 on

deposit, what amount did he originally invest? p — . f mE

$5,250

Angles of a polygon A regular polygon has n equal sides

and n equal angles. The measure « of an interior angle is

givenby a = 180"(1 - %) Solve for n. Find the number of

sides of the regular polygon in the illustration if an interior
360°

n = m; 8

angle is 135°.

135°

1.6 Using Linear Equations to Solve Applications 59

140. Power loss The illustration is the schematic diagram of a

resistor connected to a voltage source of 60 volts. As a result,
the resistor dissipates power in the form of heat. The power
P lost when a voltage V is placed across a resistance R is
given by the formula

E2
R

P

Solve for R. If P is 4.8 watts and E is 60 volts, find R.
R = E*P; R = 750 ohms

_ E=60V R

WRITING ABOUT MATH

141.

142.

Explain the difference between a conditional equation, an
identity, and a contradiction.

Explain how you would solve an equation.

SOMETHING TO THINK ABOUT Find the mistake.

143.

144.

3x—2)+4=14

3x=2+4=14

3x+2=14

3x=12

x=4
A=p+prt

A —p = prt

A—p—pr=t

t=A—p—pr

Section

1.6

€D solve a recreation application by setting up and solving a linear equation

in one variable.

in one variable.

Objectives

in one variable.

@) Solve a lever application by setting up and solving a linear equation

in one variable.

Unless otherwise noted, all content on this page is © Cengage Learning.

@) Solve a business application by setting up and solving a linear equation

€) solve a geometry application by setting up and solving a linear equation

Using Linear Equations to Solve Applications

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



60  CHAPTER1 A Review of Basic Algebra

right angle supplementary angles base angle
straight angle right triangle equilateral triangle
acute angle isosceles triangle fulcrum
complementary angles vertex angle

Letx =18.

1. What number is 2 more than x? 20

What number is 4 times x? 72

=)
S
)
(4
)
=
h
)
Y
O

2
3. What number is 5 more than twice x? 41
4

. What number is 2 less than one-half of x? 7

In this section, we will apply equation-solving skills to solve applications. When we trans-
late the words of a problem into mathematics, we are creating a mathematical model of
the situation. To create these models, we can use Table 1-6 to translate certain words into
mathematical operations.

TABLE 1-6

Addition (+) Subtraction (—) Multiplication ( - ) Division (+)

added to subtracted from multiplied by divided by
plus difference product quotient
the sum of less than times ratio
more than less of half
increased by decreased by twice

We can then change English phrases into algebraic expressions, as in Table 1-7.

TABLE 1-7
English phrase Algebraic expression
2 added to some number x+ 2
the difference between some number and 2 x—2
5 times some number S5x
the product of 925 and some number 925x
5% of some number 0.05x
the sum of twice a number and 10 2x + 10

the quotient (or ratio) of 5 and some number
half of a number

[SIEENIY

Once we know how to change phrases into algebraic expressions, we can solve many
problems. The following list of steps provides a strategy for solving applications.
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1.6  Using Linear Equations to Solve Applications

PROBLEM SOLVING 1. Analyze the problem and identify a variable by asking yourself “What am I asked

to find?”” Choose a variable to represent the quantity to be found and then express all
other unknown quantities in the problem as expressions involving that variable.

2. Form an equation by expressing a quantity in two different ways. This may require
reading the problem several times to understand the given facts. What information
is given? Is there a formula that applies to this situation? Often a sketch, chart, or
diagram will help you visualize the facts of the problem.

3. Solve the equation found in Step 2.

4. State the conclusion, including proper units.

5. Check the result to be certain it satisfies the given conditions.

n Solve a recreation application by setting up and solving
a linear equation in one variable.

EXAMPLE 1 CUTTING AROPE A mountain climber wants to cut a rope 213 feet long into three
pieces. If each piece is to be 2 feet longer than the previous one, where should he make
the cuts?

Analyze the problem  We are asked to find the lengths of three pieces of rope. The information is given in
terms of the length of the shortest piece. Therefore, we let x represent the length of the
shortest piece in feet and express the other lengths in terms of x. Then x + 2 represents
the length of the second piece in feet and x + 2 + 2, or x + 4, represents the length of
the longest piece in feet.

Form an equation  The climber knows that the sum of these three lengths can be expressed in two ways: as
x + (x +2) + (x + 4) and as 213. (See Figure 1-22.)

213 ft

x ft (x+2)ft (x+4) ft
Figure 1-22

From Figure 1-22, we can set up the equation

The length of the length of the the length of the total length
. . plus . plus .o equals
the first piece second piece the third piece of the rope.
X + x+2 + x+ 4 = 213
Solve the equation ~ We can now solve the equation.
x+x+ 2+ x+4 =213 Thisis the equation to solve.
3x + 6 = 213  Combine like terms.

COMMENT Remember to ~ )
include any units (feet, inches, 3x = 207 Subtract 6 from both sides.
pounds, etc.) when stating the x =69 Divide both sides by 3. This is the length of the first

conclusion to an application. piece in feet.
x+2=171 This is the length of the second piece in feet.
x+4=173 This is the length of the third piece in feet.

State the conclusion  He should make one cut 69 feet from one end. Then he should make a second cut 71 feet
from one end of the remaining rope. This will leave a length of 73 feet.
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Check the result

SELF CHECK 1

A Review of Basic Algebra

Each length is 2 feet longer than the previous length, and the sum of the lengths is 213 feet.

If the rope in the example is 291 feet long, where should he make the cuts? He should
make one cut 95 feet from one end and then a second cut 97 feet from one end of the remaining
rope. This will leave a length of 99 feet.

EXAMPLE 2

Analyze the problem

Form an equation

Solve the equation

State the conclusion

Check the result

SELF CHECK 2

Solve a business application by setting up and solving
a linear equation in one variable.

When the regular price of merchandise is reduced, the amount of reduction is called the
markdown (or discount).

Sale price =  regularprice —  markdown.

Usually, the markdown is expressed as a percent of the regular price.

Markdown =  percent of markdown regular price.

FINDING THE PERCENT OF MARKDOWN A home theater system is on sale for
$777. If the list price was $925, find the percent of markdown.

We are asked to find the percent of markdown, so we let p represent the percent of
markdown, expressed as a decimal. In this case, $777 is the sale price, and $925 is the
regular price.

The amount of the markdown is found by multiplying the regular price by the percent
of markdown. If we subtract this amount from the regular price, we will have the sale
price. This can be expressed as the equation

Sale price  equals regular price minus markdown.

77 = 925 - p+925

We can now solve the equation.

777 =925 — p-925

This is the equation to solve.

777 = 925 — 925p Use the commutative property of multiplication.
—148 = —925p Subtract 925 from both sides.
016 =p Divide both sides by —925.

Because 0.16 equals 16%, the theater system is on sale at a 16% markdown.

Since the markdown is 16% of $925, or $148, the sale price is $925 — $148, or $777.

If the theater system in the example is on sale for $740, find the price of the markdown.
The theater system is on sale at a 20% markdown.

J

EXAMPLE 3

Analyze the problem

PORTFOLIO ANALYSIS A college foundation owns stock in IBC (selling at $54 per
share), GS (selling at $65 per share), and ATB (selling at $105 per share). The foundation
owns equal shares of GS and IBC, but five times as many shares of ATB.

If this portfolio is worth $450,800, how many shares of each type does the founda-
tion own?

We must find how many shares of each type of stock is owned. The given information
states that there are the same number of shares for both IBC and GS. If we will let x
represent the number of shares of IBC, then x also represents the number of shares of
GS. There are five times as many shares of ATB, so the number of shares of ATB will
be represented by 5x.
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1.6  Using Linear Equations to Solve Applications 63

Form an equation  The value of the IBC stock plus the value of the GS stock plus the value of the ATB
stock must equal $450,800.
 Since each of the x shares of IBC stock is worth $54, the value of this stock is $54x.
 Since each share of x shares of GS stock is worth $63, the value of this stock is $65x.
* Since each share of the (5x) shares of ATB stock is worth $1053, the value of this
stock is $105(5x).

We set the sum of these values equal to $450,800.

The value of lus the value of lus the value of equals the total value
IBC stock P GSstock P ATBstock 4 of the portfolio.
S54x + 65x + 105(5x) = 450,800

Solve the equation  We can now solve the equation.

54x + 65x + 105(5x) = 450,800  This is the equation to solve.
54x + 65x + 525x = 450,800  Multiply.
644x = 450,800 Combine like terms.
x = 700 Divide both sides by 644.

State the conclusion  The foundation owns 700 shares of IBC, 700 shares of GS, and 5(700) or 3,500 shares
of ABT.

Check the result  The value of 700 shares of IBC at $54 per share is $37,800. The value of 700 shares of
GS at $65 per share is $45,500. The value of 3,500 shares of ATB at $105 per share is
$367,500. The sum of these values is $450,800.

SELF CHECK 3 If the portfolio is worth $209,300, how many shares of each type does the foundation
own? The portfolio contains 325 shares each of IBC and GS and 1,625 shares of ATB.

J

B Solve a geometry application by setting up and solving
a linear equation in one variable.
Figure 1-23 illustrates several geometric figures. A right angle is an angle whose measure

is 90°. A straight angle is an angle whose measure is 180°. An acute angle is an angle
whose measure is greater than 0° but less than 90°.

90° 180
/_\ 0° < x° < 90°
Right angle B N Straight angle B Acute angle B
©) (b) ©
Figure 1-23

If the sum of two angles equals 90°, the angles are called complementary angles, and each
angle is called the complement of the other. If the sum of two angles equals 180°, the angles are
called supplementary angles, and each angle is called the supplement of the other.

A right triangle is a triangle with one right angle. In Figure 1-24(a) on the next page,
£.C (read as “angle C”) is a right angle. An isosceles triangle is a triangle with two sides
of equal measure that meet to form the vertex angle. The angles opposite the sides of equal
measure, called the base angles, are also equal. An equilateral triangle is a triangle with
three sides of equal measure and three equal angles.
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64 CHAPTER1 A Review of Basic Algebra

90°
A C
Right triangle Isosceles triangle Equilateral triangle

(©) (b) ©
Figure 1-24

EXAMPLE 4 ANGLES IN A TRIANGLE If the vertex angle of the isosceles triangle shown in
Figure 1-24(b) measures 64°, find the measure of each base angle.

Analyze the problem  We are asked to find the measure of each base angle in degrees. If we let x represent
the measure of one base angle in degrees, the measure of the other base angle is also x.

Form an equation  From geometry, we know that the sum of the measures of the three angles in any trian-
gle is 180°. Thus, the sum of the angles in this triangle, x + x + 64°, is equal to 180°.
We can form the equation

The measure of the measure of the the measure of
one base angle  plus other base angle  plus  the vertex angle equals  180°.
in degrees in degrees in degrees
X + X + 64 = 180

Solve the equation  'We now can solve the equation.

x + x + 64 = 180 This is the equation to solve.
2x + 64 = 180  Combine like terms.
2x = 116  Subtract 64 from both sides.
x =58 Divide both sides by 2.

State the conclusion  The measure of each base angle is 58°.
Check the result  The sum of the measures of each base angle and the vertex angle is 180°:
58° 4+ 58° + 64° = 180°

SELF CHECK 4  If the vertex angle of an isosceles triangle measures 58° find the measure of each base
angle. The measure of each base angle is 61°.

J

EXAMPLES DOGRUNS A man has 28 meters of fencing to make a rectangular kennel. If the
kennel is to be 6 meters longer than it is wide, find its dimensions.

Analyze the problem  We are asked to find the dimensions of a rectangle. Therefore, we will need to find both
the length and the width. If we let w represent the width of the rectangle in meters, the
length will be represented by w + 6 meters.

Form an equation The perimeter P of a rectangle is the distance around it. Because this is a rectangle,
opposite sides have the same measure. (See Figure 1-25.) The perimeter can be expressed
as eitherw + (w + 6) + w+ (w+ 6) = Poras2w + 2(w + 6) = P.

Unless otherwise noted, all content on this page is © Cengage Learning.

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Solve the equation

State the conclusion

Check the result

SELF CHECK 5

1.6 Using Linear Equations to Solve Applications

Figure 1-25

We can form the equation as follows.

Two widths ~ plus  two lengths  equals the perimeter.

2-w +  2-(w+6) = 28

We now can solve the equation.

2w+ 2-(w+6) =28
2w + 2w + 12 = 28

This is the equation to solve.

Use the distributive property to remove parentheses.

4w + 12 = 28 Combine like terms.
4w = 16  Subtract 12 from both sides.
w=4 Divide both sides by 4.
w+6=10

The dimensions of the kennel are 4 meters by 10 meters.

If a kennel has a width of 4 meters and a length of 10 meters, its length is 6 meters lon-
ger than its width, and the perimeter is 2(4) meters + 2(10) meters = 28 meters.
Find the dimensions of the kennel if there are 60 meters of fencing available. The
dimensions are 12 meters by 18 meters.

65

J

EXAMPLE 6

Teaching Tip

Point out that in these applications,
we are ignoring the weight of the
lever.

Analyze the problem

Form an equation

Solve a lever application by setting up and solving
a linear equation in one variable.

ENGINEERING Design engineers must
position two hydraulic cylinders as in
Figure 1-26 to balance a 9,500-pound
force at point A. The first cylinder at the
end of the lever exerts a 3,500-pound |
force. Where should the engineers
position the second cylinder, which is
capable of exerting a 5,500-pound force?

I 5,500 1b

I 3,500 1b

9,500 Ib ; A
—

fe— x — |

| S5 ft 3ft |

Figure 1-26

We must find the distance in feet from the fulcrum that the second cylinder must be
placed in order to balance the two sides. We will let x represent this distance in feet.

From a principle in physics, the lever will be in balance when the force of the first
cylinder multiplied by its distance from the pivot (also called the fulcrum) added to the
force of the second cylinder multiplied by its distance from the fulcrum is equal to the
9,500-pound force multiplied by its distance from the fulcrum.
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66 CHAPTER1 A Review of Basic Algebra

Using this information, we can form the equation

Force of cylinder 1 force of cylinder 2 force to be balanced
times the distance ~ plus  times the distance  equals  times the distance
from the fulcrum from the fulcrum from the fulcrum.

3,500-5 + 5,500x = 9,500-3

Solve the equation ~ We can now solve the equation.
3,500-5 + 5,500x = 9,500-3 This is the equation to solve.
17,500 + 5,500x = 28,500  Multiply.
5,500x = 11,000 Subtract 17,500 from both sides.
x=2 Divide both sides by 5,500.
State the conclusion  The design must specify that the second cylinder be positioned 2 feet from the fulcrum.

Check the result  3,500-5 + 5,500-2 = 17,500 + 11,000 = 28,500
9,500 -3 = 28,500

SELF CHECK 6  Find the distance from the fulcrum the 5,500-pound force in Example 6 should be placed
to balance a 12,250-pound force. The 5,500-pound force should be 3.5 feet from the fulcrum.

J

SELF CHECK 1. He should make one cut 95 feet from one end and then a second cut 97 feet from one end of the remaining
ANSWERS rope. This will leave a length of 99 feet. 2. The theater system is on sale at a 20% markdown. 3. The portfolio
contains 325 shares each of IBC and GS and 1,625 shares of ATB. 4. The measure of each base angle is 61°.
5. The dimensions are 12 meters by 18 meters. 6. The 5,500-pound force should be 3.5 feet from the fulcrum.

To the Instructor NOW TRY THIS

These transition the student from The sum of two numbers is 92.
specific numbers to a general

representation.

1. If one of the numbers is 27, what is the other? 65
2. If one of the numbers is —56, what is the other? 148

3. If one of the numbers is x, what expression represents the other number? 92 — x

B

xercises

WARM-UPS Find each value. VOCABULARY AND CONCEPTS Fill in the blanks.
1. 30% of 650 195 2. 33%% of 600 200 T1. The expression 5x + 4 represents the phrase “4 more than
5 times x.”

If a stock costs $54, find the cost of 12. The expression 0.09x represents the phrase “9 percent of x.”

3. 14 shares.  $756 4. x shares. 554x 13. The expression 89x represents the phrase “the value of x

. . . . . h iced at $89 hare.”
Find the area of the rectangle with the given dimensions. s a.res price .a $89 per share ) )
14. A right angle is an angle whose measure is 90°. A straight

5. 8 meters long, 5 meters wide 40 m? angle measures 180°.
6. [ meters long, [ — 8 meters wide /(/ — 8)m” 15. An acute angle measures greater than 0° but less than 90°.

16. If the sum of the measures of two angles equals 90°, the
angles are called complementary angles.

REVIEW Simplify each expression. Assume no variables are O.

—3\ 4 20 -32 \-5 .40
7. (3x 5 ) 2561 8. (%) 'T() 17. If the sum of the measures of two angles equals 180°, the
4x 81 reres s angles are called supplementary angles.
n_5 n\ 3
9 &4 n—1 10 v p3o 18. If a triangle has a 90° angle, it is called a right triangle.
- A\
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19. If a triangle has two sides with equal measure, it is called an
isosceles triangle.

20. The sides of equal measure of an isosceles triangle form the
vertex angle and the remaining angles are called base angles.

21. An equilateral triangle has three sides of equal measure and
three equal angles.

22. The pivot point of a lever is called the fulcrum.

APPLICATIONS Set up an equation to solve. SEE EXAMPLE 1.
(oBJECTIVE 1)

23. Cutting ropes A 90-foot rope is cut into four pieces, with
each successive piece twice as long as the previous one. Find
the length of the longest piece. 48 ft

24. Cutting cables A 186-foot cable is to be cut into four
pieces. Find the length of each piece if each successive piece
is 3 feet longer than the previous one. 42 ft, 45 ft, 48 ft, 51 ft

25. Cutting boards The carpenter in the illustration saws a
board into two pieces. He wants one piece to be 1 foot longer
than twice the length of the shorter piece. Find the length of
each piece. 7 ft, 15 ft

22 fi !

26. Cutting beams A 30-foot steel beam is to be cut into
two pieces. The longer piece is to be 2 feet more than three
times as long as the shorter piece. Find the length of each
piece. 7 ft, 23 ft

Set up an equation to solve. SEE EXAMPLE 2. (OBJECTIVE 2)

27. Buying a washer and dryer Find the percent of markdown
of the sale in the following ad. 20%

I3 One-Day Sale! I
Regularly
$726 fo——  Now only
ﬂ $580.8(
' Washer/Dryer

28. Buying furniture A bedroom set regularly sells for
$983. If it is on sale for $737.25, what is the percent of
markdown? 25%

29. Buying books When the price of merchandise is increased,
the amount of increase is called the markup. If a bookstore
buys a used calculus book for $18 and sells it for $78, find the
percent of markup.  3333%
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30. Selling toys When the price of merchandise is increased,
the amount of increase is called the markup. If the owner of a
gift shop buys stuffed animals for $18 and sells them for $30,
find the percent of markup. 67%

Set up an equation to solve. SEE EXAMPLE 3. (OBJECTIVE 2)

31. Value of an IRA In an Individual Retirement Account
(IRA) valued at $53,900, a student has 500 shares of stock,
some in Big Bank Corporation and some in Safe Savings
and Loan. If Big Bank sells for $115 per share and Safe
Savings sells for $97 per share, how many shares of each
does the student own? 300 shares of BB, 200 shares of SS

32. Pension funds A pension fund owns 12,000 shares in a
stock mutual fund and a bond mutual fund. Currently, the
stock fund sells for $12 per share, and the bond fund sells
for $15 per share. How many shares of each does the pension
fund own if the value of the securities is $165,000? 5.000
shares of the stock fund, 7,000 shares of the bond fund

33. Selling calculators Last month, a bookstore ran the
following ad and sold 85 calculators, generating $3,875 in
sales. How many of each type of calculator did the
bookstore sell? 35 $15 calculators, 50 $67 calculators

Calculator Special

- 1579.

$15 3=

)0 (
)0 0

Scientific Graphing
model model

34. Selling grass seed A seed company sells two grades of grass
seed. A 100-pound bag of a mixture of rye and bluegrass sells
for $245, and a 100-pound bag of bluegrass sells for $347. How
many bags of each are sold in a week when the receipts for
19 bags are $5,369? 12 bags of mixture, 7 bags of bluegrass

Set up an equation to solve. SEE EXAMPLE 4. (OBJECTIVE 3)

35. Equilateral triangles Find the measure of each angle in an
equilateral triangle. 60°

36. Quadrilaterals The sum of the angles of any four-sided
figure (called a quadrilateral) is 360°. The following quadri-
lateral has two equal base angles. Find the measure of x.  60°
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68

37.

38.

39.

40.

41.

42.

CHAPTER1

Vertical angles When
two lines intersect as in the

A Review of Basic Algebra
illustration, four angles are
formed. Angles that are side-

2
P
4
by-side, such as £ 1 and 22,

are called adjacent angles. Angles that are nonadjacent, such
as Z1and £3 or £2 and £4, are called vertical angles.
From geometry, we know that if two lines intersect, vertical
angles have the same measure. If m(£1) = (3x + 10)° and
m(£3) = (5x — 10)°, find x. Read m( 2 1) as “the measure
of £1” 10

If m(£2) = (6x + 20)° in the illustration of Exercise 37 and
m(/4) = (8x — 20)°, find m(£1). 40°

Supplementary angles If one of two supplementary angles
is 35° larger than the other, find the measure of the smaller
angle. 72.5°

Supplementary angles Refer to the illustration and find x.
40

(2x +30)° (2x - 10)°

~a o

Complementary angles If one of two complementary
angles is 22° greater than the other, find the measure of the
larger angle. 56°

Complementary angles in a right triangle Explain why
the acute angles in the following right triangle are comple-

mentary. Then find the measure of angle A. 25°
B
(2x+15)°
90° x°
C A

Set up an equation to solve. SEE EXAMPLE 5. (OBJECTIVE 3)

43,

44,

45.

Finding dimensions The rectangular garden shown
in the illustration is twice as long as it is wide. Find its
12 m by 24 m

dimensions.

72 m

Finding dimensions The width of a rectangular swimming
pool is one-half its length. If its perimeter is 90 feet, find the
dimensions of the pool. 15 ft by 30 ft

Fencing pastures A farmer has 624 feet of fencing to
enclose the rectangular pasture shown in the illustration.
Because a river runs along one side, fencing will be needed
on only three sides. Find the dimensions of the pasture if its
length is double its width. 156 ft by 312 ft

46. Fencing pens

A man has 150 feet of fencing to build the
pen shown in the illustration. If one end is a square, find the
outside dimensions. 20 ft by 45 ft

o d

x ft

x ft (x+5)ft

Set up an equation to solve. Ignore the weight of the lever. SEe
EXAMPLE 6. (OBJECTIVE 4)

47.

48.

49.

50.

Balancing a seesaw A seesaw is 20 feet long, and the
fulcrum is in the center. If an 80-pound boy sits at one end,
how far will the boy’s 160-pound father have to sit from the
fulcrum to balance the seesaw? 5 ft

Establishing equilibrium Two forces—110 pounds and

88 pounds—are applied to opposite ends of an 18-foot lever.
How far from the greater force must the fulcrum be placed so
that the lever is balanced? 8 ft

Moving stones A woman uses a 10-foot bar to lift a
210-pound stone. If she places another rock 3 feet from the
stone to act as the fulcrum, how much force must she exert to
move the stone? 90 Ib

Lifting cars A 350-pound football player brags that he

can lift a 2,500-pound car. If he uses a 12-foot bar with the
fulcrum placed 3 feet from the car, will he be able to lift

the car? no

ADDITIONAL APPLICATIONS Set up an equation
to solve.

51.

52.

53.

Buying roses A man with $27.50 stops after work to order
some roses for his wife’s birthday. If each rose costs $1.50
and there is a delivery charge of $9.50, how many roses can
he buy? 12 roses

Renting trucks To move to Wisconsin, a man can rent a
truck for $69.95 per day plus 45¢ per mile. If he keeps the
truck for one day, how many miles can he drive for a cost

of $170.75? 224 miles

Car rentals While waiting for his car to be repaired, a
man rents a car for $12 per day plus 30¢ per mile. If he keeps
the car for 2 days, how many miles can he drive for a total
cost of $42? How many miles can he drive for a total cost

of $60? 60 mi, 120 mi
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1.6 Exercises 69

54. Computing salaries A student earns $17 per day for deliv-
ering overnight packages. She is paid $5 per day plus 60¢ for
each package delivered. How many more deliveries must she
make each day to increase her daily earnings to $23? 10

55. Buying a TV and a Blu-ray player See the following ad.
If the TV costs $501 more than the Blu-ray player, how much
does the TV cost?  $578

BUY BOTH
FOR
$655

62. Framing pictures An artist xin.
wants to frame the following pic-
ture with a frame 2 inches wide.
How wide will the framed picture
be if the artist uses 70 inches of

56. Buying golf clubs The cost of a set of golf clubs is $750. If framing material? 15 in. rEin.
the irons cost $90 more than the woods, find the cost of the
irons. $420

57. Triangles If the height of a triangle with a base of 12 inches
is tripled, its area is increased by 84 square inches. Find the
height of the triangle. 7 in.

63. Balancing levers Forces are applied to a lever as indicated
in the illustration. Find x, the distance of the smallest force

58. Engineering designs  The width, w, of the flange in the from the fulcrum. Ignore the weight of the lever. 4 ft

following engineering drawing has not yet been determined.
Find w so that the area of the 7-in.-by-12-in. rectangular por-

8 ft | x—>|

tion is exactly one-half of the total area. 18 in. |
[ | [ | [ | [ |
100 Ib 70 1b 40 1b 200 1b
»— \ A / \4 \d
|
|
| A
7 in. : I 8 ft |
i |
‘ 64. Balancing seesaws Jim and Bob sit at opposite ends of an
12 in. 5 18-foot seesaw, with the fulcrum at its center. Jim weighs
160 pounds, and Bob weighs 200 pounds. When Kim sits
59. Supplementary angles and parallel lines In the illustra- 4 feet in front of Jim, the seesaw balances. How much does
tion, lines r and s are cut by a third line / to form 2 1 and 2 2. Kim weigh? 72 1b
When lines r and s are parallel, 2 1 and £/ 2 are supplemen- 65. Temperature scales The Celsius and Fahrenheit tempera-

tary. If m(£1) = (x + 50)° and m(£2) = (2x — 20)° and

ture scales are related by the equation C = %(F — 32).
lines r and s are parallel, find x. 50

At what temperature will a Fahrenheit and a Celsius

! thermometer give the same reading? —40°
K 66. Solar heating One solar panel in the illustration is to be 3 feet
- > wider than the other, but to be equally efficient, they must have
3\2 the same area. Find the width of each. 8 ftand 11 ft
. 411 _ —_—

60. In the illustration of Exercise 59, find m(~.3). 100°

61. Enclosing a swimming pool A woman wants to enclose the
swimming pool shown in the illustration and have a walk-
way of uniform width all the way around. How wide will the
walkway be if the woman uses 180 feet of fencing? 10 ft

11
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70 CHAPTER1 A Review of Basic Algebra

68. Explain how to check the solution of an application.

WRITING ABOUT MATH -
67. Explain the steps for solving an application. [ | [ | [ |
40 1b 101b 50 1b

SOMETHING TO THINK ABOUT *

69. Find the distance x required to balance the lever in the |
illustration. I

70. Interpret the answer to Exercise 69.

Section - _ - ,
1 7 More Applications of Linear Equations in One Variable
[ ]

“ €D solve an investment application by setting up and solving a linear
v equation in one variable.
E Solve a uqiform motion application by setting up and solving a linear
% equation in one variable.
(O E) Solve a mixture application by setting up and solving a linear equation
in one variable.

1. Find 8% of $500. $40
%\ 2. Write an expression for 8% of $x.  $0.08x
S
&) 3. I $9,000 of $15,000 is invested at 7%, how much is left to invest at another rate? $6,000
W 4. If $x of $15,000 is invested at 7%, write an expression for how much is left to be invested at
-_§ another rate.  $(15,000 — x)
-
8 5. [If acar travels 50 mph for 4 hours, how far will it go? 200 mi

6. If coffee sells for $4 per pound, how much will 5 pounds cost?  $20

_

In this section, we will continue our investigation of problem solving by considering invest-
ment, motion, and mixture applications.

n Solve an investment application by setting up and solving
a linear equation in one variable.

EXAMPLE 1 FINANCIALPLANNING A professor has $15,000 to invest for one year, some at 8%
and the rest at 7% annual interest. If she will earn $1,110 from these investments, how
much did she invest at each rate?

Analyze the problem  We must find how much money the professor has invested in each of the two accounts.
If we let x represent the amount she has invested in the account paying 8% interest, then
the rest, or $15,000 — x, is invested in the account paying 7% interest.

Form an equation  Simple interest is computed by the formula i = prt, where i is the interest earned, p is the
principal, 7 is the annual interest rate, and # is the length of time the principal is invested.
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Solve the equation

State the conclusion

Check the result

SELF CHECK 1

1.7 More Applications of Linear Equations in One Variable 71

In this problem, ¢ = 1 year. Thus, if $x is invested at 8% for one year, the interest
earned is i = $x(8%)(1) = $0.08x. If the remaining $(15,000 — x) is invested at 7%,
the amount earned on that investment is $0.07(15,000 — x). See Figure 1-27. The sum
of these amounts should equal the total earned interest of $1,110.

i = p . r L

8% investment 0.08x X 0.08 1

7% investment (.07(15,000 — x) 15,000 — x 0.07 1
Figure 1-27

Using this information, we can form the equation

The interest | the interest 1 the total
earned at 8% plus earned at 7% equals interest.
0.08x + 0.07 (15,000 — x) = 1,110

We can now solve the equation.

0.08x + 0.07(15,000 — x) = 1,110 This is the equation to solve.
8x + 7(15,000 — x)

111,000 To eliminate the decimals, multiply both
sides by 100.

8x + 105,000 — 7x = 111,000  Use the distributive property to remove

parentheses.
x + 105,000 = 111,000 Combine like terms.
x = 6,000 Subtract 105,000 from both sides.
15,000 — x = 9,000
She invested $6,000 at 8% and $9,000 at 7%.

The interest on $6,000 is 0.08($6,000) = $480. The interest earned on $9,000 is
0.07($9,000) = $630. The total interest is $1,110.

If the professor earned $1,170 in interest, how much did she invest at each rate? She
invested $12,000 at 8% interest and $3,000 at 7% interest.

J

EXAMPLE 2

Analyze the problem

Form an equation

Solve a uniform motion application by setting up and solving a
linear equation in one variable.

TRAVEL TIMES A car leaves Rockford traveling toward Wausau at the rate of 55 mph.
At the same time, another car leaves Wausau traveling toward Rockford at the rate of 50
mph. How long will it take them to meet if the cities are 157.5 miles apart?

Since we must find the time it takes for the two cars to meet, we will let 7 represent the
time in hours.

Uniform motion applications are based on the formula d = r-t, where d is distance, r
is rate, and ¢ is time. In this case, the cars are traveling toward each other as shown in
Figure 1-28(a) on the next page and we can organize the given information in a chart
as shown in Figure 1-28(b).

We know that one car is traveling at 55 mph and that the other is going 50 mph. We
also know that they travel for the same amount of time, 7 hours. Thus, the distance that
the faster car travels is 55¢ miles, and the distance that the slower car travels is 507 miles.
The sum of these distances equals 157.5 miles, the distance between the cities.
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72 CHAPTERT A Review of Basic Algebra
Teaching Tip Rockford Wausau Rate Time = Distance
s I,

You might use the memory aid ‘%’ e Faster car 55 t 55¢

| P 50 mph | Slower car 50 ! 50t

157.5 mi
@ (b)
Figure 1-28

to help with the relationship of the
variables. Cover the variable you Using this information, we can form the equation
are solving for and the formula is
indicated. The distance the the distance the equals the distance

Solve the equation

State the conclusion

Check the result

SELF CHECK 2

faster car goes slower car goes between the cities.

55t + 50¢ = 157.5

We can now solve the equation.

55t + 50t = 157.5
105t = 157.5
t=15

This is the equation to solve.
Combine like terms.

Divide both sides by 105.

The two cars will meet in 1% hours.

The faster car travels 1.5(55) = 82.5 miles. The slower car travels 1.5(50) = 75 miles.
The total distance traveled is 157.5 miles.

How long will it take the cars to meet if the rate of the first car is 60 mph and the rate of
the second is 66 mph? )

The cars will meet in 1.25 hours (1 hour 15 minutes).

EXAMPLE 3

Analyze the problem

Form an equation

Solve a mixture application by setting up and solving a linear
equation in one variable.

MIXING NUTS The owner of a candy store notices that 20 pounds of gourmet
cashews are not selling at $12 per pound. The store owner decides to mix peanuts with
the cashews to lower the price per pound. If peanuts sell for $3 per pound, how many
pounds of peanuts must be mixed with the cashews to make a mixture that could be sold
for $6 per pound?

We must find the number of pounds of peanuts needed to mix with the cashews, so we
will let x represent the number of pounds of peanuts. We will be adding the x pounds of
peanuts to the 20 pounds of cashews, so the total number of pounds of the mixture will
be (20 + x).

This application is based on the formula V = pn, where V represents the value, p rep-
resents the price per pound, and n represents the number of pounds. We can enter the
known information in a table as shown in Figure 1-29. The value of the cashews plus the
value of the peanuts will be equal to the value of the mixture.

Price Number of pounds =  Value
Cashews 12 20 240
Peanuts 3 X 3x
Mixture 6 20 + x 6(20 + x)
Figure 1-29
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1.7 More Applications of Linear Equations in One Variable 73

Using this information, we can form the equation

The value lus the value cauals the value
of the cashews P of the peanuts q of the mixture.
240 + 3x = 6(20 + x)

Solve the equation ~ We can now solve the equation.

240 + 3x = 6(20 + x) This is the equation to solve.

240 + 3x = 120 + 6x  Use the distributive property to remove parentheses.
120 = 3x Subtract 3x and 120 from both sides.
40 = x Divide both sides by 3.

State the conclusion  The store owner should mix 40 pounds of peanuts with the 20 pounds of cashews.

Check the result  The cashews are valued at $12(20) = $240 and the peanuts are valued at $3(40) = $120,
so the mixture is valued at $6(60) = $360.
The value of the cashews plus the value of the peanuts equals the value of the mixture.

SELF CHECK 3 If the mixture is to be sold for $8 per pound, how many pounds of peanuts must be
mixed with the cashews? The owner should mix 16 pounds of peanuts with the 20 pounds

of cashews. )

EXAMPLE4  MILK PRODUCTION A container is partially filled with 12 liters of whole milk
containing 4% butterfat. How much 1% butterfat must be added to get a mixture that is
2% butterfat?

Analyze the problem  We will let x represent the number of liters of the 1% butterfat milk to be added. If there
are already 12 liters of milk in the container, the total amount of milk will be (12 + x)
liters.

Form an equation  Since the first container shown in Figure 1-30(a) contains 12 liters of 4% butterfat, it
contains 0.04(12) liters of butterfat. To this container we will add the contents of the
second container, which holds 0.01x liters of butterfat. The sum of these two amounts of
butterfat [0.04(12) + 0.01x] will be equal to the amount of butterfat in the third con-
tainer, which is 0.02(12 + x) liters of butterfat. This information is presented in table
form in Figure 1-30(b).

Amount of Amount Percent of
butterfat = of milk - butterfat
= 5 Whole milk  0.04(12) 12 0.04
(2 1% milk 001(x) x 0.01
—— 2% milk 0.02(12 + x) 12 + x 0.02
2%
(b)

Figure 1-30
Using this information, we can form the equation

the amount of butterfat

The amount of butterfat the amount of butterfat ) .
in 12 liters of 4% milk "™ inxliters of 1% milk  S9US in(12 + x) liters of
2% mixture.
0.04(12) + 0.01x = 0.02(12 + x)
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74 CHAPTER1 A Review of Basic Algebra

Solve the equation ~ We now solve the equation.

0.04(12) + 0.01x = 0.02(12 + x) This is the equation to solve.
4(12) + 1x = 2(12 + x) Multiply both sides by 100.

48 + x =24 + 2x Use the distributive property to remove parentheses.
24 = x Subtract 24 and x from both sides.

State the conclusion  Thus, 24 liters of 1% butterfat milk should be added to get a mixture that is 2% butterfat.

Check the result 12 liters of 4% milk contains 0.48 liters of butterfat and 24 liters of 1% milk contains
0.24 liters of butterfat. This gives a total of 36 liters of a mixture that contains 0.72 liters
of butterfat. This is 2% butterfat.

SELF CHECK 4 A container is partially filled with 15 gallons of whole milk containing 4% butter-
fat. How much 1% butterfat milk must be added to get a mixture that is 2% butterfat?
There should be 30 gallons of 1% butterfat milk added.

J

SELF CHECK 1. She invested $12,000 at 8% interest and $3,000 at 7% interest. 2. The cars will meet in 1.25 hours
ANSWERS (1 hour 15 minutes). 3. The owner should mix 16 pounds of peanuts with the 20 pounds of cashews.
4. There should be 30 gallons of 1% butterfat milk added.

To the Instructor NOW TRY THIS

This uses the formulad = r-tin

a different way. Let s represent the speed of a plane in still air in mph. If it flies info the wind (headwind), its
It assists in the transition to speed is decreased by the speed of the wind, and if it flies with the wind (tailwind), its speed is

solving applications of rational increased by the speed of the wind.

equations. a. Represent the speed of a plane flying into a 40 mph headwind. s — 40

b. Represent the speed of a plane flying with a 40 mph tailwind. s + 40
c. If a plane flies 480 miles in 4 hours into a 40 mph headwind, find its speed in still air. 160 mph
d. If a plane flies 480 miles in 2 hours with a 40 mph tailwind, find its speed in still air. 200 mph

J
WARM-UPS For Exercises 1-4, use the formula i = prt to VOCABULARY AND CONCEPTS Fill in the blanks.
find i when ) ) ) )
1. The formula for simple interest i is i = prt, where p is the
1. p=9$1,000,r=3%,t =1 $30 principal, r is the rate, and ¢ is the time.
2. p = $5000,r =2%,t =1 $100 12. Uniform motion problems are based on the formula d = 1,
3. p = $(12,000 — x),r = 4%,t =1 $(480 — 0.04x) where d is the distance, r is the rate of speed, and ¢ is the time.
4. p=9$(20000 — x),r=3%,t=1 $(600 — 0.03x) 13. Dry mixture problems are based on the formula V = pn,
5. How much interest will $2,500 earn if invested at 3% where V is the value, p is the price per unit, and n is the
for one year? $75 number of units.
6. Express the amount of interest $x will earn if invested 14. The liquid mixture application in Example 4 is based on the
at 4% for one year.  $0.04x idea that the amount of butterfat in the first container plus
the amount of butterfat in the second container is equal to the
REVIEW Solve each equation. amount of butterfat in the mixture.
7.10x — 6 =4x 1 8.4a+1=15-6(a—1) 2
8y — 5 tr—1 t+2
9r§L—l=2@—4)81Q = +2 16

3 3 6
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APPLICATIONS Set up an equation to solve. SEE EXAMPLE 1.
(OBJECTIVE 1)

15.

16.

17.

18.

19.

20.

Investing Lured by the following ad, a woman invested
$12,000, some in a money market account and the rest in a
5-year CD. How much was invested in each account if the
income from both investments is $680 per year? $2.000 in a
money market, $10,000 in a 5-year CD

First Republic Savings and Loan

Account Rate
NOW 2.5%
Savings 3.5%
Money market 4.0%
Checking 2.0%
5-year CD 6.0%

Investing A man invested $18,000, some at 4% and
some at 6% annual interest. The annual income from these
investments was $960. How much did he invest at each
rate? $6,000 at 4%, $12,000 at 6%

Supplemental income A teacher wants to earn $1,500 per
year in supplemental income from a cash gift of $16,000. She
puts $6,000 in a credit union that pays 7% annual interest.
What rate must she earn on the remainder to achieve her
goal? 10.8%

Inheriting money Paul split an inheritance between two
investments, one paying 7% annual interest and the other
10%. He invested twice as much in the 10% investment as
he did in the 7% investment. If his combined annual income
from the two investments was $4,050, how much did he
inherit?  $45,000

Investing Kyoko has some money to invest. If she invests
$3,000 more, she can qualify for an 11% investment. Other-
wise, she can invest the money at 7.5% annual interest. If
the 11% investment yields twice as much annual income as
the 7.5% investment, how much does she have on hand to
invest? $8,250

Supplemental income A bus driver wants to earn $3,500
per year in supplemental income from an inheritance of
$40,000. If the driver invests $10,000 in a mutual fund
paying 8%, what rate must he earn on the remainder to
achieve his goal? 9%

Set up an equation to solve. SEE EXAMPLE 2. (OBJECTIVE 2)

21.

22.

Computing time One car leaves Chicago headed for Cleve-
land, a distance of 343 miles. At the same time, a second car
leaves Cleveland headed toward Chicago. If the first car aver-
ages 50 mph and the second car averages 48 mph, how long
will it take the cars to meet? 35 hr

Storm research During a storm, two teams of scientists
leave a university at the same time to search for tornados. The
first team travels east at 20 mph, and the second travels west
at 25 mph, as shown in the illustration in the next column.

If their radios have a range of 90 miles, how long will it be
before they lose radio contact? 2 hr

Unless otherwise noted, all content on this page is © Cengage Learning.

23.

24.

25.

26.

1.7 Exercises 75

90.mi |

€« University =)
25 mph 20 mph

Cycling A cyclist leaves Las Vegas riding at the rate of

18 mph. One hour later, a car leaves Las Vegas going 45 mph
in the same directigyn. How long will it take the car to over-
take the cyclist? 3 hr

Las Vegas ¢

45 mph

Computing distance At 2 p.M., two cars leave Eagle River,
WI, one headed north and one headed south. If the car headed
north averages 50 mph and the car headed south averages

60 mph, when will the cars be 165 miles apart? 15 hr
Running a race Two runners leave the starting gate, one
running 12 mph and the other 10 mph. If they maintain the
pace, how long will it take for them to be one-quarter of a
mile apart? % hr

Trucking Two truck drivers leave a warchouse traveling in
opposite directions, one driving at 50 mph and one driving at
56 mph. If the slower driver has a 2-hour head start, how long
has she been on the road when the two drivers are 683 miles
apart? 7.5 hr

Set up an equation to solve. SEE EXAMPLE 3. (OBJECTIVE 3)

27.

28.

29.

30.

Mixing candies The owner of a store wants to make a
30-pound mixture of two candies to sell for $3 per pound. If
one candy sells for $2.95 per pound and the other for $3.10
per pound, how many pounds of each should be used? 20 Ib
of $2.95 candy; 10 Ib of $3.10 candy

Computing selling price A mixture of candy is made to sell
for $3.89 per pound. If 32 pounds of candy, selling for $3.80
per pound, are used along with 12 pounds of a more expensive
candy, find the price per pound of the better candy. $4.13/Ib
Raising grades A student scores 70% on a test that contains
30 questions. To improve his score, the instructor agrees to

let him work 15 additional questions. How many must he get
right to raise his grade to 80%? 15

Raising grades On a second exam, the student in Exercise 29
earns a score of 60% on a 20-question test. This time, the
instructor allows him to work 20 extra problems to improve

his score. How many must he get right to raise his grade

to 70%? 16
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76 CHAPTER1 A Review of Basic Algebra

Set up an equation to solve each problem. SEE EXAMPLE 4. 55 mph. The rest of the time, his rate of speed was 60 mph.

(OBJECTIVE 3) How long did Jamal travel at each rate? 4 hr at 55 mph and
5 hrs at 60 mph

43. Diluting solutions In the illustration, how much water
should be added to 20 ounces of a 15% solution of alcohol to
dilute it to a 10% solution? 10 oz

31. Making whole milk Cream is approximately 22% butterfat.
How many gallons of cream must be mixed with milk testing
at 1% butterfat to get 42 gallons of milk containing 2%
butterfat? 2 gal

32. Mixing solutions How much acid must be added to 20 oz Yoz 9202
60 grams of a solution that is 65% acid to obtain a new
solution that is 75% acid? 24 g
33. Computing grades Before the final, Estela had earned a + =
total of 375 points on four tests. To receive an A in the course,
she must have 90% of a possible total of 450 points. Find the
lowest number of points that she can earn on the final exam 15% 0% 10%
and still receive an A. 30
34. Computing grades A student has earned a total of 44, Increasing concentration How much water must be boiled
435 points on five tests. To receive a B in the course, he must away to increase the concentration of 300 gallons of a salt
have 80% of a possible total of 600 points. Find the lowest solution from 2% to 3%? 100 gal

number of points that the student can make on the final exam 45

; . . Making furniture A woodworker wants to put two parti-
and still receive a B. 45

tions crosswise in the drawer shown in the illustration. He
wants to place the partitions so that the spaces created
ADDITIONAL APPLICATIONS Set up an equation increase by 3 inches from front to back. If the thickness of
to solve. each partition is % inch, how far from the front end should he

. S .
35. Bookstores A bookstore sells a mathematics book for $108. place the first partition? 6 in.

If the bookstore makes a profit of 35% on each book, what does
the bookstore pay the publisher for each book? (Hint: The
retail price = the wholesale price + the markup.) $80 xin.

36. Bookstores A bookstore sells a textbook for $39.20. If the

bookstore makes a profit of 40% on each sale, what does
the bookstore pay the publisher for each book? (Hint: The ‘ ‘
retail price = the wholesale price + the markup.) $28 f
|/|

28 in.

37. Riding a jet ski A jet ski can go 12 mph in still water. If a
rider goes upstream for 3 hours against a current of 4 mph,
how long will it take the rider to return? 15 hr

38. Riding a motorboat The motorboat in the illustration can go
18 mph in still water. If a trip downstream takes 4 hours and the
return trip takes 5 hours, find the speed of the current. 2 mph 46. Building shelves A carpenter wants to put four shelves on

an 8-foot wall so that the five spaces created decrease by
6 inches as we move up the wall. (See the illustration.) If the

the round trip took 3.5 hours? 12 mi

42. Computing travel time Jamal traveled a distance of
520 miles in 9 hours. Part of the time, his rate of speed was

; r mph B thickness of each shelf is % inch, how far will the bottom
i e - s shelf be from the floor? 3()% in.
B+ nmph 8= mph
D %
39. Concert receipts For a jazz concert, student tickets are $4 I I
each, and adult tickets are $8 each. If 225 tickets were sold * J:)f : [
and the total receipts are $1,300 how many student tickets I I
were sold? 125 | | /
40. School plays At a school play, 140 tickets are sold, with total :é ';
receipts of $290. If adult tickets cost $2.50 each and student : : 81t
tickets cost $1.50 each, how many adult tickets were sold? 80 : !
41. Taking a walk Sarah walked north at the rate of 3 mph and 'éi?
returned at the rate of 4 mph. How many miles did she walk if !
|
|
I
I
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Projects 77

WRITING ABOUT MATH SOMETHING TO THINK ABOUT

47. What do you find most difficult in solving applications, 49. Discuss the difficulties in solving this application:

and why?

48. Which type of application do you find easiest, and why?

A man drives 100 miles at 30 mph. How fast should he
drive on the return trip to average 60 mph for the entire
trip?

50. What difficulties do you encounter when solving this
application?

Adult tickets cost $4, and student tickets cost $2. Sales of
71 tickets bring in $245. How many of each were sold?

PROJECT 1

Theresa manages the local outlet of Hook n’ Slice, a
sporting goods retailer. She has hired you to help solve
some problems. Be sure to provide explanations of how
you arrive at your solutions.

a. The company recently directed that all shipments
of golf clubs be sold at a retail price of three times
what they cost the company. A shipment of golf clubs
arrived yesterday, and they have not yet been labeled.
This morning, the main office of Hook n’ Slice called
to say that the clubs should be sold at 35% off their
retail prices. Rather than label each club with its
retail price, calculate the sale price, and then relabel
the club, Theresa wonders how to go directly from
the cost of the club to the sale price. That is, if C
is the cost to the company of a certain club, what
is the sale price for that club?

1. Develop a formula and answer this question for her.

2. Now try out your formula on a club that cost the com-
pany $26. Compare your answer with what you find by
following the company procedure of first computing
the retail price and then reducing that by 35%.

b. All golf bags have been sale-priced at 20% off for the
past few weeks. Theresa has all of them in a large rack,
marked with a sign that reads “20% off retail price.”
The company has now directed that this sale price be
reduced by 35%. Rather than relabel every bag with its
new sale price, Theresa would like to simply change
the sign to say % off retail price.”

1. Determine what number Theresa should put in the
blank.

2. Check your answer by computing the final sale price
for a golf bag with a $100 retail price in two ways:

m by using the percentage you told Theresa should
go on the sign, and

= by doing the two separate price reductions.

3. Will the sign read the same if the retail price is first
reduced by 35%, and then the sale price reduced by
20%? Explain.

PROJECT 2

The Parchdale City Planning Council is deciding whether
or not the town should build an emergency reservoir for
use in especially dry periods. The proposed site has room
enough for a conical reservoir of diameter 141 feet and
depth 85.3 feet.

As long as Parchdale’s main water supply is working,
the reservoir will be kept full. When a water emergency
occurs, however, the reservoir will lose water to evapora-
tion as well as supplying the town with water. The com-
pany that has designed the reservoir has given the town
the following information.

If D equals the number of consecutive days the res-
ervoir of volume V is used as Parchdale’s water supply,
then the total amount of water lost to evaporation after
D days will be

D — 0.7)?
oav(2527)
D

So the volume of water left in the reservoir after it has
been used for D days is

Volume = V — (usage per day) - D — (evaporation)

Parchdale uses about 57,500 cubic feet of water per
day under emergency conditions. The majority of the
council members think that building the reservoir is a
good idea if it will supply the town with water for a week.
Otherwise, they will vote against building the reservoir.

a. Calculate the volume of water the reservoir will hold.
Remember to use significant digits correctly. Express
the answer in scientific notation.

b. Show that the reservoir will supply Parchdale with
water for a full week.

c. How much water per day could Parchdale use if the
proposed reservoir had to supply the city with water
for ten days?
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Reach for Success
EXTENSION OF ANALYZING YOUR TIME

Now that you've analyzed a day, let’s move on to take a look at a typical week. Fill in the chart below to account for
every hour of every day. To simplify the process, you can use the following abbreviations:

W (work time including commute), S (sleeping), P (preparing for work; preparing meals, eating, exercising), C (class
time including commute), F (time with family and friends), ST (study time), and E (entertainment)

Remember, there are no right or wrong answers. This information is to give you a complete picture of how you are
spending your time in a typical week.

SUNDAY

MONDAY TUESDAY | WEDNESDAY | THURSDAY FRIDAY SATURDAY

6:00-7:00
7:00-8:00
8:00-9:00
9:00-10:00
10:00-11:00
11:00-Noon
Noon-1:00
1:00-2:00
2:00-3:00
3:00-4:00
4:00-5:00
5:00-6:00
6:00-7:00
7:00-8:00
8:00-9:00
9:00-10:00
10:00-11:00
11:00-12:00
12:00-1:00
1:00-2:00
2:00-3:00
3:00-4:00
4:00-5:00
5:00-6:00

78

After reviewing your weekly schedule, do you have enough time to meet the “rule of thumb” of studying at least
2 hours per week for every 1hour you are in class? If yes, congratulations!

If not, is it possible for you to find the additional hours to help you be successful in this and all your other classes?

Are you able/willing to adjust your schedule to find this time? Explain your answer.
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Review

79

SECTION1.1

DEFINITIONS AND CONCEPTS

EXAMPLES

A set is a collection of objects.

Natural numbers:
{1,2,3,4,5,..}
Whole numbers:
{0,1,2,3,4,5,...}
Integers:
{...=3,-2,-1,0,1,2,3,.. .}
Even integers:
{...,—6,-4,-2,0,2,4,6,...}
Odd integers:
{...=5-3,-1L135,..}
Prime numbers:
{2,3,5,7,11,13,.. .}
Composite numbers:
{4,6,8,9,10,12,.. .}

Rational numbers: numbers that can be written as

{ a
b
Irrational numbers: numbers that can be written as nonterminating,
nonrepeating decimals

aand b are integers and b # 0}

Real numbers: numbers that can be written as decimals

Which numbers in the set

2
{—5,0,5, 1.75,\/49, 6} are

a. natural numbers, b. whole numbers, c. integers,
d. rational numbers, e. irrational numbers,

f. real numbers, g. prime numbers, h. composite
numbers, i. even integers, j. odd integers?

a. V49,6 (\/43 is a natural number since \/49 = 7)
b. 0,1/49.6
c. —5,0,\/49.6

2
d. -5.0.%. 175,49, 6

e. T
2
f. =502, 1.75,\/49, 7., 6

g V49
h. 6
i 0,6

jo —5.V49
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80 CHAPTER1 A Review of Basic Algebra

Graphing: The graph of {x | x < 7} includes all real numbers that are
The following table shows three ways to describe an interval. l(ess th?; 7 as shown in the figure below. This is the interval
—».7).
Set Interval -~
Notation Graph Notation 7
— a1
(x> a} (a. ) The graph of {x | x = —5} includes all re.al numl?ers that
aE are greater than or equal to —5 as shown in the figure

below. This is the interval [—5, ).

{xlx<a} —— (==,a) — —

a
-5
{xlx=a} — [a, ) The set {x | 0 < x = 9} includes all real numbers from 0
@ to 9, including 9, as shown in the figure below. This is the

{x ‘ X = a} ﬁ—» (—Oo,a] interval (O, 9]
a 4—H—>

{xla<x<b} ¢ ) (a,b) 0 9
> b The set {x | =2 < x < 5} includes all real numbers
between —2 and 5, as shown in the figure below. This is
=x < L Y
{rla=x<b} L 7 [2,5) the interval (—2,5).
a b
{x|la<x=0b} - - (a,b] ) _26 95 ’
a b
{x|a=x=b} - - [a,b]
a b
{x|x <aorx> b} 3 ¢ (=,a) U (b, )
a b
Absolute value: Evaluate: —|—26]
{Ifx = 0, then |x| = x. —|=26] = —(26) = —26
If x < 0, then |x| = —x.
REVIEW EXERCISES

List the numbers in {—4, — % 0,1,2, m, 4} that satisfy the given Graph each set on the number line.

condition.
15. {x|x = =2} < | —
1. whole number 0, 1,2, 4 )
2. natural number 1,2, 4 16. {x| 2<x=6} vy —
-2 6

3. rational number —4, f%. 0,1,2,4

4. integer —4.0.1.2.4 17.[-4,1) <—£—%—>
5. irrational number

6. real number —4, *%,(’), 1,2, 7,4 18.(-3,5] 4—7(?_1—>
7. negative number —4, j% 19. {x|x> 2} ‘ E

8. positive number 1,2, 7,4 )

9

. prime number 2 20. (—0, —1) —<t—
-1

10. composite number 4

11. even integer —4,0,2,4 21. (—,0] U (2,%) . ¢
12. odd integer | 0 2
13. Graph the set of prime numbers between 20 and 30. Write each expression without absolute value symbols.
| | | & | | | | | é |
20 21 22 23 24 25 26 27 28 29 30 22. 0] 0 23. [-1] 1
24. —[-5] -5 25. —|6] —6

14. Graph the set of composite numbers between 5 and 13.
| Py | Fy Py ¢ | Py |
5 6 7 8 9 10 11 12 13
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Arithmetic and Properties of Real Numbers

DEFINITIONS AND CONCEPTS

EXAMPLES

Review 81

Adding two real numbers:

With like signs: Add their absolute values and keep the
same sign.

With unlike signs: Subtract their absolute values and keep
the sign of the number with the greater absolute value.

(+1) + (+6) = +7 (-1) +

(=1) + (+6) = +5

(—=6)

(+1) + (=6)

=-5

Subtracting two real numbers:

—8—2=-8+(-2)

To subtract 2, add —2.

2. Perform all additions and subtractions, working from
left to right.

3. Because a fraction bar is a grouping symbol, simplify
the numerator and the denominator separately and
then simplify the fraction, whenever possible.

When all grouping symbols have been removed, repeat
the rules above to finish the calculation.

x — yis equivalent to x + (—y) =-10

Multiplying and dividing two real numbers:
With like signs: Multiply (or divide) their absolute values. 3(7) =21 -3(=7) =21
The sign is positive. +6 -6

— = +3 — = +3

+2 -2
With unlike signs: Multiply (or divide) their absolute -3(7) = =21 3(-7) = 21
values. The sign is negative. +6 -6

—=-3 —=-3

-2 +2

. . 0
Zero divided by any nonzero number is 0. 5= 0 because (2)(0) = 0.
Division by zero is undefined. — is undefined because no number multiplied by 0 gives 2.
Order of operations without exponents: Simplify:
Use the following steps to perform all calculations within 5(4—7)+5+1=5(=3)+5+1 Do the subtraction within
each pair of grouping symbols, working from the inner- . .
. : parentheses.
most pair to the outermost pair.
=—-15+5+1 Multiply.
1. Perform all multlpllcatlons and divisions, working - 341 Divide.
from left to right.
= -2 Add.

Evaluating algebraic expressions:

To evaluate algebraic expressions, we substitute
numbers for the variables and simplify.

Ifx =2,y = —3,and z = —S5, evaluate:

To evaluate the expression, we substitute 2 for x, —3 for y, and —5 for z and

xy — 3z
y(z + x)
simplify.
xy —3z  2(=3) — 3(-5)
yiz+x)  =3(-5+2)
_—6+15
-3(-3)
_2
9
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82 CHAPTER1 A Review of Basic Algebra

Commutative properties of addition and multiplication:

at+tb=b+a The commutative property of addition justifies the statement x + 3 = 3 + x.
ab = ba The commutative property of multiplication justifies the statement
x+3=3-x

Associative properties of addition and multiplication:

(a+b)+c=a+ (b+c) The associative property of addition justifies the statement
(x+3)+4=x+ (3+4).

(ab)c = a(bc) The associative property of multiplication justifies the statement
(x+3)-4 =x-(3-4).

Distributive property of multiplication over addition: o o
The distributive property justifies the statement

a(b + ¢) = ab + ac 7(2x — 8) = 7(2x) — 7(8) = 14x — 56

Additive and multiplicative identities:
a+0=0+a=a (Additive identity is 0.) 5+0=0+5=5
a*1=1-a=a (Multiplicative identity is 1.) 5:1=1-5=5

Additive and multiplicative inverses:

a+ (—a) =0 (a, —a are additive inverses.) The additive inverse of —2 is 2 because —2 + 2 = 0.
Ifa # 0O, then
1 1 1 s 1 1
a\,)=,%= I (@, , e multiplicative The multiplicative inverse (reciprocal) of —2 is —5 because —2 (—5) =1.

inverses or reciprocals.)

Double negative rule:

—(-a)=a —(=17) =17
Measures of central tendency: Given the values 725, 650, 800, 500, and 725, find the
The mean of several values is the sum of those values a. mean

divided by the number of values.
725 + 650 + 800 + 500 + 725

sum of the values 5 = 680
Mean = ———
number of values
The median of several values is the middle value. To find b. median
the median, .. .
725 because it is the middle value
1. Arrange the values in increasing order.
2. If there is an odd number of values, choose the middle
value.
3. If there is an even number of values, find the mean of
the middle two values.
The mode of several values is the value that occurs most c. mode
often.
725 because it occurs more often than any other value
REVIEW EXERCISES
—-16 -25

Perform the operations and simplify when possible. 42. 1 4 43. = 5
26.3 + (+5) 8 27.17 + (+5) 22 44.4(-3) 12 45. —3(8) —24
28. —15 + (—13) —28 29. —9 + (—18) —27 -8 12
30. 2+5 3 3.3+ (—12) 9 46.—- 4 .3
3.8+ (-3) 5 383. 11+ (—15) —4 Simplify each expression.
34. 25+ 12 —13 35. -30+35 5 8 —4(3—6) D 9. 50 5 -
36. —3—10 —13 37.-7-8 —15 40'745 726) ; ( 4‘3[ ;(;;} = 0
38.27 — (—12) 39 39.38 — (—15) 53 3 ‘;[ ; (6=4)] 0 St [;2 +8( -l o
40. (—3)(—=7) 21 41. (—6)(—=7) 42 52. -1 5., ————

(=3)(=7) (=6)(=7) it T
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Consider the numbers 14,12,13, 14,15, 20, 15, 17,19, 15.
54. Find the mean. 154

55. Find the median. 15

56. Find the mode. 15

57. Can the mean, median, and mode of a group of numbers
be the same? yes

Evaluate whena = 5,b = =2, c= —3,andd = 2.

58 3a — 2b _Q 59 3b+2d 2
: cd 6 ' ac 15
ab + cd 4 ac — bd 11
60.— —— 6. — —
c(b —d) 3 ald+¢) 5

DEFINITIONS AND CONCEPTS

SECTION1.3

EXAMPLES

83

Review

Determine which property justifies each statement.
62.3(4 +2) =3-4+3-2 distrib. prop.

63.3+ (x+7)=(x+7)+3 comm.prop. of add.
64.3 + (x+7)=(3+x)+ 7 assoc. prop. of add.
65. —4 + 0 = —4 add. identity prop.

66.
67.
68.
69.

3+ (—3) =0 add. inverse prop.
4(—3) = (—3)4 comm. prop. of mult.
3(xy) = (3x)y assoc. prop. of mult.
5x-1 = 5x mult. identity prop.

70.

1
a (g) =1 (a+#0) mult. inverse prop.

71. —(—x) = x double negative rule

Properties of exponents:

If no variable base is 0,

n factors of x

5 factors of x

Use the following steps to perform all calculations
within each pair of grouping symbols, working from
the innermost pair to the outermost pair.

1. Find the values of any exponential expressions.

2. Perform all multiplications and divisions, working
from left to right.

3. Perform all additions and subtractions, working
from left to right.

4. Because a fraction bar is a grouping symbol, sim-
plify the numerator and the denominator separately
and simplify the fraction, whenever possible.

‘When all grouping symbols have been removed, repeat
the rules above to finish the calculation.

—— —
X' = xexexe--oex X = XexeX X X
Xy = Yt Xexl =TT =y
(xm)n — xmn (x2)7 — x27 — x14
(xy)" = y" () = xy’

no N\ X

(- )5 o
y y y y
=1 (2x)°=1 (x#0)
x—n=l B == (x;&())

X! ¥
)f" 7
?=xm—" x—2=x7_2=x5 (x #0)
- MO
y X X! 4 5 5225

Order of operations:

To simplify 2° — 5(6 — 13) — 82, we first perform the subtraction within the
parentheses.

and then follow the steps in the rules for order of operations.

22 —5(-7) - &

8 — 5(—7) — 64  Evaluate exponential expressions.
=8 + 35 — 64 Perform the multiplication.
=43 — 64 Perform addition/subtraction left to right.
=21
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84  CHAPTER1 A Review of Basic Algebra

REVIEW EXERCISES S .
1 1
Simplify each expression and write all answers without negative 90. % — 91. % -
exponents. a_3 @ @ 5 “
y_ 1 A
72.5% 625 73. -3° —243 2.5 7 B
74. (-4 64 75. -5 I o
76. (3x*) (-2  —6x" 77. (—)(3¢%) 3+ M. o 9. 5 ¥
8. Ty 10 L 127 L
78. xx , X . .y 4y . y » Simplify each expression and write all answers without
80. (3x%)* 27« 81. (4x*)* 256x negative exponents.
82. (—2¢) 32" 83. —(—3x)° 243:" 5 s
-5 —4\-5 20 96. (—3a’b*)™* L 97 s B
84. (x2) F % 85. (x ) X B * a 81a'2t . 5y_3 125
_Ay5)2 Y AaL—6\—4 X
86. (6 a7 87. (123" ) 98. 4> — 3(2) + 5° 99. =22 — 4(5) — 3(7 - 12)
8s. = 80. 193 Y
X
SECTION 1.4
DEFINITIONS AND CONCEPTS EXAMPLES
Scientific notation: To write 352,000 in scientific notation, we note that 3.52 is between 1 and 10.
N X 10", where 1 = |N| < 10 and n is an integer. To obtain 352,000, the decimal point in 3.52 must be moved five places to the
right. We can do this by multiplying 3.52 by 10°.
352,000 = 3.52 X 10°
\AANL
To write 0.0001593 in scientific notation, we note that 1.593 is between 1
and 10. To obtain 0.0001593, the decimal point in 1.593 must be moved four
places to the left. We can do this by multiplying 1.593 by 10,
0.0001593 = 1.593 x 107*
| VO
Significant digits:
If a number M is written in scientific notation as There are two significant digits in 23,000 and four significant digits in
N X 10", where | = [N| < 10 and n is an integer, the | 126,200. The product (23,000)(126,200) = 2.9026 X 10° should be rounded
number of significant digits in M is the same as the to two significant digits: 2.9 X 10°
number of digits in N.
REVIEW EXERCISES
Write each numeral in scientific notation. 103.83 X 10™°  0.0000000083
100.19,300,000,000 1.93 x 10" 104. Water usage Each person in the United States uses
101. 0.0000000273 2.73 X 108 approximately 1,640 gallons of water per day. If the popula-
. ) . tion of the United States is 306 million, how many gallons
Write each numeral in standard notation. of water are used each day? 5.02 X 10'" gallons
102.8.4 X 10° 8,400,000
SECTION 1.5
DEFINITIONS AND CONCEPTS EXAMPLES
If a and b are real numbers and a = b, then If a = b, then
atc=b+c a—c=b-c at3=b+3 a—5=b-5
b b
ac =bc (c#0) =2 (c#0) 4a = 4b a_?
c ¢ 77

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.




Solving linear equations:

1. If the equation contains fractions, multiply both
sides of the equation by a number that will clear
the denominators. (This is referred to as “clearing
the fractions.”)

2. Use the distributive property to remove all sets of
parentheses and combine like terms.

3. Use the addition and subtraction properties to
group all variables on one side of the equation and
all numbers on the other side. Combine like terms,
if necessary.

4. Use the multiplication and division properties to
make the coefficient of the variable equal to 1.

5. Check the result.

Review 85

To solve ; I_x= % — x + 2, we first clear the fractions by multiplying

both sides by 5 and then proceed as follows:

(57 ) =557 2)

x—2—-—5%=8—5x+ 10

Use the distributive property to
remove parentheses.

—4x — 2 =18 — 5x Combine like terms.

20 Add 5x and 2 to both sides.

X

Show that 20 satisfies the equation.

An identity is an equation that is satisfied by every
number x for which both sides of the equation are
defined. The solution of an identity is the set of all
real numbers and is denoted by R.

A contradiction is an equation that has no solution.
Its solution set is the empty set, .

Show that the equation is an identity:
—5(2x +3) + 8x — 9 = 6x — 8(x + 3)
—10x — 15+ 8x — 9 = 6x — 8x — 24  Use the distributive prop-
erty to remove parentheses.

—2x — 24 = —-2x — 24 Combine like terms.

Since the left side of the equation is the same as the right side, every number x
will satisfy the equation. The equation is an identity and its solution set is all
real numbers, R.

Show that the equation is a contradiction:
5(2x +3) — 8 — 9 =8x — 6(x + 3)
10x + 15 —8x — 9 =8x — 6x — 18  Use the distributive prop-
erty to remove parentheses.
2x + 6 = 2x — 18

6=—18

Combine like terms.
Subtract 2x from both sides.
Because 6 = —18 is a false statement, there is no number that will satisfy

the equation. Therefore, it is a contradiction and the solution set is the empty

set, .

To solve a formula for an indicated variable means to
isolate that variable on one side of the equation.

To solve ax + by = c fory, we proceed as follows:

ax + by =c
by = ¢ — ax  Subtract ax from both sides.
by ¢—ax . .
— = Divide both sides by b.
b b
p— C‘ — ax —
y=—7 =1

REVIEW EXERCISES

Solve each equation.

113. 0.07a = 0.10 — 0.04(a — 3) 2
14. 0.12x + 0.06(50,000 — 2x) = 3,000 R

105.7x +30 =2 4 106. —5x — 8 = 17
107.4(y — 1) =28 8 108. 6(x +2) = —36
109.13(x —9) —2=7x —5 19

8(x — 5
110.¥=2(x—4) 8

3y y 2y 4y
M ——13=-= 12 1M2.—+5=—

4 3 3 5 > 10 “

Solve for the indicated quantity.

4 . 3V
M.V =~ariforr® ="
-8 3 4ar
1, 3V
M6.V = —mar‘hforh h=-—;
3 mre
1 6v 6v — aby
M7.v = —ab(x + y) for x r=— —yorx=—"
6 ab ab
h 1% h
8.V = 7Th2(r - 7) forr r=— !
3 wh® 3
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86 CHAPTER1 A Review of Basic Algebra

Using Linear Equations to Solve Applications

DEFINITIONS AND CONCEPTS

EXAMPLES

To solve applications, use the following strategy:

1. Analyze the problem and identify a variable by
asking yourself “What am I asked to find”? Choose
a variable to represent the quantity to be found and
then express all other unknown quantities in the
problem as expressions involving that variable.

2. Form an equation by expressing a quantity in
two different ways. This may require reading the
problem several times to understand the given facts.
What information is given? Is there a formula that
applies to this situation? Often a sketch, chart, or
diagram will help you visualize the facts of the
problem.

3. Solve the equation found in Step 2.

4. State the conclusion including proper units.

5. Check the result to be certain it satisfies the given
conditions.

A home theater system is on sale for $966. If the list price was $1,288, find the
percent of markdown.

Analyze the problem. We must find the percent of markdown, so we let p
represent the percent of markdown, expressed as a decimal. $966 is the sale
price and $1,288 is the regular price.

Form an equation. The amount of the markdown is found by multiplying
the regular price by the percent of markdown. If we subtract this amount
from the regular price, we will have the sale price. This can be expressed as
the equation

Sale price  equals  regular price minus  markdown.
966 = 1,288 - p+17288
Solve the equation.
966 = 1,288 — p+ 1,288  This is the equation to solve.
—322 = —1,288p Subtract 1,288 from both sides.
025 =r Divide both sides by —1,288.
State the conclusion. The theater system has been marked down 25%.

Check the result. A markdown of 25% from $1,288 is $322. The sale price is
$1,288 — $322 or $966.

REVIEW EXERCISES

should he cut the board? 5 ft from one end
120. Geometry A rectangle is 8 meters longer than it is

area. 209 m’

More Applications of

DEFINITIONS AND CONCEPTS

119. Carpentry A carpenter wants to cut a 20-foot rafter so 121. Balancing a seesaw  Sue weighs 48 pounds, and her father
that one piece is three times as long as the other. Where weighs 180 pounds. If Sue sits on one end of a 20-foot-long

seesaw with the fulcrum in the middle, how far from thg
fulcrum should her father sit to balance the seesaw? 2% ft

wide. If the perimeter of the rectangle is 60 meters, find its

Linear Equations in One Variable

EXAMPLES

Use the strategy given in the Section 1.6 review to solve
applications.
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A car leaves Dallas traveling toward Austin at the rate of 65 mph. At the same
time, another car leaves Austin traveling toward Dallas at the rate of 55 mph.
How long will it take them to meet if the cities are 192 miles apart?

Analyze the problem. We must find the time it takes for the two cars to
meet, so we will let 7 represent the time in hours.

Form an equation. 'We will use the formula d = rt. We know that one car
is traveling at 65 mph and that the other is going 55 mph. We also know that
they travel for the same amount of time, 7 hours. Thus, the distance that the
faster car travels is 657 miles, and the distance that the slower car travels is
55t miles. The sum of these distances must be 192 miles.

We can form the equation

65t + 55t = 192

or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).




Test 87

Solve the equation.

65t + 55t = 192  This is the equation to solve.
120t = 192 Combine like terms.
t = 1.6  Divide both sides by 120.
State the conclusion. The two cars will meet in 1.6 hours or 1 hour
36 minutes.

Check the result. The faster car travels 1.6(65) = 104 miles. The slower
car travels 1.6(55) = 88 miles. The total distance traveled is 192 miles.

REVIEW EXERCISES

122. Investment Sally has $25,000 to invest. She invests some ~ 124. Motion A car and a motorcycle both leave from the same

money at 10% interest and the rest at 9%. If her total annual point and travel in the same direction. (See the illustra-
income from these two investments is $2,430, how much tion.) The car travels at an average rate of 55 mph and the
does she invest at each rate? motorcycle at an average rate of 40 mph. How long will it
$18,000 at 10%, $7,000 at 9% take before the vehicles are 5 miles apart? % hr

123. Mixing solutions How much water must be added to
25 liters of a 14% alcohol solution to dilute it to a 10%
solution? 10 liters

LetA = {—2, 0,1, g, 2, \ﬁ, 5}. Perform the operations.
1. What numbers in A are natural numbers? 1, 2.5 M7+ (-5 2 12. =5(—4) 20
2. What numbers in A are irrational numbers? \/7 12 —15
13.?3 —4 14. —4—T 1
Graph each set on the number line.
3. The set of odd integers between —4 and 6 Consider the numbers 2,0, =2,2,3, =1, =1,1,1, 2.
_"1 _é _'2 _51 (') f é § "l g é 15. Find the mean. 16. Find the median.

4. The set of prime numbers less than 12 0.3 0.3

L1 ¢ ¢ 1 ¢ 1 4 1 1 1 4 | Leta = 2, b = =3, and c = 4 and evaluate each expression.
o 1 2 3 4 5 6 7 8 9 10 11 12
) 17.ab —6 18.a+ bc —10
Graph each set on the number line. 3p 4 q
5.{x|x>4} E 19.ab — bc 6 zo.m 1
4
6.[—3,0) <« f— Determine which property of real numbers justifies each statement.
-3 2.3+ 5=5+3 comm. prop. of add.
- ) o
7.2 =x <4} i) 4 22.a(b + c¢) = ab + ac distrib. prop.
] L
8. (—, 1] U [2,%) _; 2‘ Simplify. Write all answers without using negative exponents.
Assume that no denominators are zero.
Write each expression without using absolute value symbols. 23 S o8 24, (2% 8%y
9. —|8] -8 10. |-5| 5 2.3\ -2 4
—4y2 m-n m-
25. (m™*) . 26. <m4n_2) 10
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88  CHAPTER1 A Review of Basic Algebra

Write each numeral in scientific notation. y—1 2y — 3
33. +2= 6
27. 4,700,000 4.7 X 10° 5
28. 000000023 23X 1077 34. 400 + 15)C = 05(200 + 3)6) @

P - 1)

s

s
Write in standard notation. 35. Solve P =L + yifori. i=

36. Geometry A rectangle has a perimeter of 26 centimeters and

29. 6.53 X 10° 653,000 . . B 2
’ is 5 centimeters longer than it is wide. Find its area. 36 cm”

Simplify. 37. Investing Jamie invests part of $10,000 at 9% annual inter-

30. -3 — 12+ 6— (—4)* 2 est and the rest at 8%. If his annual income from these invest-
ments is $860, how much does he invest at 8%? $4.,000

Solve each equation. 38. Mixing solutions How many liters of water are needed to

dilute 20 liters of a 5% salt solution to a 1% salt solution?

3.9(x +4) +4=4(x—-5) —12 80 liters

2y+3+3y—4_y—2
3 6 2

32. -2
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Graphs, Equations of Lines,
ind Functions

Careers and Mathematics

ATMOSPHERIC SCIENTISTS,

INCLUDING METEOROLOGISTS REACH FOR SUCCESS
2.1 Graphing Linear Equations
2.2 Slope of a Line

Atmospheric science is the study of the atmosphere—the 2.3 Writing Equations of Lines

blanket of air covering the Earth. Atmospheric scientists, 2.4

including meteorologists, study the atmosphere’s physical 2'5 Graphine Other F .

characteristics, motions, and processes. The best-known ° ra_p ing Other Functions

application of this knowledge is in forecasting the weather. W Projects

A bachelor’s degree in meteorology, which generally REACH FOR SUCCESS EXTENSION

includes advanced courses in mathematics, CHAPTER REVIEW

Introduction to Functions

is usually the minimum CHAPTER TEST
educ.atlonal CUMULATIVE REVIEW
requirement for an
entry-level position
in the field.

In this chapter

It is often said that “A picture is worth a
thousand words.” In this chapter, we will
show how numerical relationships can
be described by using mathematical
pictures called graphs.

89
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ReﬂCh_fO ¥ Success Reading This Mathematics Textbook

You might be asking yourself, “Who reads their math book any-
way?” The better question might be, “Why should | read it?” or

“How do | read it?” Why is easy to answer . .. to improve under-
standing and, thus, your grade! How is not as easy to answer. It

takes practice.

Get acquainted with some of the features of this textbook.

W
S L

EBRA.

Turn to the first page of Section 2.2 in this chapter.
On which page did you find this?

Note that the objectives are provided at the beginning of
: each section. Why do you think these are listed?

Note the vocabulary list at the beginning of each section.
Where might you find the definitions?

. 2

: What is the purpose of the self-check exercises that
- directly follow each section’s worked-out examples?

A mathematics textbook is structured differently than
texts in other subjects. Usually, each chapter is divided
into 5 to 7 sections, consisting of 6 to 10 pages each. Thus,
you only need to study a few pages at a time. Can you see
an advantage to this structure?

One advantage to fewer pages is that you can study a

: smaller “chunk” of mathematics at a time. Use your syl-

. labus (or ask your instructor) to identify which objectives
: are covered in each section for your course.

Which objectives are you responsible for learning in the
: second section of this chapter?

Did you know that the answers to the odd-numbered
: exercises are in the back of the book?
: Why could this be important to you?

What is the purpose of the
glossary?

When would you use it?

What is the purpose of the
index?

When would you use it?

90

A Successful Study Strateqy . .

“%@ Read each textbook section prior to the classroom discussion. Even having an idea of the
topic for the day will better prepare you for learning.

At the end of the chapter you will find an additional exercise to help guide you to
planning for a successful semester.
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Graphing Linear Equations

Section

2.1

Graphing Linear Equations

€D Plot an ordered pair on a coordinate plane and identify the coordinates
of a point plotted on a coordinate plane.
§ @) Graph a linear equation in two variables by plotting points.
'-E €) dentify the x-intercept and y-intercept given a linear equation
Q and use them to graph the line.
el ) Graph a horizontal line and a vertical line.
B Apply the skills of graphing to model applications.
3 Find the midpoint of a line segment.
> rectangular coordinate system  quadrants y-intercept
E perpendicular x-coordinate x-intercept
= | xaxis y-coordinate intercept method
‘g y-axis graph vertical line
g origin ordered pair horizontal line
= coordinate plane linear equation midpoint
S, Graph each set of numbers on the number line.
ISl 1. (-2.1.3}) 2. {x|lx> -2}
)
(a4 TR N R N S R S e
S 3 2 -1 0 1 2 3 4 -2
o=
il 3. {xlx=3} 4. {x|-3<x<2}
O 3 -3 2

Many cities are laid out on a rectangular grid. For example, on the east side of Rockford,
all streets run north and south and all avenues run east and west. (See Figure 2-1 on the
next page.) If we agree to list the street numbers first, every location can be identified
by using an ordered pair of numbers. Jose lives on the corner of Third Street and Sixth
Avenue, so his location is given by the ordered pair (3, 6).

This is the street.
1l
(3,6)

This is the avenue.

Lisa has a location of (6, 3). We know that she lives on the corner of Sixth Street and Third
Avenue. From the figure, we can see that

» Bob’s location is (4, 1).
» Rosa’s location is (7, 5).
* The location of the store is (8, 2).
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92 CHAPTER2 Graphs, Equations of Lines, and Functions

The first attempt to locate points by
using coordinates appeared in the
work of Nicole Oresme (1323-1382).

Teaching Tip

René Descartes

1596-1650

Descartes is famous for his

work in philosophy as well as in
mathematics. His philosophy is
expressed in the words “I think,
therefore | am.” He is best known
in mathematics for his invention
of a coordinate system and his
work with conic sections.

Teaching Tip

The word coordinate was introduced
by Gottfried Wilhelm Leibniz
(1646-1716).

Seventh Ave.
Sixth Ave. Jose
||
. Rosa
Fifth Ave.
[ |
Fourth Ave. .
Lisa
Third Ave. u
Store
Second Ave. |
Bob
First Ave. u
N
5 s & 3 5 5 g =z &
2] = wn = =
s - ; 2 5 5 2 5 L, @2
2z = 7B
Figure 2-1

The idea of associating an ordered pair of numbers with points on a grid is attributed
to the 17th-century French mathematician René Descartes. The grid often is called a rect-
angular coordinate system, or Cartesian coordinate system, after its inventor.

Plot an ordered pair on a coordinate plane and identify the
coordinates of a point plotted on a coordinate plane.
A rectangular coordinate system (see Figure 2-2) is formed by two intersecting perpen-
dicular (meeting at right angles) number lines.
* The horizontal number line usually is called the x-axis.
e The vertical number line usually is called the y-axis.
The positive direction on the x-axis is to the right, and the positive direction on the y-axis is
upward. If no scale is indicated on the axes, we assume that the axes are scaled in units of 1.
The point where the axes cross is called the origin. The coordinates of the origin are

(0, 0). The two axes form a coordinate plane and divide it into four regions called quad-
rants, which are numbered as in Figure 2-2.

y

Quadrant IT Quadrant I

Origin

—_— N W A

—5—4—3—2—11 1 2 3 45

-2
-3
Quadrant IIT Quadrant IV
4
Figure 2-2

Every point in a coordinate plane can be identified by a pair of real numbers x and y,
written as (x, y). The first number in the pair is the x-coordinate, and the second number
is the y-coordinate. The numbers are called the coordinates of the point.

(—4,6)
The x-coordinate J /I\— The y-coordinate
is listed first. is listed second.

Unless otherwise noted, all content on this page is © Cengage Learning.

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



COMMENT Note that
(—4,6) and (2, 3) could define
intervals or points depending
on the context.

Teaching Tip

Use a projector to view a grid on
the chalkboard or white board. It is
surprisingly visible.

EXAMPLE 1

21 Graphing Linear Equations 93

The process of locating a point in the coordinate plane is called graphing or plotting
the point. In Figure 2-3(a), we show how to graph the point Q with coordinates of (—4,6).
Since the x-coordinate is negative, we start at the origin and move 4 units to the left along
the x-axis. Since the y-coordinate is positive, we then move up 6 units to locate point Q.
Point Q is the graph of the point with coordinates (—4, 6) and lies in quadrant II.

To plot the point P(2,3), we start at the origin, move 2 units to the right along the
x-axis, and then move up 3 units to locate point P. Point P lies in quadrant I. To plot point
R(6, —4), we start at the origin and move 6 units to the right and then 4 units down. Point
R lies in quadrant I'V.

y y

J2(4,6)

h

L ©,3)

P(2,3)
°

— N W Rk

) ©0.0) (@0

4 32-1,| 123 4°5

i)

¥ 0, -5)

—4 RG. _4)0 I
@) (b)

Figure 2-3

COMMENT Note that point Q with coordinates of (—4,6) is not the same as point R
with coordinates (6, —4). Since the order of the coordinates of a point is important, we
call the pairs ordered pairs.

In Figure 2-3(b), we see that the points (—5,0), (0,0), and (4,0) all lie on the x-axis.
In fact, every point with a y-coordinate of 0 will lie on the x-axis. We also see that the points
(0,—5), (0,0), and (0, 3) all lie on the y-axis. In fact, every point with an x-coordinate of
0 will lie on the y-axis.

HURRICANES The map shown in Figure 2-4 shows the path of a hurricane that is
currently located at 85° longitude and 25° latitude. If we agree to list longitude first, the
location of the hurricane is given by the ordered pair (85,25). Use the map to answer
the following questions.

a. What are the coordinates of New Orleans?

b. What are the estimated coordinates of Houston?

c. What are the estimated coordinates of the landfall of the hurricane?

95° 90° 85°  80° 75°

avannah

30° New Orlg |
Houston |~ ]
ot |
g 25° | Gulfof EEOENE
Z SN
3 20° Tampico k?
<| Y

N
SS
~o

Caribbean Sea

Veracruz
15° \/lé

Figure 2-4

Longitude
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CHAPTER 2 Graphs, Equations of Lines, and Functions

Solution

SELF CHECK 1

a. Since New Orleans is at 90° longitude and 30° latitude, its coordinates are (90, 30).

b. Since Houston has a longitude that is a little more than 95° and a latitude that is a
little less than 30°, its estimated coordinates are (96, 29).

c. The hurricane appears to be headed for the point with coordinates of (83,29).

What are the approximate coordinates of Veracruz? (97, 19)

J

EXAMPLE 2

Solution

SELF CHECK 2

Many times we want to show a graphical representation of an algebraic equation. We
will do this first by plotting points.

Graph a linear equation in two variables by plotting points.

The equation y = — % x + 4 contains the two variables x and y. The solutions of this
equation form a set of ordered pairs of real numbers. For example, the ordered pair (—4, 6)
is a solution, because the equation is satisfied when x = —4 and y = 6.
! + 4
= ——x
YT
1 :
6 = —5(—4) + 4 Substitute —4 for x and 6 for y.
6=2+4
6=06

This pair and some others that satisfy the equation are listed in the table shown in Figure 2-5.
The graph of the equationy = — % x + 41is the graph of all points (x, y) on the rectan-
gular coordinate system whose coordinates satisfy the equation.

Graph: y = —%x +4

To graph the equation, we plot the ordered
pairs listed in the table shown in Figure 2-5.
These points appear to lie on a line, as shown
in Figure 2-6. This line is the graph of the
equation. Note that we write the equation of the
line next to the graphed line.

When we say that the graph of an equation
is a line, we imply two things: x

0,4)
(2,3)
(4.2)

1. Every point with coordinates that satisfy the
equation will lie on the line.

2. Any point on the line will have coordinates

Fi 2-6
that satisfy the equation. 'gure

Graph: y=2x—3

J

When the graph of an equation is a line, we call the equation a linear equation. Linear
equations often are written in the form Ax + By = C, where A, B, and C represent numeri-
cal values (A and B cannot both be zero) and x and y are variables. This form is sometimes
called the general form of the equation of a line.
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EXAMPLE 3

Solution

SELF CHECK 3

21 Graphing Linear Equations 95

Graph: 3x + 2y = 12
We can select values for either x or y, substitute them into the equation, and solve for the
other variable. For example, if x = 2,
3x + 2y =12
3(2) + 2y = 12 Substitute 2 for x.
6 + 2y = 12  Simplify.
2y = 6  Subtract 6 from both sides.
y=3 Divide both sides by 2.
The ordered pair (2, 3) satisfies the equation. If y = 6,

3x + 2y =12
3x +2(6) = 12 Substitute 6 for y.
3x + 12 =12 Simplify.
3x =0  Subtract 12 from both sides.
x=0 Divide both sides by 3.
A second ordered pair that satisfies the equation is (0, 6).

These pairs and others that satisfy the equation lie on a line, as shown in Figure 2-7.
The graph of the equation is the line shown in the figure.

- y

=2,9)

3x+2y =12 (0, 6)

x|y | (xy) EF =12

-2 9/(-2,9)

0| 6/(0,6)

21 3((2,3)

4| 01(4,0)

6 _3 (6, _3) X

4,0
6.-3)\,

Figure 2-7

Graph: 3x — 2y =6

INTERCEPTS OF A LINE

Identify the x-intercept and y-intercept given a linear equation
and use them to graph the line.
In Example 3, the graph intersects the y-axis at the point with coordinates (0, 6), called

the y-intercept, and intersects the x-axis at the point with coordinates (4,0), called the
x-intercept. In general, we have the following definitions.

The y-intercept of a line is the point (0, ») where the line intersects the y-axis. To find
the value of b, substitute O for x in the equation of the line and solve for y.

The x-intercept of a line is the point (@, 0) where the line intersects the x-axis. To find
the value of a, substitute O for y in the equation of the line and solve for x.
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EXAMPLE 4

Solution

SELF CHECK 4  Use the x- and y-intercepts to graph 3x — y = —4.

CHAPTER 2 Graphs, Equations of Lines, and Functions

Any two points will determine the graph of a line. However, many times we are asked to
graph using the x- and y-intercepts as the two points. The method of graphing a line using
the intercepts is called the intercept method.

Use the x- and y-intercepts to graph 2x + 5y = 10.

To find the y-intercept, we substitute O for x and solve for y:

2x + 5y = 10
2(0) + 5y = 10 Substitute 0 for x.
S5y = 10  Simplify.
y=2 Divide both sides by 5.

The y-intercept is the point (0, 2).
To find the x-intercept, we substitute O for y and solve for x:

2x + 5y =10
2x + 5(0) = 10  Substitute O for y.
2x = 10  Simplify.
x=135 Divide both sides by 2.

The x-intercept is the point (5,0).

Although the intercepts are sufficient to graph this line, we plot a third point as a
check. To find the coordinates of a third point, we can substitute any convenient number

for x or y and solve for the other variable. If we let x = —5, we will obtain
2x + 5y =10
2(=5) + 5y = 10  Substitute —5 for x.
—10 + 5y = 10  Simplify.
5y =20 Add 10 to both sides.
y =4  Divide both sides by 5.

The line also will pass through the point (—5,4).
A table of ordered pairs and the graph are shown in Figure 2-8.

(=5.4)
2 + 5y = 10 \
x ‘J" (x,y) 0.2 2x+5y=10
—5(4|(-5,4)
0]2](0,2) o X
510/(5,0) (5,0)

y

Figure 2-8
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21 Graphing Linear Equations 97

Accent If an equation in x and y is solved for y, we can use a graphing calculator to generate a table
on tech nology of solutions. The instructions in this discussion are for a TI-84 graphing calculator.
To construct a table of solutions for 2x + 5y = 10, we first solve for y.

» Generating Tables
of Solutions 2x + 5y = 10

S5y = —2x + 10 Subtract 2x from both sides.

2
y = — gx + 2 Divide both sides by 5 and simplify.

To enter y = —%x + 2, we press Y= and enter (<) (2+5)x%, T, 06, n(x) + 2, as
shown in Figure 2-9(a).

To enter the x-values that are to appear in the table, we press 2ND WINDOW
(TBLSET) and enter the first value for x on the line labeled TblStart=. In Figure 2-9(b),
—5 has been entered on this line. Other values for x that are to appear in the table are
determined by setting an increment value on the line labeled ATbl=. Figure 2-9(b) shows
that an increment of 1 was entered. This means that each x-value in the table will be 1 unit
larger than the previous x-value.

The final step is to press the keys 2ND GRAPH (TABLE). This displays a table of
solutions, as shown in Figure 2-9(c).

Courtesy of Texas Instruments Incorporated

Plot1 Plot2 Plot3 TABLE SETUP X Y1
\Y1E—-(2/5)X + 2 TablStart=—5 =
\Y2 = ATbl=1 56
\Y3 = Indpnt: Ask -3 3.2
\Y4 = Depend: Ask :% Sg
\Y5 = 0 2
\Ye6 = 1 1.6
\Y7 = X=—5

(€)] (b) (©)

Figure 2-9

For instructions regarding the use of a Casio graphing calculator, please see the Casio
Keystroke Guide in the back of the book.

a Graph a horizontal line and a vertical line.

Equations such as y = 3 and x = —2 are linear equations in two variables, because they
can be written in the form Ax + By = C.

y=3 is equivalent to Ox +1y=3
x= -2 is equivalent to Ix + 0y = =2

In the next example, we will discuss how to graph these equations.

EXAMPLED Graph: a. y=3 b.x=—2

Solution a. Since the equation y = 3 does not contain x, the numbers chosen for x have no effect
on y. The value of y is always 3. After plotting the pairs (x, y) shown in Figure 2-10
on the next page, we see that the graph is a horizontal line with a y-intercept of (0, 3).
The line has no x-intercept.
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98 CHAPTER2 Graphs, Equations of Lines, and Functions

SELF CHECK 5

b. Since the equation x = —2 does not contain y, y can be any number. After plotting
the pairs (x, y) shown in Figure 2-10, we see that the graph is a vertical line with an
x-intercept of (—2,0). The line has no y-intercept.

y
(-2,6)e
x=-2
y= x=-2 y=3
* |y| (6y) x|y | (o) (-3.3) 1(0.3) 23) 4,3
-3131(-3,3) —2|-2|(-2,-2) (-2,2)
0(3/(0,3) -2 01](-2,0)
213((2,3) 2| 2](-2,2) 2,0 i
413 (4,3) —2| 6(-2,6)
(=2,-2)¢
Figure 2-10
Graph x = 4 and y = —3 on one set of coordinate axes.

HORIZONTAL AND
VERTICAL LINES

EXAMPLE 6

Solution

The results of Example 5 suggest the following facts.

If a and b are real numbers, then

The graph of x = a is a vertical line with x-intercept at (a, 0). If @ = 0, the line is the
y-axis.

The graph of y = b is a horizontal line with y-intercept at (0, b). If b = 0, the line is
the x-axis.

Apply the skills of graphing to model applications.

GAS MILEAGE The following table gives the number of miles (y) that a bus can travel
on x gallons of gas. Plot the ordered pairs and estimate how far the bus can travel on
9 gallons.

2 3 4 5 6
12 18 24 30 36

Since the distances driven are rather large numbers, we plot the points on a coordinate
system where the unit distance on the y-axis is larger than the unit distance on the
x-axis. After plotting each ordered pair as in Figure 2-11, we see that the points lie on
a line.

To estimate how far the bus can travel on 9 gallons, we find 9 on the x-axis, move

up to the graph, and then move to the left to locate a y-value of 54. Thus, the bus can
travel approximately 54 miles on 9 gallons of gas.
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21 Graphing Linear Equations 929

y
60
ssof A :
£ 40 }
=
é 30 (5, 30) (6, 36) i
= 20| 3,18) (4,24) :
10 (2, 12) i
|
1 23 45 6 7 8 910 !
Gallons of gas used
Figure 2-11
SELF CHECK 6 How far can the bus travel on 10 gallons? 60 miles )

EXAMPLE / DEPRECIATION A copy machine purchased for $6,750 is expected to depreciate
according to the formula y = —950x + 6,750, where y is the value of the copier after
x years. When will the copier have no monetary value?

Solution The copier will have no monetary value when its value (y) is 0. To find x when y = 0,
we substitute O for y and solve for x.

y = —950x + 6,750
0 = —950x + 6,750
—6,750 = —950x Subtract 6,750 from both sides.
7.105263158 =~ x Divide both sides by —950.

The copier will have no monetary value in about 7 years.

SELF CHECK7 When will the copier be worth $2,000? 5 years J

B Find the midpoint of a line segment.

COMMENT Segment To distinguish between the coordinates of two points on Y

PQ can be written as PQ. a line, we often use subscript notation. Point P(x,, y;) is
read as “point P with coordinates of x sub 1 and y sub 1.”
Point Q(x,, y,) is read as “point Q with coordinates of x Aeeztys)
sub 2 and y sub 2.” M(MTW %

If point M in Figure 2-12 lies midway between
points P(x,,y,;) and Q(x,,y,), point M is called the
midpoint of segment PQ. To find the coordinates of M,
we find the mean of the x-coordinates and the mean of PG, 1)
the y-coordinates of P and Q. x

Figure 2-12

DI NI He):IVIFIFY  The midpoint of the line segment with endpoints at P(x;,y,) and Q(x,, y,) is the point

M with coordinates of

(xl + X ¥ +Y2>
) ’
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100 CHAPTER2 Graphs, Equations of Lines, and Functions

EXAMPLE 8 Find the midpoint of the line segment joining P(—2, 3) and Q(7, —5).

Solution To find the midpoint, we find the mean of the x-coordinates and the mean of the
y-coordinates to obtain
x1+x2 —2+7 y1+y2_3+(_5)
2 2 2 2
5 = —1

2
The midpoint of segment PQ is the point M (%, — 1).

SELF CHECK 8 Find the midpoint of the line segment joining P(5, —4) and Q(—3,5). (1 , %)

Accent We have graphed linear equations by finding ordered pairs, plotting points, and drawing
on tech nology a line through those points. Graphing is much easier if we use a graphing calculator.

Graphing calculators have a window to display graphs. To see the complete graph,
we must decide on the minimum and maximum values for the x- and y-coordinates. A
window with standard settings of

» Graphing Lines

Xmin = —10 Xmax = 10 Ymin = —10 Ymax = 10

will produce a graph in which the value of x is in the interval [—10, 10] and y is in the
interval [—10, 10].
To graph 3x + 2y = 12, we must first solve the equation for y.

3x + 2y =12
2y = —3x + 12 Subtract 3x from both sides.

3
y= - Ex + 6 Divide both sides by 2.

To graph the equation, press Y= and enter the right side of the equation. The display
should look like

\Y, = —(32)X + 6

Courtesy of Texas Instruments Incorporated

We then press the GRAPH key to obtain the graph shown in Figure 2-13(a). To show
more detail, we can draw the graph in a different window. A window with settings of
[—1,5] for x and [—2, 7] for y will give the graph shown in Figure 2-13(b).

y=—%x+6

(@) (b)
Figure 2-13

We can use the VALUE command found in the CALC menu on the TI-84 calcula-
tor to find the coordinates of any point on a graph. For example, to find the y-intercept of
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2.1 Graphing Linear Equations 101

the graph of y = —%x + 6, we press 2ND TRACE (CALC) ENTER to obtain Figure
2-14(a). Press 0 and then ENTER to obtain Figure 2-14(b).

Y1=—(3/2)X + 6 Y1=—(3/2)X + 6

X=0 Y=6
@) (b)
Figure 2-14

We can obtain the x-coordinate by using the zero command found in the CALC
menu. We press 2ND TRACE (CALC) 2 (ZERO) to obtain Figure 2-15(a). We then enter
a left-bound guess (a number that lies to the left of the intercept) such as 2, press ENTER,
enter a right-bound guess (a number that lies to the right of the intercept) such as 5, press
ENTER, and press ENTER again to obtain Figure 2-15(b). From the figure, we see that
the x-intercept is the point (4, 0).

Y1=—(3/2)X +6

Left Bound? Zero
X=0 Y=6 X=4 Y=0
(a) (b)
Figure 2-15

For instructions regarding the use of a Casio graphing calculator, please see the Casio
Keystroke Guide in the back of the book.

SELF CHECK 1.07,19) 2 ) 3, y a. y

ANSWERS A

(0, 4)
X X
[=2x3 / (_%’0)/

/ /3_1(—2}':6 / *

5. y 6.60 miles 7.5 years 8.(1,3)

y=-3
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102 CHAPTER2 Graphs, Equations of Lines, and Functions

To the Instructor NOW TRY THIS

1applies the skill of finding the

midpoint to a new situation. 1. Find the center of the circle with endpoints of its diameter at (—5,2) and (—9, —7). (—7, — %)
2 transitions the work from specific 2. Find the midpoint of the line segment joining the points with coordinates
numbers to variables. a. (p—2,p)and (4 — p,5p —2). (1.3p— 1)

b. (p+5,3p — 1)and (6p,p +9). (252 + 4)

2.1

WARM-UPS Given x = 2, find the value of y for each equation. 28. The midpoint of a line segment joining (a, b) and (c, d) is
. a+c b+d
1L -2x—dy=12 -4 2.3x—5y=—4 2 given by the formula (* " )
3.y = éx -3 2 4.y = —ix +6 3 GUIDED PRACTICE Plot each point on the rectangular
2 2 coordinate system. (OBJECTIVE 1)
5.y =3 3 6.y =7 7
7.8y =12 5 8. —10y =5 — 29. A(4,3)
30. B(—2,1) >
REVIEW 31. C(3, -2) £
A
9. Evaluate: —5 — 2(—7) 9 32. D(-2,-3) i i ?
10. Evaluate: (—=7)> + (—=7) 42 33. £(0,5) Fo? T .
. . —3+502) 34. F(—4,0) G
1. Simplify: 915 35. G(2,0) D, oC
12. Simplify: | -7 — 5| 12 36. H(0.3)
13. Solve: —3x+5=26 -7 Give the coordinates of each point. SEE EXAMPLE 1. (OBJECTIVE 1)
14. Solve P = 2s + [fors. s = PTil 37.4 (2.4)
. 38.B (-5.5) . "
VOCABULARY AND CONCEPTS Fill in the blanks. 39.C (—2.-1) B oA
15. The pair of numbers (6, —2) is called an ordered pair. 40.D (4, —4)
16. In the ordered pair (—5,7), —5 is called the x-coordinate 41.E (4,0) & Eglx
and 7 is called the y-coordinate. 42.F (-5, -3) Ce
17. The point with coordinates (0, 0) is called the origin. 43.G (0,0) oF
18. The x- and y-axes divide the coordinate plane into four 44.H (0,-4) TP

regions called guadrants.
Complete each table and then graph by plotting the points. Check

19. Ordered pairs of numbers can be graphed on a ; ;
your work with a graphing calculator. SEE EXAMPLE 2. (OBJECTIVE 2)

rectangular or Cartesian coordinate system.

20. The process of locating the position of a point on a coordinate 45.y = —x + 4

plane is called graphing or plotting the point. x |y
21. Any equation in the form Ax + By = C is a linear equation —-1|5
if A and B are not both zero. 04
22. The point where a graph intersects the x-axis is called 212
the x-intercept. y

23. The point where a graph intersects the y-axis is called the 1.
y-intercept.

24. Using the x-intercept and y-intercept to graph an equation of a
line is called the intercept method.

25. The graph of any equation of the form x = a is a vertical line.

26. The graph of any equation of the form y = b is a horizontal
line.

27. The symbol x, is read as “x sub 1.”
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47.y =2x — 3 48.y=—%x+§
x |y
=314
—-1(3
311
y y
&3 (=3, 4)

({.—3) X
(=1,=3)

Graph each equation. Check your work with a graphing calculator.
SEE EXAMPLE 3. (OBJECTIVE 2)

49.3x + 4y = 12 50. 4x — 3y = 12
y y

\Y‘ =12
- X
X

\ 4x-3y=12

51.6x — 3y = 12 52. 3x + 6y = 12
Y y
6x —[3y =|12
3x+6y=12
) \‘x
/

Graph each equation using the intercept method. Check your work
with a graphing calculator. SEE EXAMPLE 4. (OBJECTIVE 3)

53.3y=6x—9 54.2x =4y — 10
y y
"2
/'(30 * .~ (=5,0) *
O -3/ \?
/3\ =6x=9
55.3x + 4y — 8 = 56. 2y —3x+9=0
y y
\ \ (02)
©,2) \%0) 2
X
3x+4,\'—8:()\~ 3, O)x
—2y— 3x+9:()\
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Graph each equation. SEE EXAMPLE 5. (OBJECTIVE 4)

57.x=3 58.y= —4
y y

,‘
]
1o8)
=

59. -3y +2=5 60. —2x +3 =11
y y

=2x-+3|=1

=3y+2=5

Plot the ordered pairs on a coordinate plane to find the answer.
SEE EXAMPLE 6. (OBJECTIVE 5)

61. Hourly wages The table gives the amount y (in dollars) that
a student can earn for working x hours. Plot the ordered pairs
and estimate how much the student will earn for working
8 hours.  $48

x 2 4 5 6
12 24 30 36

62. Distance traveled The table shows how far y (in miles) a
biker can travel in x hours. Plot the ordered pairs and estimate
how far the biker can travel in 8 hours. 120 mi

x 2 4 5 6
30 60 75 90

63. Value of a car The table shows the value y (in dollars) of a
car that is x years old. Plot the ordered pairs and estimate the
value of the car when it is 4 years old. ~ $3,000

X 0 1 3
y 15,000 12,000 6,000

64. Earning interest The table shows the amount y (in dollars)
in a bank account drawing simple interest left on deposit for
x years. Plot the ordered pairs and estimate the value of the
account in 6 years.  $1,300

x 0 1 4
1,000 1,050 1,200
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104 CHAPTER2 Graphs, Equations of Lines, and Functions

Find the midpoint of PQ. SEE EXAMPLE 8. (OBJECTIVE 6) APPLICATIONS Solve. SEE EXAMPLE 7. (OBJECTIVE 5)
65. P(0,0),0(2,4) (1.2) 89. House appreciation A house purchased for $125,000
66. P(10,12), 0(0,0) (5.6) is expected to appreciate according to the formula
67. P(4,6),0(14,20) (9.13) y = 7,500x + 125,000, where y is the value of the house after
68. P(10,4),0(2,-2) (6.1) x years. Find the value of the house 5 years later.  $162,500
69. P(6.7), 0(5.1) ( 11 45 90. Car depreciation A car purchased for $17,000 is expected to

’ 2 depreciate according to the formula y = —1,360x + 17,000,
70. P(8,1 1) 0(3,9) (% 10) where y is the value of the car after x years. When will the car
7. P(—10, -2), 0(3.12) (7 7 S) have no monetary value? 12.5 yr

1 > 91. Demand equations The number of HDTVs that consumers

72. P(-5,-2),0(7,3) (1.%) i

: 2

buy depends on price. The higher the price, the fewer people
will buy. The equation that relates price to the number of

ADDITIONAL PRACTICE Graph each equation. Check your HDTVs sold at that price is called a demand equation. If the
work with a graphing calculator. demand equation for a 27-inch HDTV is p = — % g + 170,
73.y=—3x+2 74.y=2x +3 where p is the price and ¢ is the number sold at that price,
y y how many HDTVs will be sold at a price of $150? 200
/ 92. Supply equations The number of HDTVs that manufac-
\ turers produce depends on price. The higher the price, the
y 3% +2 more HDTVs manufacturers will produce. The equation that
X X relates price to the number produced at that price is called a
supply equation. If the supply equation for a 32-inch HDTV
y=2x+3 isp = 1‘qu + 130, where p is the price and ¢ is the number
produced for sale at that price, how many HDTVs will be
produced if the price is $150? 200
75.y = éx 76. y = —%x 93. TV coverage In the illustration, a TV camera is located at
2 3 point (—3,0). The camera is to follow the launch of the first
y y private industry rocket. As the rocket rises vertically, the
camera can tilt back to a line of sight given by y = 2x + 6.
R | Estimate how many miles the rocket will remain in the
y= ix V= % X camera’s view. 12 mi
X X
y
Find the midpoint of PQ.
77. 0(—3,5), P(=5,-5) (—4.,0)
78.0(2,-3), P(4,-8) (3,-})
79. Finding the endpoint of a line segment If M(7, —4) is the
midpoint of PQ and the coordinates of P are (5, —6), find the
coordinates of Q. (9, —2)
80. Finding the endpoint of a line segment  If M (6 —5) is the
midpoint of PQ and the coordinates of Q are (—5, —8), find
the coordinates of P. (17, —2) c
amera Y
Use a graphing calculator to create a table of solutions for each A . x
equation. Set the first value of x to be —2.5 and the increment (1 unit = 1 mi)
value to be 0.5. Find the value of y that corresponds to x = —1.
If an answer is not exact, round to the nearest thousandth. 94. Buying tickets Children’s tickets to the circus cost $5 each
plus a $2 service fee for each block of tickets.
8l.y=25x+15 -1 82.y=06x—32 -38 a. Write a linear equation that gives the cost y for a student
83.32x — 1.5y =27 84. —1.7x +37y=—-28 buying x tickets. y = 5x + 2
—3933 — 1216 b. Complete the table in the illustration and graph the equation.

Use a graphing calculator to graph each equation, and then identify ¢. Use the graph to find the cost of buying 4 tickets. 522
the x-coordinate of the x-intercept to the nearest hundredth.

85.y=37x—45 122 86. y =06x + 125 —208

87.15x—3y=7 467 88 03x+y=75 2500
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2.2 Slopeofaline 105

‘What expenditure would reduce the number of incidents to

Y 3507  $160,000
;2 . U.S. sports participation The equation s = —0.9¢ + 65.5
9 estimates the number of people 7 years of age and older who
20 went swimming during a given year, where s is the an-
18 nual number of swimmers (in millions) and ¢ is the number
z 16 of years since 1990. (Source: National Sporting Goods
Z 14 Association)
“ }(2) a. What information can be obtained from the s-intercept of
3 the graph? In 1990, there were 65.5 million swimmers.
6 b. Estimate the number of swimmers in 2015. 43 million
‘2‘ . Farming The equation
T 2 3 4 5 & x a = —3,700,000¢ + 983,000,000
Number of tickets estimates the number of acres a of farmland in the United
. States, t years after 1990. (Source: U.S. Department of
95. Telephone costs In one community, the monthly cost of Agriculture)
griculture

teleph ice is $50 th, plus 25 text. . . . .
elephone service is $30 per month, plus 25¢ per tex a. What information can be obtained from the a-intercept

of the graph? In 1990, there were 983,000,000 acres of
farmland.

a. Write a linear equation that gives the cost y for a person
sending x texts. y = 0.25x + 50

b. Complete the table in the illustration and graph the equation. b. To the nearest million acres, estimate the number of acres

c. Use the graph to estimate the cost of service in a month of farmland in 2020.  872.000.000 acres
when 20 texts were sent.  $55

WRITING ABOUT MATH
y
100 99. Explain how to graph a line using the intercept method.
(x,y) 90 100. Explain how to determine the quadrant in which the point
x|y | oy 80 P(a, b) lies.
40| 60| (40,60) gg
80| 70 &
(80.70) =2 50 SOMETHING TO THINK ABOUT
120180 | (120.80) & 49
160 | 90 | (160,90) 20 101. If the line y = ax + b passes only through quadrants I
10 and II, what can be known about the constants a and 5?
X
0 30 60 90 120150 180 a=0,b>0
Number of texts 102. What are the coordinates of the three points that divide the

o ) line segment joining P(a, b) and Q(c, d) into four equal
. Crime prevention The number # of incidents of daytime 30+ ¢ 3b + d) (a Yo b4+ d) (a T3¢ b+ 3d)
9 4 9 2 ’ k

robberies appears to be related to d, the money spent parts? ( 4 2 4 4
for patrol officers, by the equation n = 430 — 0.0005d.

Section
2 2 Slope of a Line

€D Find the slope of a line given a graph.

@) Find the slope of a line passing through two given points.
€) Find the slope of a line given its equation.

@3 Identify the slope of a horizontal line and a vertical line.

Objectives

B Determine whether two lines are parallel, perpendicular, or neither.
@ Interpret slope in an application.
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106 CHAPTER2 Graphs, Equations of Lines, and Functions

Getting Ready

Grace Murray Hopper
1906-1992

Grace Hopper graduated from
Vassar College in 1928 and
obtained a master’s degree from
Yale in 1930. In 1943, she entered
the U.S. Naval Reserve. While in
the Navy, she became a program-
mer of the Mark |, the world’s first
large computer. She is credited
for first using the word “bug” to
refer to a computer problem. The
first bug was actually a moth that
flew into one of the relays of the
Mark Il. From then on, locating
computer problems was called
“debugging” the system.

slope run negative reciprocals
rise parallel lines

Simplify each expression.
— 10 — 4 25 — 12 -9 - (-6
823 5 s 202 L4 i ) 2
85 2-8 9 — (-5) -4 — 10

4

In Section 2.1, we graphed equations of lines by plotting points. Later, we will show that
we can graph a line if we know the coordinates of one point on the line and the slant (steep-
ness) of the line. We will now discuss a measure of this slant called the slope of the line.

Find the slope of a line given a graph.

A service offered by an online research company costs $2 per month plus $3 for each hour
of connect time. The table in Figure 2-16(a) gives the cost y for certain numbers of hours
x of connect time. If we construct a graph from these data, we obtain the line shown in
Figure 2-16(b).

x 1 2 3 4 5 2
y 2 5 8 11 14 17 é
0 1 2 3 4 5
Hours of connect time
(@) (b)
Figure 2-16

From the graph, we can see that if x changes from O to 1, y changes from 2 to 5. As x
changes from 1 to 2, y changes from 5 to 8, and so on. The ratio of the change in y divided
by the change in x is the constant 3.

Changeiny 5-2 8-5 11-8 14—-11 17—14 3

= = = = = _7:3
Changeinx 1—-0 2-—1 3—-2 4 -3 5—-4 1

The ratio of the change in y divided by the change in x between any two points on any line
is always a constant. This constant rate of change is called the slope of the line.
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SLOPE OF A
NONVERTICAL LINE

EXAMPLE 1

Solution

COMMENT The slope —%
can be viewed as a change in y
of —8 and change in x of 5 or a

change in y of 8 and change in
xof =5.

SELF CHECK 1

2.2 Slopeof aline 107

The slope m of the nonvertical line passing through points (x;, y;) and (x,, y,) is

changeiny y, —y,
m = =
changeinx X, — x;

Find the slope of a line passing through two given points.

Use the two points shown in Figure 2-17 to find the slope of the line passing through them.
We can let (x,,y,) = (=2,4) and (x,,y,) = (3, —4). Then

_ changeiny .

change in x \(_2’ K
_ 2 n

Xy — X

Substitute —4 for y,, _

— 44 4 for y,, 3 for x,, and kil \ *

3- (_2) —2 for x;.
__8

5 L 3,4
X ~|x1 =) \
Figure 2-17

The slope of the line is — g. We would obtain the same result if we let (x;,y,) = (3, —4)
and (.X'z, y2) = (_2’ 4)

Find the slope of the line passing through the points (—3,6) and (4, —8). -2 )

Teaching Tip

You might point out that the
following are not true:

Ya =W Y1 Vs
m==—— and m="~—"
X1 =X X3 =X

COMMENT If the ordered pairs are integer values, an alternative is to “count” the change
in x and y. If you do, be careful of the direction. For example, to move from (-2, 4) to
(3, —4), go down (negative) 8 units and to the right (positive) 5 units.

COMMENT When calculating slope, always subtract the y-values and the x-values from
the ordered pairs in the same order.
TN N TN
m=—"—— or m=—"—-:
T X X T X
The change in y (often denoted as Ay) is the rise of the line between two points. The
change in x (often denoted as Ax) is the run. Using this terminology, we can define slope to
be the ratio of the rise to the run:
_ Ay rise

m Ax E (A)C#O)

Find the slope of a line given its equation.

Previously, to find the slope of a line from a given equation, we graphed the equation and
counted squares on the resulting line graph to determine the rise and the run. Another way
is to find the x- and y-intercepts of the graph and use the slope formula.
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108 CHAPTER 2 Graphs, Equations of Lines, and Functions

EXAMPLE 2
Solution

Teaching Tip

In the next section we will provide
the slope-intercept form of an
equation.

SELF CHECK 2

Find the slope of the line determined by 3x — 4y = 12.

We first find the coordinates of two points on the line.
e If x = 0, then y = —3, and the point (0, —3) is on the line.
e If y = 0, then x = 4, and the point (4, 0) is on the line.

We then refer to Figure 2-18 and find the slope of the line between (0, —3) and (4,0)
by substituting O for y,, —3 for y,, 4 for x,, and O for x, in the formula for slope.

_ Ay
C Ax

_Y2" N /
Xy — Xy “,0 X

0 (-3)
 4-0

m y

0.-3)

The slope of the line is %.

Figure 2-18

Find the slope of the line determined by 2x + 5y = 12. —

5 D

Identify the slope of a horizontal line and a vertical line.

If P(x;,y,) and Q(x,,y,) are points on the horizontal line shown in Figure 2-19(a), then
¥, = ¥,, and the numerator of the fraction

Y2 =N . .
—— On a horizontal line, x, # x,.
X T X

is 0. Thus, the value of the fraction is 0, and the slope of the horizontal line is 0.
If P(x,,y,) and Q(x,,y,) are two points on the vertical line shown in Figure 2-19(b),
then x; = x,, and the denominator of the fraction

Y2 = )

On a vertical line, y, # y,.
X — X Y2 7 Vi

is 0. Since the denominator cannot be 0, a vertical line has an undefined slope.

y y

b O(x2, y2)

Px, yp)  Oxp, y2)

b P(xy, yy)

(€)] (b)
Figure 2-19

Unless otherwise noted, all content on this page is © Cengage Learning.

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



2.2 Slopeofaline 109
SLOPES OF HORIZONTAL All horizontal lines (lines with equations of the form y = b) have a slope of 0.
AND VERTICAL LINES All vertical lines (lines with equations of the form x = a) have an undefined slope.

Teaching Tip If a line rises as we follow it from left to right, as in Figure 2-20(a), its slope is positive.
If a line drops as we follow it from left to right, as in Figure 2-20(b), its slope is negative. If a
line is horizontal, as in Figure 2-20(c), its slope is 0. If a line is vertical, as in Figure 2-20(d),
it has an undefined slope.

Point out that the larger the slope,
the steeper the line.If m = 1,

the line makes a 45° angle with the
horizontal, an excellent frame

of reference. Y Y Y Y
Ay #0
Ax>0 Ay=0
Ax=0
Ay<0 Ax#0
X | \ X x | X
Positive slope Negative Zero slope Undefined
slope slope
(@) (b) (©) (d)
Figure 2-20

B Determine whether two lines are parallel, perpendicular, or neither.

To see a relationship between parallel lines (two lines in a plane that never intersect) and
their slopes, we refer to the parallel lines /, and /, shown in Figure 2-21, with slopes of m,
and m,, respectively. Because right triangles ABC and DEF are similar, it follows that

_ Ayof, Y
 Axofl,
_Ayofl,
~ Axofl,

=m, Slope = m;

o

my

e

lope = mj,

Figure 2-21

Thus, if two nonvertical lines are parallel, they have the same slope. It is also true that
when two lines have the same slope, they are parallel.

SLOPES OF PARALLEL Nonvertical parallel lines have the same slope, and lines having the same slope are
LINES parallel.

Since vertical lines are parallel, lines with an undefined slope are parallel.
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110 CHAPTER2 Graphs, Equations of Lines, and Functions

EXAMPLE 3 The lines in Figure 2-22 are parallel. Find the slope of /,.

Loh y

(=3,4)

N,

1,1-2)

Figure 2-22

Solution From the figure, we can find the slope of line /,. Since the lines are parallel, they will
have equal slopes. Therefore, the slope of line /, will be equal to the slope of line /,. We
can use the points with coordinates (—3,4) and (1, —2) on line /, to find the slope of
[, as follows:

Y2 =W
m==——-
Xy T X
-2 -4 ,
= ———— Substitute —2 for y,, 4 for y,, 1 for x,, and —3 for x;.
1—-(=3)
-6
4

The slope of [, is — % and because the lines are parallel, the slope of /, is also — %

SELF CHECK 3  Find the slope of any line parallel to a line with a slope of —3. —3

J

Two real numbers a and b are called negative reciprocals if ab = — 1. For example,
4 3
- = and —
3 4
are negative reciprocals, because — g(%) = —L

The following relates perpendicular lines and their slopes.
SLOPES OF If two nonvertical lines are perpendicular, their slopes are negative reciprocals.
PERPENDICULAR LINES . . . . .
If the slopes of two lines are negative reciprocals, the lines are perpendicular.

Because a horizontal line is perpendicular to a vertical line, a line with a slope of 0 is
perpendicular to a line with an undefined slope.
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2.2 Slopeofaline m

EXAMPLE 4 Are the lines shown in Figure 2-23 perpendicular?

Solution  We find the slopes of the lines and see whether they are negative reciprocals.

J

y
Slope of line 0P = = Slope of line PQ = =
009,4) ope of line = Ax ope of line PQ = Ar
_Y2" N _Y2" N
X2 =X X2 =X
000, 0) . —4-0 4 - (—4)
R4 3-0 - 9-3
__4 _8
P@3,-4) 3 6
’ _4
Figure 2-23 A A 3
Since their slopes — 5 and 5 are not negative reciprocals, the lines are not perpendicular.
n Figure 2-23, is line erpendicular to line PO? no
SELF CHECK 4 In Figure 223, is line PR perpendicular to line PQ?
B Interpret slope in an application.
Many applications involve equations of lines and their slopes.
EXAMPLES COST OF CARPET A store sells a carpet for $25 per square yard, plus a $20 delivery
charge. The total cost ¢ of n square yards is given by the following formula.
cost per . the number of the delivery
¢ equals times )\
square yard square yards charge.
c = 25 . n + 20
Graph the equation ¢ = 25n + 20 and interpret the slope of the line.
Solution We can graph the equation on a coordinate system with a vertical c-axis and a horizon-
tal n-axis. Figure 2-24 shows a table of ordered pairs and the graph.
c
hi . 1,200
Teaching Tip 1,100
Point out that the ordered pair 1,000
coordinates are not always in ¢ =25n+ 20 900
alphabetical order. n ‘ ¢ ‘ (n, c) - jgg
10| 270 (10,270) Z o0 €=25n+20
20| 5201(20,520) o
30| 770 |(30,770) 500
40 | 1,020 | (40, 1,020) 400
50 | 1,270 | (50, 1,270) 300
200
100
n

0 10 20 30 40 50 60
Number of square yards purchased

Figure 2-24
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12 CHAPTER2 Graphs, Equations of Lines, and Functions

COMMENT Recall that any If we choose the points (30, 770) and (50, 1,270) to find the slope, we have
two points on a line can be Ac
used to find the slope. In this m = A
example, we chose (30, 770) n
and (50, 1,270), but we could _Ga~-a
have chosen any two points and n — m
obtained the same result. 1,270 — 770
= —————— Substitute 1,270 for ¢,, 770 for ¢,, 50 for n,, and 30 for n,.
50 — 30
_ 500
20
=25
The slope of 25 is the cost of the carpet in dollars per square yard.
SELF CHECK5 Interpret the y-intercept of the graph in Figure 2-24. The y-coordinate of the y-intercept is
the delivery charge.

J

EXAMPLE 6 RATE OF DESCENT Tt takes a skier M
25 minutes to complete the course
shown in Figure 2-25. Find his average
rate of descent in feet per minute.

(0, 12,000)

12,000

Solution To find the average rate of descent,
we must find the ratio of the change
in altitude to the change in time. To
find this ratio, we calculate the slope
of the line passing through the points 8,500
with coordinates (0, 12,000) and i
(25,8.,500). 25"

12,000 — 8,500 Time (min)
0-25 Figure 225
3500

—25
— —140

Altitude (ft)

Average rate of descent =

The slope is —140. Thus, the rate of change of descent is 140 ft/min.

SELF CHECK 6 Find the average rate of descent if the skier completes the course in 20 minutes.
175 ft/min

J
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2.2 Exercises 113

Everyday connections

i Civilian labor force, Durham, NC

266
264
262
260
258
256
254
252
250
248
246
244
242
240
238

Labor force (in thousands)

26l 1 1y
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year

We can approximate the rate of growth (or decrease) of 1. labor force from 2010 to 2011. decrease of 2,000 workers

a quantity during a given time interval by calculating the 2, Jabor force from 2005 to 2006. increase of 7.000 workers
slope of the line segment that connects the endpoints of the 3 During which I-year interval was a positive rate of

graph on the given interval. growth of the labor force the smallest? 2001-2002
Use the data from the graph to compute the rate of

growth (or decrease) of the Source: http://www.bls.gov/eag/eag.nc_durham

_msa.htm

SELF CHECK 1.-2 2. —% 3. =3 4.no 5. The y-coordinate of the y-intercept is the delivery charge. 6. 175 ft/min
ANSWERS
NOW TRY THIS

To the Instructor Find the slope of a line
For these, students will determine 1. parallel to3x — 2 = 0. undefined
the slope of a line parallel or 2. perpendicular to 6x = 4. 0
per[.)end.lcular to a horizontal or 3. perpendicularto 5y + 4 = 0. undefined
vertical line.

_ _ _ _ _ 8
WARM-UPS Fvaluate ~ when 2.a=-3,b=5c=7d=-2 -

¢ 1 3.a=-2,b=—2,c=-3,d=4. 0
la=2b=3,c=~-1,d=4 3 4. a=1,b=1,c=-5,d=-2. 0
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114 CHAPTER 2 Graphs, Equations of Lines, and Functions

5.a=4,b= —-3,c=06,d = 6. undefined
6.a=2,b=3,¢c=—-5,d= —-5.
7. Find the negative reciprocal of —0.2. 5

undefined

REVIEW Simplify each expression. Write all answers without
negative exponents. Assume no variable is zero.

2
\,l_ 1

8. (xH)? ~. 9. (x7%?)™*

ME

—6\ —4 J 3x2 3\ 0
10. (%) 2y . ( Y )
N2 8

VOCABULARY AND CONCEPTS Fill in the blanks.

8]

).b

12. Slope is defined as the change in y divided by the change
in x.

13. A slope is a rate of change. ey

14. The formula to compute slope is m = x, — .

15. The change in y (denoted as Ay) is the rise of the line between
two points.

16. The change in x (denoted as A x) is the run of the line between
two points.

17. The slope of a horizontal line is 0.

18. The slope of a vertical line is undefined.

19. If a line rises as x increases, its slope is positive.

20. Parallel lines have the same slope.

21. The slopes of nonvertical perpendicular lines are negative
reciprocals.

22. A line with an undefined slope and a line with a slope of 0 are
perpendicular.

GUIDED PRACTICE Find the slope of the line passing through
the given points, if possible. SEE EXAMPLE 1. (OBJECTIVES 1-2)

23. y 24, y
@.5) 3.4

%
3-4=_7]
|
|
|
|

[\8)
w3

25.(-2,5),(7,-3) —-  26.(1,-9),(4,—6) 1
27. (—1,8),(6,1) —1 28. (—5,-8),(3.8) 2
29.(3,-1).(=6.2) —;  30.(0,-8).(~5,0) —:
Find the slope of the line determined by each equation.
SEE EXAMPLE 2. (OBJECTIVE 3)

5

3.5x +3y =15 —3 32.2x —y=6 2
33.3x=4dy—2 34.x=y |

Determine whether the slope of the line in each graph is positive,
negative, O, or undefined. (OBJECTIVE 4)

35. y 36. y

™~
N

negative 0
37. y 38. y
74—> X 744 X
positive positive
39. y 40. y
Y X
undefined negative
41. y 42, y
L .
X
0 undefined

Determine whether the lines with the given slopes are parallel,
perpendicular, or neither. SEE EXAMPLES 3—4. (OBJECTIVE 5)

1
43. m; = 5, m, = -5 perpendicular

1
44.m, = T m, = 4 neither
45. m; = —0.5, m, = —2 neither

46.m, = —5,m, = ——— parallel

Determine whether the line PQ is parallel or perpendicular or
neither parallel nor perpendicular to a line with a slope of —2.
SEE EXAMPLES 3—4. (OBJECTIVE 5)

47. P(—2,5),0(6,—11) parallel

48. P(6,4), 0(8,5) perpendicular

49. P(—2,1),0(6,5) perpendicular

50. P(—6,1),0(—2,9) neither
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ADDITIONAL PRACTICE Find the slope of the line passing
through the given points, if possible.

51. (4,9), (-8,9) 52. (2,-8),(3,-8)
0 0

53. (=7,-5),(-7,-2) 54. (7,5),(7,-3)
undefined undefined

Find the slope of the line determined by each equation.

3x— 6
2
57.4y=3(y+2) 0

55.y =

56. x=—— —4
2 — 3y 1
3 2
59. Are the lines passing through the points (2.5,3.7), (3.7, 2.5)
and (1.7, —2.3), (2.3, —1.7) parallel, perpendicular, or nei-
ther parallel nor perpendicular? perpendicular

oW

58. x +y=

: : 23 1.7\7!

60. Are the lines with slopes m; = {5 and m, = (ﬁ) parallel,
perpendicular, or neither parallel nor perpendicular ? parallel

61. Are the lines with slopes m; = % and m, = % parallel,
perpendicular, or neither parallel nor perpendicular? neither

62. Is the line passing through the points P(5,4) and Q(6,6)
parallel, perpendicular, or neither parallel nor perpendicular

to a line with a slope of —2? neither

63. Is the line passing through the points P(—2,3) and Q(4, —9)
parallel, perpendicular, or neither parallel nor perpendicular
to a line with a slope of —2? parallel

Find the slopes of lines PQ and PR and tell whether the points P, Q,
and R lie on the same line. (Hint: Two lines with the same slope and a
point in common must be the same line.)

64.P(—2.4),0(4,8), R(8,12) not the same line

65. P(0,8),0(1,6),R(3,2) same line

66. P(—4,10), 0(—6,0), R(—1,5) not the same line

67. P(—10,—13), O(—8,—10), R(—12, —16) same line

68. P(—2,4),0(0,8), R(2,12) same line

69. P(8, —4), 0(0, —12), R(8, —20) not the same line

70. Find the equation of the x-axis and its slope. y = 0,m =0

71. Find the equation of the y-axis and its slope.

x = 0, undefined slope

72. Show that points with coordinates of (—3,4), (4, 1), and
(—1, —1) are the vertices of a right triangle.

73. Show that a triangle with vertices at (0,0), (12,0), and
(13, 12) is not a right triangle.

74. A square has vertices at points (a,0), (0,a), (—a,0), and
(0, —a), where a # 0. Show that its adjacent sides are
perpendicular.

75. If a and b are not both 0, show that the points (2b,a), (b,b),
and (a, 0) are the vertices of a right triangle.

76. Show that the points (0,0), (0, a), (b,c), and (b,a + c) are
the vertices of a parallelogram. (Hint: Opposite sides of a
parallelogram are parallel.)

77. If b # 0, show that the points (0,0), (0,5), (8,b + 2), and
(12, 3) are the vertices of a trapezoid. (Hint: A trapezoid
is a four-sided figure with exactly two sides parallel.)

Unless otherwise noted, all content on this page is © Cengage Learning.
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APPLICATIONS ste ExaMPLES 5-6. (OBJECTIVE 6)

78. Grade of aroad Find the slope of the road.
(Hint: 1 mi = 5280 ft) .

165

32 ft

1 mi

79. Slope of a roof  Find the slope of the roof.

I 24 ft

80. Slope of a ladder A ladder reaches 18 feet up the side of a
building with its base 5 feet from the building. Find the slope
of the ladder. ?

81. Physical fitness Find the slope of the treadmill for each

setting listed in the table. | 1 4
25210725
Height setting
2 in.
5 in.
8in.
Height
setting
50 in.

82. Climate change The following line graphs estimate the
global temperature rise between the years of 1990 and 2040.
Find the average rate of temperature change (the slope) of

Model A: Status quo. % of a degree increase per year

2 - Model A: Status quo —
[ Model B: Shift to lower carbon fuels ]
o L (natural gas) —
< |- Model C: Shift to renewable sources A
2 rC (solar, hydro and wind power) n
;;) B Model D: Shift to nuclear energy 1B
£E ¢
[
<P D
=) B /
0}
H [ —
0 C | | | | ]
1980 2000 2020 2040

Year
Based on data from The Blue Planet (Wiley, 1995)
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116 CHAPTER 2 Graphs, Equations of Lines, and Functions

83. Climate change Find the average rate of temperature
change of Model D: Shift to nuclear energy.
increase per year

84. Rate of growth When a college started an aviation pro-
gram, the administration agreed to predict enrollments using
a straight-line method. If the enrollment during the first year
was 8, and the enrollment during the fifth year was 20, find
the rate of growth per year. (See the illustration.) 3 students

per yr

7 .
500 Of a degree

=
20F  FLY WITH US!

o
T

Enrollment

ENROLL IN THE
AVIATION PROGRAM

1 1 1 1 1
1 5
Years

85. Wheelchair ramps The illustration shows two designs for a
ramp to make a platform wheelchair accessible. 5
a. Find the slope of the ramp shown in design 1. 55
b. Find the slope] of each part of the ramp shown in

design2. 55,5,
c. Give one advantage and one disadvantage of each
design.
Design #1
Upper
— level
[
I ¢ 2 ft
Ground level
< 25 ft {
Design #2
> Upper
= level
%‘ﬁt i
Ground level L ift
<5 ft>|< 20 fi >

86. Rate of growth A small business predicts sales according
to a straight-line method. If sales were $110,000 in the first
year and $200,000 in the fourth year, find the rate of growth
in sales per year. $30,000 per yr

87. Rate of decrease The price of computer technology has
been dropping for the past ten years. If a desktop PC cost
$5,700 ten years ago, and the same computing power cost
$1,499 two years ago, find the rate of decrease per year.
(Assume a straight-line model.) ~ $525.13 per yr

WRITING ABOUT MATH

88. Explain why a vertical line has no defined slope.

89. Explain how to determine from their slopes whether two lines
are parallel, perpendicular, or neither.

SOMETHING TO THINK ABOUT

90. Find the slope of th4e line Ax + By = C. Follow the procedure
of Example 2. —7

91. Follow Example 2 to find the slope of the liney = mx + b. m

92. The points (3, a), (5,7), and (7, 10) lie on a line. Find a. 4

93. The line passing through points (1, 3) and (—2,7) is perpen-
dicular to the line passing through points (4, b) and (8, —1).
Findb. —4
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2.3 Writing Equations of Lines 17

Section N . _
2 3 Writing Equations of Lines
. —
) Find the point-slope equation of a line with a given slope and passing
through a given point.
Write the equation in slope-intercept form of a line with a given slope
§ and passing through a given point.
'-3 € Graph a linear equation using the slope and y-intercept.
% @) Determine whether two linear equations define lines that are parallel,
(o) perpendicular, or neither.
B Write an equation of the line passing through a given point and parallel
or perpendicular to a given line.
@ Write an equation of a line representing real-world data.
.
S
E point-slope form slope-intercept form
5
>
% Solve each equation.
8 x =2 5
o R 2. —2=3@k+1) —;
>
-§ 3. Solvey —2=3(x — 2)fory. y=3x — 4
8 4. Solve Ax + By + 3 =0forx. x = 75%73

We now apply the concept of slope to write the equation of a line given sufficient infor-
mation. We also will use slope as an aid in graphing lines and writing equations of lines
representing real-world data.

n Find the point-slope equation of a line with a given slope
and passing through a given point.

Suppose that the line shown in Figure 2-26 on the next page has a slope of m and passes
through the point (x,,y,). If (x,y) is a second point on the line, we have

YN
m=—
x_xl

and if we multiply both sides by (x — x,), the denominator, we have

y =y =mx —x)
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118 CHAPTER 2 Graphs, Equations of Lines, and Functions

(CI2))
Ax=x-x

/ X

Figure 2-26

Because this new equation displays the coordinates of the point (x,,y,) on the line
and the slope m of the line, it is called the point-slope form of the equation of a line.

POINT-SLOPE FORM

The point-slope form of the line passing through P(x,, y;) and with slope m is
y =y =mx = x)

EXAMPLE T  Write the point-slope equation of the line with a slope of —% and passing through
(—4.5).

Solution  We substitute —% for m, —4 for x,, and 5 for y, into the point-slope form and simplify.

y =y =m(x — x;)

2
y—5=-— 5[x — (—4)] Substitute.

y—5=—§u+4) —(—4) =4

The point-slope equation of the lineisy — 5 = —%(x + 4).

SELF CHECK 1

Write the point-slope equation of the line with slope of g and passing through
(0,5). y-5=7x

EXAMPLE 2 Write the point-slope equation of the line passing through (—5,4) and (8, —6). Then
solve the equation for y.
Solution  First we find the slope of the line.
Y27 N
m =22 I

X2~ X

= T84 ubstitute 6 for yy 4 for vy, § for v and —5 f
§— (<5) ubstitute or y,, 4 for y,, 8 for x,, an or X,.

= - E Simplif

13 implify.

Because the line passes through both points, we can choose either one and substi-
tute its coordinates into the point-slope form. If we choose (—5,4), we substitute —5
for x,, 4 for y,, and — % for m and proceed as follows.
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SELF CHECK 2

2.3 Writing Equations of Lines 19

y =y =m(x — x)

10
y—4-= _B[x — (—=5)] Substitute.
10
—4=——(x+5 —(=5)=>5
y 13 (x+5) (=5)

To solve the equation for y, we proceed as follows:

10 50
y—4= —Ex - B Use the distributive property to remove parentheses.
10x+ 2 Add 4 to both sid d simplify. 4 22 02
= —— — nd simplify. 4 = —, — — — = —
YT T3 0 POTSIEEs ANESMPY- 2 =13 13 " 137 13
The equation of the line is y = —%x + %

Write the equation of the line passing through the points (—2,5) and (4, —3) in point-
slope form, and then solve for y. : !

y:—_gx-&-g

J

1
SIOIVK
/ )

Figure 2-27

SLOPE-INTERCEPT FORM

EXAMPLE 3

Solution

SELF CHECK 3

Write the equation in slope-intercept form of a line with a given
slope and passing through a given point.
Since the y-intercept of the line shown in Figure 2-27 is the point (0, b), we can write the

equation of the line by substituting O for x; and b for y, in the point-slope form and then
simplifying.

y—y1= m(x - xl) This is the point-slope form of the equation of a line.
y—b=m(x—0)

y — b =mx

Substitute b for y, and O for x,.
Multiply.
y=mx +b Add b to both sides.

Because y = mx + b displays the slope m and the y-coordinate b of the y-intercept, it
is called the slope-intercept form of the equation of a line.

The slope-intercept form of a line with slope m and y-intercept (0, b) is

y =mx + b.

Use the slope-intercept form to write an equation of the line with slope 4 that passes
through the point (5, 9).

Since we are given that m = 4 and that the ordered pair (5, 9) satisfies the equation, we
can substitute 5 for x, 9 for y, and 4 for m in the equation y = mx + b and solve for b.

y=mx+b
9 =4(5) + b Substitute.
9=20+0» Multiply.
—11 =5 Subtract 20 from both sides.
Because m = 4 and b = —11, the equationisy = 4x — 11.

Write the slope-intercept equation of the line with slope —2 and passing through the
point (—2,8). y = —2x + 4
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120 CHAPTER2 Graphs, Equations of Lines, and Functions

EXAMPLE 4

Teaching Tip Solution

Point out that you could divide both
sides by —3 and already have point-
slope form.

y

0,-3)

2(x—=3)=-3(y+5)

Figure 2-29

SELF CHECK 4

Graph a linear equation using the slope and y-intercept.

It is sometimes easier to graph a linear equation when it y
is written in slope-intercept form. For example, to graph
y = 3x — 2, we note that b = —2 so the y-intercept is
(0,b) = (0, —2). (See Figure 2-28.) (.2
. . Ay _ 4

Because the slope of the line is Ax = 3 We can
locate another point on the line by starting at the point _ x
(0, —2) and counting 3 units to the right and 4 units
up. The line joining the two points is the graph of the (o —2) ]
equation. Ax = 3 units

Figure 2-28

Find the slope and the y-intercept of the line with the equation 2(x — 3) = —3(y + 5).
Then graph the line.

We write the equation in the form y = mx + b to find the slope m and the y-intercept
(0,b).
2(x —3) = =3(y +5)
2x — 6 = —3y — 15  Use the distributive property to remove parentheses.
2x + 3y —6=—15 Add 3y to both sides.
3y — 6 = —2x — 15  Subtract 2x from both sides.
3y=-2x—-9 Add 6 to both sides.

2
y= - gx -3 Divide both sides by 3 and simplify.

The slope is — %, and the y-intercept is (0, —3). To draw the graph, we plot the
y-intercept (0, —3) and then locate a second point on the line by moving 3 units to the
right and 2 units down. We draw a line through the two points to obtain the graph shown
in Figure 2-29.

Find the slope and the y-intercept of the line with the equation 2(y — 1) = 3x + 2 and

J

graph the line. m = 5’ (0,2)

EXAMPLES
Solution

Determine whether two linear equations define lines that are
parallel, perpendicular, or neither.

Show that the lines represented by 4x + 8y = 10 and 2x = 12 — 4y are parallel.

In the previous section, we saw that distinct lines are parallel when their slopes are
equal. To see whether this is true in this case, we can solve each equation for y.

4x + 8y =10 2x =12 — 4y
8y = —4x + 10 4y = —=2x + 12

1 5 1
y=—zx+z y=—5x+3
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SELF CHECK 5

2.3 Writing Equations of Lines 121

Because the y-intercepts (O, %) and (O, 3) are different, the lines are distinct. Since the

lines are distinct and have the same slope (— %), they are parallel.

Are lines represented by 3x — 2y = 4 and 6x = 4(y + 1) parallel? yes

J

EXAMPLE 6
Solution

SELF CHECK 6

Show that the lines represented by 4x + 8y = 10 and 4x — 2y = 21 are perpendicular.

Since two lines are perpendicular when their slopes are negative reciprocals, we solve
each equation for y to show that the slopes of their graphs are negative reciprocals.

4x + 8y =10 4x — 2y =21
8y = —4x + 10 =2y = —4x + 21
1 5 21
yZ—Ex—I—Z y=2x—7

Since the slopes are — % and 2 (which are negative reciprocals), the lines are perpendicular.

Are lines represented by 3x + 2y = 6 and 2x — 3y = 6 perpendicular? yes

J

EXAMPLE 7

Solution

SELF CHECK 7

Write an equation of the line passing through a given point
and parallel or perpendicular to a given line.

We will now use the slope properties of parallel and perpendicular lines to write equations
of lines.

Write the equation of the line passing through (—2,5) and parallel to the line
y =8x — 3.
Since the equation is solved for y, the slope of the line given by y = 8x — 3 is the coef-
ficient of x, which is 8. Since the desired equation is to have a graph that is parallel to
the graph of y = 8x — 3, its slope also must be 8.

We substitute —2 for x,, 5 for y,;, and 8 for m in the point-slope form and simplify.

y =y =m(x —x)
y —5=8[x — (—=2)] Substitute 5 for y,, 8 for m, and —2 for x,.

y —5=8(x+2) —(=2)=2
y—5=8x+16 Use the distributive property to remove parentheses.
y =8 + 21 Add 5 to both sides.

The equation is y = 8x + 21.

Write the equation of the line passing through the origin and parallel to the line
y=8x — 3. y=28x

J

EXAMPLE 8

Solution

Write the equation of the line passing through (—2,5) and perpendicular to the line
y =8x — 3.

The slope of the given line is 8. Thus, the slope of the desired line must be — é, which is

the negative reciprocal of 8.
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SELF CHECK 8

We substitute —2 for x,, 5 for y,, and —% for m into the point-slope form and
simplify:

y =y =m(x — x)

y—5§= -3 [x — (=2)] Substitute.
y—5=—-(x+2) —(-2) =2
1 1 o
y—5=— gx - Z Use the distributive property to remove parentheses.
1 1 .
y=——x——+5 Add5 toboth sides.
8 4
1 19 ,
y=——x+ — Combine like terms.
8 4
119
The equationis y = —gx + .

Write the equation of the line passing through (2,4) and perpendicular to the line

— _ R S
y=8x—3. y=-—gx+

J

EXAMPLE 9

We summarize the various forms for the equation of a line in Table 2-1.

TABLE 2-1

Point-slope form of a linear equation y—y, =mlx —x,)
The slope is m, and the line passes through (x,, y;).

Slope-intercept form of a linear equation y = mx + b
The slope is m, and the y-intercept is (0, b).

General form of a linear equation Ax + By = C
A and B cannot both be 0.
A horizontal line y=b

The slope is 0, and the y-intercept is (0, b).

A vertical line XxX=a
The slope is undefined, and the x-intercept is (a, 0).

Write an equation of a line representing real-world data.

For tax purposes, many businesses use straight-line depreciation to find the declining value
of aging equipment.

VALUE OF A LATHE The owner of a machine shop buys a lathe for $1,970 and
expects it to last for ten years. It can then be sold as scrap for an estimated salvage value
of $270. If y represents the value of the lathe after x years of use, and y and x are related
by the equation of a line,

a. Write the equation of the line.
b. Find the value of the lathe after 2% years.

c. State the economic meaning of the y-intercept of the line.

d. State the economic meaning of the slope of the line.
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Solution

COMMENT When the size
of data is large, we can insert a
# (break) symbol on the x- or
y-axis to indicate that the scale
does not begin until the first
value is listed.

SELF CHECK 9

2.3 Writing Equations of Lines 123

a. To find the equation of the line, we need to find y
its slope and a point on the line.
When the lathe is new, its age x is 0, and its 1,970 & (0, 1,970)
value y is $1,970. When the lathe is 10 years old,
x = 10 and its value is y = $270. Since the line
passes through the points (0, 1,970) and (10, 270),

as shown in Figure 2-30, the slope of the line is

Value ($)

(10, 270)

B 270 -
m = Y2 =W = | i
Y27 X 0 10
270 — 1,970 Age (years)

10 -0 Figure 2-30
—1,700

10

= —170

To find the equation of the line, we substitute —170 for m, 0 for x,, and 1,970 for
v, into the point-slope form and solve for y.
y =y =mx — x;)
y — 1,970 = —170(x — 0)
y = —170x + 1,970

The current value y of the lathe is related to its age x by the equation
y = —170x + 1,970.

b. To find the value of the lathe after 2% years, we substitute 2.5 for x in the equation
and solve for y.
y = —170x + 1,970
= —170(2.5) + 1,970
= —425 + 1,970
= 1,545
After 2% years, the lathe will be worth $1,545.
c. The y-intercept of the graph is (0, b), where b is the value of y when x = 0.
y = —170x + 1,970
y = —170(0) + 1,970
y = 1970
Thus, the y coordinate of the y intercept represents the lathe’s original cost, $1,970.

d. Each year, the value of the lathe decreases by $170, because the slope of the line is
—170. The slope of the line is the annual depreciation rate.

Find the value of the lathe after 6 years. After 6 years the lathe will be worth $950.

In statistics, the process of using one variable to predict another is called regression.
For example, if we know a man’s height, we can make a good prediction about his weight,
because taller men usually weigh more than shorter men.

Figure 2-31 on the next page shows the result of sampling ten men at random and record-
ing their heights and weights. The graph of the ordered pairs (%, w) is called a scattergram.
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w
220
210 0(75,210)
Height Weight
Man in inches in pounds 200
1 66 140 190
2 68 150
3 68 165 o)
4 70 180 = 180
5 70 165 ol
6 71 175 Z 170
7 72 200
8 74 190 160
9 75 210
10 75 215 150
140 P(66, 140)
h
65 70 75 80
Height (in.)
(@) (b)
Figure 2-31

To write a prediction equation (sometimes called a regression equation), we must find
the equation of the line that comes closer to all of the points in the scattergram than any
other possible line. There are exact methods to find this equation, but we can only approxi-
mate it here.

To write an approximation of the regression equation, we place a straightedge on the
scattergram shown in Figure 2-31 and draw the line joining two points that seems to best fit
all the points (the line that appears to minimize the distances between the data points and
the line). In the figure, line PQ is drawn, where point P has coordinates of (66, 140) and
point Q has coordinates of (75,210).

Our approximation of the regression equation will be the equation of the line passing
through points P and Q. To find the equation of this line, we first find its slope.

V27N
=22
xz_X]
210 — 140
75 — 66
7
9

We can then use point-slope form to find its equation.

y =y =mx = x;)

70
y — 140 = 9 (x — 66) Choose (66, 140) for (x,,y,).
_ 70 4,620 + 140 Use the distributive property to remove parentheses

Y=g 9 and add 140 to both sides.
70 1,120 L

y=-—x— Combine like terms.
9 3

L ) C .70 1,120

Our approximation of the regression equationis y = 5 x 3 -
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To predict the weight of a man who is 73 inches tall, for example, we substitute 73 for
x in the regression equation and simplify.

70 1120
= —Xx —
Y79 3
70 1,120
=2 (73) - ==
Y= (73) 3
y ~ 1944

We would predict that a 73-inch-tall man chosen at random will weigh about 194 pounds.

L34 SELF CHECK Ly-5=3x 2y=-3x+] 3.y=-2c+4
= :
ANSWERS 4.m=20,2)

X
/@—1)—3.”2

5.yes 6.yes 7.y =8x 8.y= —éx 4k % 9. After 6 years the lathe will be worth $950.

To the Instructor NOW TRY THIS

Students will need to be able to
apply their understanding of slope
and y-intercepts to answer these
questions. a. b.

)N

2. Write an equation of a line in slope-intercept form (if possible) with the given information.
a. parallel toy = —3 through (4,6) y =6
b. perpendicular to x = 4 through (0,0) vy =0
c. parallel to 3x = 2y + 8 through (—4, —6) y =

1. Which of the following graphs could be the graph of y = —px — ¢ if p and ¢ are positive
values? a.d

3
EX
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2.3 :i';,__['-;x“ércises Q@

WARM-UPS Solve fory. Use point-slope form to write the equation of the line passing
through the two given points and solve for y. SEE EXAMPLE 2.
1.2x — 3y =6 2.5x+2y =10 (OBJECTIVE 1)
_ 2. _ R
y=3x-2 y=-3x+5 23. P(2,5),0(4,8) y=1x+2
Find the slope of the line passing through the given two points. 24.P(-3,-7),0(—6,-2) y=— 2 x— 12
7. _
3.(~1,5)and (6,8) - 25. P(3,4), 000, =3) "y =5x =3
s 26. P(4,0),0(6,—8) y= —d4x + 16

4.(4,-3)and (-2,7) —3
‘ Use slope-intercept form to write the equation of the line with the

State the slope of each line whose equation is given properties. SEE EXAMPLE 3. (OBJECTIVE 2)

5. x = 3 undefined 6.y=-2 0 27.m=5b=—-12 y=>5r— 12

28.m= —2,b=11 y= —2x+ 11

REVIEW EXERCISES Solve each equation. 29. m = —7, passing through (7,5) v = —7x + 54

7.4x +3=2(x—-5)+7 8.12b+6(3—-b)=b+3 30. m = 3, passing through (=2, —5) y = 3x + 1

-3 -3 31. m = 0, passing through (2, —4) y = —4
9. 52-x l=x+5 10— 1_r+2 +2 32. m = —7, passing through the origin y = —7x
{ 3 163 6 33. passing through (3, —7) and (—5,2) y = —;zx Y

8
34. passing through (—4,5) and (2, —6) y = — %x - %

11. Mixing alloys In 60 ounces of alloy for watch cases, there
are 20 ounces of gold. How much copper must be added to the
alloy so that a watch case weighing 4 ounces, made from the
new alloy, will contain exactly 1 ounce of gold? 20 oz

Find the slope and the y-intercept of the line determined by
the given equation. SEE EXAMPLE 4. (OBJECTIVE 3)

12. Mixing coffee To make a mixture of 80 pounds of coffee 35. 5x + 2y = 10 36.3x —dy =8
worth $272, a grocer mixes coffee worth $3.25 a pound with - ; (0,5) 3 (0,-2)
coffee worth $3.85 a pound. How many pounds of the cheaper 37. —2(x + 3y) = 5 38.5(2x — 3y) = 4

coffee should the grocer use? 60 Ib _
1 5 2 4

-5.(0.-¢) 3(0.-75)

VOCABULARY AND CONCEPTS Filfin the blanks. Write each equation in slope-intercept form to find the slope and the

13. The point-slope form of the equation of a line is Yy-intercept. Then use the slope and y-intercept to graph the line.

v — vy, =m(x — x) SEE EXAMPLE 4. (OBJECTIVE 3)

14. The slope-intercept form of the equation of a line is 39.y+1=x 1,(0,—1) 40.x+y=2 —1,(0,2)
y = mx + b.

15. The general form of the equation of a line is Ax + By = C. 2 2

16. Two nonvertical lines are parallel when they have the same / \
X
V.

slope.

17. If the slopes of two lines are negative reciprocals, the lines

are perpendicular. \
18. The process that recognizes that equipment loses value with

age is called depreciation.

GUIDED PRACTICE Use point-slope form to write the 1. x = iy -3 % (0,2) 42.x= _iy +9 73’((), %)
equation of the line with the given properties. SEE EXAMPLE 1. 2 ’ 5
(oBJECTIVE 1) y y
1

19.m = 5 passing through (1,5) vy — 5 = %(v - 1) / \\

2 X
20.m = — passing through (=7,3) y — 3 = fg(x +17) // x
21. m = —3, passing through (2,0) y = —3(x — 2)

1
22.m = 3 passing through (—4, —2) y + 2 = f% (x +4)
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Determine whether the graphs of each pair of equations
are parallel, perpendicular, or neither parallel nor perpendicular.
SEE EXAMPLES 5—6. (OBJECTIVE 4)

43.y =3x + 4,y = 3x — 7 parallel

44.y = %x —5y= %x + 7 neither

45. x + y =2,y =x + 5 perpendicular

46.x =y + 2,y =x + 3 parallel

47. y =3x + 7,2y = 6x — 9 parallel

48.2x + 3y = 9,3x — 2y = 5 perpendicular

49. x =3y + 4,y = —3x + 7 perpendicular

50.2x + S5y =3,y = %x neither

Write the equation of the line that passes through the given point

and is parallel or perpendicular to the given line. Write the answer
in slope-intercept form. SEE EXAMPLES 7—8. (OBJECTIVE 5)

51. (0,0), paralleltoy = 4x — 7 y = 4x

52. (0,0), perpendicularto x = —6y + 5y = 6x

53. (2,5), paralleltodx —y =7 y=4x — 3

54. (—6,3), paralleltoy + 3x = —12 y = —3x — 15
55. (1, —3), perpendiculartoy = 7x — 2 y = f%x - @
56. (—4,6), parallel tox =4y —5 y = ;x + 7

57. (2,5), perpendiculartodx —y =7 y = f%x + %
58. (—6,3), perpendiculartoy + 3x = —12 y = %,\' +5

ADDITIONAL PRACTICE Determine whether the graphs
of each pair of equations are parallel, perpendicular, or neither
parallel nor perpendicular.

59. 4x + 5y = 20, 5x — 4y = 20 perpendicular
60.9x — 12y = 17,3x — 4y = 17 parallel

61. 2x + 3y = 12, 6x + 9y = 32 parallel

62. 5x + 6y = 30, 6x + 5y = 24 neither

63. y = —5,x =2 perpendicular

64.y = —3,y = —7 parallel

_y-2
R
66.2y = 8,3(2 + x) = 2(x +2) perpendicular

65. x ,3(y —3) + x =0 perpendicular

Write the equation of the line that passes through the given
point and is parallel or perpendicular to the given line. Write the
answer in slope-intercept form.

5 /
67. (4, —2), parallel to x = Zy -2 y= ér - ?
3 4 11
68.(1,—5),parallelt0x——Zy+5 y=—3X— 7%
. 5 5
69. (4, —2), perpendicular to x = il 2 y=-3x+3

3
70. (1, —5), perpendicular to x = el +5 y=3x—

Find the slope and y-intercept and then graph the line.

2y — 4 2(y -3
Y 72.3x+4:—¥

7. x =

5.(0.2) -3.(0.-7)
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y y
X
/ x \
73.3(y —4) = —2(x — 3) 74.—-4(2x + 3) = 3(3y + 8)
2 8
~2.(0.6) ~5 (0, -4)
] y
\ \ X
Y N
Write the equation of each line in slope-intercept form.
75. y 76. y
/P/(z, 5)
/ g
X X
2 11 2
y=3x + 3 y=—3X
77. y 78. y
X
\\ X

79. Write the equation of the line perpendicular to the line y = 3
and passing through the midpoint of the segment joining
(2,4)and (—6,10). x= —2

80. Write the equation of the line parallel to the line y = —8 and
passing through the midpoint of the segment joining (—4,2)
and (-2,8). y=5

81. Write the equation of the line parallel to the line x = 3 and
passing through the midpoint of the segment joining (2, —4)
and (8,12). x =5

82. Write the equation of the line perpendicular to the line x = 3
and passing through the midpoint of the segment joining
(—2,2)and (4,-8). y= -3

83. Solve Ax + By = C for y and thereby show that the slope

. . o . C
of its graph is —% and its y-intercept is (O, %) y=—pxt3

B
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128 CHAPTER 2 Graphs, Equations of Lines, and Functions

84. Show that the x-intercept of the graph of Ax + By = C
is (%, O).

APPLICATIONS Fror problems involving depreciation or
appreciation, assume straight-line depreciation or straight-line
appreciation. SEE EXAMPLE 9. (OBJECTIVE 6)

85. Depreciation equations A truck was purchased for $19,984. Tts
salvage value at the end of 8 years is expected to be $1,600. Find
the depreciation equation. y = —2.298x + 19,984

86. Depreciation equations A business purchased the computer
shown. It will be depreciated over a 5-year period, when it
will probably be worth $200. Find the depreciation equation.
y = —430x + 2,350

87. Art In 1987, the painting
Rising Sunflowers by Vincent
van Gogh sold for $36,225,000.
Suppose that an appraiser
expected the painting to double
in value in 20 years. Let x
represent the time in years
after 1987. Find the straight-
line appreciation equation.

y = 1,811,250x + 36,225,000

88. Real estate listings Use the information given in the
following description of the property to write a straight-line
appreciation equation for the house. y = 4,000x + 122,000

Vacation Home

$122,000
Only 2 years old

* Great investment property!
* Expected to appreciate $4,000/yr

Sq ft: 1,635 Fam rm: yes Den: no
Bdrm: 3 Ba: 1.5 Gar: enclosed
A/C: yes Firepl: yes Kit: built-ins

89. Appreciation equations A famous oil painting was purchased
for $250,000 and is expected to double in value in 5 years. Find
the appreciation equation. y = 50,000x + 250,000

90. Appreciation equations A house purchased for $142,000
is expected to double in value in 8 years. Find its apprecia-
tion equation. y = 17.750x + 142,000

91. Depreciation equations Find the depreciation equation for

the TV in the want ad in the illustration.

950

y=-3x + 1,750

For Sale: 3-year-old 65-inch TV,
$1,750 new. Asking $800.
Call 715-5588. Ask for Joe.

92. Depreciating a lawn mower A lawn mower cost $450
when new and is expected to last 10 years. What will it be
worth in 6% years? $157.50

93. Salvage value A copy machine that cost $1,750 when new
will be depreciated at the rate of $180 per year. If the useful
life of the copier is 7 years, find its salvage value. $490

94. Annual rate of depreciation A machine that cost $47,600
when new will have a salvage value of $500 after its useful
life of 15 years. Find its annual rate of depreciation. $3.140

95. Real estate A vacation home is expected to appreciate
about $4,000 a year. If the home will be worth $122,000 in
2 years, what will it be worth in 10 years? $154,000

96. Car repair A garage charges a fixed amount, plus an
hourly rate, to service a car. Use the information in the table
to find the hourly rate. ~ $59/hr

A-1 Car Repair
Typical charges

2 hours  $143
5hours  $320

97. Printer charges A printer charges a fixed setup cost, plus
$15 for every 100 copies. If 300 copies cost $75, how much
will 1,000 copies cost?  $180

98. Predicting burglaries A police department knows that
city growth and the number of burglaries are related by a
linear equation. City records show that 575 burglaries were
reported in a year when the local population was 77,000, and
675 were reported in a year when the population was 87,000.
How many burglaries can be expected when the population
reaches 110,000? 905

WRITING ABOUT MATH

99. Explain how to find the equation of a line passing through
two given points.
100. In straight-line depreciation, explain why the slope of the
line is called the rate of depreciation.

SOMETHING TO THINK ABOUT investigate the proper-
ties of the slope and the y-intercept by experimenting with the fol-
lowing problems.

101. Graph y = mx + 2 for several positive values of m. What do
you notice?

102. Graph y = mx + 2 for several negative values of m. What do
you notice?
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103. Graph y = 2x + b for several increasing positive values of b.

What do you notice?

104. Graph y = 2x + b for several decreasing negative values of b.

‘What do you notice?

105. How will the graph of y = %x + 5 compare to the graph of
y= %x - 57

106. Howlwill the graph of y = %x — 5 compare to the graph of
y=3x?

2.4 Introduction to Functions 129

107. If the graph of y = ax + b passes through quadrants I, II,
and IV, what can be known about the constants a and b?
a<0,b>0

108. The graph of Ax + By = C passes only through quadrants
I and IV. What is known about the constants A, B, and C?
B = 0, A and C have the same sign

Section

2.4

relation is a function.

Objectives

Graph a linear function.
Write a linear function that models an application.

range
function

Getting Ready S Vocabulary

@ Find the domain and range of a relation and determine whether the

Find the domain and range from a graph and determine whether the
graph represents a function.

Evaluate a function at a given value.

@) Determine whether an equation represents a function.
B Find the domain of a function given its equation.

Ify = %x — 2, find the value of y for each value of x.

1. x=2 1 2. x=6

Introduction to Functions

vertical line test independent variable
output linear function

input constant function
dependent variable

7 3.x=-12 -20 4ox=-3 -,

In this section, we will introduce relations and functions. We include these concepts in this
chapter because they involve ordered pairs. The concept of function is one of the most important
ideas in mathematics. The farther you go in mathematics, the more you will study functions.

n Find the domain and range of a relation and determine
whether the relation is a function.

Table 2-2 on the next page shows the number of women serving in the U.S. House of
Representatives for several recent sessions of Congress.
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130 CHAPTER 2 Graphs, Equations of Lines, and Functions

TABLE 2-2

Women in the U.S. House of Representatives

Session of Congress 107th 108th 109th 110th 111th 112th
Number of Female Representatives 59 59 68 71 76 75

We can display the data in the table as sets of ordered pairs, where the first component
represents the session of Congress and the second component represents the number of
women serving in that session.

(107,59) (108,59) (109,68) (110,71) (111,76) (112,75)

Sets of ordered pairs like these are called relations. The set of all first components
{107, 108, 109, 110, 111, 112} is called the domain of the relation, and the set of all sec-
ond components {59, 68,71,75, 76} is called the range of the relation. Although 59 occurs
twice as a second component, we list it only once in the range.

EXAMPLE 1  Find the domain and range of the relation {(3,2), (5, =7), (—8,2), (=9, —12)}.
Solution Since the set of first components is the domain, the domain can be written as
D: {3,5, -8, -9}
Since the set of second components is the range, the range can be written as
R: {2, —7,—12} The second component 2 is listed only once in the range.

SELF CHECK 1 Find the domain and range of the relation {(5,6), (—12,4), (8,6), (5.4)}.
D: {5, —12,8};R: {6,4}

J

When each first component in a relation determines exactly one second component,
the relation is called a function.

FUNCTION A function is any set of ordered pairs (a relation) in which each first component deter-

mines exactly one second component.
EXAMPLE 2 Determine whether each relation defines a function.
4)— (3
a.| 6 |—|5 b.
12)—> 19

Solution a. The arrow diagram defines a function because each value in the first oval deter-
mines exactly one value in the second oval.

c. {(=2,3),(-1,3),(0,3),(1,3)}

00— 00| &
= NI SR ]

e 4 — 3 To the 4 in the first oval, there corresponds exactly one value, 3, in the
second oval.

e 6 > 5 To the 6 in the first oval, there corresponds exactly one value, 5, in the
second oval.

* 12 — 9 To the 12 in the first oval, there corresponds exactly one value, 9, in the
second oval.

b. The table does not define a function, because the value 8 in the first column deter-
mines more than one value in the second column.
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2.4 Introduction to Functions 131

e In the first row, to the number 8, there corresponds the value 2.

¢ In the third row, to the number 8, there corresponds the value 6.

c. Since the first component of each ordered pair determines exactly one value for the
second component, the set of ordered pairs is a function.

e (—2,3) To the number —2, there corresponds exactly one value, 3.
e (—1,3) To the number —1, there corresponds exactly one value, 3.
¢ (0,3) To the number 0, there corresponds exactly one value, 3.
* (1,3) To the number 1, there corresponds exactly one value, 3.

The results from parts (b) and (c) illustrate an important fact:

Two different ordered pairs of a function can have the same second
component, but they cannot have the same first component.

SELF CHECK 2 Determine whether each relation is a function.

—>|2 x |y
a. —>|[3| no b. _j[_gp ves c {(4,-1),(9,2),(16,15),(4,—4)} no
4 0| 55
3

0

g Find the domain and range from a graph and determine
whether the graph represents a function.

A vertical line test can be used to determine whether the graph of an equation represents
a function. If every vertical line that intersects a graph does so exactly once, the graph rep-
resents a function, because every number x determines a single value of y. If any vertical
line that intersects a graph does so more than once, the graph cannot represent a function,
because some number x determines more than one value of y.

The graph in Figure 2-32(a) represents a function, because every vertical line that
intersects the graph does so exactly once. The graph in Figure 2-32(b) does not represent a
function, because some vertical lines intersect the graph more than once.

y y
Three y’s
Ve \\ |1
X X
@) (b)
Figure 2-32
EXAMPLE 3 Find the domain and range of the relation determined by each ¥

graph and then tell whether the graph defines a function.

a. To find the domain, we look at the leftmost point on the
graph in Figure 2-33 and identify —3 as its x-coordinate.
Since the graph continues forever to the right, there is
no rightmost point. Therefore, the domain [—3, ) is \/

expressed in interval notation.
To find the range, we look for the lowest point on
the graph and identify —4 as its y-coordinate. Since the

Figure 2-33
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132 CHAPTER2 Graphs, Equations of Lines, and Functions

SELF CHECK 3

graph continues upward forever, there is no highest point. Therefore, the range is
[—4, ).

Since every vertical line that intersects the graph will do so exactly once, the
vertical line test indicates that the graph is a function.

y b. To find the domain, we note that the x-coordinate of the
leftmost point in Figure 2-34 is —4 and that there is no
T rightmost point. Therefore, the domain is [—4, =).
] To find the range, we note that there is no lowest
i x point or highest point. Therefore, the range is (—o, ©).
\\ Since many vertical lines that intersect the graph
e Y will do so more than once, the vertical line test indicates
that the graph is not a function.
y
Figure 2-34
X
Find the domain and range of the relation determined by the
graph and then tell whether the graph defines a function.
D: (=, ©); R: (=, 0]; yes /

FUNCTION NOTATION

COMMENT The notation
f(x) does not mean “f times x.”

EXAMPLE 4

Solution

Evaluate a function at a given value.

We can use a special notation to denote functions.

The notation y = f(x) denotes that the variable y is a function of x.

The notation y = f(x) is read as “y equals f of x.” Note that y and f(x) are two nota-
tions for the same quantity. Thus, the equations y = 4x + 3 and f(x) = 4x + 3 are
equivalent.

To see why function notation is helpful, consider the following equivalent statements:

1. In the equation y = 4x + 3, find the value of y when x is 3.
2. If f(x) = 4x + 3, find f(3).

Statement 2, which uses f(x) notation, is much more concise.

The notation y = f(x) provides a way of denoting the value of y that corresponds to
some number x. Since the value of y usually depends on the number x, we call y the depen-
dent variable and x the independent variable. For example, if y = f(x), the value of y
that is determined by x = 3 is denoted by f(3).

Let f(x) = 4x + 3.Find:  a. f(3) b. f(-=1) ¢ f(0)
d. the value of x for which f(x) = 7

a. We replace x with 3. b. We replace x with —1.
flx) =4x +3 flx) =4x +3
f(3) =4(3) +3 f(=1) =4(-1) +3
=12+3 =—4+3
=15 = -1
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SELF CHECK 4

2.4 Introduction to Functions 133

c. We replace x with 0. d. We replace f(x) with 7.
flx) =4x+3 f(x)=4x+3
f(0) = 4(0) +3 7=4x+3
=3 4 = 4x Subtract 3 from both sides.
x =1 Divide each side by 4.

Let f(x) = —2x — 1.Find: a. f(2) -5 b. f(=3) 5 «c. thevalueofxforwhich
f(x) =5 -3 )

EXAMPLE D

Solution

SELF CHECK 5

We can think of a function as a machine that takes some input x and turns it into some
output f(x), as shown in Figure 2-35(a). The machine shown in Figure 2-35(b) turns the
input number 2 into the output value —3 and turns the input number 6 into the output value
—11. The set of numbers that we can put into the machine is the domain of the function,
and the set of numbers that comes out is the range.

Figure 2-35

The letter f used in the notation y = f(x) represents the word function. However,
other letters can be used to represent functions. The notations y = g(x) and y = h(x) also
denote functions involving the independent variable x.

In Example 5, the equation y = g(x) = x* — 2x determines a function, because every
possible value of x gives a single value of g(x).

Let g(x) = x* — 2x. Find: a. g(%) b. g(s) c. g(s%) d. g(—1)
a. We replace x with % b. We replace x with s.
glx) = x> — 2x glx) =x* — 2x
2\ _ 22_2% g(s) =s*—2s
8\5) " \5 5 =5 — 2
_4_4
25 5
__16
25
c. We replace x with 52, d. We replace x with —z.
glx) = x> — 2x glx) = x> — 2x
g(s?) = (s*) — 2¢* g(—t) = (=1)* = 2(—1)
= st — 2§’ =124 2
1
Let i(x) = —x> + 3.Find: a. h<2> 1?1 b. h(—a) —a*+3
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134 CHAPTER2 Graphs, Equations of Lines, and Functions

EXAMPLE®  Let f(x) = 4x — 1.Find: a. f(3) +f(2)  b. f(a) — f(b)
Solution a. We find f(3) and f(2) separately.

flx) =4x —1 flx) =4x —1
f(3) =4(@3) -1 f(2) =4(2) -1
121 —8—1
=11 =7

We then add the results to obtain f(3) + f(2) = 11 + 7 = 18.
b. We find f(a) and f(b) separately.
flx) =4x —1 flx) =4x—1
fla) =4a—1 f(b) =4b — 1
We then subtract the results to obtain
fla) — f(b) = (4a — 1) — (4b — 1)
—da—1—4b+1
=4a — 4D

SELF CHECK6 Letg(x) = —2x + 3.Find: a. g(—2) + g(3) 4 b. gla) — g(b) —2a+2b )

ﬂ Determine whether an equation represents a function.

A function can be defined by an equation. For example, the equation y = %x + 3 sets up
a rule in which each number x determines exactly one value of y. To find the value of y
(called an output value) that corresponds to x = 4 (called an input value), we substitute 4
for x and simplify.

1
=—x+3
y=gx

1
y = 5(4) + 3 Substitute the input value of 4 for x.
=2+3
=5 This is the output value.

The ordered pair (4, 5) satisfies the equation and shows that a y-value of 5 corresponds to
an x-value of 4. This ordered pair and others that satisfy the equation appear in the table
shown in Figure 2-36. The graph of the equation also appears in the figure.

y = %x +3 :
X 1y (x’ y)
P4,5)
—2{2[(=2,2) A y-value of 2 corresponds to an x-value of —2. 5
0/31(0,3) A y-value of 3 corresponds to an x-value of 0.
2141((2,4) A y-value of 4 corresponds to an x-value of 2. L
4151((4,5) A y-value of 5 corresponds to an x-value of 4. c2
6|6 (6, 6) A y-value of 6 corresponds to an x-value of 6.
T7
Inputs Outputs 2

Figure 2-36

Unless otherwise noted, all content on this page is © Cengage Learning.

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



COMMENT  Use the vertical
line test to see that all linear
equations represent functions
except those of the form x = c.

yISAFUNCTION OF x

EXAMPLE 7

Solution

COMMENT Notice that
the graph does not pass the
vertical line test. Thus, the
equation y*> = x does not
define a function.

SELF CHECK 7

2.4 Introduction to Functions 135

To see how the table in Figure 2-36 determines the correspondence, we find an input
in the x-column and then read across to find the corresponding output in the y-column. For
example, if we select 2 as an input value, we get 4 as an output value. Thus, a y-value of 4
corresponds to an x-value of 2.

To see how the graph in Figure 2-36 determines the correspondence, we draw a vertical
and a horizontal line through any point (say, point P) on the graph, as shown in the figure.
Because these lines intersect the x-axis at 4 and the y-axis at 5, the point P (4, 5) associates 5
on the y-axis with 4 on the x-axis. This shows that a y-value of 5 corresponds to an x-value of 4.

In this example, the set of all inputs x is the set of real numbers, (—oe, ). The set of
all outputs y is also the set of real numbers, (—c, ).

An equation, table, or graph in x and y in which each value of x (the inpur) determines
exactly one value of y (the outpuf) is a function. In this case, we say that y is a function of x.

The set of all input values x is the domain of the function, and the set of all output val-
ues y is the range.

Does y? = x define y to be a function of x? Find its domain and range.

For a function to exist, each value of x must determine exactly one value of y. If we
let x = 16, for example, y could be either 4 or —4, because 4> = 16 and (—4)* = 16.
Since more than one value of y is determined when x = 16, the equation does not rep-
resent a function.

A table of values and the graph appear in Figure 2-37.

2 _
y X y
x|y (xsy) g
1| 1](1,1) E
0] 0](0,0) E
1=1/(1,-1) g
41 2|(4,2) 2
41-21(4,-2) % o
16| 4|(16,4) g
16 |—4 | (16, —4) > y =%
T 7 g
The inputs can be  The outputs can be °
any nonnegative any real number. =

number. The domain is [0, e].

Figure 2-37

Since the input x must be nonnegative, the domain is [0, ). Since the output y can
be any real number, the range is (—o°, ©).

Does |y| = x define y to be a function of x? Find its domain and range.
no; domain [0, ), range (—o°, =)

J

Find the domain of a function given its equation.

The domain of a function that is defined by an equation is the set of all numbers that are
permissible replacements for its independent variable.
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EXAMPLE 8

Solution

SELF CHECK 8

Find the domain of the functions defined by

a. fx) =X +8 -3 b flx) =

a. Since any real number can be substituted for x in the function f(x) = x*> + 8x — 3
to obtain a single value y, the domain is (—o0, ).

b. The number 2 cannot be substituted for x in the function f(x) = = 5 because that
would make the denominator 0. However, any real number, except 2, can be sub-
stituted for x to obtain a single value y. Therefore, the domain is the set of all real
numbers except 2. This is the interval (—=,2) U (2, ).

Find the domain of the function defined by the equationy = i 53 (=%, =3) U (-3,)

J

EXAMPLE 9

Solution

Graph a linear function.

The graph of a function is the graph of the ordered pairs (x, f(x)) that define the func-
tion. For the graph of the function shown in Figure 2-38, the domain is shown on the
x-axis, and the range is shown on the y-axis. For any x in the domain, there corresponds
one value y = f(x) in the range.

fib)

Range = [f(a).f(b)] Sx)

I
I
I
I
I
I
|
l
I
It
b

fla)
X
a X
Domain = [a, b]
Figure 2-38
Graph the function f(x) = —2x + 1 and find its domain and range.
We graph the equation as in Figure 2-39. Since every y
real number x on the x-axis determines a correspond-
ing value of y, the domain is the interval (—o, )
shown on the x-axis. Since the values of y can be /()=-2v+1
any real number, the range is the interval (—, )
shown on the y-axis. = \ % N
Domain
Range
5
Figure 2-39
SELF CHECK 9 Graph the function f(x) = 3x — 1 and find its domain and range. domain (—%, %),
range (—oe, ®).

J

In Section 2.1, we graphed equations whose graphs were lines. These equations define
basic functions, called linear functions.
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2.4 Introduction to Functions 137

LINEAR FUNCTION A linear function is a function defined by an equation that can be written in the form

EXAMPLE 10

Solution

SELF CHECK 10

fx) =mx+ b or y=mx +b

where m is the slope of the line graph and (0, b) is the y-intercept.

Solve the equation 3x + 2y = 10 for y to show that it defines a linear function. Then
graph the function and find its domain and range.

We solve the equation for y as follows:

3x +2y = 10
2y = —3x + 10  Subtract 3x from both sides.

3
y = —Ex + 5 Divide both sides by 2.

Because the given equation can be written in the form y
f(x) = mx + b, it defines a linear function. The slope
of its line graph is —%, and the y-intercept is (0, 5).
The graph appears in Figure 2-40. From the graph,
we can see that both the domain and the range are the

interval (—oo, ). 3x+2y=10

\

Figure 2-40

Solve the equation 5x — 2y = 20 for y to show that it defines a linear function.

y=3x-10

EXAMPLE 11

A special case of a linear function is the constant y
function, defined by the equation f(x) = b, where b
is a constant. Its graph, domain, and range are shown in

Figure 2-41. o

fx)=b

Constant function
Domain: (—eo, o0)
Range: {b}

Figure 2-41

Write a linear function that models an application.

CUTTING HAIR A barber earns $26 per day plus $6.50 for each haircut she gives
that day. Write a linear function that describes her daily income if she gives x haircuts
each day.
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138 CHAPTER2 Graphs, Equations of Lines, and Functions

Solution The barber earns $6.50 per haircut, so if she serves x customers a day, her earnings
for haircuts will be $6.50x. To find her total daily income, we must add $26 to $6.50x.
Thus, her total daily income I(x) is described by the function

I(x) = 6.50x + 26

SELF CHECK 11  Write a linear function that describes her daily income if she gets a raise of $0.50 per
haircut. /(x) = 7x + 26

J
SELF CHECK 1.D:{5,-12,8};R: {6,4} 2.a.no b.yes c.no 3.D:(—%,%);R:(—%,0];yes 4.a.—5
ANSWERS b.5 c¢. -3 5. a.% b.—a’+3 6.a.4 b.—2a+ 2b 7.no;domain [0, ), range (—o, )
8. (=, —3) U (=3,2) 9. y domain (—, %), range (—, %)
X
y
10.y =2x — 10 M.I(x) = 7x + 26

To the Instructor NOW TRY THIS
Partsaand b require the student ©  Given F(x) = 3x — 4, find:
evaluate a function for an expression
involving a variable. Part ¢ will help a. flx—=2) 3x-10 b. flx+h) 3x+ 314 ¢ flx+h) = fx) 3n
transition to the difference quotient.
WARM-UPS Given the table, x |y . 2a . 1 6a—1 ,

1. List the x-values in set notation. {—2.0,3} =210 32 6

2. List the y-values in set notation. {0, 3,9} 013 10. 2x+3 3x—-1_x—-13

3. Write the table of values as ordered pairs 319 5 3 15 2

in set notation.  {(~2,0), (0.3)(3,9)} VOCABULARY AND CONCEPTS Fillin the blanks.
4. Identify the y-intercept. (0, 3)
T1. Any set of ordered pairs is called a relation.

Solve each equation for y. 12. A function is a correspondence between a set of input values

5.3x —2y=8 y= % x—4 and a set of output values, where each input value determines

6.4x — 3y =9 - %x _ 3 one output value.

: 13. In a function, the set of all input values is called the domain

f the function.
REVIEW Solve each equation. ot the unf: on )
14. In a function, the set of all output values is called the range of

y+2 the function.
~ =4b+2) 2 15. The denominator of a fraction can never be 0.
3 3z—1 3z+4 _z*t 3 _3 16. To decide whether a graph determines a function, use the
6 3 2 ) vertical line test.
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17. If any vertical line intersects a graph more than once, the
graph cannot represent a function.

18. A linear function is any function that can be written in the
form f(x) = mx + b.

19. In the function f(x) = mx + b, m is the slope of its graph,
and b is the y-coordinate of the y-intercept.

Consider the function f(x) = mx + b. Fill in the blanks.

20. Any substitution for x is called an input value.
21. The value y is called an output value.

22. The independent variable is x.

23. The dependent variable is y.

24. The notation f(5) is the value of y when x = 5.

GUIDED PRACTICE State the domain and range of each rela-
tion and determine if it is a function. SEE EXAMPLES 1-2. (OBJECTIVE 1)

).(=2,1),(5,3)}

1,3

D: {—-2,—1,5,6};R: {—4,1,3}; yes
4
5

N
[
)
—
[3%)
|
[N}
~—
—
(9,

TN
N
—
s
Nt
—~
[98]
(=)
=
——

State the domain and range of the relation determined by each
graph in interval notation and determine whether it represents a
function. SEE EXAMPLE 3. (OBJECTIVE 2)

29. y

N
/

D: (=, 1];R: (=0, %);
not a function

N
/
\

30. y Dj(*SC.OC);R;[fl_x);
a function
/ '
31. y D;(—x’%);R;(—x’x);

/ a function
/ x

/
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32. y

/NI

D: (=, ®); R: (—,2];
a function

Find f(3), f(=1), and all values of x for which f(x) = O.
SEE EXAMPLE 4. (OBJECTIVE 3)
34. f(x) = —5x —15,5,0

33. f(x) =3x 9,-3,0 i
35. f(x) =2x—3 3, 75,% 36. f(x) =3x—5 4, 78,%
Find f(2) and f(3). SEE EXAMPLE 4. (OBJECTIVE 3)

37. f(x) =x* 4,9 38. flx) =x>—2 2.7

39 f(x) =x*—3 5,24  40. f(x) =X 8,27

Find f(2) and f(—2). SEE EXAMPLE 4. (OBJECTIVE 3)

a. fx) = Ix| -3 42. f(x) = |x| +6
-1,-1 8,8
4. f() =2 -2 22 44 fx)=x+3 7.7

Find g(w) and g(w + 1). SEE EXAMPLE 5. (OBJECTIVE 3)

45. g(x) = 5x 46. g(x) = —4x
5w,5w +5 —4w, —dw — 4
47.g(x) =3x — 5 48. g(x) =2x — 7

3w —5,3w — 2 2w — 7,2w — 5

Find each value given that f(x) = 2x + 1. SEE EXAMPLE 6. (OBJECTIVE 3)

49. f(3) + f(2) 12 50. f(—5) — f(4) —18
51. f(b) — f(a) 52. f(b) + f(a)
2b — 2a 2b + 2a + 2

Determine whether the equation determines y to be a function of x.
SEE EXAMPLE 7. (OBJECTIVE 4)
53.y =2x +3 yes

55.y = 2x% vyes

5.y’ =x+1 no

59.x = |y| no

54.y =3 vyes

56.y = 5x*> — 2 vyes
58.y2=3—2x no

60.y = |x| yes

State the domain of each function. SEE EXAMPLE 8. (OBJECTIVE 5)

61. f(x) =x>—4 62. f(x) =x*+3x—4

D:(*%,f) D;(fac‘oc)
63. f(x) = — 64. f(x) = —
'fx_x+5 - flx T x4
D: (=, =5) U (—5,x) D: (—o,—1) U (—1, »)
1 3
65. f(x) = —— 66. f(x) = —
(=, =3) U (-3,») (—o0,4) U (4, )
67. f(x) = fi . 68. f(x) :xf3
(=, ) (—,3) U (3,)
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140 CHAPTER2 Graphs, Equations of Lines, and Functions

Draw the graph of each linear function and state the domain and

range. SEE EXAMPLES 9-10. (OBJECTIVE 6)

69. f(x) =2x — 1
y

\y

70. f(x) = —x +2

S ==x+2

f=0x—1

=

D: (—o0, ®); R: (—o0, ) D: (—o,®);R: (—o, )

71.2x — 3y =6 72.3x + 2y = —6
y y
/ \ x
7x~?\A()
/ 3x+2y = 6 \

Di (~oe, )i Rs (—o0,)  Di (=8, %); R: (o, )

Determine whether each equation defines a linear function.

SEE EXAMPLES 9-10. (OBJECTIVE 6)

73.y=4>+3 no

x—3
74.y = — yes

9,16 78. f(x) = (x —3)*> 1,0

2
8
75.x =4y — 3 yes 76.x=; no
ADDITIONAL PRACTICE For each function, find f(2)
and f(3).
77. f(x) = (x + 1)?
79. f(x) =2*—x 6,15

For each function, find f(3) and f(—1).
81. f(x) =7+ 5x 22,2
83. f(x) =9 —2x 3,11
Find each value given that f(x) = 2x + 1.
85. f(b) — 1 21;
87. £(0) + /(3

86. f(b) — f(1)
88. f(a) + f(2a

80. f(x) = 5x* + 2x 24,51

82. f(x) =3+ 3x 12,0
84. f(x) =12+ 3x 21,9

Determine whether each relation defines a function.

89. — no 90.
1 I 4
2)—>\-7

91. x |y yes 92. x| y
-11]4 415
0|6 2 -1

113 41 3

5\/\
2| —
A

2b — 2
) 6a+ 2
yes

no

State the domain and range of the relation determined by each
graph in interval notation (if possible) and determine whether it
represents a function.

93. y D: {2}; R: (=, 0);
not a function
X
94, Y D: {—1};R: (—o, »);
not a function
X
95. y D: (—o,©);R: {1};
function
X
9. y D: (-, %);R: {—2};
function
X
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97. y D: [0, %); R: (—o0, );
not a function
X
98. Y D: (—o0, —1];
R: (=%, 0);
not a function
X

APPLICATIONS For Exercises 101 and 102, set up a linear
equation to solve. SEE EXAMPLE 11. (OBJECTIVE 7)

99. Selling DVD players An electronics firm manufactures
portable DVD players, receiving $120 for each unit it makes.
If x represents the number of units produced, the income

received is determined by the revenue function R(x) = 120x.

The manufacturer has fixed costs of $12,000 per month and
variable costs of $57.50 for each unit manufactured. Thus,
the cost function is C(x) = 57.50x + 12,000. How many
DVD players must the company sell for revenue to equal
cost? 192

100. Selling tires A tire company manufactures premium tires,
receiving $130 for each tire it makes. If the manufacturer
has fixed costs of $15,512.50 per month and variable costs
of $93.50 for each tire manufactured, how many tires must
the company sell for revenue to equal cost? (Hint: See
Exercise 99.) 425

101. Selling hot dogs At a football game, a vendor sells hot
dogs. He earns $50 per game plus $0.10 for each hot dog sold.

a. Write a linear function that describes the vendor’s
income if he sells i hot dogs. (/1) = 0.10h + 50

b. Find his income if he sells 115 hot dogs. $61.50

102. Housing A housing contractor lists the following costs.

$14,000
Cost per square foot $102

Fees and permits

a. Write a linear function that describes the cost of build-
ing a house with s square feet.
C(s) = 102s + 14,000

b. Find the cost to build a house having 1,800 square feet.
$197,600

Unless otherwise noted, all content on this page is © Cengage Learning.
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103. Ballistics A bullet shot straight up is s feet above the
ground after ¢ seconds, where s = f(t) = —16* + 256t.
Find the height of the bullet 3 seconds after it is shot. 624 ft

104. Artillery fire A mortar shell is s feet above the ground
after ¢ seconds, where s = f(t) = —16£* + 512t + 64. Find
the height of the shell 20 seconds after it is fired. 3,904 ft

105. Dolphins See the illustration. The height / in feet reached
by a dolphin 7 seconds after breaking the surface of the water
is given by

h=—167 + 32t

How far above the water will the dolphin be 1.5 seconds
after a jump? 12 ft

3 —_—
A
16 ft
// 7 A‘m
106. Police investigation The kinetic energy E of a moving object
is given by E = %mvz, where m is the mass of the object (in
kilograms) and v is the object’s velocity (in meters per sec-
ond). Kinetic energy is measured in joules. Examining the
damage done to a vehicle, a police investigator estimates that

the velocity of a club with a 3-kilogram mass was 6 meters
per second. Find the kinetic energy of the club. 54 joules

107. Conversion from degrees Celsius to degrees Fahrenheit
The temperature in degrees Fahrenheit that is equivalent to
a temperature in degrees Celsius is given by the function
F(C) = gC + 32. Find the Fahrenheit temperature that
is equivalent to 25°C. 77°F

108. Conversion from degrees Fahrenheit to degrees Celsius
The temperature in degrees Celsius that is equivalent to a

temperature in degrees Fahrenheit is given by the function

C(F) = gF — ?. Find the Celsius temperature that is

equivalent to 14°F.  —10°C

WRITING ABOUT MATH

109. Explain the concepts of function, domain, and range.

110. Explain why the constant function is a special case of a
linear function.

SOMETHING TO THINK ABOUT Letf(x) = 2x + 1and
g(x) = x2. Assume that f(x) # O and g(x) # O.

M. Is f(x) + g(x) equal to g(x) + f(x)? ves
12. Is f(x) — g(x) equal to g(x) — f(x)? no
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142 CHAPTER2 Graphs, Equations of Lines, and Functions

Section

2 5 Graphing Other Functions

Objectives

Getting Ready [ \Vocabulary

EXAMPLE 1

Solution

(1] Graph the quadratic, cubic, and absolute value functions.

#) Graph a vertical translation of the quadratic, cubic, and absolute
value functions.

a Graph a horizontal translation of the quadratic, cubic, and absolute
value functions.

) Graph a reflection of the quadratic, cubic, and absolute value functions
about the x-axis.

quadratic function absolute value function horizontal translations
parabola vertical translations reflection
cubic function

Give the slope and the y-intercept of each linear function.

1. f(x)=2x—3 2,(0,-3) 2. f(x) = -3x+4 -3,(0,4)
Find the value of f(x) when x = 2and x = —1.
3. flx) =5x—4 6,9 4 f(x)=1ix+3 4

/

In the previous sections, we discussed linear functions, functions whose graphs are straight
lines. We now extend the discussion to include nonlinear functions, functions whose graphs
are not straight lines.

Graph the quadratic, cubic, and absolute value functions.

If fis a function whose domain and range are sets of real numbers, its graph is the set of
all points (x, f(x)) in the xy-plane. In other words, the graph of fis the graph of the equa-
tion y = f(x). In this section, we will graph many basic functions. The first is f(x) = x?
(or y = x?), sometimes called the squaring function. This function is a special case of a
broader set of functions called quadratic functions. We will discuss these functions in
detail in Chapter 8.

Graph the function:  f(x) = x*

We substitute values for x in the equation and compute the corresponding values of f(x).
For example, if x = —3, we have

flx) =
f(=3) = (=3)® Substitute —3 for x.
=9
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2.5 Graphing Other Functions 143

Teaching Tip The ordered pair (—3,9) satisfies the equation and will lie on the graph. We list this
You might point out that parabolas pair and others that satisfy the equation in the table shown in Figure 2-42. We plot the
will be discussed in detail in points and draw a smooth curve through them to get the graph, called a parabola.
Chapter 8.
fx) = x? y
x | f(x) | (x, f(x))
=31 9 [(-3,9)
2| 4 [(=2,4)
-1 1 |[(-1,1)
0| 0 [(0,0)
1 1 |(1,1) feo) =
21 4 [(2,4) .
31 9 [(3,9)
Figure 2-42

SELF CHECK1 Find the domain and range of f(x) = x%. D: (=%, %):R: [0, =)

The second basic function is f(x) = x° (or y = x?), called the cubic function.

EXAMPLE 2 Graph the function:  f(x) = x°

Solution We substitute values for x in the equation and compute the corresponding values of

f(x). For example, if x = —2, we have
flx) =5
f(=2) = (—2)* Substitute —2 for x.
- -8

The ordered pair (—2, —8) satisfies the equation and will lie on the graph. We list
this pair and others that satisfy the equation in the table shown in Figure 2-43. We plot
the points and draw a smooth curve through them to obtain the graph.

y
flx) =x

x | f&)] (x, fx)) 1
—2| =8 [(=2,-38) A=
—1| =1 [(=1,-1) .

0| 0 ](0,0)

11 (1)

2| 8 [(2,8)

Figure 2-43

SELF CHECK 2 Find the domain and range of f(x) = x*. D:(—%,%);R: (—=, =)

J

The third basic functionis f(x) = |x| (ory = |x|), called the absolute value function.
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144 CHAPTER 2 Graphs, Equations of Lines, and Functions

EXAMPLE 3 Graph the function:  f(x) = |x|

Solution  We substitute values for x in the equation and compute the corresponding values of f(x).

For example, if x = —3, we have
f(x) = [x|
f(=3) = |—=3| Substitute —3 for x.
=3

The ordered pair (—3, 3) satisfies the equation and will lie on the graph. We list this
pair and others that satisfy the equation in the table shown in Figure 2-44. We plot the
points and draw a V-shaped graph through them.

y

flx) = |x|

x | f(x) | G, f(x))

-3 3 [(-3,3)

—2| 2 [(-2,2)

—1] 1 |[(=1,1) X
0| o |(0,0) ) = Ixd
11 [(1,1)

21 2 [(2,2)
31 3 |(3,3)

Figure 2-44
SELF CHECK 3  Find the domain and range of f(x) = [x|. D: (%, «);:R: [0, =)

J

Accent We can graph nonlinear functions with a TI84 graphing calculator. For example, to
graph f(x) = x? in a standard window of [—10, 10] for x and [—10, 10] for y, we enter
the function by entering X, T, 6, N (x) X2 (%) and press the GRAPH key. We will obtain
» Graphing Functions the graph shown in Figure 2-45(a).

To graph f(x) = x°, we enter the function by entering X, T, 6, n (x) * 3 and
press the GRAPH key to obtain the graph in Figure 2-45(b). To graph f(x) = |x|, we
enter the function by selecting “abs” from the MATH NUM menu, typing x, ) and press-
ing the GRAPH key to obtain the graph in Figure 2-45(c).

on technology

Sx) = Ixl

©)] (b) ©
Figure 2-45

When using a graphing calculator, we must be sure

that the viewing window does not show a misleading
Students with the newest graph. For example, if we graph f(x) = |x| in the
operating systems on their 184 \indow [0, 10] for x and [0, 10] for y, we will obtain a
calculators will see | | instead of dJeadi h that looks lik li See Fi
the letters “abs.” The absolute misicading g?ap. i lods lils @ e, ee. 18
value bars will be visible in the ure 2-46.) This is not true. The complete graph is the

equation. V-shaped graph shown in Figure 2-45(c).

Teaching Tip

Figure 2-46
For instructions regarding the use of a Casio graphing calculator, please refer to the
Casio Keystroke Guide in the back of the book.
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2.5 Graphing Other Functions 145

a Graph a vertical translation of the quadratic, cubic,
and absolute value functions.

The graphs of different functions may be identical except for their positions in the xy-plane.
For example, Figure 2-47 shows the graph of f(x) = x> + k for three different values of k.
If k = 0, we have the graph of f(x) = x If k = 3, we obtain the graph f(x) = x*> + 3,
which is identical to the graph of f(x) = x?, except that it is shifted 3 units upward. If
k = —4, we obtain the graph f(x) = x*> — 4, which is identical to the graph of f(x) = x?,
except that it is shifted 4 units downward. These shifts are called vertical translations.

y
fx) = X2+3
fi) = x>
X
fx) =x%-4
Figure 2-47

In general, we can make these observations.

VERTICAL If fis a function and k is a positive number, then
TRANSLATIONS
y o The graph of f(x) + k is identical to the graph of f(x), except

y=flx) +k

that it is translated & units upward.

* The graph of f(x) — k is identical to the graph of f(x), except
y =ﬂ§) that it is translated & units downward.

y=flx)—k

EXAMPLE4  Graph: f(x) = |x| + 2

Solution The graph of f(x) = |x| + 2 will be the same V-shaped graph as f(x) = |x|, except
that it is shifted 2 units upward. The graph appears in Figure 2-48.

Y

y=kl+2

Figure 2-48

SELF CHECK 4 Graph: f(x) = [x|-3 )
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146 CHAPTER2 Graphs, Equations of Lines, and Functions

HORIZONTAL
TRANSLATIONS

EXAMPLES

Solution

SELF CHECK 5

Graph a horizontal translation of the quadratic, cubic,
and absolute value functions.

Figure 2-49 shows the graph of f(x) = (x + h)? for three different values of 4. If h = 0,
we have the graph of f(x) = x%. The graph of f(x) = (x — 3)? is identical to the graph
of f(x) = x* except that it is shifted 3 units to the right. The graph of f(x) = (x + 2)is
identical to the graph of f(x) = x?, except that it is shifted 2 units to the left. These shifts
are called horizontal translations.

X
Jix) = (x+2)? Jix) = (x=3)?
Figure 2-49
In general, we can make these observations.
If fis a function and k is a positive number, then
y « The graph of f(x — k) is identical to the graph of

y=fx+k) |y=fix) y=fx—k) f(x), except that it is translated k units to the right.
o The graph of f(x + k) is identical to the graph of
f(x), except that it is translated k units to the left.

7 v

Graph: f(x) = (x — 2)?

The graph of f(x) = (x — 2)* will be the same y
shape as the graph of f(x) = x’, except that it is
shifted 2 units to the right. The graph appears in
Figure 2-50.

f)=x-2)°

J

Figure 2-50

Graph: f(x) = (x + 3)°

The next example will contain both a horizontal and a vertical translation.
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EXAMPLE 6

Solution

COMMENT In Example 6,
we could have translated the
graph 2 units upward and then
3 units to the right to obtain the
same graph.

SELF CHECK 6

2.5 Graphing Other Functions 147

Graph: f(x) = (x —3)*+2

We can graph this function by translating the graph of f(x) = x° to the right 3 units and
then upward 2 units, as shown in Figure 2-51.

y

fo)=x?

Il
=

f)=(x-3)*+2
2

Figure 2-51

Graph: f(x) =[x +2| -3

EXAMPLE 7

Solution

Graph a reflection of the quadratic, cubic, and absolute value
functions about the x-axis.

Figure 2-52 shows tables of solutions for f(x) = x* and for f(x) = —x*. We note that for
a given value of x, the corresponding y-values in the tables are opposites. When the values
are graphed, we see that the (—) in f(x) = —x? has the effect of “flipping” the graph of
f(x) = x* over the x-axis, so that the parabola opens downward. We say that the graph of
f(x) = —x*is a reflection of the graph of f(x) = x* about the x-axis.

y

fx) = 22 flx) = —x?
x [ f(x) | (x,f(x)) x | f(x) | (6 f(x))
-2 4 [(-2,4) 2| —4 [(=2,-4) fe) =
“1l 1 [(-1,1) 1] =1 {(-1,-1) .
ol 0 [(0,0) o| 00,0
1| (1 1| —1](1,-1) =22
2 4 [(2,4) 2| —4{(2,-4)

Figure 2-52

Graph: f(x) = —x°

To graph f(x) = —x°, we use the graph of f(x) = x* from Example 2. First, we reflect
the portion of the graph of f(x) = x* in quadrant I to quadrant IV, as shown in Figure
2-53 on the next page. Then we reflect the portion of the graph of f(x) = x* that is in
quadrant III to quadrant II.
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148 CHAPTER2 Graphs, Equations of Lines, and Functions

SELF CHECK7 Graph: f(x) = —|x]

y
fo=x
X
f) =3
Y
Figure 2-53

REFLECTION OF A GRAPH

The graph of y = —f(x) is the graph of f(x) reflected about the x-axis.

GRAPHS IN SPACE

Perspective

In an xy-coordinate system, graphs of equations contain-
ing the two variables x and y are lines or curves. Other
equations have more than two variables, and graphing
them often requires some ingenuity and perhaps the aid
of a computer. Graphs of equations with the three vari-
ables x, y, and z are viewed in a three-dimensional coor-
dinate system with three axes. The coordinates of points
in a three-dimensional coordinate system are ordered

L 0(-1,2,3)

Illustration 1

Illustration 2

triples (x, y, z). For example, the points P(2,3,4) and
0(—1,2,3) are plotted in Illustration 1.

Graphs of equations in three variables are not lines
or curves, but flat planes or curved surfaces. Only the
simplest of these equations can be conveniently graphed
by hand; a computer provides the best images of others.
The graph in Illustration 2 is called a paraboloid; it is
the three-dimensional version of a parabola. Illustration 3
models a portion of the vibrating surface of a drum head.

nea SUNY
RSN

O
SN
N\

%

N
NN 22

Illustration 3
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2.5 Exercises

SELF CHECK 1. D: (=00, ©); R: [0, %) 2. D: (=%, ®); R: (=, %) 3. D: (—%, »); R: [0, ©)
ANSWERS a. § 5. y
flx) =(x + 3)
flx)=Ix -3

N

N x

N Jix) =—Ixl

f) =l +21-3

To the Instructor NOW TRY THIS

149

These require students to apply Given the graph of f(x) below, sketch a graph of each translation or reflection.
horizontal shifts, vertical shifts, and
reflections to an unfamiliar graph. y
y=f)
X
a. f(x) +2 b. —f(x) c fix—1)
y y y
\//\
X X /\ X
NV
J
WARM-UPS Find the value of f(x) when x = 3and x = —2. Find the value of g(a) when a = —3.
1L fx)=x¥—-4 5.0 2.f(x)=x2+1 10,5 7.8(a) = —a*—4 13
3.fx) = -1 26,-9 4. f(x)=x+5 32,3 8.g(a) =—la +2 -1
5. f(x) = x| =2 1.0 6. f(x)=1|x| +4 7.6
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150 CHAPTER 2 Graphs, Equations of Lines, and Functions

REVIEW 29. f(x) = (x —1)° 30. f(x) = (x + 1)*

9. List the prime numbers between 20 and 30. 23,29 : 2
10. State the associative property of addition. /

(a+b)+c=a+ (b+c)

11. State the commutative property of multiplication. a-b = b-a a x / X
12. What is the additive identity element? 0 o =@x=1)7° fol= @+ 13
13. What is the multiplicative identity element? 1
14. Find the multiplicative inverse of — ;. f_,zl

31 f(x) = [x| =2 32, f(x) = [x] + 1

VOCABULARY AND CONCEPTS Fill in the blanks. y y

15. The function f(x) = x*is called a quadratic function. Its

graph is a parabola. \ /
16. The function f(x) = x*is called a cubic function. x

17. The function f(x) = |x| is called an absolute value function.

X

18. Shifting the graph of an equation upward or downward is AR =lr2 faz=ldy ]

called a vertical translation.

19. Shifting the graph of an equation to the left or to the right is
called a horizontal translation.

20. The graph of f(x) = x*> + 3 is the same as the graph of
f(x) = x% except that it is shifted 3 units upward. 33. f(x) =2 =5 34. f(x) =x" + 4

21. The graph of f(x) = x* — 2 s the same as the graph of Y Y
f(x) = x°, except that it is shifted 2 units downward. \ /

22. The graph of f(x) = (x — 5)*is the same as the graph of x
f(x) = x*, except that it is shifted 5 units to the right.

23. The graph of f(x) = (x + 7)* is the same as the graph of
f(x) = &%, except that it is shifted 7 units to the left.

24. The graph osz(x) = (x — 2)* — 4is the same as the graph ROlER S
quj;(i)tcs) do\jn’welii;pt that it is shifted 2 units to the right and 35, £(x) = |x| + 6 36. f(x) = x| — 4

25. The graph of f(x) = —|x + 5| is the same as the graph of Y ’
f(x) = |x + 5], except that it is reflected about the x-axis. \

26. The graph of f(x) = —(x + 1)* + 2 is the same as the graph
of f(x) = x* except that it includes a vertical and horizontal
translation and a reflection.

Graph each function using a vertical translation of the graph of
f(x) =x2 f(x) = x5 or f(x) = |x|. SEE EXAMPLE 4. (OBJECTIVE 2)

foy=x+4

1

f0)=]x|+6 N\ vd

GUIDED PRACTICE Graph each function by plotting points. X f)=]x| -4
Check your work with a graphing calculator. SEE EXAMPLES 1-3.

(ogjEcTIvE D) Graph each function using a horizontal translation of the graph of

27. f(x) = — 3 28. f(x) = x> +2 f(x) =x2 f(x) = x3 or f(x) = |x|. SEE EXAMPLE 5. (OBJECTIVE 3)
y y 37. f(x) = (x — 1)° 38. f(x) = (x + 4)?
y y

X

o =¥+ 2 x
\/ x C’(.x) — 1) *

fn=x"-3 foy =@+ 47
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2.5 Exercises 151

39. f(x) = (x — 3)? 40. f(x) = |x + 2] ADDITIONAL PRACTICE Graph each function and state
y y the domain and range.

/ 49. f(x) = |x — 1] 50. f(x) = |x + 2|
y y
. fo)=p+2) /

J@) =w-3y N x / X

fx) =111 Sx) = 1x + 2
Graph each function using translations of the graph of
f(x) =x3 f(x) = x3 or f(x) = |x|. SEE EXAMPLE 6.
(OBJECTIVES 2-3) D: (=%, %); R: [0, ) D: (=%, %); R: [0, )
anf(x)=lx -2/ —1 42 f(x)=(x+2?—1 51. f(x) =27 +8 52. f(x) =2 -8
y y
\y f i
N / ; .
N | NS f=x7+8 fey=x1=8
A=k =2=1 Ax) =+ 2=l
X
4. f(x) = (x+ 1 -2 44 f(x) = |x +4] +3 D: (=o0, ) R: [8, ) D R )
v v 53. f(x) = [x + 5] 54. f(x) = [x — 5]
Yl y y
| S
X
fo)=l+41 +3 . N
fol= G+ D=2 )=
o= x f@)=l+5| e
Graph each function using a reflection and a translation of the D: (=, »); R: [0, ) D: (=, »); R: [0, )
graph of f(x) = X% f(x) = x% or f(x) = |x|. sEE ExaMPLE 7. 55. f(x) = (x — 6)? 56. f(x) = (x +9)?
(OBJECTIVE 4) y y
45. f(x) = —Ix| + 1 46. f(x) = —x* -2
y y
\ .
ool i + 1 * Je=(x+9)?
PN \ )

x &) =(x-6)?
/ \ foo =002 D: (—o, %); R: [0, ) D: (—o, %): R: [0, )

%] Use a graphing calculator to graph each function, using values

47. f(x) = —(x — 1) 48. f(x) = —(x +2)? " of [—4, 4] for x and [—4, 4] for y. The initial graph is not what
y y it appears to be. Select a better viewing window to find the
complete graph.
o) ==(=17? o0y ==(x +2) 57. f(x) =x* + 8 58. f(x) =x* — 12
X - X ¥, j,
\ / /1
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152 CHAPTER2 Graphs, Equations of Lines, and Functions

WRITING ABOUT MATH 63. Graphy = (x + k)? + 1 for several positive values of k.

What do you notice?

39- Explain how to graph an equation by plotting points. 64.Graphy = (x + k)? + 1 for several negative values of k.

What do you notice?
65. Graph y = (kx)? + 1 for several values of k, where k > 1.
What do you notice?

60. Explain why the correct choice of window settings is impor-
tant when using a graphing calculator.

SOMETHING TO THINK ABOUT Use a graphing

H calculator 66. Graph y = (kx)? + 1 for several values of k, where

0 < k < 1. What do you notice?
61. Use a graphing calculator with settings of [—10, 10] for x and 67. Graphy = (kx)? + 1 for several values of k, where k < —1.
[—10,10]foryto graph a. y = —x% b. y = —x* + 1, What do you notice?
and c. y = —x? + 2. What do you notice? 68

. Graphy = (kx)? + 1 for several values of k, where

62. Use a graphing calculator with settings of [—10, 10] for x and —1 < k < 0. What do you notice?

[—10,10]foryto graph a. y = —|x|, b. y = —|x] — 1,
and c. y = —|x| — 2. What do you notice?

Pro ) ects the equation of the line representing Country Drive.
You also should state the domain on which this equa-
PROJECT 1 tion is valid as a representation of Country Drive.

The Board of Administrators of a county has hired your
consulting firm to plan a highway. The new highway is to
be built in the outback section of the county.

The two main roads in the outback section are High-
way N, running in a straight line north and south, and
Highway E, running in a straight line east and west.
These two highways meet at an intersection that the
locals call Four Corners. The only other county road in
the area is Slant Road, which runs in a straight line from
northwest to southeast, cutting across Highway N north
of Four Corners and Highway E east of Four Corners.

The county clerk is unable to find an official map of
the area, but there is an old sketch made by the original
road designer. It shows that if a rectangular coordinate
system is set up using Highways N and E as the axes and
Four Corners as the origin, then the equation of the line
representing Slant Road is

2x + 3y = 12 (where the unit length is 1 mile)

Given this information, the county wants you to do the
following:

a. Update the current information by giving the coordi-
nates of the intersections of Slant Road with Highway
N and Highway E.

b. Plan a new highway, Country Drive, that will begin
1 mile north of Four Corners and run in a straight line
in a generally northeasterly direction, intersecting
Slant Road at right angles. The county wants to know

PROJECT 2

You represent your branch of the Buy-from-Us Corporation.
At the company’s regional meeting, you must present your
revenue and cost reports to the other branch representatives.
But disaster strikes! The graphs you had planned to present,
containing cost and revenue information for this year and
last year, are unlabeled! You cannot immediately recognize
which graphs represent costs, which represent revenues,
and which represent which year. Without these graphs,
your presentation will not be effective.

The only other information you have with you is in
the notes you made for your talk. From these you glean
the following financial data about your branch.

1. All cost and revenue figures on the graphs are
rounded to the nearest $50,000.

2. Costs for the fourth quarter of last year were
$400,000.

3. Revenue was not above $400,000 for any quarter last
year.

4. Last year, your branch lost money during the first
quarter.

5. This year, your branch made money during three of
the four quarters.

6. Profit during the second quarter of this year was
$150,000.

And, of course, you know that profit = revenue — cost.
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Projects 153

You should be sure to have sound reasons for your
choices—reasons ensuring that no other arrangement of
the titles will fit the data. The last thing you want to do is
present incorrect information.

With this information, you must match each of the
graphs (Illustrations 1-4) with one of the following titles:

Costs, This Year
Revenues, This Year

Costs, Last Year

Revenues, Last Year

$100,000s
(98]

$100,000s
(98]

I I I I X | | I ] X
Last Ist 2nd  3rd 4th Last 1st  2nd 3rd 4th

quarter qtr.  qtr.  qtr.  qtr. quarter qtr. qtr. qtr.  qtr.

of of
previous previous
year year
Illustration 1 Illustration 2
y y
6 6
S SRS
S o
8 4 8 4
g 3 § 3
& 9 s 2
1 1
I I I I = I I I I 7
Last I zmel - 2iel - 4iin Last Ist  2nd 3rd  4th
quarter  qtr. qtr. qtr. qtr. quarter  qtr. qtr. qtr. qtr.
of of
previous previous
year year

lllustration 3 lllustration 4
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Reach for Success
EXTENSION OF READING THIS MATHEMATICS TEXTBOOK

READING THIS MATHEMATICS TEXTBOOK

Now that we have discussed the overall structure of this textbook, let’s move on to some special features designed
to help you work through each section.

Prior to the homework exercise set, you will find the following features:

* Getting Ready : What does this mean to you?

e Examples : How many objectives are in this section?

All examples are cross-referenced with the objectives. Thus, if How many of these are you required to know?

your instructor does not cover a particular objective, you may :
omit that example. : Which examples may you omit?

e Self Checks Explain how the Self Checks might help you understand and
After each numbered example, you will find a Self Check prac- : retain the text material.
tice exercise so that you may immediately determine your read- :
ing comprehension. :

e Now Try This Explain why the Now Try This might be considered transitional
Created to provide collaborative exercises to be discussed in : group-work exercises.
small groups, these problems are slightly more difficult than :
the examples and encourage you to deepen your understand- :
ing or provide transition to a future topic. :

Match each exercise set feature with its description.

_____1.Additional Practice i A. Gets you ready for homework

__ 2.Applications B. Keeps previously learned skills current
__ 3.Guided Practice C. Helps you speak the language

__ 4 Review D. Provides references for assistance
____5.Something to Think About E. Begins to duplicate the exam format
_____6.Vocabulary F. Shows relevance of the topics to the world
_____7.Warm-up G. Increases communication skills

_____ 8. Writing About Math H. Transitions students‘ concepts

When beginining the exercises, be sure to read the instructions : 1. Find the perimeter of the figure.

carefully. : 2. Find the area of the figure.

7 in.

21 in.

: What is the importance of understanding the instructions in
: the two exercises?

Don't forget the computer software, Enhanced WebAssign. The exercises there can be done on the computer
with additional help options, an excellent resource particularly during late evening when your other resources
are not available!
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SECTION 2.1

DEFINITIONS AND CONCEPTS

EXAMPLES

Any ordered pair of real numbers represents a point
on the rectangular coordinate system.

The point where the axes cross is called the origin.

The four regions of a coordinate plane are called
quadrants.

On the coordinate axis, plot (0, —2), (2, —4), and (=3, 5).

° y
(=3.5)

¢ (0,-2)

o (2,-4)

The origin is represented by the ordered pair (0, 0).
The point with coordinates (5, 3) is in quadrant 1.

The point with coordinates (—5, 3) is in quadrant IL.

(-
The point with coordinates (—5, —3) is in quadrant ITI.
(

The point with coordinates (5, —3) is in quadrant IV.

An ordered pair of real numbers is a solution of an
equation in two variables if it satisfies the equation.

The ordered pair (—1, 5) is a solution of the equation x — 2y = —11 because
it satisfies the equation.

x—2y=—11
(=1) —2(5) £ —11  Substitute —1 for x and 5 for y.
-1-10< -11

—11 = —11 True.

Since the results are equal, (—1, 5) is a solution.

General form of an equation of a line in two
variables:

Ax + By = C (A and B are not both 0.)
To graph a linear equation,

1. Find two ordered pairs (x, y) that satisfy the
equation.

2. Plot each pair on the rectangular coordinate
system.

3. Draw a line passing through the two points.

4. Use a third point as a check.

Unless otherwise noted, all content on this page is © Cengage Learning.

The equation x + y = —2 is written in general form. To graph it, we find two
ordered pairs that satisfy the equation. A third point is included as a check.

‘We then plot the points and draw a line passing through them.
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The y-intercept of a line is the point where the line
intersects the y-axis.

The x-intercept of a line is the point where the line
intersects the x-axis.

CHAPTER2 Graphs, Equations of Lines, and Functions

The y-intercept of the graph on the previous page is the point with coordinates
(0,-2).

The x-intercept of the graph on the previous page is the point with coordinates
(=2,0).

Vertical line:
The equation is

X =a
x-intercept at (a,0)

Horizontal line:
The equation is

y=b
y-intercept at (0, b)

The graph of x = 2 is a vertical line passing through (2,0).
The graph of y = —3 is a horizontal line passing through (0, —3).

Midpoint formula:
If P(x;,y,) and Q(x,, y,), the midpoint M of
segment PQ is

xitxn y+ty
2 72

To find the midpoint of the line segment joining P(3, —2) and Q(2, —5), we
find the mean of the x-coordinates and the mean of the y-coordinates to obtain

x1+x2_3+2_§

2 2 2
J’I+YZ=—2+(—5)=_Z
2 2

The midpoint of segment PQ is the point M (%, - %)

REVIEW EXERCISES

1. Use the equation 4x — 6y = 24 to complete the table.

x|y (x,y)
—9|—10] (-9, —10)
—6| —8|(—6,-8)
-3| —6](-3,-6)
0] —41(0,—4)
30 —2((3,-2)
6 01 (6.0)
9 21(9,2)

Graph each equation.

2.x+y=4

4.y =3x + 4
y y

/ S

y=38x+4

N
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82(x+3)=x+2 9.3y =2(y — 1) 10. Find the midpoint of the line segment joining P(—4, 3) and
s
y y 009,-7). (3.-2)

SECTION 2.2

DEFINITIONS AND CONCEPTS EXAMPLES
Slope of a nonvertical line: The slope of a line passing through (—1,4) and (5, —3) is given by
If Xy #* X1,
m:yz_.h: —3-4 _ -7
mzAl=y2_Y1 n—x 5-(-1) 6
Ax Xy — Xy

Horizontal lines have a slope of 0. y = 5is a horizontal line with slope 0.
Vertical lines have an undefined slope. x = 5 is a vertical line with an undefined slope.
Parallel lines have the same slope. Two distinct lines with slopes % and % are parallel.
The slopes of two nonvertical perpendicular lines are | Two lines with slopes 5 and — % are perpendicular.
negative reciprocals.

REVIEW EXERCISES
Find the slope of the line passing through points P and Q, if possible. ~ Determine whether the lines with the given slopes are parallel,

1. P(2,5) and 0(5,8) 12. P(~3, ~2) and 0(6, 12) perpendicular, or neither.
1 %4 21.m1=4,m2=—% 22.m,=0.5,m2=%
perpendicular parallel
13. P(—3,4) and (-5, —6) 14. I;'(S, —4)and 0(-6, —9) 23.m, = 05.m, _% 24 m, = 5.my = —02
5 " neither perpendicular
15. P(—2,4) and O(8, 4) 16. P(—5,—4) and O(—5,8) 25. Sales growth If the sales of a new business were $65,000
0 undefined slope in its first year and $130,000 in its fourth year, find the rate of

th in sal . $21,666.67
Find the slope of the graph of each equation, if one exists. growth in sales per year.

7.2¢—3y =18 - 18.4x + 5 =10 2

19. —2(x —3) =10 20.2y —7=1
undefined slope 0

SECTION 2.3

DEFINITIONS AND CONCEPTS EXAMPLES

Equations of a line: 1

Point-slope form: Write the point-slope form of a line passing through (—3, 5) with slope 7
y =y, =mx — x,) y =y =m(x — x) This is point-slope form.

1
y—5= > [x — (=3)] Substitute.

1
y—5=5(x+3)
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158 CHAPTER2 Graphs, Equations of Lines, and Functions

Slope-intercept form:

y=mx+b

Write the slope-intercept form of a line with slope % and y-intercept (0, —4).

y = mx + b This is slope-intercept form.

1
—x — 4 Substitute.

y=3
Ly
_1._
Y73

To find the slope of a linear equation written in gen-
eral form, solve for y.

Find the slope of the line 3x + 5y = 7.

Sy = —3x +7
3,7

- 347
T

3
The slope is — 5

REVIEW EXERCISES

Write the equation of the line with the given properties in

slope-intercept form.

26. slope of 3; passing through P(—8,5) y = 3x + 29

27. passing through (—2,4) and (6, =9) y = — ¢ x + and will depreciate it on a straight-line basis over the next 5 years.
. At the end of its useful life, it will be sold as scrap for $100. Find
28. passing through (_3’ —5); parallel to the graph of its depreciation equation. y = —1,720x + 8.700
3x —2y=7 ,\':%x*%
Introduction to Functions
DEFINITIONS AND CONCEPTS EXAMPLES

29. passing through (—3, —5); perpendicular to the graph of
3x =2y =17 _),:7%\-77

; 30. Depreciation A business purchased a copy machine for $8,700

A relation is any set of ordered pairs.

The domain is the set of first components of the
ordered pairs.

The range is the set of second components of the
ordered pairs.

A function is any set of ordered pairs (a relation) in
which each first component determines exactly one
second component.

The domain of a function is the set of input values.

The range is the set of output values.

The vertical line test can be used to determine
whether a graph represents a function.

Find the domain and range of the relation {(2, —1), (6,3), (2,5)} and
determine whether it defines a function.

Domain: {2, 6} because 2 and 6 are the first components in the ordered pairs.

Range: {— 1,3, 5} because —1, 3, and 5 are the second components in the
ordered pairs.

The relation does not define a function because the first component 2 is paired
with two different second components.

Find the domain and range of the graph and y
determine whether the graph represents a
function.

Domain: Since the graph extends forever to
the left, and stops at x = 3 on the right, the X
domain is (—%, 3]in interval notation.

Range: Since the graph extends forever
downward and ends at y = 4, the range
is (—, 4] in interval notation.

Since every vertical line that intersects the graph will do so exactly once, the
vertical line test indicates that the graph is a function.

f(k) represents the value of f(x) when x = k.

If f(x) = —7x + 4, find £(2).
f(2)=-7(2) + 4
=-14+4
=-10

=
Il

Substitute 2 for x.

In ordered pair form, we can write (2, —10).
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The domain of a function that is defined by an
equation is the set of all numbers that are permissible
replacements for its variable.

Find the domain of f(x) = )%
The number —7 cannot be substituted for x in the function f(x) = %

because that would make the denominator 0. However, any real number,
except —7, can be substituted for x to obtain a single value y. Therefore,
the domain is the set of all real numbers except —7. This is the interval

(=, =7) U (=7, ).

A linear function is a function defined by an equa-
tion that can be written in the form f(x) = mx + b
ory = mx + b where m is the slope of the line graph
and (0, b) is the y-intercept.

The graph of y = 4x — 1 is a line with slope 4 and y-intercept (0, —1). The
domain is the set of real numbers R, and the range is the set of real numbers R.

Assume that f(x) = 3x + 2and g(x) = x* — 4 and find
value.

REVIEW EXERCISES

Determine whether each equation determines y to be a function of x. ~ 47. y 48. y
3.y =6x — 4 vyes 32.y=4 —x vyes

33.’=x no 34. [yl =x no

each > X X

>l

35. f(6) 20 36. g(—5) 21
37.g(-2) 0 38. f(5) 17 o o
not a function a function;

Find the domain of each function. D: (—o0,®);R: [—1, ) D: (=, ®);R: [-3, )
39. f(x) = 6x =5 40. f(x) = —2x +3 Determine whether each equation defines a linear function.

D: (—e0, ) D: (o0, 0)

4 x+5

a. flx) =2+ 1 42. f(x) = 49.y =4x + 2 yes 50.y:T yes

’ 2 —x

D: (—o, ») D: (—%,2) U (2, ) 51. 4x — 3y =12 yes 52.y=x>—10 no

7
43. f(x) = —— 44. y = —4
x—3

D: (—%,3) U (3, %) D: (—o, »)
Use the vertical line test to determine whether each graph
represents a function. State the domain and range.
45. y 46. y

// ) C) )

a function; D: (—o0, ); not a function; D: [ —4, 4];

R: (—oe, ) R:[—2,2]

Graphing Other Functions

DEFINITIONS AND CONCEPTS EXAMPLES

Vertical translations:
If fis a function and k is a positive number, then

 The graph of f(x) + k is identical to the
graph of f(x), except that it is translated k
units upward.

e The graph of f(x) — k is identical to the

graph of f(x), except that it is translated k
units downward.

Unless otherwise noted, all content on this page is © Cengage Learning.

The graph of the absolute value function f(x) = |x| + 4 will be the same
shape as f(x) = |x|, but shifted upward 4 units.

The graph of the absolute value function f(x) = |x| — 4 will be the same
shape as f(x) = |x|, but shifted downward 4 units.
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160 CHAPTER2 Graphs, Equations of Lines, and Functions

Horizontal translations:
If fis a function and k is a positive number, then

* The graph of f(x — k) is identical to the The graph of the quadratic function f(x) = (x — 3)* will be the same shape as

graph of f(x), except that it is translated k f(x) = x% but shifted 3 units to the right.
units to the right.

 The graph of f(x + k) is identical to the The graph of the quadratic function f(x) = (x + 4)* will be the same shape as
graph of f(x), except that it is translated k f(x) = x% but shifted 4 units to the left.
units to the left.

Reflections:

The graph of y = —f(x) is identical to the graph of The graph of the cubic function f(x) = —x’ is identical to the graph of

£(x) except that it is reflected about the x-axis. f(x) = x* except that it is reflected about the x-axis.

REVIEW EXERCISES

Graph each function. =) Use a graphing calculator to graph each function. Compare the results
53. f(x) = 2 — 3 54. f(x) = |x| — 4 - to the answers to Exercises 53-56.

y y 57. f(x) =x* -3 58. f(x) = x| — 4

\/ 59. f(x) = (x — 2)° 60. f(x) = (x +4)> -3
y=IxI-4 / \ /

y=x’-3
55. f(x) = (x — 2)° 56. f(x) = (x +4)> -3
y y 61. Graph f(x) = —|x — 3| and state the domain and range.
y
foo =|-2)?
. . =B D: (—oe, ®);
\/ R: (—2,0]
S =(x+4) =3 /
1. Graph the equation 2x — 5y = 10. 3. Find the midpoint of the line segment. (% %)
y y

Ty \\
2x/-—5y=10 \ !

]

x +2
7

2. Find the x- and y-intercepts of the graph of y =

x-intercept: (—2,0), y-intercept: (0, %)
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Find the slope of each line, if possible.

4.
. the graph of 2x — 3y = 8 3

0 N O W

10.

1.

12.

13.

14.

15.
16.

17.

. the graphof x = 5

0=

the line through (—2,4) and (6, 8)

n

undefined slope

. the graphofy =5 0
. Write the equation of the line with slope of % and passing

through (4, —5). Give the answer in slope-intercept form.

)72‘_7

. Write the equation of the line passing through (—2,6)

and (—4, —10). Give the answer in slope-intercept form.
y =8x + 22

Find the slope and the y- intercept of the graph of
—2(x—3)=302y+5). m=— (() **)

Are the graphs of x — 3y = 9andy = gx + 2 parallel,
perpendicular, or neither? parallel
Determine whether the graphs of y = — %x + 4 and

2y = 3x — 3 are parallel, perpendicular, or neither.
perpendicular
Write the equation of the line that passes through the origin

and is parallel to the graph of y = 3 S y=53 = x
Write the equation of the line that passes through P(—3,6)

and i is perpendlcular to the graph of y = — %x - 7.
21

y = 2 x + >
Does |y| = x define y to be a function of x? no

State the domain and range of the function f(x) = |x|.
D: (=, »);R: [0, »)

State the domain and range of the function f(x) = x°.
D: (—%,%);R: (—

’II)
s

Cumulative Review

— 2. Find each value.

19. g(-3) 7
21 g(—x) ¥ —2

Let f(x) = 3x + Tandg(x) =
18. £(3) 10

20. f(a) 3a + 1

Determine whether each graph represents a function.

yes

22. y 23. y
g’le %x

Graph the function and state the domain and range.
24. f(x) =x* — 1 25. f(x) =
y y

—|x + 2]

fay==lr+2l

N/ /\
fx)=x*—1 \

D: (=, ®);R: [—1, %) D: (—o, )

;R (—0,0]

161

Determine which numbers in the set{ 2,0,1, 2, 12, 6,7, \/5 77}

—~ Cumulative Review — -

are in each category.

O 0 NO V1 A WN

-
o

. natural numbers
. whole numbers
. rational numbers

. even numbers

1,2,6,7
0,1,2,6,7
13
—2,0,1,2,13,6,7

. irrational numbers \/5, T
. negative numbers —2
13 -
. real numbers —2.0, 1*2’E~6’ 7.\/5,ﬂ-
. prime numbers 2.7

. composite numbers 6

—-2,0,2,6

. odd numbers 1,7

Graph each set on the number line.

1.

{x|-2<x=5}

) 5

Unless otherwise noted, all content on this page is © Cengage Learning.

12. [—5,0) U [3,6]

0 Pty
o= =

AY

L J

=5 0
Simplify each expression.
|=5] + -3

B.—|—4] + |6] 2 14—
—14]

Perform the operations.

15.3+5-4 23 16w -2
) ] T6-9
6 + 3(6 + 4)

17.20 + (=10 +2) —4  18.
( ) 23 —-9)

Evaluate each expression when x =2 and y = —3.

x2_y2

9. 3x—y -3 20.
2x +y

-5
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162 CHAPTER2 Graphs, Equations of Lines, and Functions

Determine the property of real numbers that justifies each 38. A rectangle is three times as long as it is wide. If its perimeter
statement. is 112 centimeters, find its dimensions. 14 cm by 42 cm
2. (a+b) +c=a+ (b+c) assoc. prop. of add. 39. Determine whether the graph of 2x — 3y = 6 defines a

function. yes
40. Find the slope (%f the line passing through P(—2,5) and
0(8,~9). .

41. Write the equation o7f the lilrlle passing through P(—2,5) and

22.5(a + b) = 5a + 5b distrib. prop.
23.(a+b) +c=c+ (a+b) comm.prop. of add.
24. (ab)c = a(bc) assoc. prop. of mult.

Simplify each expression. Assume that all variables are positive 0(8,-9). y=~— X+ 3
numbers and write all answers without negative exponents. 42. Write the equation of the line that passes through P(—2, 3)
N o4 and is parallel to the graphof 3x + y =8. y= —3x — 3
25. (—2x%y)?  —8x'y’ 26. —; c? . )
() Evaluate each expression, given that f(x) = 3x2+ 2 and
H2\! b’ —2a7°p*\7? 16a" X)=2x—1
27. (——“ ) -2 28.( - ) = 9x)
ab a 8a"b" b 43. f(-1) 5 44.¢(8) 15
29. Write 0.0000382 in scientific notation. 3.82 X 1077 45 . g(1) 21— 1 46. f(—r) 3r*+2

30. Write 9.32 X 10% in standard notation. 932,000,000
Graph each equation and determine if it is a function. State the

Solve each equation. domain and range.

3l.4x—8=20 7 47.y = —x* + 1 yes; 48. y = ‘%x—3‘ yes;
32. 2x3_6=x+7 —27 D: (—o,%);R: (o, 1] D: (—o,%);R: [0, ®)
3B.4(y—3)+4=-3(>+5) I AT 1 y |
34.2x_3(x2—2):7_x,3 6 A aLan

3 ! \/

Solve each formula for the indicated variable.

+1 25

5.5 "D o
2 n

36.A = 3 h(by + b)) forh h= 7,

37. The sum of three consecutive even integers is 90. Find the
integers. 28, 30,32
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Systems of Linear Equations

Careers and Mathematics

COSMETOLOGISTS
REACH FOR SUCCESS

3.1 Solving Systems of Two Linear Equations
Cosmetologists offer services such as hair care, make-up, in Two Variables by Graphing
and manicures and pedicures. Make-up artists’ skills can 3.2 Solving Systems of Two Linear Equations
range from providing a personal service for special occasions in Two Variables by Substitution and Elimination
to those required for the unique needs of the television, (Addition)
movie, and photography industries. 3.3 Solving Systems of Three Linear Equations

Almost half of all cosmetologists are self-employed in Three Variables

and all are required to be licensed, although 3.4 Solving Systems of Linear Equations Using Matrices

the qualifications vary from
state to state.

3.5 Solving Systems of Linear Equations Using
Determinants
Projects
REACH FOR SUCCESS EXTENSION
CHAPTER REVIEW
CHAPTER TEST

We have considered linear equations with two
variables, say x and y. We found that each
equation had infinitely many solutions (x, y),
and that we can graph each equation on the
rectangular coordinate system. In this chapter, we
will discuss different methods for solving systems
of linear equations involving two or three equations.
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ReaCthV success Understanding Your Syllabus

When you go on a trip, you have a plan, an itinerary.
You might even have a travel representative along on
the trip as a guide to handle the details and any unex-
pected situations that might occur. Your course syl-
labus is similar to your itinerary and your instructor is

similar to the travel guide.

Access to homework will be through WebAssign. The course code LABS

required to register for this site will be provided the first day of the Labs count 10% of your final grade.
A syllabus is mandatory for all college courses and Methad o Evaluation: I
serves as a contract between the student and the 20 oo ounrs 10 you P B i vt e
instructor. Examine the syllabus you received for this  |uin a0 e e cours 20% oy T e

course to identify important information.

Course Syllabus Tests
Course Title: Beginning Algebra Tests count 40% of your final grade.
Instructor's Office: B232 University Building Tests are given in class on the date indicated in your schedule. There are
Office Hours: MTWR: 8:30am - 10:00am plus other times by appointment N0 make-ups. However, if you miss a test, your Final Exam grade will be
Course Resources: The college provides a Math Lab at no charge to used to replace it. If you take all tests, the Final Exam grade, if higher,
support student success. can be used to replace a lower test grade.
Supplies: Textbook: Beginning and Intermediate Algebra: A Guided Homework
Approach, 7th edition by Karr/Massey/Gustafson Homework counts 10% of your final grade.
A graphing calculator is recommended. The TI 84 and Casio x-9760GlI You have a 3 calendar day "extension" after the deadline in which to
are each supported by a tear-out card in the back of the textbook which submit homework. There is, however, a 10% penalty each day but ONLY
provide keystrokes for calculator concepts covered in the text. for the problems that were not completed by the deadline.

Comprehensive Final Exam  20% The final exam is cumulative, meaning that it includes all topics covered

during the semester.

90-100 80-89 70-79 60-69 Below60
A B C F

Your syllabus will include your instructor’s
contact information, office location, and
e-mail address. It typically contains the
instructor’s office hours, which are used to
meet with and help students.

Write the information regarding your instructor:

Office location:

E-mail address:
Office hours:

Write down at least one listed office hour during which you could
meet with your instructor if necessary.

Does your instructor include a statement
such as “and other times by appointment”
with the office hours?

If your schedule absolutely prohibits you from meeting with your
instructor during office hours, write down at least two times during
the week that you are available and could request an appointment.

Most instructors prefer that students be
proactive. For example, it is important to
contact your instructor prior to any known
life event that may interfere with meeting
due dates.

Write down any issues that might interfere with your work this semes-
ter and that you might wish to discuss with your instructor.

Your syllabus will include requirements of
the course and how each will be used to
determine your grade. Knowing exactly
how your grade will be computed, you can
estimate your average at any time.

Write down how the following will be used to determine your grade.

Tests (how many?) points or percentage
Homework/daily work points or percentage
Attendance points or percentage
Quizzes points or percentage
Other points or percentage

How would you use this information to calculate your grade?

164

A Successful Sstudy Strategy . . .

b%@ Know your instructor’s office hours so you can have a plan of action if it becomes nec-
essary to meet. In addition, knowing how your grade will be determined early in the
semester can eliminate surprises at the end of the semester.

At the end of the chapter you will find additional exercises to guide you to planning

for a successful semester.
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3.1 Solving Systems of Two Linear Equations in Two Variables by Graphing 165

Section , , _
3 1 Solving Systems of Two Linear Equations

in Two Variables by Graphing

“ @ solve a system of two linear equations by graphing.

S (2] Recognize that an inconsistent system has no solution.

= R .

S (3] Express the infinitely many solutions of a dependent system as a general
= ordered pair.

o @) Use a system of linear equations in two variables to solve a linear

equation in one variable graphically.

-

S

~ | system of equations inconsistent system independent equations
'g consistent system distinct lines dependent equations
8 equivalent systems

>
.é\ Lety = —3x + 2. Find the value of y when

S

Il - =0 2 2. x=3 7 3 x=-3 1 4 x=-1 3

gj Find five pairs of numbers with
E 5. asumof 12. 6. adifference of 3.

v

O

In the pair of linear equations
{x +2y =4
2x —y =3
(called a system of equations) there are infinitely many ordered pairs (x,y) that satisfy
the first equation and infinitely many ordered pairs (x, y) that satisfy the second equation.

However, there is only one ordered pair (x,y) that satisfies both equations at the same
time. The process of finding this ordered pair is called solving the system.

n Solve a system of two linear equations by graphing.

In general, we follow these steps.

11 (SN TINIER VIR (0108 1. On a single set of coordinate axes, carefully graph each equation.

2. Find the coordinates of the point where the graphs intersect, if applicable.
3. Check the solution in both of the original equations, if applicable.
4. If the graphs have no point in common, the system has no solution.

5. If the graphs of the equations coincide (are the same), the system has infinitely many
solutions that can be expressed as a general ordered pair.

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



166 CHAPTER3  Systems of Linear Equations

When a system of equations has a solution (as in Example 1), the system is called a
consistent system.

x+2y=4

EXAMPLE 1  Solve the system by graphing: {2 3
X —y =

Solution We graph both equations on one set of coordinates axes, as shown in Figure 3-1.

y
x+ 2y = 2x —y =3
x [y () x|y | @) S
40 (4,0) L =1] (-1 '
0l2](0,2) 0]-3](0,-3) N
—2131](-2,3) —1|=5|(-1,-5) 2x-y=3
Figure 3-1

Although infinitely many ordered pairs (x,y) satisfy x + 2y = 4, and infinitely
many ordered pairs (x,y) satisfy 2x — y = 3, only the coordinates of the point where
the graphs intersect satisfy both equations. Since the intersection point has coordinates
of (2, 1), the solution is the ordered pair (2,1), orx =2andy = 1.

When we check the solution, we substitute 2 for x and 1 for y in both equations and
verify that (2, 1) satisfies each one as shown below.

x+2y =4 2x —y =3
2+2(1) =4 22) —1=3
2+224 4-1+13

4=4 3=3

2x+y =4

1,2
x —3y=-5 (1.2)

SELF CHECK 1 Solve the system by graphing: {

J

If the equations in two systems are equivalent, the systems are called equivalent systems.
In Example 2, we solve a more difficult system by writing it as a simpler equivalent system.

3

]

EXAMPLE 2  Solve the system by graphing: 4 2° 0 2
x+5y=4

Solution We multiply both sides of %x —y= % by 2 to clear the fractions and obtain the equa-
tion 3x — 2y = 5. We multiply both sides of x + %y = 4 by 2 to clear the fraction and

obtain the equation 2x + y = 8. This will result in a new system
{3x -2y=5
2x +y =38
which is equivalent to the original system but has no fractions. If we graph each equa-

tion in the new system, as in Figure 3-2, we see that the coordinates of the point where
the two lines intersect are (3, 2).
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3.1 Solving Systems of Two Linear Equations in Two Variables by Graphing 167

3x =2y =5 2x +y =8
x|y | (xy) x| y]|(x,y)
_5 _S5 410|(4,0)
o302 5] x
51 0 (570)

/

To check the solution, (3, 2), we substitute 3 for x and 2 for y in the two original equations.

Figure 3-2

3 s oy
2" YT TR
3 » 5 1 ?
Z(3)-22%> 3+-(2)14
@ -222 @)
9_,25 3+144
2 2 4 =
3.3
2 2
lx—y=2
SELFCHECK2 Solve the system by graphing: {i_ﬁ_@i_ (2,3)
3y =

Recognize that an inconsistent system has no solution.

When a system has no solution (as in Example 3), it is called an inconsistent system. Since
there is no solution, the solution set is .

2x + 3y =6

EXAMPLE 3 Solve the system by graphing: {4x T 6y = 24

Solution We graph both equations on one set of coordinate axes, as shown in Figure 3-3 on the
next page. In this example, the graphs appear to be parallel. We can show that this is
true by writing each equation in slope-intercept form.

2x + 3y =6 4x + 6y =24
3y =—2x+6 6y = —4x + 24

2 2
y=—§x+2 y=—§x+4

The slope of both lines is — %, but their y-intercepts, (2,0) and (4, 0), are different, thus
they are called distinct lines. The slopes are equal and the y-intercepts are different,
therefore the lines are parallel.

Since the graphs are parallel lines, the lines do not intersect, and the system does
not have a solution. The system is an inconsistent system and its solution set is .
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168  CHAPTER3 Systems of Linear Equations
y

2x + 3y =6 4x + 6y =24

x |y| (xy) x |y]| () axl6bba
3101(3,0) 6|0](6,0)

0]2](0,2) 04/(0,4)

—314](-3,4) =316 (-3,6) \

Figure 3-3

SELF CHECK 3 Solve the system by graphing: {
y

B Express the infinitely many solutions of a dependent system
as a general ordered pair.
When the equations of a system have different graphs (as in Examples 1, 2, and 3), the

equations are called independent equations. Two equations with the same graph are called
dependent equations, as in Example 4.

2y —x =4
EXAMPLE 4  Solve the system by graphing: yor
2x + 8 =4y
Solution We graph each equation on one set of coordinate axes, as shown in Figure 3-4. Since

the graphs are the same line (coincide), the system has infinitely many solutions. In fact,
any ordered pair (x,y) that satisfies one equation satisfies the other.

2y —x =4 2x + 8 =4y
X |y| (x,y) X |.V| (x,y)
—4101|(—4,0) —410]|(—4,0)
0(2/(0,2) 01(2](0,2)
X

/

Figure 3-4
To find a general ordered pair solution, we can solve either equation of the system
for either variable. If we solve one equation for y, we will obtain an expression for y in

terms of x,
2y —x =4
2y =xt4
y=%x+2

Substituting %x + 2 for y in the ordered pair (x,y), we obtain the general solution
(x,%x + 2). Since x is the independent variable, we can substitute any value for x to
obtain a value for y to generate infinitely many ordered pair solutions.
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SELF CHECK 4

3.1 Solving Systems of Two Linear Equations in Two Variables by Graphing 169

. 2x —y =4
Solve the system by graphing: (x,2x — 4)

x=%y+2

SOLVING SYSTEMS OF
TWO LINEAR EQUATIONS

Accent

on technology

» Solving Systems
by Graphing

COMMENT The intersect
method will work only

if the x-coordinate of the
intersection point is visible
on the screen. If it is not,
you may need to adjust the
viewing window.

We summarize the possibilities that can occur when we graph two linear equations,
each with two variables.

y If the lines are distinct and intersect, the equations are independent
and the system is consistent. One solution exists, expressed as (x, y).

X
y If the lines are distinct and parallel, the equations are independent and
the system is inconsistent. No solution exists, expressed as .
X
y If the lines coincide (are the same), the equations are dependent and
the system is consistent. Infinitely many solutions exist, expressed as
. ageneral ordered pair such as (x,ax + b).

To solve the system
{3x +2y =12
2x — 3y =12
using a graphing calculator, we first solve each equation for y so we can enter them into

a graphing calculator. After solving for y, we obtain the following equivalent system. The
graph is shown in Figure 3-5.

{y=—§x+6
2
y=§x—4

Figure 3-5

We can solve this system using the INTERSECT feature found in the CALC menu on
a TI-84 graphing calculator. From the graph, press 2nd TRACE (CALC) and select “5:
intersect” by using the down arrow to highlight and then press ENTER or by pressing 5
on the keyboard to obtain Figure 3-6(a) on the next page. We direct the calculator to look
for the intersection by selecting a point on the first line and pressing ENTER and a point
on the second line and pressing ENTER. We can move the cursor closer to the intersection
point using the TRACE key and then press ENTER again. We obtain Figure 3-6(b). From
the figure, we see that the solution is approximately (4.6153846, —0.9230769).

(Continued)
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EXAMPLES

Solution

SELF CHECK 5

CHAPTER3  Systems of Linear Equations

Y1=—(3/2)X +6

First curve? Intersection
X=0 Y=6 X =4.6153846 'Y =-.9230769
(a) (b)
Figure 3-6
Refer to the tear-out card for the method for converting decimal answers to fractions and
verify that the exact solution is x = 2 and y = — % or (6*0 —1z
y 13andy 139T\13- 13 /-

For instructions regarding the use of a Casio graphing calculator, please refer to
the Casio Keystroke Guide in the back of the book.

Use a system of linear equations in two variables to solve a linear
equation in one variable graphically.

The graphing method discussed in this section can be used to solve equations in one variable.

Solve 2x + 4 = —2 graphically.

To solve 2x + 4 = —2 graphically, we can set the left and right sides of the equation
equal to y. The graphs of y = 2x + 4 and y = —2 are shown in Figure 3-7. To solve
2x + 4 = —2, we need to find the value of x that makes 2x + 4 equal to —2. The point
of intersection of the graphs is (—3, —2). This indicates that if x is —3, the expression
2x + 4 equals —2. So the solution of 2x + 4 = —2 is —3. Check this result by substi-
tuting 3 for x in the original equation.

/
y=2x+4
/ "
(-3.-2) y=-2
Figure 3-7

Solve 2x + 4 = 2 graphically. —1

J

Accent

on technology

» Solving Equations
Graphically

To solve 2(x — 3) + 3 = 7 with a TI-84 graphing calculator, we graph the left and right
sides of the equation in the same window by entering

Y, =2(x—-3)+3

Y, =7
Figure 3-8(a) shows the graphs, generated using settings of [ —10, 10] for x and for y.

The coordinates of the point of intersection of the graphs can be determined using
the INTERSECT feature outlined in the previous Accent on Technology.
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3.1 Solving Systems of Two Linear Equations in Two Variables by Graphing 171

COMMENT Notice that In Figure 3-8(b), we see that the point of intersection is (5, 7), which indicates that 5

this is an equation in one is the solution of 2(x — 3) + 3 = 7.
variable. Although the
intersection will display

both an x-value and a

y-value, only the value C / : /

of x is the solution. | SV U | A

/ ; Intersectio/ ;
X=5 Y=7

(6)) (b)
Figure 3-8

For instructions regarding the use of a Casio graphing calculator, please refer to the
Casio Keystroke Guide in the back of the book.

SELF CHECK 1.(1.2)
ANSWERS

&P \h\”) =6

4. (x,2x — 4) y 5.—1 y
h—y=4 4
(—1,2)/ y=2
(x, 2x]— 4)
X X
1
X=§y+2 v =2x+4

To the Instructor NOW TRY THIS

These systems combine previous
graphing skills with solving by Solve each system by graphing.
graphing. Students should recognize y=x—4 y=—|x+1]| +4 y=|x—2]|
that the process is the same. a. _ b. _ 1 c. B
y=2x—1 y=—3x+1 y=
(—=1,-3),(3,5) (—3,2),(3,0) (1,1),(=2,4)
13 y y N
5 yEH I 4 “2.4) g
k (§55)
(3,0)
X -- X X
3! y=k=2|
y=x?—4
2x —|1
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172 CHAPTER3 Systems of Linear Equations

WARM-UPS Determine whether the ordered pair is a solution 2x+3y=0 3x—=2y=0
: 19. (3,-2) 20. (0,0)
of the system of equations. 2x+y=4 2x + 3y =0
y =3x y=2x+4 Y Y
1. (1,3); s 2.(-1,2);
(1,3) {y=;x+§ ves ( ) {y=x+2 o 4 2xry=4 2x+3y=0
2x —4y =8 4x —y=—19
3.(2,—1); 4. (—4,3);
@, )’{4x+y=9 (=4, )’{3x+2y=—6 2x+3y=0 N ©.0
no yes
(3,-2)
REVIEW Write each number in scientific notation. 33 -2y=0
5. 850,000,000 8.5 X 10° 6. 0.000000479 4.79 x 10~’ y = 2x + 3y = —15
3 5 -4 -2 21 (2,3) 22. (=3,-3)
7. 239 X 10° 2.39 X 10 8. 465 X 10 4.65 X 10 X 2x+y=-9
y y
VOCABULARY AND CONCEPTS Fill in the blanks.
9. If two or more equations are considered at the same time, =3 2,3)
they are called a system of equations. . x
10. When a system of equations has one or more solutions, it is
called a consistent system. Y=0 3y=-15
T1. If a system has no solution, it is called an inconsistent system. N
Its solution set is .
12. If two equations have different graphs, they are called Solve each system by graphing. SEe EXAMPLE 2. (OBJECTIVE 1)
independent equations.
i i x=2 = -2
13. Two e.quatlons with the same graph are called dependent 23, { e (2,1) 24. { T ity (—1,-2)
equations. y=-—7" X=—75"
14. If the equations in two systems are equivalent, the systems are y y
called equivalent systems.
\ 4+3y
GUIDED PRACTICE Solve each system by graphing. yL AN @D *= 2/}«
SEE EXAMPLE 1. (OBJECTIVE 1) "1 12 N L X
\ /
- = (=1,-2)
x+y=6 x—y=4 ]
15. (4,2) 16. (3,-1) =2
x—y=2 2x+y=35 yET2
y y
5 1 S5y — 4
2UwHYyES Sxty=5 x =
vy =0 Ak 25927772 (1) 26 2 (3.2)
“2) / 2x =5y =5 x—3y+3=0
X X
/ G.1 y y
x—1y=2 ’
x—y=4 s A (3,2)
y SEyes X_Sy—4/
2 +y= 3x —y=-3 x — *
17 { Y (—1,3) 18. { Y (=2,-3) 3 (5+2) — 511
x—2y=-7 2x +y=-17 Zx—i_v:5 x—§y+§:0
y y
(1. 3) =2y =7 \ //3x,v3
X X
(=2,(-3)
2x{+y=—7
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Solve each system by graphing. State whether the system is
inconsistent or if the equations are dependent. Write each solution
set. SEE EXAMPLE 3. (OBJECTIVE 2)

27.{3x:5_2y @ 28.{y:x %

3x+2y=7 x—y=17
y y
% 3x+2y=7 yEL X
3x=5-2y \
X
inconsistent] . 5
system, & mconsmgnt
system,
/|
x=2y—38 8x —2y =7
20" 7 %] 30. { A~
y=3x—75 y=4x+3
y y
x=2y-8
y=4x+3
1 )
/ YE =D
2 X X

8x—-2y=7

inconsistent

/

system, @

inconsistent
/ system, @

3.1 Exercises 173

Solve each equation graphically. SEE EXAMPLE 5. (OBJECTIVE 4).

35.2a+4=-5 6 36. —8(a— 1) = -8 2

y y
A\':%Ll+4 / 2‘ y=-8(a-1)
4
2
a a
2
=4
6.-5)/  y=-5 y=-8 76 \@-9
7 - \
a+2=-a-1 —, 382a-3)=-3a—1 I
y
\lL /..
y=-3a-1
v =2(a+~3)

(1,-4)

ADDITIONAL PRACTICE Determine whether the following
systems will have one solution, no solution, or infinitely many solutions.

Solve each system by graphing. State whether the system is
inconsistent or if the equations are dependent. Write each solution
set. SEE EXAMPLE 4. (OBJECTIVE 3)

=5 =4
39. {y 3 40. {y *
y=5x+3 y=3x+x
no solution infinitely many
=6x + 1 =—-3x+2
a1 {y " 42. {y *
y=—6x+1 —3x=y

one solution

no solution

x=3-2 x =
31. { Y 32. { 4
2x +4y =6 y—x=0
1 3
(=55 +3) (x.)
Y y
BatN ey
x=3-2y T 2=0
2x+4y =6 \ N YA .
dependent N
equations, dep,e?-dcn,[
(x, — l X +2) equations;
NN (%)
6x +3y=9 x—3y=9
33. 4 34. Y
yt2x=3 3x — 27 =9y
(x, —2x +3) (x,3x—3)
Y y
\6x+3y:9 x=3y=9
y+2x=3 3x=27=9y
X
X /
— dependent
dependent equatons,
equations, v
(x, 2x+3) (% FLam 3)
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Solve each system by graphing.

_ 11 =2y _ 1 =3y
xX=—5 X =7
43. -6 %) 44, 143 (—2,3)
Y= y = 2
y y
\ 1112y
- 3
-2,3
\ X |y,
X \ 4
y= L= 6x \ x
. 4
124 3x
inconsidtent I D
system,| @
5
4 5x+3y=6 46 {2x:5y—11
* 24 — 10. . =
y=2= x 3x =2y
y y
\SX'+3\':6 ¢
TP 2x =5y 11 . 3)

L28 10,\‘\ /
[ 12 X X

dependent

: 3x =2y
equations, [
x, 2= %x)

5
(X.Z - gx) (2,3)
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174 CHAPTER3 Systems of Linear Equations

Use a graphing calculator to solve each system. Give the exact answer.

x =13 — 4y 3x=7-—2y
47. 48.
3x=4+2 2x =2+ 4y
5 1
(3.3) (2.3)
_ _3 _ 3y -1
x——Ey X ==
49. 3 50. 4— 8
x=§y—2 Y=

(-1.3) &3)

Use a graphing calculator to solve each system. Give all answers to
the nearest hundredth.

51 {y=3.2x— 15 {y= —045x + 5
“ly=—27x-37 " ly=555x— 137
(—0.37, —2.69) (3.12,3.60)
3 {1.7x + 23y =32 {2.75)6 =129y — 3.79
" ly =025x + 895 " 7.0x — y=35.76
(—7.64,7.04) (5.24,141)
APPLICATIONS

55. Retailing The cost of manufacturing one type of camera
and the revenue from the sale of those cameras are shown in
the illustration.

a. From the illustration, find the cost of manufacturing
15,000 cameras.  $2 million

b. From the illustration, find the revenue obtained by selling
20,000 cameras. $3 million

c. For what number of cameras sold will the revenue equal
the cost? 10,000 cameras

3.0
Revenue
function
2.5
= 2.0 Cost
g function
&+
&g 13
=
g
g 1.0
<
0.5
0 5 10 15 20

Number of cameras (in thousands)

56. Food service
a. Estimate the point of intersection of the two graphs
shown in the illustration. Express your answer in the
form (year, number of meals). ('01, 63)
b. What information about dining out does the point of
intersection provide?

Number of Take-Out and On-Premise
Meals Purchased at Commercial
Restaurants per Person Annually

80

~ Take-out f()()d/_//
50

golp—1 L1111 L 11 11
'90 '91 '92 '93 '94 '95 '96 '97 '98 '99 '00 '01 '02 '03

Year

Number of meals
oy
S

57. Navigation Two ships are sailing on the same coordinate sys-
tem. One ship is following a course described by 2x + 3y = 6,
and the other is following a course described by 2x — 3y = 9.
a. Is there a possibility of a collision? yes
b. Find the coordinates of the danger point. (3.75, —0.5)

c. Is acollision a certainty? no

58. Navigation Two airplanes are flying at the same altitude
and in the same coordinate system. One plane is following a
course described by y = %x — 2, and the other is following
a course described by x = RAl 2+ 7 Is there a possibility of a
collision? no

59. Car repairs Smith Chevrolet charges $50 per hour for labor
on car repairs. Lopez Ford charges a diagnosis fee of $30 plus
$40 per hour for labor. If the labor on an engine repair costs
the same at either shop, how long does the repair take? 3 hr

60. Landscaping A landscaper installs some trees and shrubs at a
bank. He installs 25 plants for a total cost of $1,500. How many
trees (¢) and how many shrubs (s) did he install if each tree
costs $100 and each shrub costs $50? 5 trees and 20 shrubs

61. Cost and revenue The function C(x) = 200x + 400 gives
the cost for a college to offer x sections of an introductory
class in CPR (cardiopulmonary resuscitation). The function
R(x) = 280x gives the amount of revenue the college brings
in when offering x sections of CPR. Find the point where
the cost equals the revenue by graphing each function on the
same coordinate system. (5, 1.400)

62. In Exercise 61, how many sections does the college need to offer
to make a profit on the CPR training course? more than 5

WRITING ABOUT MATH

63. Explain how to solve a system of two equations in two variables.

64. Can a system of two equations in two variables have exactly
two solutions? Why or why not?

SOMETHING TO THINK ABOUT

65. Form an independent system of equations with a solution of
(-5,2).

x+y=-3

x—y=-7

66. Form a dependent system of equations with a solution of
(=5,2).

One possible answer is {

y=3x+17

One possible answer is .
2y = 6x + 34
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3.2 Solving Systems of Two Linear Equations in Two Variables by Substitution and Elimination (Addition) 175

Section , , -
3 2 Solving Systems of Two Linear Equations in Two

Variables by Substitution and Elimination (Addition)

) solve a system of two linear equations by substitution.
“ Solve a system of two linear equations by elimination (addition).
_g €) Identify an inconsistent linear system.
"g ) Identify a dependent linear system and express the answer
S as a general ordered pair.
o B Write a repeating decimal in fractional form.

@ Ssolve an application by setting up and solving a system

of two linear equations.

2 o
ISl Remove parentheses by using the distributive property.
Q
N 1. 3(2x—7) 6x — 21 2. —4(Bx+5) —12x—20
>
._§ Substitute x — 3 for y and remove parentheses by using the distributive property.
b~
8 3. 3y 3x—9 4. 2(y+2) —2x+2

The graphing method discussed in the previous section provides a way to visualize the
process of solving systems of equations. However, it can be difficult to use to solve systems
of higher order, such as three equations, each with three variables. In this section, we will
discuss algebraic methods that enable us to solve such systems.

n Solve a system of two linear equations by substitution.

To solve a system of two linear equations (each with two variables) by substitution, we use
the following steps.

THE SUBSTITUTION 1. If necessary, solve one equation for one of its variables, preferably a variable with a
METHOD coefficient of 1.

2. Substitute the resulting expression for the variable obtained in Step 1 into the other
equation and solve that equation.

3. Find the value of the other variable by substituting the value of the variable found in
Step 2 into any equation containing both variables.

4. State the solution.
5. Check the solution in both of the original equations.
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176 ~ CHAPTER3 Systems of Linear Equations

4x +y =13

EXAMPLE 1 Solve the system by substitution: {
—2x + 3y = —17

Solution Step1: We solve the first equation for y, because y has a coefficient of 1 and no frac-
tions are introduced.

4x +y =13
(1) y = —4x + 13 Subtract 4x from both sides.
Step 2: We then substitute —4x + 13 for y in the second equation of the system and
solve for x.
—2x + 3y = —17
—2x + 3(—4x + 13) = —17  Substitute.
—2x — 12x + 39 = —17  Use the distributive property to remove parentheses.
—14x = —56  Combine like terms and subtract 39 from both sides.
x=4 Divide both sides by —14.

Step3: To find the value of y, we substitute 4 for x in Equation 1 and simplify:

y=—4x+ 13
y = —4(4) + 13 Substitute.
= -3

Step4: The solutionisx = 4andy = —3, or (4, —3). The graphs of these two equa-
tions would intersect at the point with coordinates (4, —3).

Step 5: To verify that this solution satisfies both equations, we substitute x = 4 and

y = —3 into each equation in the original system and simplify.
4x +y =13 —2x + 3y =—17
4(4) + (-3) £ 13 —2(4) +3(=3) £ -17
16 —3Z13 -8 -9<%-17
13 =13 —-17 = —-17

Since the ordered pair (4, —3) satisfies both equations of the system, the solution checks.

+3y=9
SELF CHECK 1 Solve the system by substitution: {; 4 10 (—3.4)
X —y=—
J
4o+ 1 y = _2
EXAMPLE 2 Solve the system by substitution: ? i 5 :
2X T3y =3
Solution First we find an equivalent system without fractions by multiplying both sides of each
equation by 6, the LCD.
) {8x +3y=—4
@) 3x +4y =10

Because no variable in either equation has a coefficient of 1, it is impossible to avoid
fractions when solving for a variable. We solve Equation 2 for x.

3x +4y =10
3x = =4y + 10 Subtract 4y from both sides.
4 10 o )
3 X = —gy + 3 Divide both sides by 3.
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3.2 Solving Systems of Two Linear Equations in Two Variables by Substitution and Elimination (Addition) 177

We then substitute — % y + 170 for x in Equation 1 and solve for y.

8x + 3y = —4
8(_ iy + E) + 3y = —4  Substitute.
3 3
32 80 .
— ?y + ? +3y=-4 Use the distributive property to remove parentheses.

—32y + 80 + 9y = —12  Multiply both sides by 3 to clear fractions.
—23y = —92  Combine like terms and subtract 80 from both sides.
y=4 Divide both sides by —23.
Teaching Tip

We can find the value of x by substituting 4 for y in Equation 3 and simplifying:
You might point out that
substituting in Equation 2 would x=——vy+ —
eliminate the fractions. 3 3

=2

The solution is the ordered pair (—2,4). Verify that this solution checks in both of the
equations in the original system.

33Xty = 1
SELF CHECK 2  Solve the system by substitution: 3 (3,-2)
3X¥ Ty =4

J

a Solve a system of two linear equations by elimination (addition).

Sometimes using the substitution method can be cumbersome, especially if none of the
coefficients are 1. We have another algebraic method of solving systems that may be more
efficient. In the elimination (addition) method, we combine the equations of the system in a
way that will eliminate the terms involving one of the variables.

THE ELIMINATION 1. If necessary, write both equations of the system in Ax + By = C form.
(ADDITION) METHOD 2. If necessary, multiply the terms of one or both of the equations by constants chosen to
make the coefficients of one of the variables opposites.

3. Add the equations and solve the resulting equation, if possible.

4. Substitute the value obtained in Step 3 into either of the original equations and solve
for the remaining variable, if applicable.

5. State the solution obtained in Steps 3 and 4.
6. Check the solution in both equations of the original system.

4x +y =13

EXAMPLE 3 Solve the system by elimination:
—2x + 3y =—17

Solution This is the same system we solved in Example 1. Since both equations are already
written in Ax + By = C form, Step 1 is unnecessary.
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Teaching Tip

To find the value of x, a similar
process to eliminate y could be used.
Multiply the first equation by —3
and add.

—12x — 3y = —39

—2x + 3y = —17
—14x = —56
x =4

CHAPTER3 Systems of Linear Equations

Step 2: To solve the system by elimination, we multiply the second equation by 2 to
make the coefficients of x opposites.

{M+y=13
—4x + 6y = —34

Step 3: When we add the equations, the terms involving x are eliminated because 4x
and —4x are additive inverses and their sum is 0. We will obtain
Ty = =21
y = —3  Divide both sides by 7.

Step 4: To find the value of x, we substitute —3 for y in either of the original equa-
tions and solve. If we use the first equation, we have
4x +y =13
4x + (=3) =13
4x = 16  Add 3 to both sides.
x =4 Divide both sides by 4.

Substitute.

Step5: The solutionisx = 4andy = —3, or (4, —3).

Step 6: The check was completed in Example 1.

3x +2y=0
SELF CHECK 3 Solve the system by elimination: {; Y 7 (=2,3)
X —y=— )
EXAMPLE 4  solve the system by elimination: 5 5
XT3y =3
Solution This is the same system we solved in Example 2. To solve it by elimination, we may

Teaching Tip

) {&+®=—4
@)

Show students that they may
multiply the first equation by —3
and the second equation by 8 and
eliminate the variable x to obtain the
same result.

find an equivalent system with no fractions by multiplying both sides of each equation
by 6 to obtain

3x +4y =10

We can solve for x by eliminating the terms involving y. To do so, we multiply both
sides of Equation 1 by 4 and both sides of Equation 2 by —3 to obtain

{32x + 12y = —16
—9x — 12y = =30
When these equations are added, the y-terms are eliminated and we obtain the result
23x = —46
x = -2 Divide both sides by 23.

To find the value of y, we substitute —2 for x in either Equation 1 or Equation 2. If
we substitute —2 for x in Equation 2, we have

3x + 4y =10
3(=2) + 4y =10 Substitute.
—6 + 4y = 10  Simplify.
4y = 16  Add 6 to both sides.
y =4  Divide both sides by 4.

The solution is (—2, 4). The check was completed in Example 2.
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3.2 Solving Systems of Two Linear Equations in Two Variables by Substitution and Elimination (Addition) 179

SELF CHECK 4

%x-l—%y:—?)

Solve the system by elimination: 4 ,

2 e —
XT3y = 7%

EXAMPLE S

Solution

SELF CHECK 5

Identify an inconsistent linear system.

In the next two examples, we encounter the situation in which both variables are simultane-
ously eliminated but with different interpretations.

=2x t+4
Solve the system using any method: {y *
8x — 4y =17

Because the first equation is already solved for y, we will use the substitution method.
8x —4y =7
8x — 4(2x + 4) =7 Substitute 2x + 4 for y in the second equation.
We then solve this equation for x:

8x — 8x — 16 = 7  Use the distributive property to remove parentheses.

—16 =7 Combine like terms.

This false statement indicates that the equations in the system are independent (they
represent distinct lines), but that the system is inconsistent. If the equations of this sys-
tem were graphed, the graphs would be parallel. Since the system has no point of inter-
section, its solution set is .

x = - % y+5
Solve the system using any method:

y=—%x+5

EXAMPLE 6

Solution

COMMENT When we solved
a linear equation in one vari-
able, a result of 0 = 0 indicated
a solution of all real numbers.
When we solve a system of lin-
ear equations in two variables
aresult of 0 = 0 indicates a
solution of an infinite number
of ordered pairs that could be
written in the form (x, ax + b).

Identify a dependent linear system and express the answer
as a general ordered pair.

In the next example, both variables are eliminated but the result is different.

. 4x + 6y = 12
Solve the system using any method:
—2x — 3y =-6

Since the equations are written in Ax + By = C form, we will use the elimination
(addition) method. To eliminate the x-terms when adding the equations, we multiply
both sides of the second equation by 2 to obtain

4x + 6y = 12
—4x — 6y = —12
After adding the left and right sides, we have

Ox +0y =0
0=0

Here, both the x- and y-terms are eliminated. The true statement O = O indicates that
the equations in this system are dependent and that the system is consistent.

Note that the equations of the system are equivalent, because when the second
equation is multiplied by —2, it becomes the first equation. The line graphs of these
equations would coincide. Since any ordered pair that satisfies one of the equations also
satisfies the other, there are infinitely many solutions.
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180 CHAPTER3  Systems of Linear Equations

To find a general solution, we can solve either equation of the system to obtain

y = —%x + 2. Substituting —%x + 2 for y in the ordered pair (x,y), we obtain the
general solution (x, —%x + 2).
x = —%y +5 q
SELF CHECK 6  Solve the system using any method: 2 L (x —sx+ 2)
y=—5x

B Write a repeating decimal in fractional form.

We have seen that to write a fraction in decimal form, we divide its numerator by its denom-
inator. The result is often a repeating decimal. By using systems of equations, we can write
a repeating decimal in fractional form.

EXAMPLE 7 Write 0.254 as a fraction.

Solution To write 0.254 as a fraction, we note that the decimal has a repeating block of two digits
and then form an equation by setting x equal to the decimal.

(D x=02545454 . ..
We then form another equation by multiplying both sides of Equation 1 by 10%
@) 100x = 254545454 ... 10* = 100

We can subtract each side of Equation 1 from the corresponding side of Equation 2 to
obtain
100x = 254545454 ...
x= 02545454...
99x =252

Finally, we solve 99x = 25.2 for x and simplify the fraction.

252 252-10 252 18-14 14
99 99-10 990 18-55 55

We can use a calculator to verify that the decimal representation of % is 0.254.

SELF CHECK7  Write 0.372 as a fraction. -

J

The key step in solving Example 7 was multiplying both sides of Equation 1 by 10
If there had been n digits in the repeating block of the decimal, we would have multiplied
both sides of Equation 1 by 10".

a Solve an application by setting up and solving a system
of two linear equations.
To solve applications using two variables, we follow the same problem-solving strategy

discussed in Chapter 1, except that we use two variables and form two equations instead
of one.
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3.2 Solving Systems of Two Linear Equations in Two Variables by Substitution and Elimination (Addition) 181

EXAMPLE 8 RETAIL SALES A store advertises two types of cell phones, one selling for $67 and
the other for $100. If the receipts from the sale of 36 phones totaled $2,940, how many
of each type were sold?

Analyze the problem  We can let x represent the number of phones sold for $67 and let y represent the number
of phones sold for $100.

Form two equations  Because a total of 36 phones were sold, we can form the equation
The ngmber of lower- plus the number of higher- equals the total number
priced phones priced phones of phones.
X + y = 36

We know that the receipts for the sale of x of the $67 phones will be $67x and that
the receipts for the sale of y of the $100 phones will be $100y. Since the sum of these
receipts is $2,940, the second equation is

The value of the lower- the value of the higher- the total
. plus . equals .
priced phones priced phones receipts.
67x + 100y = 2,940

Solve the system  To find out how many of each type of phone were sold, we must solve the system

)] {x +y =36
2 67x + 100y = 2,940
We multiply both sides of Equation 1 by —100, add the resulting equation to Equation 2,
and solve for x:

—100x — 100y = —3,600

67x + 100y = 2,940
—33x = —660
x =20 Divide both sides by —33.

To find the value of y, we substitute 20 for x in Equation 1 and solve.
x+y=236
20 + y = 36  Substitute.
y = 16  Subtract 20 from both sides.

State the conclusion = The store sold 20 of the $67 phones and 16 of the $100 phones.

Check the result  If 20 of one type were sold and 16 of the other type were sold, a total of 36 phones were
sold.
Since the value of the lower-priced phones is 20($67) = $1,340 and the value of
the higher-priced phones is 16($100) = $1,600, the total receipts are $2,940.

SELF CHECK 8 If the sale of the 36 phones totaled $2,775, how many of each type were sold? The store
sold 25 of the $67 phones and 11 of the $100 phones.

J

EXAMPLE D  MIXING SOLUTIONS How many ounces of a 5% saline solution and how many
ounces of a 20% saline solution must be mixed together to obtain 50 ounces of a 15%
saline solution?
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182  CHAPTER3 Systems of Linear Equations

Analyze the problem  To find how many ounces of each type of saline solution should be mixed, we can let x
represent the number of ounces of the 5% saline solution and y represent the number of
ounces of the 20% saline solution. (See Figure 3-9.)

X 0Z + yoz
5% 20%
50 oz
15%

Figure 3-9

Form two equations  Because a total of 50 ounces are needed, one of the equations will be

The number of ounces | the number of ounces 1 the total number of
of 5% saline solution PIUS  0f 20% saline solution 4" ounces in the mixture.
by + y = 50

The amount of salt in the x ounces of 5% saline solution is 0.05x, and the amount of
salt in the y ounces of 20% saline solution is 0.20y. The amount of salt in the 50 ounces
of 15% saline solution will be 0.15(50). This gives the equation

The salt in the the salt in the the salt in
5% solution P 20% solution  €9YalS  the mixture.
0.05x 4 020y - 0.15(50)

Solve the system  To find out how many ounces of each are needed, we solve the following system:

M {x+y=50

2 0.05x + 020y = 7.5 0.15(50) =75
To solve this system by substitution, we can solve Equation 1 for y
x+y=150

3) y =150 — x  Subtract x from both sides.

and then substitute 50 — x for y in Equation 2.

0.05x + 0.20y = 7.5
0.05x + 020(50 — x) =75 Substitute.
5x + 20(50 — x) = 750 Multiply both sides by 100.
5x + 1,000 — 20x = 750 Use the distributive property to remove parentheses.
—15x = —250 Combine like terms and subtract 1,000 from both sides.
—250 . )
X = _715 Divide both sides by —15.
50

X = Simplify.
3 plity.
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3.2 Solving Systems of Two Linear Equations in Two Variables by Substitution and Elimination (Addition) 183

To find the value of y, we substitute % for x in Equation 3:

y=50—x

50 )
50 — ? Substitute.

100
3

State the conclusion  To obtain 50 ounces of a 15% saline solution, we must mix 3 (16 ) ounces of the 5%
saline solution with 7<33 ) ounces of the 20% saline solution.

Check the result ~ We note that 16 ounces of solution plus 33 ounces of solution equals the required 50
ounces of solutlon We also note that 5% of 16 ~ (.83, and 20% of 337 ~ 6.67, giving
a total of 7.5, which is 15% of 50.

SELF CHECK 9 How many ounces of a 10% saline solution and how many ounces of a 15% saline
solution must be mixed together to obtain 50 ounces of a 12% saline solution? There
should be 20 ounces of 15% saline solution and 30 ounces of the 10% saline solution.

J

Systems of equations can be used to solve many applications. Sometimes the equations
may involve more than two variables.

In manufacturing, running a machine involves both setup costs and unit costs. Setup
costs include the cost of preparing a machine to do a certain job. Unit costs depend on the
number of items to be manufactured, including costs of raw materials and labor.

Suppose that a certain machine has a setup cost of $600 and a unit cost of $3 per item.
If x items will be manufactured using this machine, the cost will be

Cost = 600 + 3x Cost = setup cost + unit cost - the number of items

Furthermore, suppose that a larger and more efficient machine has a setup cost of $800 and
a unit cost of $2 per item. The cost of manufacturing x items using this machine is

Cost on larger machine = 800 + 2x

The break point is the number of units x that need to be manufactured to make the cost of
running either machine the same. The break point can be found by setting the two costs
equal to each other and solving for x.

600 + 3x = 800 + 2x
x = 200 Subtract 600 and 2x from both sides.

The break point is 200 units, because the cost using either machine is $1,200 when x = 200.

Cost on small machine = 600 + 3x Cost on large machine = 800 + 2x
= 600 + 3(200) = 800 + 2(200)
= 600 + 600 = 800 + 400
= $1,200 = $1,200

EXAMPLE 10  BREAK-POINT ANALYSIS One machine has a setup cost of $400 and a unit cost of
$1.50, and another machine has a setup cost of $500 and a unit cost of $1.25. Find the
break point.

Analyze the problem  The cost of manufacturing x units using machine 1 is x times $1.50, plus the setup cost
of $400. The cost of manufacturing x units using machine 2 is x times $1.25, plus the
setup cost of $500. The break point occurs when the costs are equal.
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Form two equations

Solve the system

State the conclusion

Check the result

SELF CHECK 10

The cost C, using machine 1 is

The cost of using cquals the cost of manufacturing lus the setup
machine 1 4 x units at $1.50 per unit P cost.
C, = 1.5x + 400
The cost C, using machine 2 is
The cost of using equals the cost of manufacturing lus the setup
machine 2 d x units at $1.25 per unit P cost.
) = 1.25x + 500
C, = 1.5x + 400
To find the break point, we must solve the system { ! " . Since the break
C, = 1.25x + 500

point occurs when C, = C,, we can substitute 1.5x + 400 for C, to obtain

The break point is 400 units.

For 400 units, the cost using machine 1 is 400 + 1.5(400) = 400 + 600 = $1,000.
The cost using machine 2 is 500 + 1.25(400) = 500 + 500 = $1,000. Since the costs
are equal, the break point is 400 units.

One machine has a setup cost of $300 and a unit cost of $1.50 and another machine has

a setup cost of $700 and a unit cost of $1.25. Find the break point. The break point is
1,600 units.

1.5x + 400 = 1.25x + 500

1.5x = 1.25x + 100  Subtract 400 from both sides.
0.25x = 100 Subtract 1.25x from both sides.
x = 400 Divide both sides by 0.25.

J

Some applications include geometric figures. A parallelogram is a four-sided figure

with its opposite sides parallel. (See Figure 3-10(a).) Here are some important facts about
parallelograms.

1. Opposite sides of a parallelogram have the same measure.

2. Opposite angles of a parallelogram have the same measure.

3. Consecutive angles of a parallelogram are supplementary.

4. A diagonal of a parallelogram (see Figure 3-10(b)) divides the parallelogram into two

congruent triangles—triangles with the same shape and same area.

5. In Figure 3-10(b), 21 and 22, and 23 and /4, are called pairs of alternate interior

angles. When a diagonal intersects two parallel sides of a parallelogram, all pairs of
alternate interior angles have the same measure.

D

(@) (b)
Figure 3-10
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3.2 Exercises 185

EXAMPLE 1T PARALLELOGRAMS Refer to the parallelogram shown in Figure 3-11 and find the
values of x and y.

Figure 3-1

Solution Since diagonal AC intersects two parallel sides, the alternate interior angles that are
formed have the same measure. Thus, (x — y)° = 30°. Since opposite angles of a par-
allelogram have the same measure, we know that (x + y)° = 110°. We can form the
following system of equations and solve it by addition.

6)) {x -y =30
) x+y=110
2x = 140  Add Equations 1 and 2 to eliminate y.

x =170 Divide both sides by 2.
We can substitute 70 for x in Equation 2 and solve for y.
x+y=110
70 + y = 110  Substitute 70 for x.
y =40  Subtract 70 from both sides.

Thus, x = 70 and y = 40.

SELF CHECK 11 If the angle at B is 112° and the other angle symbol (DCA) is 42°, find the value of x and y.
x="T7andy = 35

J
SELF CHECK 1(-3,4) 2.3,-2) 3.(-2.3) 4.(-3,2) 5.0 6.(x,—~2x+2) 7.7 8. The store sold 25 of
ANSWERS the $67 phones and 11 of the $100 phones. 9. There should be 20 ounces of 15% saline solution and
30 ounces of the 10% saline solution. 10. The break point is 1,600 units. 11.x = 77 and y = 35
To the Instructor NOW TRY THIS
This previews the next section by _
i i t=r+1
introducing a 3 X 3 system that L ) _ L B
reduces to a2 X 2 system. Use substitution to solve the system: (r+s+r=0 r=1,5s= —3,1=2
r+s=-2
WARM-UPS Substitute x — 2 for y and solve for x. Add the left and right sides of the equations in each system
and write the result.
1.3x =4y =7 1 2.5x+3y=18 3
4x — 2y =6 5x + 3y =10
. 7x =14 4. —4y =2
3x +2y =8 —5x — Ty = -8
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186 CHAPTER3  Systems of Linear Equations

REVIEW Simplify each expression. Write all answers without
using negative exponents.

2b3c4d =3 dt)
5. (Bb2ab?)? b 6. (“ )
(@b*)(ab)* b ab*3d* abh’d
. (—3x3y4)’4 I 50-2"+3 6
x %y 81x*2y* Toar+ 5

VOCABULARY AND CONCEPTS Fill in the blanks.

9. Running a machine involves both setup costs and unit costs.

10. The break point is the number of units that need to be
manufactured to make the cost the same on either of two
machines.

11. A parallelogram is a four-sided figure with both pairs of
opposite sides parallel.

12. Opposite sides of a parallelogram have the same length.
13. Opposite angles of a parallelogram have the same measure.

14. Consecutive angles of a parallelogram are supplementary.

GUIDED PRACTICE Solve each system by substitution.
SEE EXAMPLE 1. (OBJECTIVE 1)

=3 =x+2
15. {y Y (2,6) 16. {y * (4,6)
x+ty=38 x +2y =16
—y=2 —y=—4
17. {x Y (5.3) 18 {x Y (3,7)
2x +y =13 3x =2y = -5

2 2 2 3
19 (4.8) 20 (=2,9)
X
r oY, A
2 2 2 9
2 3 5
x=7y 22y
3 5 3 53
21 (-2,-3) 22 ==
y=4x+5 61_51_1 3’5
5 3

Solve each system by elimination (addition). SEE EXAMPLE 3.
(OBJECTIVE 2)

z3.{2x_y:_5 (-2.1) 24.{’””:7 (-2.3)

2x +y=-3 x —3y=-11
3x + 5y =2 4x — 3y =9

25.{ Ty (4, —2) 26.{ T (3,1)
4x — 3y =22 3x + 2y =11
5x — 2y =19 2y — 3x = —13

27.{ o (3, -2) 28.{ yo (3,-2)
3x +4y =1 3x — 17 =4y

4x + 6y =5 31 dx + =38 1 2
29.{ S <7,7> 30.{ 9y (af)

8x —9y =3 \4'3 = 2’3
Solve each system by elimination (addition). SEE EXAMPLE 4.
(OBJECTIVE 2)

[\
=
I
[*)
=
I
I
w

;

500 T3V Te (43, 273=0 /23

o 40 17 \574)7T )3x L4 5 (372
7Y T 9Y T 4T3 72

33 AR 34. 3
3 1 1 3
gx—5y=18 Ex—§y=—9

(20, —12) (—6,16)

Solve each system using any method. SEE EXAMPLE 5. (OBJECTIVE 3)

3

=—y+5
{3x o Sk B 7Y
6x — 4y = —4 “2x -3y =38
x=5y+2 3x — 6y =8
37. 38.
{3x=15y+10 ? {—6x+12y=—10 ?
Solve each system using any method. SEE EXAMPLE 6. (OBJECTIVE 4)
=4y + — 4y =
30, {12)6 4y + 6 40. {Sx 4y = 16
6x —2y =3 2x —4 =y
( ¢, 3x — ;) (x,2x — 4)
41{y*2x—6 42.{6x*2y=7
4x + 12 =2y 12x — 4y =14
(x,2x + 6) (\ 3x — %)

Write each repeating decimal as a fraction. Simplify the answer when

possible. SEE EXAMPLE 7. (OBJECTIVE 5)

43.06 44.029
45. 03489 — - 46. —2347 1%

1,980 495

ADDITIONAL PRACTICE Solve each system using

any method.
=2 = —
47. {y T (2,4 48. {y * 4, —4)
x+ty=6 2x+y=4
3x —4y =9 3 3x — 2y = —10
{ Y <5.7> 50.{ oY (0.5)
x+2y=28 2 6x + 5y =25
-y=6 4x + 2y =
51, {x Y 4, —2) 52.{x Y %
xt+ty=2 2x +y =15
2 +2y = — 3 Sx +3y = —
53{ Y <72.7>54.{ vy =T <0,fz>
3x+4y—0 2 3x — 3y = 3
2 7 5 —-13
d Ty = Ty =
5° 6y 10 s6.0 6 Y76
3 2 19 13 —-19
- - [—— 7X+y:7
4 3 8 2 2
(3.-3) (=5.-2)
+ 5y = —14 2x + 3y =
57. 3x + Sy 58.{)6 3y =8
2x — 3y =16 6y + 4x = 16
(2,—4) <,\‘, *%x + %)
Solve each system.
1 1 5 1 1 9
376 T
Xy Xy
59. 2,3 60 4,5
91_1_1 (2,3) 1 (4,5)
x y 6 x y 20
1 2 3 2
—+ 5= 1 S-S =-30 .
6.4 <**,l>62. T <J,7>
2 1 3 2 3 6 6
S-—-=—7 S-==-30
X oy Xy
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3.2 Exercises 187

APPLICATIONS Use a system of two linear equations to solve.
SEE EXAMPLES 8—11. (OBJECTIVE 6)

. . 8% * 15%

63. Merchandising A pair of shoes and a sweater cost $110. If

the sweater cost $20 more than the shoes, how much did the

sweater cost? $65 =
64. Merchandising A sporting goods salesperson sells

2 fishing reels and 5 rods for $270. The next day, the

salesperson sells 4 reels and 2 rods for $220. How much 100 oz

does each cost? reel $35, rod $40 12.2%
65. Electronics Two resistors in the voltage divider circuit in B

the illustration have a total resistance of 1,375 ohms. To pro-
vide the required voltage, R, must be 125 ohms greater than
R,. Find both resistances. 625 (), 750 ()

72. Mixing candy How many pounds each of candy shown in
the illustration must be mixed to obtain 60 pounds of candy

R, that is worth $3 per pound? 30 Ib of each
Vin 1 1
R, v Hard Candy Soft Candy
out $2/lb $ 4/“)

66. Stowing baggage A small aircraft can carry 950 pounds of
baggage, distributed between two storage compartments. On
one flight, the plane is fully loaded, with 150 pounds more
baggage in one compartment than the other. How much is
stowed in each compartment? 400 Ib, 550 Ib

67. Geometry The rectangular field in the illustration is sur-
rounded by 72 meters of fencing. If the field is partitioned as

shown, a total of 88 meters of fencing is required. Find the 73. Travel A car travels 50 miles in the same time that a
dimensions of the field. 16 m by 20 m plane travels 180 miles. The speed of the plane is 143 mph
faster than the speed of the car. Find the speed of the car.

55 mph

74.Travel A car and a truck leave Rockford at the same time,
heading in opposite directions. When they are 350 miles
apart, the car has gone 70 miles farther than the truck. How
far has the car traveled? 210 mi

%] 75. Making bicycles A bicycle manufacturer builds racing bikes
HH and mountain bikes, with the per-unit manufacturing costs
shown in the table. The company has budgeted $15,900 for
labor and $13,075 for materials. How many bicycles of each
type can be built? 85 racing bikes, 120 mountain bikes
68. Geometry In aright triangle, one acute angle is 15° greater
than two times the other acute angle. Find the difference Model Cost of materials Cost of labor
between the angles. 40° Racing $55 $60
69. Investment income  Part of $8,000 was invested at 10% Mountain $70 $90
interest and the rest at 12%. If the annual income from
these investments was $900, how much was invested at each 76.Farming A farmer keeps some animals on a strict diet.

rate? $3,000 at 10%, $5,000 at 12%

Each animal is to receive 15 grams of protein and 7.5 grams

70. Investment income Part of $12,000 was invested at 6% of carbohydrates. The farmer uses two food mixes with
interest and the rest at 7.5%. If the annual income from nutrients shown in the illustration. How many grams of each
these investments was $810, how much was invested at each mix should be used to provide the correct nutrients for each
rate? $6,000 at 6%, $6,000 at 7.5% animal? 50 gof A, 60 gof B

71. Mixing solutions How many ounces of the two alcohol
solutions in the illustration must be mixed to obtain 100 Mix Protein Carbohydrates
ounces of a 12.2% solution? 40 oz of 8% solution, 60 oz Mix A 12% 9%
of 15% solution Mix B 15% 5%
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188  CHAPTER3 Systems of Linear Equations

77. Milling brass plates Two machines can mill a brass plate. 87. For process A, how many water pumps must be sold for the
One machine has a setup cost of $300 and a cost per plate of manufacturer to break even? 590 units per month
$2. The other machine has a setup cost of $500 and a cost per 88. For process B, how many water pumps must be sold for the
plate of $1. Find the break point. 200 plates manufacturer to break even? 620 units per month

78. Printing books A printer has two presses. One has a setup 89. If expected sales are 550 per month, which process should be
cost of $210 and can print the pages of a certain book for used? A (smaller loss)
$5.98. The other press has a setup cost of $350 and can print

; ! 90. If expected sales are 600 per month, which process should be
the pages of the same book for $5.95. Find the break point. used? A

2
4,6663 pages 91. If expected sales are 650 per month, which process should be
79. Managing a computer store The manager of a computer used? A

store knows that his fixed costs are $8,925 per month and that
his unit cost is $850 for every computer sold. If he can sell all
the computers he can get for $1,275 each, how many computers

must he sell each month to break even? 21

92. At what monthly sales level is process B better? 673 units

93. Geometry If two angles are supplementary, their sum is
180°. If the difference between two supplementary angles is

. i . o 110°, find the measure of each angle. 35°, 145°
80. Managing a makeup studio A makeup studio specializing in

photo shoots has fixed costs of $23,600 per month. The owner
estimates that the cost for each indoor shoot is $910. This cost
covers labor and makeup. If her studio can book as many indoor
shoots as she wants at a price of $1500 each, how many shoots
will it take each month to break even? 40

94. Geometry If two angles are complementary, their sum is
90°. If one of two complementary angles is 16° greater than
the other, find the measure of each angle. 53°,37°

95. Find the values of x and y in the parallelogram.
x =225,y =675

81. Running a small business A person invests $18,375 to set D c
up a small business that produces a piece of computer software y°
that will sell for $29.95. If each piece can be produced for
$5.45, how many pieces must be sold to break even? 750

82. Running a record company Three people invest $35,000 2x+y)° 3x°
. . A B
each to start a record company that will produce reissues
of classic jazz. Each release will be a set of 3 CDs that will 96. Find the values of x and y in the parallelogram.
retail for $15 per disc. If each set can be produced for $18.95, x =70,y =10

how many sets must be sold for the investors to make a
profit? 4,031

Break-point analysis A paint manufacturer can choose between
two processes for manufacturing house paint, with monthly costs
shown in the table. Assume that the paint sells for $18 per gallon.

Unit cost
Process Fixed costs (per gallon) 97. Physical therapy To rehabilitate her knee, an athlete
A $32.500 $13 does leg extensions. Her goal is to regain a full 90° range
B $80,6OO $5 of motion in this exercise. Use the information in the

illustration to determine her current range of motion in

degrees. 72°
83. For process A, how many gallons must be sold for the manu-

facturer to break even? 6,500 gal per month
84. For process B, how many gallons must be sold for the manu-
facturer to break even? 6,200 gal per month

85. If expected sales are 6,000 gallons per month, which process
should the company use? A (a smaller loss)

86. If expected sales are 7,000 gallons per month, which process She needs to extend

s
should the company use? B this much more. _ Y-~ \i Current range of motion.
. ] -7 ! This angle is four
Making water pumps A manufacturer of automobile water times as large as
pumps is considering retooling for one of two manufacturing the other.

processes, with monthly fixed costs and unit costs as indicated in the

table. Each water pump can be sold for $50. 98. The Marine Corps The Marine Corps War Memorial in

Arlington, Virginia, portrays the raising of the U.S. flag on

Unit cost Iwo Jima during World War I1. Find the measure of the two
Process Fixed costs (per gallon)
A $12,390 $29
B $20,460 $17
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3.3 Solving Systems of Three Linear Equations in Three Variables 189

angles shown in the illustration if the measure of one of the
angles is 15° less than twice the other. 65°, 115°

99. Radio frequencies In a radio, an inductor and a capacitor
are used in a resonant circuit to select a wanted radio station
at a frequency f and reject all others. The inductance L and
the capacitance C determine the inductance reactance X; and
the capacitive reactance X - of that circuit, where

1
XL = 27TfL and XC = m

The radio station selected will be at the frequency f where
X, = X,. Write a formula for £?in terms of L and C.

) 1
I = e

100. Choosing salary plans A sales clerk can choose from two

salary options:

1. astraight 7% commission
2. $150 + 2% commission

How much would the clerk have to sell for each plan to
produce the same monthly paycheck? $3,000
WRITING ABOUT MATH

101. Which method would you use to solve the following system?
Why?

y=3x+1
3x+2y =12

102. Which method would you use to solve the following system?
Why?

{2x+4y=9
3x — 5y =20

SOMETHING TO THINK ABOUT

103. Under what conditions will a system of two equations in two
variables be inconsistent?

104. Under what conditions will the equations of a system of two
equations in two variables be dependent?

el 1B 5o|ving Systems of Three Linear Equations
in Three Variables

3.3

0 solvea system of three linear equations in three variables.
(2] Identify an inconsistent system.

(3] Identify a dependent system and express the solution as an ordered
triple in terms of one of the variables.

@) Solve an application by setting up and solving a system of three linear
equations in three variables.

Objectives

ordered triple

Vocabulary
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190 CHAPTER3 Systems of Linear Equations

Determine whether the equation x + 2y + 3z = 6 is satisfied by the following values.
1. x=Ly=1z=1 yes 2. x=-2,y=1,z=2 yes
3. x=2,y=-2,z=-1 no 4., x=2,y=2,z=0 yes

<
S
Q
a5
(=)
S
-
=
(\)
O

We now extend the definition of a linear equation to include equations of the form
ax + by + ¢z = d where a, b, ¢, and d are numerical values (d is a constant). The solution
of a system of three linear equations with three variables is an ordered triple of numbers
if the equations are independent and the system consistent. For example, the solution of

the system
2x + 3y + 4z =20
3x +4y + 27 =17
3x + 2y + 3z =16 (x, v, z), which equals (1, 2, 3)

is the ordered triple (1,2, 3). Each equation is satisfied if x = 1, y = 2, and z = 3.

2x + 3y + 4z = 20 3x +4y + 2z =17 3x + 2y + 3z =16

2(1) +3(2) +4(3) £20  3(1) +4(2) +2(3) £ 17 3(1) +2(2) +3(3) 2 16
2+6+12£20 3+8+6=%17 3+4+9216

20 = 20 17 =17 16 = 16

The graph of an equation of the form ax + by + cz = d is a flat surface called a
plane. A system of three linear equations in three variables is consistent or inconsis-
tent, depending on how the three planes corresponding to the three equations intersect.
Figure 3-12 illustrates some of the possibilities.

> < N : A ~
| \ ! 111 N W
A!’

The three planes intersect at a The three planes have a line / The three planes have no point
single point P: One solution. in common: Infinitely many in common: No solutions.
A consistent system. solutions. A consistent system. An inconsistent system.
@) (b) ©
Figure 3-12

n Solve a system of three linear equations in three variables.

To solve a system of three linear equations in three variables by elimination, we follow
these steps.
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3.3 Solving Systems of Three Linear Equations in Three Variables 191

SOLVING THREE LINEAR Write all equations in the system in ax + by + ¢z = d form.

EQUATIONS IN THREE
VARIABLES

Select any two equations and eliminate a variable.

Select a different pair of equations and eliminate the same variable.

. Solve the resulting pair of two equations in two variables.

woa W

To find the value of the third variable, substitute the values of the two variables found
in Step 4 into any equation containing all three variables and solve the equation.

X

Check the solution in all three of the original equations.

2x +y +4z =12
EXAMPLE 1  Solve the system: {x +2y+2z=9
3x—3y—2z=1

Solution We are given the system

COMMENT To keep track (1) 2x+y+4z=12
of the equations it is helpful  (2) x+2y+2:=9
to number them. 3) 3x—3y—2z7=1

If we select Equations 2 and 3 and add them, the variable z is eliminated:
2) x+2y+2z= 9
3) 3x — 3y — 2z 1
(@) 4x — y =10

We now select a different pair of equations, 1 and 3 (we could have used Equations
1 and 2) and eliminate z again. If each side of Equation 3 is multiplied by 2 and the
resulting equation is added to Equation 1, z is again eliminated:
() 2x+ y+4z=12
6x — 6y —4z= 2
(®)] 8x — 5y =14

Equations 4 and 5 form a system of two equations in two variables:
4) {4x -y=10
5) 8x — 5y =14
To solve this system, we multiply Equation 4 by —5 and add the resulting equation
to Equation 5 to eliminate y:
—20x + 5y = —50
) 8&x —5y= 14
—12x = —36
x=3 Divide both sides by —12.

To find the value of y, we substitute 3 for x in any equation containing only x and y
(such as Equation 5) and solve.

5) 8 — 5y =14
8(3) — 5y =14 Substitute.
24 — 5y =14 Simplify.
—5y = —10  Subtract 24 from both sides.
y=2 Divide both sides by —5.

To find the value of z, we substitute 3 for x and 2 for y in an equation containing x,
v, and z (such as Equation 1) and solve.
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SELF CHECK 1

I
—_
)

(1) 2x +y + 4z
2(3) + 2 + 4z
8 + 4z =12 Simplify.
4z =4 Subtract 8 from both sides.
z=1 Divide both sides by 4.

Il
()

Substitute.

The solution of the system is (3,2, 1). Verify that these values satisfy each equation in
the original system.

2x +y +4z =16
Solve the system: < x + 2y + 2z = 11 (1,2,3)
3x =3y —2z=-9

a Identify an inconsistent system.

EXAMPLE 2

Solution We are given the system of equations

SELF CHECK2 Solve the system: {3x — 2y + 4z =10 &

The next example is an inconsistent system and has no solution.

2x +y —3z=-3
Solve the system: {3x — 2y + 4z =2
4x + 2y — 6z = —7

@))] 2x+y—3z= -3
2) 3x — 2y +4z=2
3) 4x + 2y — 6z = =17
We can multiply Equation 1 by 2 and add the resulting equation to Equation 2 to
eliminate y.
4x + 2y — 672 = —6
2) 3x — 2y + 4z 2
4) Tx —2z=—4

We now add Equations 2 and 3 to again eliminate y.
2) 3x =2y +4z= 2
3) 4x + 2y — 6z = —7
5) Tx —2z=-5

Equations 4 and 5 form the system

4) {7x —-2z=—4
(@) Tx — 2z = -5

Since 7x — 2z cannot equal both —4 and —35, this system is inconsistent; it has no
solution. Its solution set is &J.

2x +y—3z=28

4x + 2y — 62

=5

B Identify a dependent system and express the solution

as an ordered triple in terms of one of the variables.

When the equations in a system of two equations in two variables were dependent, the
system had infinitely many solutions. This is not always true for systems of three equations
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3.3 Solving Systems of Three Linear Equations in Three Variables 193

in three variables. In fact, a system can have dependent equations and still be inconsistent.
Figure 3-13 illustrates the different possibilities.

@@g

When three planes intersect in a When two planes coincide and are parallel
When three planes coincide, the common line, the equations are to a third plane, the system is
equations are dependent, and there dependent, and there are inconsistent, and there are
are infinitely many solutions. infinitely many solutions. no solutions.
(@ (b) ©
Figure 3-13

3x—2y+z=-1
EXAMPLE 3 Solve the system: {2x+y—z=35
Sx —y=4
Solution We can add the first two equations to obtain
@))] 3x =2y +z=-1
) 2x+ y—z= 5
“4) 5 — y = 4

Since Equation 4 is the same as the third equation of the system, the equations of the
system are dependent, and there will be infinitely many solutions.
To write the general solution to this system, we can solve Equation 4 for y to obtain
S5x —y=4
—y = —5x + 4 Subtract 5x from both sides.
y=5x—4 Multiply both sides by —1.

We then can substitute 5x — 4 for y in the first equation of the system and solve for z to
obtain

3x—2y+z=-1

3x—205x—4)+z= -1 Substitute.
3x —10x+8 +z=—1 Use the distributive property to remove parentheses.
“Ix+8+z=—-1 Combine like terms.

z="Tx—9 Add7xand —8 to both sides.

COMMENT The solution in Since we have found the values of y and z in terms of x, every solution to the system
Example 3 is called a general has the form (x, 5x — 4, 7x — 9), where x can be any real number. For example,
solution. If we had eliminated

different variables, we could If x = 1,asolutionis (1,1, —2). 5(1) —4=1,and7(1) —9 = -2

have expressed the general If x = 2, a solution is (2,6, 5). 5(2) —4=6,and7(2) —9 =5
solution in terms of y or in If x = 3, asolutionis (3,11,12). 5(3) —4=11,and7(3) — 9 = 12
terms of z.

This system has infinitely many solutions of the form (x, 5x —4, 7x —9).

3x+2y+z=-1
SELF CHECK 3 Solve the system: {2x —y —z=15
Sx+y=4
infinitely many solutions of the form (x,4 — 5x, =9 + 7x)
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194 CHAPTER3 Systems of Linear Equations

n Solve an application by setting up and solving a system
of three linear equations in three variables.

EXAMPLE4 MANUFACTURING HAMMERS A company makes three types of hammers—
good, better, and best. The cost of making each type of hammer is $4, $6, and $7,
respectively, and the hammers sell for $6, $9, and $12. Each day, the cost of making 100
hammers is $520, and the daily revenue from their sale is $810. How many of each type
are manufactured?

Analyze the problem  We need to know the number of each type of hammer manufactured, so we will let x
represent the number of good hammers, y represent the number of better hammers, and
z represent the number of best hammers.

Form three equations  Since x represents the number of good hammers, y represents the number of better ham-
mers, and z represents the number of best hammers, we know that
The total number of hammers is x + y + z.
The cost of making good hammers is $4x ($4 times x hammers).
The cost of making better hammers is $6y ($6 times y hammers).
The cost of making best hammers is $7z ($7 times z hammers).
The revenue received by selling good hammers is $6x ($6 times x hammers).
The revenue received by selling better hammers is $9y ($9 times y hammers).
The revenue received by selling best hammers is $12z ($12 times z hammers).

The information leads to three equations:

The number of us the number of u the number of equals the total
good hammers P better hammers ~ © best hammers q number of hammers.
x + y —+ z = 100
The cost of making the cost of making the cost of making the total
plus plu equals
good hammers better hammers best hammers cost.

4x + 6y + 7z = 520

The revenue from us the revenue from us the revenue from equals the total

the good hammers P the better hammers ~ © the best hammers q revenue.
6x + 9y + 12z = 810

Solve the system  These three equations give the following system:
(1) x+y+z=100
2) 4x + 6y + 77 = 520
3) 6x + 9y + 12z = 810
that we can solve as follows:
If we multiply Equation 1 by —7 and add the result to Equation 2, we obtain
—7x — 7y — 7z = =700
4x + 6y + 7z 520
€)) —3x—y = —180

If we multiply Equation 1 by —12 and add the result to Equation 3, we obtain
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—12x — 12y — 12z = —1,200
6x + 9y + 12¢ 810
o) —6x — 3y -390

If we multiply Equation 4 by —3 and add it to Equation 5, we obtain
9x + 3y = 540
—6x — 3y = =390
3x = 150
x =50 Divide both sides by 3.

To find y, we substitute 50 for x in Equation 4:
—3x —y=—180
—3(50) — y = —180 Substitute.
—y = =30  Add 150 to both sides.
y = 30 Divide both sides by —1.
To find z, we substitute 50 for x and 30 for y in Equation 1:
x+y+z=100
50 + 30 + z = 100
z =120 Subtract 80 from both sides.
State the conclusion  Each day, the company makes 50 good hammers, 30 better hammers, and 20 best
hammers. This totals 100. The cost of producing the hammers is $4(50) + $6(30) +

$7(20) or $520 and the revenue from the sale of the hammers is $6(50) + $9(30) +
$12(20) or $810.

Check the result  Check the solution in each equation in the original system.

SELF CHECK 4  If the cost of the 100 hammers is $560 and the daily revenue is $870, how many of each

type are manufactured? The company makes 30 good hammers, 50 better hammers, and 20
best hammers.

EXAMPLEDS CURVEFITTING The equation of the parabola shown in Figure 3-14 is of the form
y = ax’ + bx + c. Find the equation of the parabola.

Solution Since the parabola passes through the points shown in the figure, each pair of coor-

dinates satisfies the equation y = ax* + bx + c. For example, (—1,5) substituted in

Y y = ax* + bx + cbecomes5 = a(—1)*> + b(—1) + corsimplifiedasa — b + ¢ = 5.

If we substitute the x- and y-values of each point into the equation and simplify, we
obtain the following system.

-1,5) (1 a—b+c=5  forpoint (—1,5)
(2) a+b+c=1 for point (1, 1)
@2 3) 4a + 2b + ¢ =2 for point (2,2)
a, 1) If we add Equations 1 and 2, we obtain 2a + 2¢ = 6. If we multiply Equation 1 by

X 2 and add the result to Equation 3, we get 6a + 3¢ = 12. We can then divide both sides
of 2a + 2¢ = 6 by 2 and divide both sides of 6a + 3¢ = 12 by 3 to obtain the system

“ {a+c=3

Figure 3-14

(5) 2a + c =4

If we multiply Equation 4 by —1 and add the result to Equation 5, we get a = 1. To find
the value of ¢, we can substitute 1 for a in Equation 4 and find that ¢ = 2. To find the
value of b, we can substitute 1 for a and 2 for ¢ in Equation 2 and find that b = —2.
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196  CHAPTER3 Systems of Linear Equations

After we substitute these values of a, b, and c into the equation y = ax> + bx + ¢
we have the equation of the parabola.

y=a’ +bx+c¢

y=12+ (=2)x + 2

y=x—2x+2

SELF CHECK 5 If a parabola passes through the points (1, —10), (=2, 8), and (5, —6), find the equa-
tion of the parabola. y = x> — 5x — 6

J
SELF CHECK 1.(1,2,3) 2. 3.infinitely many solutions of the form (x,4 — 5x, =9 + 7x) 4. The company makes 30
ANSWERS good hammers, 50 better hammers, and 20 best hammers. 5.y = X—5x—6
To the Instructor NOW TRY THIS
Although this application has a
numerical result, students must The manager of a coffee bar wants to mix some Peruvian Organic coffee worth $15 per pound
realize that there is no solution since ~ with some Colombian coffee worth $10 per pound and Indian Malabar coffee worth $18 per
the values do not fit the context of pound to obtain 50 pounds of a blend that he can sell for $17.50 per pound. He wants to use
this situation. 10 fewer pounds of the Indian Malabar than Peruvian Organic. How many pounds of each should
he use? (Hint: This problem is based on the formula V = np, where V represents value, n rep-
resents the number of pounds, and p represents the price per pound.) (35, —10,25). Since the
manager cannot use a negative number of pounds of coffee, there is no solution.
J
WARM-UPS s the ordered triple a solution of the system? 11. When three planes intersect in a line, the system will have
infinitely many solutions.
2x+y—3z=0 .
_ 12. When three planes are parallel, the system will have no
1.(1,1,1);$3x —2y +4z=5 yes solutions.
4x + 2y —62=0
3x+2y—z=5 Determine whether the ordered triple is a solution of the given system.
2.(2,1,1);{2x — 3y + 2z =4 no x+y-—z=2
dx — 2y + 3z =10 13.(1,2,1),§2x +y + 3z =7 yes
X = %y + %z =1
REVIEW Consider the line passing through (=1, —5) and (2, 3). 2 +2y +3z=5
3. Find the slope of the line. 2 14.(-3,2,-1),93x +y = —6 no
4. Write the equation of the line in slope-intercept form. xt+ty+2z=1
-8 _7
y=3%¥73 GUIDED PRACTICE Solve each system. SEE EXAMPLE 1.

(oBJECTIVE T)

Find each value if f(x) = 2x* + 1.

5. £(0) 1 6. f(—2) © x+y+z=4 x+ty+z=4
7 5 B.y2x+y—z=1 16.x —y+z=2
7. f(3s) 1857 + 1 8. f(4r) 327 + 1 -y =1 x—y—z=0
. (1,1,2) (2,1,1)
VOCABULARY AND CONCEPTS Fill in the blanks. dr + 3z = 243y 4+ 2= 1
9. The graph of the equation 2x + 3y + 4z = 5 is a flat surface 2y — 6z = — 18.¢2x — 3y + 2z = —1
called a plane. x+4y+3z—9 4x+ 3y —2z=4
10. When three planes coincide, the equations of the system are 3 % % (% % _ %)

dependent, and there are infinitely many solutions.
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Solve each system. SEE EXAMPLE 2. (OBJECTIVE 2)

3a —2b—c=4 2x+y—z=1

19. { 6a — 4b — 2¢ = 10 20.4x +2y +2z=2
at3b+c=2 4x + 5y +3z=3
%) %)

Solve each system. SEE EXAMPLE 3. (OBJECTIVE 3)

Ix—2y—z=1 x—2y+3z=9

2. {9x —6y +z=17 22. { —x +3y=—4
X—2y+z=3 2x — 5y + 3z =13
(x,2x = 1,3x+ 1) (19 — 92,5 — 3z,z2)
x+2y+tz=1 —x+y—2z=-5

23.93x +y+3z=3 24.(3x +2y =4
—2x+y—2z=-2 4x — 4y + 8z =20

4 14 6 11
(x,0,1 — x) (*g:+§,gZ*g,z)

ADDITIONAL PRACTICE Solve each system.

a+3b+c=10 3x—y—2z=12

25.{3a+b+c=12 26.¢x +y+6z=38
a+b+3c=38 2x — 2y —z=11
nlU 4—20
x+3y+1713 —gy—z:9
1 y+3 7= -2 4x+%y—%z:5
x+2y lz=2 Aty+iz=12
(2,6,9 (4,5, —6)
x*3y+z—1 2x+y—3z=15
2x—y—2z=2 x—2y+4z=9
x+2y*3z=*1 4x+2y*6z—1

x—3y+4z:2

{2x+3y+4z—6

2x — 3y —4z = —4 32.92x +y+2z=3
M+®+&:U 4x — S5y + 10z =7
(17%7§ . (%f¥:*%+gr,1)
2x+2y+3z:lO x—y+tz=4

33.93x+y—2z=0 34.x+2y —z=—1
x+y+2z=6 x+y—3z=-2
(0,2.2) (2,-1,1)

APPLICATIONS Use a system of three linear equations to
solve. SEE EXAMPLES 4—5. (OBJECTIVE 4)

35. Making statues An artist makes three types of ceramic
statues at a monthly cost of $650 for 180 statues. The manufac-
turing costs for the three types are $5, $4, and $3. If the statues
sell for $20, $12, and $9, respectively, how many of each type
should be made to produce $2,100 in monthly revenue?

30 expensive, 50 middle-priced, 100 inexpensive

36. Manufacturing footballs A factory manufactures

three types of footballs at a monthly cost of $2,425 for

1,125 footballs. The manufacturing costs for the three types
of footballs are $4, $3, and $2. These footballs sell for $16,

$12, and $10, respectively. How many of each type are
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41.
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manufactured if the monthly profit is $9,275?
(Hint: Profit = Income — Cost.) 50 expensive, 75
middle-priced, 1,000 inexpensive

Curve fitting Find the equation of y
the parabola shown in the illustration.
y = x> — 4x
. X
0, 0) 4,0)
2,4
Curve fitting Find the equation of y
the parabola shown in the illustration.
y=x*—x+1 3.7
(=1L, 8)
@D .

Integers The sum of three integers is 19. The third integer
is twice the second, and the second integer is 5 more than the
first. Find the integers. 1.6, 12

The sum of three integers is 48. If the first integer
is doubled, the sum is 60. If the second integer is doubled, the
sum is 63. Find the integers. 12, 15,21

Geometry The sum of the angles in any triangle is 180°. In
triangle ABC, £ A is 80° less than the sum of 2B and 2C,
and £C is 50° less than twice £ B. Find the measure of each
angle. A = 50°,B = 60°,C = 70°

Geometry The sum of the C

angles of any four-sided figure
is 360°. In the quadrilateral,
LA = /LB, £Cis 20° greater
than £ A, and 2D = 40°. Find
the measure of each angle.
100°, 100°, 120°, 40° A

Nutritional planning One unit of each of three foods con-
tains the nutrients shown in the table. How many units of each
must be used to provide exactly 11 grams of fat, 6 grams of
carbohydrates, and 10 grams of protein? 1 unit of A, 2 units
of B, and 3 units of C

D

Food Fat Carbohydrates Protein
A 1 1 2
B 2 1 1
Cc 2 1 2

Nutritional planning One unit of each of three foods con-
tains the nutrients shown in the table. How many units of each
must be used to provide exactly 14 grams of fat, 9 grams of
carbohydrates, and 9 grams of protein? 2 units of A, 3 units
of B, and 1 unit of C

Food Fat Carbohydrates Protein
A 2 1 2
B 3 2 1
C 1 1 2
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198  CHAPTER3 Systems of Linear Equations

45. Concert tickets Tickets for a concert cost $5, $3, and $2.
Twice as many $5 tickets were sold as $2 tickets. The receipts
for 750 tickets were $2,625. How many of each price ticket
were sold? 250 $5 tickets, 375 $3 tickets, 125 $2 tickets

46. Mixing nuts The owner of a candy store mixed some pea-

nuts worth $3 per pound, some cashews worth $9 per pound,

and some Brazil nuts worth $9 per pound to get 50 pounds
of a mixture that would sell for $6 per pound. She used

15 fewer pounds of cashews than peanuts. How many
pounds of each did she use? 25 Ib peanuts, 10 Ib cashews,
15 1b Brazil nuts

47. Chainsaw sculpting A north woods sculptor carves three
types of statues with a chainsaw. The times required for
carving, sanding, and painting a totem pole, a bear, and a
deer are shown in the table. How many of each should be
produced to use all available labor hours? 3 poles,

2 bears, 4 deer

Totem Time
pole Bear Deer available
Carving 2 hours 2 hours 1 hour 14 hours
Sanding 1 hour 2 hours 2 hours 15 hours
Painting 3 hours 2 hours 2 hours 21 hours

48. Making clothing A clothing manufacturer makes coats,
shirts, and slacks. The times required for cutting, sewing, and
packaging each item are shown in the table. How many of
each should be made to use all available labor hours?

120 coats, 200 shirts, 150 slacks

Time

Coats Shirts Slacks available
Cutting 20 min 15 min 10 min 115 hr
Sewing 60 min 30 min 24 min 280 hr
Packaging 5 min 12 min 6 min 65 hr

49. Earth’s atmosphere Use the information in the graph to
determine what percent of Earth’s atmosphere is nitrogen, is
oxygen, and is other gases. 78%. 21%, 1%

Nitrogen: This is 12% more
than three times the sum

of the percent of oxygen
and the percent
of other gases.

Nitrogen

Other gases %
Other gases: This is
20% less than the
percent of oxygen.

50. NFL records Jerry Rice, who played with the San Francisco
49ers and the Oakland Raiders, holds the all-time record for
touchdown passes caught (197). Here are interesting facts
about three quarterbacks who helped him achieve this record.

¢ He caught 17 more TD passes from Steve Young (SF) than
he did from Joe Montana.

* He caught 50 more TD passes from Joe Montana (SF) than
he did from Rich Gannon (Oak).

* He caught a total of 171 TD passes from Young, Montana,
and Gannon.

Determine the number of touchdown passes Rice caught from
Young, from Montana, and from Gannon. 85,68, 18

The equation of a circle is of the form x* + y? + cx + dy + e = 0.

51. Curve fitting Find the equation of
the circle shown in the illustration.
Ay —2—2-2=0 &

G, D

£

(1, =D

<

52. Curve fitting Find the equation of ¥
the circle shown in the illustration. (3,3)
Xty —6x=0

(0, 0)

(6,0)

D

WRITING ABOUT MATH

53. What makes a system of three equations in three variables
inconsistent?

54. What makes the equations of a system of three equations in
three variables dependent?

SOMETHING TO THINK ABOUT

55. Solve the system:
x+ty+tz+w=3
x—y—z—w=—1
X+ty—z—-—w=

Il
LY =

x+ty—z+w
56. Solve the system:

2x+y+tz+tw=3
x—2y—z+w= -3

XxX—y—2z—w=—

Il
~

x+y—z+2w
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3.4 Solving Systems of Linear Equations Using Matrices 199

Section , : : : :
3 4 Solving Systems of Linear Equations Using Matrices

“ €D solve a system of linear equations with the same number of equations

o as variables using Gaussian elimination.

e Solve a system with more linear equations than variables using row

% operations on a matrix.

Ol E) Solve a system with fewer linear equations than variables using row
operations on a matrix.

-

g matrix augmented matrix triangular form of a matrix

) element of a matrix coefficient matrix back substitution

8 square matrix Gaussian elimination

(&)

>

> Multiply the first row by 2 and add the result to the second row.

% 235 -1 0 4

N 1. 5 8 13 2. 0 3 7

o 1 23 2 3 -1

? Multiply the first row by —1and add the result to the second row.

-

= 2 35 -1 0 4

L -1 -1 =2 4. 3 3 -5

O 123 2 3 -1

In this section, we will discuss an alternative method used for solving systems of linear
equations. This method involves the use of matrices.

n Solve a system of linear equations with the same number
of equations as variables using Gaussian elimination.

MATRIX A matrix is any rectangular array of numbers.

Some examples of matrices are

1 2 2 4 6

1 2 3
A=[456] B=|3 4 cC=|8 10 12
5 6 14 16 18

The numbers in each matrix are called elements. Because matrix A has two rows
and three columns, it is called a 2 X 3 matrix (read “2 by 3” matrix). Matrix Bisa3 X 2
matrix, because the matrix has three rows and two columns. Matrix C is a 3 X 3 matrix
(three rows and three columns).
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Arthur Cayley
1821-1895

Cayley taught mathematics at
Cambridge University. When he
refused to take religious vows, he
was fired and became a lawyer.
After 14 years, he returned to
mathematics and to Cambridge.
Cayley was a major force in devel-
oping the theory of matrices.

ELEMENTARY ROW
OPERATIONS

Any matrix with the same number of rows and columns, like matrix C, is called a
square matrix.
To use matrices to solve systems of linear equations, we consider the system
xX—2y—2=6
2x + 2y —z =1
—x—y+2z=1

which can be represented by the following matrix, called an augmented matrix:

1 -2 -1i6
2 2 -1i1
-1 -1 21

The first three columns of the augmented matrix form a 3 X 3 matrix called a coefficient
matrix. It is determined by the coefficients of x, y, and z in the equations of the system.
The 3 X 1 matrix to the right of the dashed line is determined by the constants in the
equations.

Coefficient matrix Column of constants
| —) 1 6
2 2 -1 1
-1 -1 2 1

Each row of the augmented matrix represents one equation of the system:
I -2 —1i6 — xX—2y—2z=6
2 2 —1i1| < (2x+2y-z=1
-1 -1 201 < —x—y+2z=1
To solve a 3 X 3 system of equations by Gaussian elimination, we transform an aug-

mented matrix into the following matrix that has all 0’s below its main diagonal, which is
formed by the elements a, e, and h.

a b c d
0 e f g (a, b, c, ...,iarereal numbers)
0 0 hii

We often can write a matrix in this form, called triangular form, by using the following
operations.

1. Any two rows of a matrix can be interchanged.
2. Any row of a matrix can be multiplied by a nonzero constant.

3. Any row of a matrix can be changed by adding a nonzero constant multiple of another
row to it.

* A type | row operation corresponds to interchanging two equations of a system.

e A type 2 row operation corresponds to multiplying both sides of an equation by a non-
Zero constant.

* A type 3 row operation corresponds to adding a nonzero multiple of one equation to
another.

None of these operations will change the solution of the given system of equations.
After we have written the matrix in triangular form, we can solve the corresponding
system of equations by a process called back substitution, as shown in Example 1.
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3.4 Solving Systems of Linear Equations Using Matrices 201

x—2y—2z=6
EXAMPLE 1  Solve the system using matrices: {2x + 2y —z =1
—x—y+2z=1

Solution  We can represent the system with the following augmented matrix:

I -2 —1i6
2 2 —-1il
-1 -1 21

To get 0’s under the 1 in the first column, we multiply row 1 of the augmented matrix by —2
and add it to row 2 to get a new row 2. We then add row 1 to row 3 to obtain a new row 3.

1 -2 —-1¢{ 6
0 6 1i-11| -2RlI+R2—R2
0 -3 17 Rl + R3 = R3

To get a 0 under the 6 in the second column of the previous matrix, we multiply row 2 by
% and add it to row 3.

1 -2 1§ 6
0 6 1 i-11
0 0 2 3| RR2+R3-R3

Finally, to clear the fraction in the third row, third column, we multiply row 3 by %,
which is the reciprocal of %

1 =2 1] 6

0 6 1i-11

0 o0 1i 1] RIOR3

The final matrix represents the system of equations
(D) xX—2y—2=6
2) Ox + 6y +z=—11
3) Ox +0y+z=1

From Equation 3, we can see that z = 1. Now we begin the back substitution process.
To find the value of y, we substitute 1 for z in Equation 2 and solve.

2) 6y +z=—11
6y + 1 = —11 Substitute 1 for z.
6y = —12  Subtract 1 from both sides.
y=-2 Divide both sides by 6.
Thus, y = —2. To find the value of x, we substitute 1 for z and —2 for y in Equation 1
and solve.
) X—2y—2z=6
x —2(—2) — 1 =6 Substitute I for z and —2 for y.
x+3=6 Simplify.
x = 3 Subtract 3 from both sides.

Thus, x = 3. The solution of the given system is (3,-2,1). Verify that this ordered
triple satisfies each equation of the original system.

x—2y—z=2
SELF CHECK 1 Solve the system using matrices: 2x + 2y —z=-5 (1,-2.3)
—Xx—y+2=7
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a Solve a system with more linear equations than

EXAMPLE 2

Solution

SELF CHECK 2

variables using row operations on a matrix.

We can use matrices to solve systems that have more equations than variables.

x+y=-1
Solve the system using matrices: (2x —y =7
—x + 2y = -8

This system can be represented by the following augmented matrix:

11—
2 —14 7
-1 2i-8

To obtain 0’s under the 1 in the first column, we multiply row 1 by —2 and add it to
row 2. Then we can add row 1 to row 3.

1=
0 -3{ 9| —2RI+R2—R2
0 3i-9 Rl + R3 — R3

To get a 0 under the —3 in the second column, we can add row 2 to row 3.

111
0 -31 9
L0 0i{ 0] R2+R3—R3

Finally, to get a 1 in the second row, second column, we multiply row 2 by — %

(111
0 1{-3| —jR2—>R2
Lo 0 0

The final matrix represents the system

x+y=-1
Ox +y=-3
Ox +0y =0

The third equation can be discarded, because Ox + Oy = O for all x and y. From the
second equation, we can read that y = —3. To find the value of x, we substitute —3 for
y in the first equation and solve.

x+ty=-1
x + (=3) = —1 Substitute —3 for y.
x =2 Add 3 to both sides.

The solution is (2, —3). Verify that this solution satisfies all three equations of the
original system.

x+y=1
Solve the system using matrices: §2x —y = 8 (3,-2)
—x+2y= -7

J

COMMENT If the last row of the final matrix in Example 2 had been representative of
the form Ox + Oy = k, where k # 0, the system would not have a solution. No values of x
and y could make the expression Ox + Oy equal to a nonzero constant k.
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3.4 Solving Systems of Linear Equations Using Matrices 203

B Solve a system with fewer linear equations than variables
using row operations on a matrix.

We also can solve many systems that have more variables than equations.

xt+y—2z=-1
-3

EXAMPLE 3 Solve the system using matrices: {
2x —y +z

Solution This system can be represented by the following augmented matrix.
(1 1 —2i—1]
12 -1 1i-3]

To obtain a O under the 1 in the first column, we multiply row 1 by —2 and add it to row 2.
1 1 =2 i—1]
10 -3 5i—-1] —2RlI +R2—R2

Then to get a 1 in the second row, second column, we multiply row 2 by — %

1 1 -2 ;—1}
541 1 1
0 1 —3i 3 —3R2 = R2

The final matrix represents the system

We add %z to both sides of the second equation to obtain

1 N 5
=-+3z
Y7373
We have not found a specific value for y. However, 1we hsave found y in terms of z.
To find a value of x in terms of z, we substitute 3 +32 for y in the first equation and
simplify to obtain

x+y—2z=-1

1 5
x+—+—-z—2z= -1 Substitute.

3 3

1 1 o
x+—-———z=-—1 Combine like terms.

3 3

1 4 " .
X — gz = —g Subtract 5 from both sides.

4 1
x=-7+32 Add 5 7 to both sides.

A solution of this system must have the form

4 1 1 5
(— g + g Z, g + g Z, z) This solution is a general solution of the system.

for all values of z.

x+y—2z=11

SELF CHECK 3  Solve the system using matrices: {
2x —y+tz=-2
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Matrices with the same number of rows and columns can

be added. We simply add their corresponding elements. For

example,

2 3 —4 3
+
EREr

Everyday connections Suburban Office
Male Female
Day shift 14 12
Night shift 5 2
1 0 The information about the employees is contained in
3 2] the following matrices.
(=1) —4+0 _ |12 18 _ |14 12
D 30 and S s 9

[ 2+3 3+

—1+4 2+3 5+2

_[5 2 —4}
3 5 7

To multiply a matrix by a

element of the matrix by the constant. For example,

5.{ 2 3 —4}
-1 2 5

[ 5.2 53
_'[5-(——1) 5.2
[10 15 —20
_[—5 10 25

The entry in the first row-first column in matrix D
gives the information that 12 males work the day shift
at the downtown office. Company management can
add the matrices D and S to find corporate-wide totals:

[12 18} {14 12}
D+S= +
30 5 2

[26 30] We interpret the total to mean:

constant, we multiply each

5~(—4)}

5.5 8 2 Male Female
Day shift 26 30
] Night shift 8 2

Since matrices provide a good way to store information in  1f one—thirq of the' force in each category at the down-
computers, they often are used in applied problems. For ~ town locat210n retires, the downtown ;taff would be
example, suppose there are 66 security officers employed at ~ reduced to 5 D people. We can compute 3 D by multiply-

either the downtown office or the suburban office: ing each entry by %
. % . z 12 18 After retirements, downtown
Downtown Office 37303 o staff would be
Male Female 8 12 Male  Female
Day shift 12 18 - [2 O] Day shift 8 12
Night shift 3 0 Night shift 2 0

SELF CHECK
ANSWERS

To the Instructor

Students will use matrices to solve
this real-world situation.

1.(1,-2,3) 2.(3,-2) 3.3+ 1,8 +3z,7)

NOW TRY THIS

A toy company builds authentic models of a compact car, a sedan, and a truck. The times required
for preparation, assembly, and post-production are given below. Use matrices to help determine

how many of each should be made in order to use all available labor hours.

Compact Sedan Truck Total labor hours

Preparation 1 hr 1 hr 2 hrs 60 hrs
Assembly 2 hrs 3 hrs 4 hrs 130 hrs
Post-production 2 hrs 2 hrs 3 hrs 100 hrs

10 compact cars, 10 sedans, 20 trucks
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3.4 Exercises 205

WARM-UPS Write the system of equations that correspond to

the following.
2 -11i3 -3
e N
1 5i7 0 4 i—1

{x —3y=5
4y = —1

3x =2y +4z=1
5x + 2y —3z=-7
—x+9 +82=0

1 5 —1;6 xX+5y—2z=6
4 0 4 -213 4y — 2z =3
L -1 -1 08 —x—y=28

REVIEW Write each number in scientific notation.

6. 0.0000089 8.9 x 10°°
8.0.63 X 10* 6.3 x 10°

5. 470,000,000 4.7 X 10°
7.75 X 10* 75 x 10°

VOCABULARY AND CONCEPTS Fill in the blanks.

9. A maltrix is a rectangular array of numbers.

10. The numbers in a matrix are called its elements.
11. A 3 X 4 matrix has 3 rows and 4 columns.
12. A square matrix has the same number of rows as columns.

13. An augmented matrix of a system of equations includes
the coefficient matrix and the column of constants.

14. If a matrix has all 0’s below its main diagonal, it is written
in triangular form.

. 2x =3y =9
Consider the system { Ax+ 2y =2

2 -3
15. Find the coefficient matrix. L 2}

2 —-3:9
16. Find the augmented matrix. { : }
4 212

Determine whether each matrix is in triangular form.

5 3 —1 7 =2 3
17.10 7 6| vyes 18.]0 1 4| no
00 2 0 6 0

Use a row operation on the first matrix to find the missing number
in the second matrix.

19._3 ! 2} 20.__1 3 2}
4 5 7 1 -2 3
3 1 2 1 3 2
1 4 5} 0 1 5]
-5 -1 3 2 1 -3

2, J 2., J
=5 -1 3 6 3 =9
-4 6 2} 2 6 1]

GUIDED PRACTICE Use matrices to solve each system
of equations. Give a general solution if necessary. SEE EXAMPLE 1.
(oBJECTIVE 1)

23..{2’6_”:3 z4.{x+y:3

2x —y =5 x—y=-1
(3,1) (1,2)

25, x+2y=-2 26.{2x—3y=16
3x —y=28 4x+y=—22
(2,-2) (5, -
x+ty+z=6 x—y+tz=2

27.4x +2y +z =38 28{x+2y—z—6
x+y+2z=9 —y—z=3
(1,2,3) (3,2,1)
x—y=1 x+z=1

29.4y+z=1 30{x+y—2
x+z=2 2x + z=3
(2-2z1-2z2) (1 —2z1+z2)

Use matrices to solve each system of equations. SEE EXAMPLE 2.
(OBJECTIVE 2)

x+y=3 x—y=-5
31.43x —y =1 32.42x + 3y =5
2x +y=4 x+y=1
(1,2) (-2,3)
2x +y =17 3x—y=2
33.4x —y =2 %} 34.¢ —6x +3y=0
—x +3y=-2 —x +2y=—-4

Use matrices to solve each system of equations. Give a general
solution. SEE EXAMPLE 3. (OBJECTIVE 3)
35{x+3y+2z=4 3 {2x—4y+3z=6
lex =2y —z=-2 —4x + 6y + 4z = —6
(z-2,2-22) ( ~ 3,57 3,2)
—3x —2y+2z=0 4x — 3y +52=0
37. { T 38. { Ty
x+y—z—— 4x+3y—z—0
(2,2 =3,z x, —2x, —2x)

ADDITIONAL PRACTICE Use matrices to solve each system
of equations.

5x —4y =8 5x — 4y = 10
3.{x Y 4o.{x 4

10x + 3y = —6 x—Ty=2

(0,-2) (2,0)

S5a =24+ 2b 3m =2n + 16
41. 42.

5b = 3a + 16 2m = —5n — 2

8.8) (4,-2)

3a+b—3c= 2a +b — 3¢ = —1

a—2b+4c=1 3a—2b—c= -5

a+b+c—13 a—3b—2c=—12

(4,5, (1,3,2)
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206  CHAPTER3 Systems of Linear Equations

x+2y+22=2
2x+y—z=1
4x + 5y + 3z =3

45.{
2x —y =4
47.

x + 3y =2
—x—4y=—2
(2,0)
x+3y=7
49. {x+y—3
3x+y=5
(1,2)
1. {5x—2y—4
2x — 4y = —8
(2,3)

2x +y=—4
fars @
6x +3y =1
{3x2y+4z—4
(2

53.

55.4x+y+z=3
x*2y*3z—10
1,

3x—y:9

57.
—6x + 2y = —18
(3,3x — 9)
+y+z=6
5947 VT C
x—y+z=2
(4 —-2,2,2)

x+2y+z=1
61.(2x —y +27 =2

3x+y+3z=3

(x,0,1 —x)

2x +y+3z=3
63.¢ —2x —y+z=5

4x — 2y + 27 =2

(—1,-1,2)

APPLICATIONS

x+2y—2z=3
46. (2x —y+2z=6
x—3y+3z=4
3x =2y =5
48. ¢ x + 2y =17
—3x —y=-11
(3,2)
x+y=3
x—2y=-3
x—y=1

x—4y =6
—3x + 12y = 10

2x +y —z = —6
56.yx —y —z=-2
(-

—4x +3y +z=6

2,—1,1)
xX—y=
58.
—3x +3y=-3
(x,x — 1)
x—y=0
60.{y +z=3

x—2y+3z2=9
62.¢ —x + 3y = —4

2x — 5y +3z=13

(19 — 92,5 — 3z,2)

3x+2y +z=28
64.{6x —y + 2z =16

—Ox +y—z=-20

(2,0,2)

65. Piggy banks When a child breaks open her piggy bank,
she finds a total of 64 coins, consisting of nickels, dimes,
and quarters. The total value of the coins is $6. If the nickels
were dimes, and the dimes were nickels, the value of the coins
would be $5. How many nickels, dimes, and quarters were in
the piggy bank? 20 nickels, 40 dimes, and 4 quarters

66. Theater seating The illustration shows the cash receipts
and the ticket prices from two sold-out performances of a
play. Find the number of seats in each of the three sections

of the 800-seat theater.

300; promenade: 400

founder’s circle: 100; box seats:

Sunday Ticket Receipts
Matinee | $13,000
Evening | $23,000

Stage

Row 1
Founder's circle

Matinee $30

Evening $40
Row 8

Row 1
Box seats

Matinee $20
Evening $30

Row 10
Row 1

Promenade
Matinee $10
Evening $25

Row 15

Remember that the equation of a parabola is of the form
y=ax*+ bx +c

67. Curve fitting Find the equation of the parabola pass-
ing through the points (0, 1), (1,2), and (—1,4).
y=2x2>—x+1

68. Curve fitting Find the equation of the parabola passing
through the points (0, 1), (1,1), and (—1, —1).
y=—-x*+x+1

69. Physical therapy After an
elbow injury, a volleyball player
has restricted movement of
her arm. Her range of motion
(the measure of 2 1) is 28° less
than the measure of £ 2. Find
the measure of each angle.
76°, 104°

70. Cats and dogs In 2011, there were approximately
164 million dogs and cats in the United States. If there
were 8 million more cats than dogs, how many dogs and
cats were there? dogs: 78 million; cats: 86 million

Range of
motion

Angle 2
Angle 1

Remember these facts from geometry. Then solve each problem
using two variables.
Two angles whose measures add up to 90° are complementary.
Two angles whose measures add up to 180° are supplementary.
The sum of the measures of the interior angles in a triangle is 180°.

71. Geometry One angle is 28° larger than its complement.
Find the measure of each angle. 59°,31°

72. Geometry One angle is 46° larger than its supplement. Find
the measure of each angle. 67°, 113°
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3.5 Solving Systems of Linear Equations Using Determinants 207

73. Geometry In the triangle below, £ B is 25° more than ZA, WRITING ABOUT MATH
and £ C is 5° less than twice Z A. Find the measure of each
angle in the triangle. 40°, 65°,75° 75. Explain how to check the solution of a system of equations.
76. Explain how to perform a type 3 row operation.
C
SOMETHING TO THINK ABOUT
77. If the system represented by
1 1 01
A B 0 0 1i2
. . 0 0 0ik
74. Geometry In the triangle below, ZA is 10° less than /B,
and £ B is 10° less than £ C. Find the measure of each angle has no solution, what do you know about k? k& # 0
in the triangle.  50°, 60°, 70° 78. Is it possible for a system with fewer equations than variables
c to have no solution? Illustrate.
A B

Section Solving Systems of Linear Equations
3 . 5 Using Determinants

@ Find the determinant of a2 X 2 and a 3 X 3 matrix without a calculator.
#) Solve a system of linear equations using Cramer’s rule.

determinant minors Cramer’s rule

Find each value.

1. 3(—4) —2(5) -22 2. 5(2) —3(—4) 22
3. 22-5)-3(5-2)+24-3) —13

4, -3(5-2)+2(3+1)—2(5+1) —13

Getting Ready \Vocabulary™ Obijectives
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208  CHAPTER3 Systems of Linear Equations

We now discuss a final method for solving systems of linear equations. This method involves
determinants, an idea related to the concept of matrices.

n Find the determinantofa2 X 2 and a 3 X 3 matrix
without a calculator.

If a matrix A has the same number of rows as columns, it is called a square matrix. To each
square matrix A, there is associated a number called its determinant, represented by the

symbol |A].
VALUEOFA?2 x 2 a b
DETERMINANT If a, b, ¢, and d are real numbers, the determinant of the matrix { d} is
c
a b
=ad — b
c d ‘ “ ¢
COMMENT Note that if A The determinant of a 2 X 2 matrix is the number that is equal to the product of the
is a matrix, |A| represents numbers on the major diagonal
the determinant of A. If A is a b
anumber, |A| represents the P

absolute value of A.
minus the product of the numbers on the other diagonal

a b
c d
1 , 32 -5 3
EXAMPLE Evaluate the determinants: a.
6 9 -1 0
1
. 3 2 -5 5 1
I . =3(9) — 2(6 b.‘ 2‘=—50——1
Solution a.| 9‘ (9) — 2(6) oo (0) —53(=1)
27— 12 —0+!
=15 1
)
. 4 -3
SELF CHECK 1 Evaluate the determinant: ‘ : ) ’ 10

A 3 X 3 determinant can be evaluated by expanding by minors.

VALUEOFA3 x 3 Minor Minor Minor
DETERMINANT of a, of b, of ¢,

a b ¢
b b, G| b as G + as b,
a, b, C a b 1 (&1 b
3 C3 as C3 as 3
as by ¢
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3.5 Solving Systems of Linear Equations Using Determinants 209

To find the minor of a,, we find the determinant formed by crossing out the elements
of the matrix that are in the same row and column as a,:

a, b, ¢ b
. . 2 O
a, b, ¢, The minor of a, is
by ¢
as by ¢

To find the minor of b,, we cross out the elements of the matrix that are in the same
row and column as b;:

a; b ¢ a ¢
a, b, c, The minor of b, is

as ¢
as by o

To find the minor of ¢, we cross out the elements of the matrix that are in the same
row and column as c¢;:

a, by ¢
. . a, b,
a, b, ¢ The minor of ¢, is
as by
as by ¢

We can evaluate a 3 X 3 determinant by expanding it along any row or column. To
determine the signs between the terms of the expansion of a 3 X 3 determinant, we use the
following array of signs.

ARRAY OF SIGNS FOR A + - +
3 x 3 DETERMINANT 4

The pattern above (alternating signs within the rows and columns beginning with a
positive in row 1, column 1) holds true for any square matrix.

1 3 =2
EXAMPLE 2 Evaluate the determinant: | 2 1 3
1 2 3
Solution Minor Minor Minor
of 1 of 3 of —2
l l l
L3 =2 13 2 3 21
2 1 31 =1 — + (=2
PR M U
1 2
=13 -6)—3(6—-3)—2(4—1)
=-3-9-6
=18
2 —1 3
SELF CHECK 2 Evaluate the determinant: 1 2 =210
3 1 1
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Pers pective LEWIS CARROLL

One of the more amusing his-
torical anecdotes concerning matrices and determinants

V.

involves the English
mathematician Charles
Dodgson, also known
as Lewis Carroll. The

copy of his next publication. To her great surprise, she
received an autographed copy of a mathematics text titled
An Elementary Treatise on Determinants. The story was
repeated as fact so often that Carroll finally included an
explicit disclaimer in his book Symbolic Logic, insisting
that the incident never actually occurred.

Evaluate each determinant.

anecdote describes

how England’s Queen 3 4 3 4 2

Victoria so enjoyed 1‘2 1‘ =3 2.1 -~ 5 10
1 2 =2

reading Carroll’s book
Alice in Wonderland

Source: http://mathworld.wolfram.com/Determinant

© Morphart Creations Inc./Shutterstock.com

that she requested a -html
1 3 -2
EXAMPLE 3 Evaluate | 2 1 3 | by expanding on the middle column.
1 2 3
Solution This is the determinant of Example 2. To expand it along the middle column, we use the

signs of the middle column of the array of signs:

Minor Minor Minor

of 3 of 1 of 2
b3 = 2 3 1 -2 1 -2
21 3 :-3‘ ’+1‘ ’—2‘ ]

1 3 1 3 2 3
1 2 3

=-3(6-3) + 1[3 - (-2)] - 2[3 - (-4)]
= —=3(3) + 1(5) — 2(7)

=-9+5— 14

=—18

As expected, we get the same value as in Example 2.

2 -1 3
SELF CHECK 3 Evaluate: 1 2 2 —20
3 1 1

J

Accent To use a TI-84 graphing calculator to evaluate the determinant in Example 3,
on technology 1 3 -2
b Evaluating Determinants 2 1 3|, we first enter the matrix by pressing the MATRX key, selecting EDIT,
1 2 3

and pressing the ENTER key. We then enter the dimensions and the elements of the
matrix to obtain Figure 3-15(a). We then press 2ND QUIT to clear the screen. We then
press MATRX, select MATH(1 det), and press ENTER to obtain Figure 3-15(b). Next,
press MATRX (NAMES) and press ENTER to obtain Figure 3-15(c). Press ENTER
again to find the determinant. The value of the determinant is —18.
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Although other mathematicians
had worked with determinants,
it was the work of Cramer that
popularized them.

3.5 Solving Systems of Linear Equations Using Determinants 211

MATRIX[A] 3 x3 det(
[1 3 2 ]
2 1 3 ]
[ 2 ERE |
33=3

(@ (b)
det([A] N det([A] .

|
(© (d)
Figure 3-15

For instructions regarding the use of a Casio graphing calculator, please refer to the
Casio Keystroke Guide in the back of the book.

Solve a system of linear equations using Cramer’s rule.

The method of using determinants to solve systems of equations is called Cramer’s rule,
named after the 18th-century mathematician Gabriel Cramer. To develop Cramer’s rule, we
consider the system

{ax +by=e
cxtdy=f
where x and y are variables and a, b, ¢, d, e, and f are numerical values.
If we multiply both sides of the first equation by d and multiply both sides of the sec-
ond equation by —b, we can add the equations and eliminate y:
adx + bdy = ed

—bcx — bdy = —bf

=ed — bf

adx — bex

To solve for x, we use the distributive property to write adx — bcx as (ad — bc)x on the
left side and divide each side by ad — bc:

(ad — bc)x = ed — bf
ed — bf
= — d— bc) #0
* ad — bc (a )
We can find y in a similar manner. After eliminating the variable x, we have

_af —ec

gy (ad — bc) # 0

y

Determinants provide a way of remembering these formulas. Note that the denominator
for both x and y is

ab’

= ad — b
c d ¢

Unless otherwise noted, all content on this page is © Cengage Learning.
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212 CHAPTER3 Systems of Linear Equations

The numerators can be expressed as determinants also:

e b ‘ a e ‘
_ed—=bf | f d d _af—e |c f
YT ad—-be  a b‘ an YT ad—be a b‘
c d c d
If we compare these formulas with the original system
{ax + by =e
cx +dy=f

we note that in the expressions for x and y above, the denominator determinant is formed
by using the coefficients a, b, ¢, and d of the variables in the equations. The numerator
determinants are the same as the denominator determinant, except that the column of coef-
ficients of the variable for which we are solving is replaced with the column of constants
eandf.

CRAMER’S RULE FOR

TWO LINEAR EQUATIONS . ax + by =e. .
IN TWO VARIABLES The solution of the system {cx +dy = is given by
D, D,
X =—_ and y = —
D D
a b e b a e
where D = d PP f d ,and D, = A

If D # 0, the system is consistent and the equations are independent.

If D = 0 and D, or D, is nonzero, the system is inconsistent.

4x — 3y =6

EXAMPLE 4 Use Cramer’s rule to solve { .
—2x + 5y =4

Solution The value of x is the quotient of two determinants. The denominator determinant is made
up of the coefficients of x and y:
4 -3 ‘

D:
-2 5

To solve for x, we form the numerator determinant from the denominator determi-
nant by replacing its first column (the coefficients of x) with the column of constants
(6 and 4).

To solve for y, we form the numerator determinant from the denominator
determinant by replacing the second column (the coefficients of y) with the column of con-

stants (6 and 4).
To find the values of x and y, we evaluate each determinant:
M
_&_ 4 5 _6(5)—(—3)(4)_30+12_£_3
D ’ 4 -3 ’ 45) = (=3)(=2)  20-6 14
-2 5
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46

D, ‘—2 4‘ _ 4M4)-6(-2) 16+12 28
4 —3‘ 45) = (-3)(=2) ~ 20-6 14

2 5

2

The solution of this system is (3, 2). Verify that x = 3 and y = 2 satisfy each equation
in the given system.

2% — 3y = —16
SELF CHECK 4 Solve the system: { ¥ (~2.4)
3x + 5y =14

Tx=8—4
EXAMPLE D  Use Cramer’s rule to solve { * 7y.
2y =3 - §x

Solution We multiply both sides of the second equation by 2 to eliminate the fraction and write
the system in the form

{7x+4y=8
Ix +4y =6

When we attempt to use Cramer’s rule to solve this system for x, we obtain

8 4
D, 6 4 8 L. .
x = — = —— = —, which is undefined.
D ‘ 7 4 ‘ 0
7 4

This system is inconsistent because the denominator determinant is O and the numerator
determinant is not 0. Since this system has no solution, its solution set is .

We can see directly from the system that it is inconsistent. For any values of x and y,
it is impossible that 7 times x plus 4 times y could be both 8 and 6.

=8—4
SELF CHECK5  Solve the system: {3x_ 58 3 Y
=7
J
= 3x+1
EXAMPLE 6 Use Cramer’s rule to solve {y * .
6x +2y =2

Solution  We first write the system in the form

{3x +y=1
6x +2y =2
When we attempt to use Cramer’s rule to solve this system for x, we obtain
H
Dy 2 2 o ... :
x = — = —— = —, which is indeterminate.
D ‘ 3.1 ‘ 0
6 2

When we attempt to use Cramer’s rule to solve this system for y, we obtain
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214 CHAPTER3 Systems of Linear Equations

This system is consistent and its equations are dependent because every determinant is 0.
Every solution of one equation is also a solution of the other. The solution is the general
ordered pair (x, —3x + 1).
y=2x—135
10x — 5y =25

WA W

0 N .
= 6’ which is indeterminate.

N =N =

6

SELF CHECK 6  Solve the system: { (x,2x — 5)

CRAMER’S RULE FOR ax +by +cz=j

THREE LINEAR The solution of the system { dx + ey + fz = k is given by

gx + hy +iz =1

EQUATIONS IN THREE

VARIABLES
D, D, D,
X = 3’ y = E, and z = B
where

a b c j b ¢
D=|d e D, =|k e f
g h i L h i
a j c a b j
D,=|d k D,=|d e k
g 1 i g h 1

If D # 0, the system is consistent and the equations are independent.

If D = 0 and D, or D, or D, is nonzero, the system is inconsistent.

If the determinant of the coefficient, D, is 0, the system is inconsistent or has infinitely
many solutions. Use another method to solve.

2x +y +4z =12
EXAMPLE 7 Use Cramer’s rule to solve { x + 2y + 2z =9 .
3x =3y —2z=1
Solution The denominator determinant is the determinant formed by the coefficients of the vari-
ables. To form the numerator determinants, we substitute the column of constants for

the coefficients of the variable to be found. We form the quotients for x,y, and z and
evaluate the determinants:

12 1 4
9 2 2 ’ 2 2 ‘ ‘ 9 2 ‘ ‘ 9 2 ‘
12 -1 4
D, |1 -3-2]| -3 -2 1 -2 13 ] 1202) = (<20) +4(=29) _ -T2 _
*TD 2 1 4 S 2 2] |t 2], 2 2(2) — (—8) + 4(-9)  —24
1 2 2 -3 =2 3 -2 3 -3
3 -3 -2
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212 4
1 2 9 2 1 2 1
e R L
D 3 12| 12 3 -2 310 _2(-20) — 12(=8) + 4(-26) _ 48 _
"D 12 1 —24 —24 —24
1 2 2
3 -3 =2
2 112
2 1 1 2
3] et
D, |3-3 1| “|-31 31 3 23| _2(29) —1(-26) +12(-9) _ 24 _
TD T2 1 4 —24 —24 —24
1 2 2
3 -3 =2
The solution of this system is (3,2, 1).
x+y+22=6
SELF CHECK 7 Solve the system: 2x—y+z=9 (2,-2,3)
xX+y—27=-6
J
SELF CHECK 110 2.0 3.-20 4.(-2,4) 5@ 6.(x,2x —5) 7. (2,-2,3)
ANSWERS
To the Instructor NOW TRY THIS
These require students to evaluate a
determinant when one or more of its ~ Solve for x.
entries contains a variable. X 2 2y 3
1. =4 x= 2‘ ‘=10(x—1) x =10
x 3 —5x -3
‘ x+4 3 ‘ 2ox -l
. =2x+5 x=3 4. 1 2x 4 (=30 x=—1
2x—5 2
-4 x 1
J
WARM-UPS Evaluate ad — bc for the following. REVIEW Solve each equation.
la=4,b=3,c=2,d=—-1 —10 7.5x-2)-(B3-x)=x+2 3
22.a=2,b=0,c=—-1,d=4 8 8.§x=2(x+11) 14
3.a=0,b=8,c=2,d=5 —16
When using Cramer’s rule to solve the system {ZX_ y=-21 9. é(Sx +6)—10=0 0
4x+ 5y =7 3

_]‘ 10.5—3(2x — 1) =2(4+3x) —24 2

4. Set up the denominator determinant for x. ‘

5
o1 —1 VOCABULARY AND CONCEPTS Fill in the blanks.
5. Set up th tor determinant for x.
et up the numerator determinant for x ‘ 7 5 11. A determinant is a number that is associated with a square
2 21 matrix.
6. Set up the numerator determinant for y. ‘ 7 12. The value of ‘ a isad — be.
c
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216 CHAPTER3 Systems of Linear Equations

a by ¢
13. The minorof b;in | @, b, ¢, |1is

as b3 C3

14. We can evaluate a determinant by expanding it along any row

or column.

15. The method of solving a system of linear equations using
determinants is called Cramer’s rule.

16. The setup for the denominator determinant for the value of x

5x+3y=6_ 5 3
is

4y — 2y =17 —2

in the system {

17. If D # 0, then the system is consistent and the equations are
independent.

18. If the denominator determinant for y in a system of equa-
tions is zero, the equations of the system are dependent or the
system is inconsistent.

GUIDED PRACTICE Evaluate each determinant. SEE EXAMPLE 1.

(oBJECTIVET)

w.| * 2‘ 14 20.| ° _2’ 8
-3 2 -2 4
a2 5’ 1 2.| ") _2’ -2
1 -3 -3 —4
Evaluate each determinant. SEE EXAMPLES 2-3. (OBJECTIVE 1)
1 1 1 1 20
23. (1 0 2 -2 24. |0 1 2 1
02 0 0 0 1
-1 2 1 1 2 3
25. 2 1 -3 —13 26.|1 2 3 0
11 1 1 2 3
1 -2 3 1 1 2
27. | =2 1 1 26 28. |2 1 =2 -9
-3 -2 1 3 1 3
2 4 6 1 4 7
29.11 3 5 0 30. |2 5 8 0
9 8 7 3 6 9

Use Cramer’s rule to solve each system, if possible. If the equations

of the system are dependent, give a general solution. SEE EXAMPLE 4.

(OBJECTIVE 2)
+ 3y = —y=-
1. {4x 3y =5 32, {3)6 y 3
3x =2y =-9 2x +y=—7
(—1,3) (=2,-3)
+y= —y=4
33. {x ) (4.2)  34. {x Y (3, -1)
x—y=2 2x +y =15

Use Cramer’s rule to solve each system, if possible. If the equations

of the system are dependent, give a general solution. SEE EXAMPLE 5.

(OBJECTIVE 2)
11 — 3x
4x =2y —5 2
36.
4x — 5 “ 11— 4y “
2 6

35.

y =

37. 2 o
y=4x — 6

Use Cramer’s rule to solve each system, if possible. If the equations
of the system are dependent, give a general solution. SEE EXAMPLE 6.

(OBJECTIVE 2)

2x +3y =9

9.9 _ 2 .
y=3x

(,’('.*%)(“v"g)

4x — 3y =6

_4x -6
YT

(x. %’\ - 2)

41.

Use Cramer’s rule to solve each system, if possible. If the equations
of the system are dependent, give a general solution. SEE EXAMPLE 7.

(OBJECTIVE 2)
x+y+z=4

43. {x +y—2z=0
x—y+tz=2

(1,1,2)
x+ty+2z=7
45. S x + 2y + z =8

12+ 2x

3
38. %)

3
=2y +3
2)’

12 — 6y
="
5
40.
24— 10x
Y 12
5
(.\',2 - 6“")
2x + 3y =12
42, 12 - 3y
X =——
2

(\ 4 — %x)

x+y+z=4
4. s x —y +z=2
x—y—2z=0

(2,1,1)
x+2y+2z=10
46. {2x +y +2z =9

2x+y+z=9 2x+2y+z=1
(3,2,1) (=2,-1,7)
2x+y—z=1 —y+4:+2=0
{x+2y+2z—2 { + 8y + 7z = -8
4x + 5y +3z=3 x+3y+z+3=0
%) %)

2x + 3y +4z =6 i

{2x—3y—4z=—4 (3.2 -%z2)

4x + 6y + 8z =12

x—3y+47—-2=0
50.02x +y+2;—3=0 (
4y =5y + 102 -7=0

ADDITIONAL PRACTICE Evaluate each determinant.

T I R VR S > W * ‘ —y? — x?
b 2a x+y x—y
a 2a -—a 1 2o -3
5.2 -1 3 10a 54. |2 -b 2 —28b
1 2 -3 1 3b
1 a b a b c
55. |1 2a 2b| O 56. |0 b c | abc
1 3a 3b 0 0 ¢
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Use a graphing calculator to evaluate each determinant.

2 -3 4
57. | —1 2 4 —23
3 -3 1
2 1 -3
59. | -2 2 41 26
L 1 -2 2

58.

(-3 2 -5
3 =2 —7
1 -3 4

(4 2 -3
2 -5 6| 108
2 5 -2

Use Cramer’s rule to solve each system.

1 {2x+3y=0

T ldx —6y = —4
11

(-3.3)

_ =2+ 1
y=-3
3x—2y=8
(2,-1)

{
5. 10T, ()
g

63.

x+y+z—5
x—2y+3z=10
x+y—4z——3

4x + 3z =4
69. {2y — 6z = —1
8x +4y +3z=9

G33)

x+y=1
{y—‘rzz
x—z=-3
(-2,3,1)

Solve each equation.

x 2
73..‘_3 1‘ =2 —4
. —2‘ 4 2
13 1] | x 3
2
APPLICATIONS

64.

66.

68.

70.

72.

74.

76.

{2x+3y=*1
_y—-9
="y
-2.1)
y 1 — 5x
-2
3y+10 <1’ 2)

x+2y—z——8
2x —y +7z=10
2x + 2y — 3z = —10
-2,0,2)

AI—IH/_/H

%x+y+z+
x+%y+z—
x+y+iz+
=)

3x +4y + 14z =17

10— = N[ W
I
(=)

.

o

=

|

~
o+
[\®]

3]

|
N W

77. Signaling A system of sending signals uses two flags held
in various positions to represent letters of the alphabet. The
illustration shows how the letter U is signaled. Find the mea-

sures x and y, if y is to be 30° more than x.

50°, 80°

Unless otherwise noted, all content on this page is © Cengage Learning.
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78. Inventories The table shows an end-of-the-year inven-
tory report for a warehouse that supplies electronics stores.
If the warehouse stocks two models of cordless telephones,
one valued at $67 and the other at $100, how many of each
model of phone did the warehouse have at the time of the
inventory? 200 of the $67 phones, 160 of the $100 phones

Item Number Merchandise value
Television 800 $1,005,450
Radios 200 $15,785
Cordless phones 360 $29,400

79. Investing A student wants to average a 6.6% return by
investing $20,000 in the three stocks listed in the table.
Because HiTech is considered to be a high-risk investment,
he wants to invest three times as much in SaveTel and HiGas
combined as he invests in HiTech. How much should he invest
in each stock? $5,000 in HiTech, $8,000 in SaveTel, $7,000

in HiGas
Stock Rate of return
HiTech 10%
SaveTel 5%
HiGas 6%

80. Investing A woman wants to average a 7%% return by
investing $30,000 in three certificates of deposit. She wants
to invest five times as much in the 8% CD as in the 6% CD.
How much should she invest in each CD?  $2.500 in the
12-month CD, $15,000 in the 24-month CD, $12,500 in the
36-month CD

Type of CD Rate of return
12 month 6%
24 month 7%
36 month 8%
WRITING ABOUT MATH

81. Explain how to find the minor of an element of a determinant.

82. Explain how to find the value of x when solving a system of
linear equations by Cramer’s rule.
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218 CHAPTER3 Systems of Linear Equations

SOMETHING TO THINK ABOUT
83. Show that

is the equation of the line passing through (—2,3) and (3, 5).

84. Show that

1001
-3 0 1
2

0 4 1

is the area of the triangle with vertices at (0,0), (3,0),
and (0, 4).

Determinants with more than 3 rows and 3 columns can be
evaluated by expanding them by minors. The sign array for a
4 X 4 determinant is

+ - 4+ -
-+ - +
+ - 4+ -
-+ - +

Evaluate each determinant.

1 0 2 1 1 2 -1 1
211 3 -2 1 3 -1

85'1111 86’0112
2 1 1 1 20 3 1
—4 -53

PROJECT 1

The number of units of a product that will be pro-
duced depends on the unit price of the product. As the
unit price gets higher, the product will be produced
in greater quantity, because the producer will make
more money on each item. The supply of the product
will grow, and we say that supply is a function of (or
depends on) the unit price. Furthermore, as the price
rises, fewer consumers will buy the product, and the
demand will decrease. The demand for the product is
also a function of the unit price.

In this project, we will assume that both supply and
demand are linear functions of the unit price. Thus, the
graph of supply (the y-coordinate) versus price (the
x-coordinate) is a line with positive slope. The graph
of the demand function is a line with negative slope.
Because these two lines cannot be parallel, they must
intersect. The price at which supply equals demand
is called the market price: At this price, the same
number of units of the product will be sold as are
manufactured.

You work for Soda Pop Inc. and have the task of ana-
lyzing the sales figures for the past year. You have been
provided with the following supply and demand functions.
(Supply and demand are measured in cases per week; p,
the price per case, is measured in dollars.)

The demand for soda is D(p) = 19,000 — 2,200p.
The supply of soda is S(p) = 3,000 + 1,080p.

Both functions are true for values of p from $3.50 to $5.75.
Graph both functions on the same set of coordinate
axes, being sure to label each graph, and include any

other important information. Then write a report for your
supervisor that answers the following questions.

a. Explain why producers will be able to sell all of the
soda they make when the price is $3.50 per case. How
much money will the producers take in from these
sales?

b. How much money will producers take in from sales
when the price is $5.75 per case? How much soda will
not be sold?

Find the market price for soda (to the nearest cent).
How many cases per week will be sold at this price?
How much money will the producers take in from
sales at the market price?

C

=

Explain why prices always tend toward the market
price. That is, explain why the unit price will rise if
the demand is greater than the supply, and why the
unit price will fall if supply is greater than demand.

PROJECT 2

Goodstuff Produce Company has two large water canals
that feed the irrigation ditches on its fruit farm. One of
these canals runs directly north and south, and the other
runs directly east and west. The canals cross at the cen-
ter of the farm property (the origin) and divide the farm
into four quadrants. The company is interested in digging
some new irrigation ditches in a portion of the northeast
quadrant. You have been hired to plan the layout of the
new system.

Your design is to make use of ditch Z, which is
already present. This ditch runs from a point 300 meters
north of the origin to a point 400 meters east of the ori-
gin. The owners of Goodstuff want two new ditches.
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m Ditch A is to begin at a point 100 meters north of the You are to provide the equations of the lines that the three
origin and follow a line that travels 3 meters north for  ditches follow, as well as the exact location of the gates that
every 7 meters it travels east until it intersects ditch Z.  will be installed where the ditches intersect one another. Be

sure to provide explanations and organized work that will

clearly display the desired information and assure the own-
ers of Goodstuff that they will get exactly what they want.

m Ditch B is to run from the origin to ditch Z in such
a way that it exactly bisects the area in the northeast
quadrant that is south of both ditch Z and ditch A.
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Reach for Success
EXTENSION OF UNDERSTANDING YOUR SYLLABUS

Now that you know where your instructor’s office is, how to get in touch with him or her, and how your grade will
be determined, take a look at other information in the syllabus that may be important to know before you get too
far into the semester.

On your syllabus, locate your instructor’s make-up policy. : Doesyourinstructoraccept late work?
If you know of any conflicts in meeting established dead- :
lines, contact your instructor prior to the due date. :

If so, under what conditions? State the work that is
accepted late and any penalty assessed.

Test make-up policy

Penalty assessed
Other requirements make-up policy

Penalty assessed

If not, try to reschedule any personal obligations.

On your syllabus, locate your instructor’s attendance What is your instructor’s attendance policy?
policy. :

What does the syllabus indicate about arriving late or
. leaving class early?

Understanding any penalties for late work can make a difference in the successful completion of the course. Do
not hesitate to contact your instructor if you are unclear regarding any of the policies stated on the syllabus.
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SECTION 3.1

DEFINITIONS AND CONCEPTS

EXAMPLES

1. On a single set of coordinate axes, carefully
graph each equation.

2. Find the coordinates of the point where the

graphs intersect, if applicable.

. Check the solution in both of the original equa-

tions, if applicable.

w

4. If the graphs have no point in common, the sys-
tem has no solution.

wvi

. If the graphs of the equations coincide (are the
same), the system has infinitely many solutions
that can be expressed as a general ordered pair.

In a graph of two equations, each with two variables:

If the lines are distinct (are different) and intersect,
the equations are independent and the system is con-
sistent. One solution exists, expressed as (x, y).

If the lines are distinct and parallel, the equations are
independent and the system is inconsistent. No solu-
tion exists, expressed as .

If the lines coincide (are the same), the equations are
dependent and the system is consistent. Infinitely
many solutions exist, expressed as (x, ax + b).

Solve each system by graphing.

a{x+y=6 b{2x+y=6
Tlx-y=2 ly=-2x-3
y y
N e, \' 2x.+y=.6
inconsistent
system, @
(4,2)
x X
/ x+y=}\

/
The solution is (4, 2).
—3y=6 y
C. o Y
1 dependent
y=—-x—2 1
3 (x, 3%~ 2)

y=+2x-3

The solution set is J.

X

equations,

— X

y=

The equations of the system are dependent, and infinitely many solutions exist.

A general solution is X, 3X — 2).

A=6

%x—2

REVIEW EXERCISES
Solve each system by the graphing method.

1 1
2x +y =11 {3x+2y=0 sx+t3y=2 3 L1,
1. 3,5 2. -2,3 3. 3 x,6 —5x 4.3 2y (%]
{—x+2y=7 (3,5) 2x — 3y = —13 ( ) y=6-5x ( 2) x — 9y =2
y y
Y dependent equations Y
3
(3,5) / (x,6—§x) inconsistent| OF T %Y 7 2
(=2,3) i i system, @
42y=7 §x+§y:2 i /x
—=1—B
2x 11 ' Zr=dy=-13 ' CTTE /(Iy
+v= —X— —y=
A 3x+2y=0 \ * /3 5
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CHAPTER3 Systems of Linear Equations

SECTION 3.2

DEFINITIONS AND CONCEPTS

EXAMPLES

1.

If necessary, solve one equation for one of its
variables, preferably a variable with a coefficient of 1.

. Substitute the resulting expression for the variable

obtained in Step 1 into the other equation and solve
that equation.

x=3y—9

Solve by substitution: { -y =2

Since the first equation is already solved for x, we will substitute its right side
for x in the second equation.

3. Find the value of the other variable by substituting 23y —9)—y=2
the vglue of thf,’ Yarlable four}d in Step 2 into any 6y — 18 —y =2 Use the distributive property to remove
equation containing both variables. parentheses.
‘5‘° Z‘Stelzh; S°1“l“‘f“' R 5y —18=2  Combine like terms.
+ Check the solution in both of the original 5y =20 Add I8 to both sides.
equations.
y=4 Divide both sides by 5.
To find x, we can substitute 4 for y in the first equation.
x=3(4)-9
x=3
The solution is (3, 4).
1. If necessary, write both equations of the system in 2x — 3y =8

Ax + By = C form.

. If necessary, multiply the terms of one or both of

the equations by constants chosen to make the coef-
ficients of one of the variables opposites.

Add the equations and solve the resulting equation,
if possible.

. Substitute the value obtained in Step 3 into either of

the original equations and solve for the remaining
variable, if applicable.

State the solution obtained in Steps 3 and 4.

. Check the solution in both equations of the original

system.

Solve by elimination: {
x+2y=4

To eliminate x, we multiply the second equation by —2 and add the result to
the first equation.

2x — 3y = 8
—2x —4y = -8
=7y =0
y=0 Divide both sides by 7.

To find x, we can substitute O for y in the first equation.
2x — 3(0) = 8 Substitute.
2x = 8 Simplify.
x = 4 Divide both sides by 2.
The solution is (4, 0).

REVIEW EXERCISES

Solve each system by substitution.

{y=2x+5 6 y=3x+5
3x +4y =9 "x-y=-5
(—1,3) (x,3x + 5)
7.{x+2y=11 8{2x+3y— -2
2x —y =2 3x +5y=-2

(3,4) (—4,2)

Solve each system by elimination.

—y=1 3x +2y =1
9.{x Y 10.{7 "
5x +2y = —16 2x — 3y =5
(=2,-3) (1,-1
-3
2x + 6 = =3y y=
. 12. 2
{—2x=3y+6 x=2x]
(x,—%x—Z) @)

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



223

Review

Solving Systems of Three Linear Equations in Three Variables

1.

DEFINITIONS AND CONCEPTS EXAMPLES
Strategy for solving three linear equations in three x+ty+z=4
variables: To solve the system ¢ x — 2y — z = —9 , we can add the first and second

Write all equations in the system in
ax + by + cz = d form.

. Select any two equations and eliminate a

2x —y + 2z =—1
equations to obtain Equation 1:

variable.

Select a different pair of equations and eliminate
the same variable.

x+y+z= 4
x—2y—2z=-9
1) 2x—y = -5

. Solve the resulting pair of two equations in two

variables.

‘We now multiply the second equation by 2 and add it to the third equation to
obtain Equation 2:

5. To find the value of the third variable, substitute

the values of the two variables found in Step 4 2x—4y—-22=-18
into any equation containing all three variables 2x — y+2z=—-1
and solve the equation. (2) 4x — 5y =—19
6. Check the solution in all three of the original B
equations. To solve the system {ii : ?y_=7_ 19 formed by Equations 1 and 2, we can

multiply the first equation by —2 and add the result to the second equation to

eliminate x.
—4x +2y = 10
4x — 5y = —19
—3y=-9
y=3 Divide both sides by —3.

We can substitute 3 into either equation of the system to find x.

2x —y = =5 This is the first equation of the system.
2x — 3 = —5 Substitute 3 for y.
2x = —2  Add 3 to both sides.
x = —1 Divide both sides by 2.

We now can substitute — 1 for x and 3 for y into any of the equations in the
original system and solve for 2:

x +y +z =4 Thisis the first equation of the original system.
—1+3+2=4 Substitute.
2+ z=4 Simplify.
z =12 Subtract 2 from both sides.

The solutionis (—1, 3,2).

REVIEW EXERCISES
Solve each system.
x+y+z=6
xX—y—z=-4
—Xx+ty—z=-2

2x + 3y +z= -5
—Xx+2y—z=-6
3x +y+2z2=4

—x+5y+2z=-6
x—5 —z=6
3x — 15y — 6z = 18

1. = (1,2,3) 14. %) 15.

(x, %\ — g O>
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224 CHAPTER3 Systems of Linear Equations

Solving Systems of Linear Equations Using Matrices

DEFINITIONS AND CONCEPTS EXAMPLES

A matrix is any rectangular array of numbers. To use matrices to solve the system
Systems of linear equations can be solved using x+y+z=4

matrices and the method of Gaussian elimination X —y+22=—1

and back substitution. _
x—2y —z=-9

A matrix with m rows and n columns is called an

. we can represent it with the following augmented matrix:
m X n matrix.

11 1] 4
2 -1 2i-1
1 -2 —11-9

To get 0’s under the 1 in the first column, we multiply row 1 of the augmented
matrix by —2 and add it to row 2 to get a new row 2. We then multiply row 1 by
—1 and add it to row 3 to get a new row 3.

11 1 4
0 -3 0} -9| -2Rl1+R2->R2
0 -3 —21i{-13] —IRI + R3—>R3

To get a 0 under the —3 in the second column of the previous matrix, we
multiply row 2 by —1 and add it to row 3.

11 1] 4
0o -3 0 579
0 0 -2:—-4 —1R2 + R3—>R3
a b c i d Finally, to obtain a 1 in the third row, third column, we multiply row 3 by —%.
0 e fig (a,b,c, ...iarereal 1 1 1% 4
0 O h'! il numbers) 0 -3 0 5_9
This matrix is in triangular form. 0 0 1 : 2 _ % R3 = R3

The final matrix represents the system

1 (x+y+z=4
2) §0x =3y + 0z = -9
3) WOx+0y+z=2
From Equation 3, we see that z = 2. From Equation 2, we see that y = 3.
To find the value of x, we use back substitution to substitute 2 for z and 3
for y in Equation 1 and solve for x:
1) x+y+z=4
x+3+2=4 Substitute.
x+5=4 Simplify.
x = —1  Subtract 5 from both sides.

Thus, x = —1. The solution of the given system is (—1, 3, 2). Verify that this
ordered triple satisfies each equation of the original system.

REVIEW EXERCISES

Solve each system by using matrices.

x+ty+z=6 x+ty=3

-3y+z=4
16{2x—y+z=1 7. {x—2y = -3 18.{x yors
2x — 5y +3z2=6
dx+y—2z=5 2x +y=4
(1,3,2) (1,2) (=2 — 4z, -2 — z,2)
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Solving Systems of Linear Equations Using Determinants

DEFINITIONS AND CONCEPTS

A determinant of a square matrix is a number.

a b
= ad — bc

c d
a b ¢
a b, o
a; by c

b, ¢ a G a, b,

=aq - b + ¢
by ¢ as ¢ as b

Cramer’s rule for two linear equations in two variables:

+ by =
The solution of the system {ax J eis given by
ex +dy =f
e b a e
Dx f D}' c f
x=—=—"—F ad y=—=-—"-—
D a b‘ D a b‘
c d c d

If D # 0, the system is consistent and the equations are
independent.

If D =0andD, or D), is nonzero, the system is
inconsistent.

If every determinant is 0, the system is consistent but the
equations are dependent.

EXAMPLES
. . -3
Find the determinant: 1
8 -3
=8(—1) —(=3)(2
5 =50 - o0
=-8+6
= -2
1 3 -2
To evaluate the determinant | 1 —2 —1 |, we can expand by minors:
2 -1 3
Minor Minor Minor
of 1 of 3 of —2
\ \ \
roa = -2 -1 -1 1 -2
1 -2 -1 :1’_1 3‘—3‘2 3‘+(—2)‘2 _1‘
2 —1 3
=1(-6—-1)—=303+2)—2(—-1+4)
=-7-15-6
= —28
. 2x —4y = —14
Solve using Cramer’s rule:
3x +y=-7
‘—14 —4’
D, -7 1 —14 — 28 —42
xX=-——= = =—=-3
D ‘2 —4‘ 2 —(—-12) 14
3 1
‘2 —14‘
Dby I3 7] -14-(-42) 28
b ’2 —4‘ 2-(-12) 14
3 1

The solution is (—3,2).

Cramer’s rule for three linear equations in three
variables:
ax + by +cz =]
The solution of the system § dx + ey + fz = k
gx +hy +iz=1

is given by x = %,y = %, andz = %Where
a b c j b c

D=|d e f D.=|k e f

g h i h i

a j c a b j

D,=|d k f D.=|d e k

g | i g h I

x+ty+z=4

2x —y + 2z = —1,wecanfind D, D,, D,,
x—2y—z=-9

and D_ and substitute these values into the formulas

To use Cramer’s rule to solve

== = and =
*““ o YD D

After forming and evaluating the determinants, we will obtain

D=6 D,=-6, D/,=18 and D =12
and we have
D, 6 D, 18 D, 12
= T =——=—-]ly=—=—=37=—"=-"="=7
*““ D 6 Y D "6 T "D 6

The solution of this system is (—1, 3, 2).

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



226 CHAPTER3  Systems of Linear Equations

If D # 0, the system is consistent and the equations are
independent.

If D = 0 and D, or D, or D, is nonzero, the system is
inconsistent.

If every determinant is O, the system is consistent but the
equations are dependent.

REVIEW EXERCISES

Evaluate each determinant.

Use Cramer’s rule to solve each system.

31 —4 5 = _ I
1. ‘ " 20. ‘ ‘ ) N {3x +4y =10 - {Zx Sy = —17
-2 4 6 -2 2x — 3y =1 3x +2y =3
-1 2 -1 3 =2 2 (2,1) (—-1,3)
21. 2 -1 3 -3 22.(1 -2 2| 28 x+2y+z=0 x+y+z=1
1 -2 2 2 1 -1 25.y2x +y+z=3 26.§ xt+ty—z=3
x+y+2z=5 —x—y+z=5
(1,-2,3) %)
5 x+y+z=4
by graphing. (2,1
- y graphing. (2. 1) Consider the system {x +y —z =6 .
y 2x—3y+z=-1
9. Write the augmented matrix that represents the system.
I 1 14 4
11 -1 6
x 2 -3 1i-1
~‘*—2-“‘% 10. Solve for x. 3 1. Solve fory. 2
/ 12. Solve forz. —1
Use matrices to solve each system.
o 2x —4y = 14 _
2. Use substitution to solve: 47 (7,0) =4 x+y=2
;“ 3y S 13.{2 Y , (22) W {x-y=-4 (-13)
+ = - X —y =
3. Use elimination to solve: Ty (2,-3) 2x+y=1
3x — 2y =12
Y=y ) Evaluate each determinant.
4. Use any method to solve: (2 ¢ (—6,4)
x+ty=-2 2 -3 -3 -4
L I 2 .| L] 17
. 3(x +y)=x—3
Consider the system - 2% + 3 . 1 20 1 -2 3
’ 17. | 2 0 3 4 18. | 3 1 -2 0
5. Are the equations of the system dependent or 1 -2 2 2 4 6

independent? dependent

6. Is the system consistent or inconsistent? consistent

Use an elementary row operation to find the missing number
in the second matrix.

7{1 3—2“1 3—2}
4 -2 —-1]"|-1 =17 9

8{—1 36}{—1 3 6}
L 3 -2 4’| 5 -8 -8

—v=—-6

Consider the system {X 4 , which is to be solved with
, 3x+y=-6

Cramer’s rule.

19. When solving for x, what is the numerator determinant?
(Do not evaluate it.) ‘ -6 -1
-6 1

Unless otherwise noted, all content on this page is © Cengage Learning.

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.




Test 227

20. When solving for y, what is the denominator determinant? 24, Interpret the results of the matrix.
(Do not evaluate it.) | I —1 1 0 4i4
301 0 1 3i2| (4—4z2-3z22)
21. Solve the system forx. —3 00 0 i 0
22. Solve the system fory. 3 i —ytz=—4 g4 s
23. Use a matrix to solve. 25. { x—y—3z=-1 32+ 1’_§Z+2’Z)

20— 2y —2z=2
2x+3y+z=2 U
3x+2y=0
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Careers and Mathematics
DIESEL SERVICE TECHNICIANS

© Dmitry KaIinovsky/_S'hln’fggi_

AND MECHANICS REACH FOR SUCCESS
4.1 Solving Linear Inequalities in One Variable

Not all diesel engine service technicians work on cars and 4.2 Solving Absolute Value Equations
trucks. Some service heavy equipment machinery, such and Inequalities in One Variable
:S t;]ul'ld'ozers E'm:trt?a? gra:jjers, while more highly tr?i"ei' 4.3 Solving Linear Inequalities in Two Variables
echnicians mi e found servicing engines on cruise ships, . . .
on offs'hore oilgdrilling platforms, orgin uiderground mining 4.4 Isr?el\clqlljnz;glifi)ésstie:q'?v:; \L/I::aa[;ae:db?éar:;ahtil;g
operations.

P Although on-the-job training is an option for 4.5 Solving Systems Using Linear Programming
meeting the requirements for some Projects
jobs, many employers seek REACH FOR SUCCESS EXTENSION
applicants who have CHAPTER REVIEW
completed training CHAPTER TEST
programs in diesel CUMULATIVE REVIEW
engine repair. Some
of these programs In this Chapter

are offered through
community and
technical colleges.

We previously have considered linear
equations. In this chapter we will solve

inequalities in one variable. We will also

solve systems of linear inequalities in two
variables and apply that technigue to
solving applications.

229
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Reach for Success setting Course Goals

Two professional football teams do not show up on a Sunday
afternoon as if they were playing a game of sandlot football.
Instead, before the game they’ve studied films, they’ve prac-

ticed the plays—they have a “game plan.”

In this exercise you will set some realistic goals for this course
and then establish a “game plan” that will help you achieve

your goals.

© Drew Hallowell/Getty Images

We're going to assume one of your goals is to be success- :

ful in this course.

The grade | am willing to work to achieve is a/an

Most college classes recommended 2-3 hours of outside
time per week for every 1 hour in class if students want

more time.

© Considering other course commitments as well as any

© work and family commitments, state the number of hours
to be successful. With mathematics, you may find it takes :
. each week to this one course.

outside of class you realistically believe you can devote

To help yourself be successful in this course,

« complete all homework and other assignments on
time.

« take good notes in class.

« ask questions in class.

« study on a daily basis.

- participate in a study group.

o utilize the mathematics or tutor center.

« access online tutoring services (if available).

3

L3,

: List at least three things you are willing to add to your
: “game plan” and commit to, that will support your
: success in this course.

© Can you think of anything else you can do to improve
. your performance in this class?
« attend instructor reviews (if available) or office hours. :

Consider your answers to the questions above. Is your
plan sufficient to achieve your goal?

CYES_

: Please explain.

NO____

A Successful Study Strategy . .

(1 seta goal, outline a plan of action, and stick to the plan to achieve that goal.

At the end of the chapter you will find an additional exercise to guide you through a

successful semester.
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4.1 Solving Linear Inequalities in One Variable 231

Section
4 1 Solving Linear Inequalities in One Variable

Solve a linear inequality in one variable and express the result as a graph
and in set-builder and interval notation.

(I |

Solve a compound inequality in one variable involving “and,” and express
the result as a graph and in set-builder and interval notation.

Solve a compound inequality in one variable involving “or,” and express
the result as a graph and in set-builder and interval notation.

Objectives
®

Solve an application by setting up and solving a linear inequality
in one variable.

inequality interval notation closed interval
trichotomy property unbounded interval compound inequality
transitive property open interval intersection

linear inequality half-open interval union

Graph each set on the number line.

1. {x|x> -3} <—§—> 2. {x|x<4} <=—)—s

3. {x|x=5} H—» 4. {x|x=-1} ‘—4H
-1

5

Getting Ready [ \Vocabulary

_

In this section, we will review the basics of linear inequalities, first discussed in Chapter 1.
We will solve linear inequalities and compound inequalities involving “and” and “or” and
conclude the section with applications.

n Solve a linear inequality in one variable and express the result
as a graph and in set-builder and interval notation.

Inequalities are statements indicating that two quantities are unequal. Inequalities can be
recognized because they contain one or more of the following symbols.

INEQUALITY SYMBOLS Inequality Read as Example

a+b “a is not equal to b.” 5#9

a<b “a is less than b.” 2<3

a>b “a is greater than b.” 7> -5

a=b “a is less than or equal to b.” —5=0o0or—4=—-4
a=b “a is greater than orequal to b.” 9 =60r8 =8
a=b “a is approximately equal to b.” 1.14 = 1.1
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232 CHAPTER4 Inequalities

Teaching Tip

You might point out that the
inequality symbol will always point
to the smaller number.

TRICHOTOMY PROPERTY

ADDITION PROPERTY
OF INEQUALITIES

TRANSITIVE PROPERTY

MULTIPLICATION

PROPERTY OF
INEQUALITIES

If a is to the left of b on the number line, then a < b. By definition, @ < b means that
“a is less than b,” but it also means that b > a.
There are several basic properties of inequalities.

For any real numbers a and b, exactly one of the following statements is true:

a<b, a=b, or a>b

The trichotomy property indicates that exactly one of the statements is true about
any two real numbers. Either the first is less than the second, the first is equal to the sec-
ond, or the first is greater than the second.

If a, b, and ¢ are real numbers witha < band b < ¢, thena < c.
If a, b, and ¢ are real numbers witha > b and b > ¢, thena > c.

The first part of the transitive property indicates that:

If a first number is less than a second number and the second is less than a
third, then the first number is less than the third.

The second part is similar, with the words “is greater than” substituted for “is less than.”

Any real number can be added to (or subtracted from) both sides of an inequality to pro-
duce another inequality with the same direction as the original.

To illustrate the addition property, we add 4 to both sides of the inequality 3 < 12 to get

3+4<12+4
7<16
We note that the < symbol is unchanged (has the same direction).
Subtracting 4 from both sides of 3 < 12 does not change the direction of the inequal-
ity either.
3-4<12-4
-1<8

If both sides of an inequality are multiplied (or divided) by a positive number, another
inequality results with the same relationship as the original inequality and the direction
of the symbol remains the same. If both sides of an inequality are multiplied (or divided)
by a negative number, another inequality results with the opposite relationship from the
original inequality and the symbol must be reversed.

To illustrate the first part of the multiplication property, we multiply both sides of the
inequality —4 < 6 by 2 to get

2(—4) < 2(6)
-8 <12

The < symbol is unchanged.
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4.1 Solving Linear Inequalities in One Variable 233

Dividing both sides by 2 does not change the direction of the inequality either.

—4 6
_<_
2 2

—2<3

To illustrate the second part of the multiplication property, we multiply both sides of
the inequality —4 < 6 by —2 to obtain

-4 <6
—2(—4) > —2(6) Change < to >.
COMMENT Remember to 8> —12

change the direction of an
inequality symbol every time
you multiply or divide both

Here, the < symbol changes to a > symbol.
Dividing both sides by —2 also changes the direction of the inequality.

sides by a negative number. -4 <6
_—4 > i Change < to >.
-2 =2
2> -3

LINEAR INEQUALITIES A linear inequality in one variable is any inequality that can be expressed in one of the
IN ONE VARIABLE following forms (with @ # 0).

ax + ¢ <0 ax +c¢ >0 ax +¢c=0 ax +¢c=0

We solve linear inequalities just as we solve linear equations, but with one exception.
If we multiply or divide both sides by a negative number, we must change the direction of
the inequality.

EXAMPLE T  Solve each linear inequality and graph its solution set.
a.32x—9) <9 b. -4(3x+2) =16
Solution In each part, we use the same steps as for solving equations.
a.32x—9) <9
6x —27<9 Use the distributive property to remove parentheses.
6x < 36 Add 27 to both sides.
x<6 Divide both sides by 6.
The solution set is {x | x < 6}. The graph is shown in Figure 4-1(a) on the next

page. Since we did not have equality in the original statement, the parenthesis at 6 indi-
cates that 6 is not included in the solution set.

b. —4(3x+2) =16
—12x — 8 =16 Use the distributive property to remove parentheses.
—12x = 24  Add 8 to both sides.
x = —2 Divide both sides by—12 and reverse the = symbol.
The solution set is {x | x = —2}. The graph is shown in Figure 4-1(b). Since we had

equality in the original statement, the bracket at —2 indicates that —2 is included in the
solution set.
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Inequalities

SELF CHECK 1

L
L

-2
(b)

o

@)
Figure 4-1

Solve the inequality and graph its solution set: —3(2x — 4) =24 {x[x = —2}

J

Amalie Noether

1882-1935

Albert Einstein described Noether
as the most creative female
mathematical genius since the
beginning of higher education

for women. Her work was in the
area of abstract algebra. Although
she received a doctoral degree in
mathematics, she was denied a
mathematics position in Germany
because she was a woman.

In Chapter 1, we saw that interval notation is another way to express the solution set
of an inequality in one variable. Recall that this notation uses parentheses and brackets to
indicate whether endpoints of an interval are included or excluded from a solution set.

An interval is called a (an)

¢ unbounded interval if it extends forever in one or more directions. See Figure 4-2(a).
 open interval if it is bounded and has no endpoints. See Figure 4-2(b).
« half-open interval if it is bounded and has one endpoint. See Figure 4-2(c).
¢ closed interval if it is bounded and has two endpoints. See Figure 4-2(d).
~—— )
2 -2 5

unbounded interval

€))

open interval

(b)

-7 8 -2 5

closed interval

(d)

half-open interval
©
Figure 4-2

Table 4-1 shows the possible intervals that exist when a and b are real numbers.

TABLE 4-1
Kind of interval Set notation Graph Interval
Unbounded intervals {x|x > a} ~—— (a, )
a
{x|x < a} ) (=, a)
a
{xlx = a} ~—f la, =)
a
{xlx =a} -~ (=,d]
a
Open interval {x]a < x < b} - - (a,b)
a b
Half-open intervals {x|a=x < b} - - [a,b)
a b
{xla<x = b} ¢ . (a,b]
a b
Closed interval {x|a=x = b} - - [a, b]
a b
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EXAMPLE 2

Solution

Teaching Tip

In part b, at the step

10x + 20 > 12x — 36 we could
have subtracted 10x from both sides
and added 36 to obtain the inequality
56 > 2x. We are then dividing by a
positive number. Point out that

28 > xis equivalent to x < 28.

SELF CHECK 2

4.1 Solving Linear Inequalities in One Variable 235

Solve each linear inequality. Express the solution in set-builder and interval notation
and graph it.

2 4
a. 5S(x+2)=3x—1 b.g(x+2)>g(x—3)

In both parts, we use the same steps as for solving linear equations.
a. 5(x+2)=3x—1
5x + 10 = 3x — 1  Use the distributive property to remove parentheses.
2x + 10 = —1 Subtract 3x from both sides.
2x = —11 Subtract 10 from both sides.

11
X = - ? Divide both sides by 2.

The solution set is {x x = — %}, which is the interval [— 171, 00). Its graph is shown
in Figure 4-3(a).

b. %(x +2) >§(x - 3)

To clear fractions, multiply both sides by 15, the

) 4
15'§(X +2) > 15'5()6 - 3) LCD of 3 and 5.

10(x +2) > 12(x — 3) Simplify.
10x + 20 > 12x — 36 Use the distributive property to remove parentheses.
—2x + 20> —36 Subtract 12x from both sides.
—2x > —56 Subtract 20 from both sides.
x <28 Divide both sides by —2 and reverse the > symbol.

The solution set is {x|x < 28}, which is the interval (—, 28). Its graph is shown
in Figure 4-3(b).

L AY
L J
-1172 28
(@) (b)
Figure 4-3

Solve the linear inequality %(x +2) < %(x — 3). Express the solution in set-builder

and interval notation and graph it. {\ [x < — %} (*OC, - %)

J

COMPOUND INEQUALITIES

Solve a compound inequality in one variable involving “and,” and
express the result as a graph and in set-builder and interval notation.

To say that x is between —3 and 8, we write the inequality
—3 < x <8 Readas “—3is less than x and x is less than 8.”

This inequality is called a compound inequality, because it is a combination of two
inequalities:

—3<x and x <8

The word and indicates that both inequalities are true at the same time. The result is called
the intersection of the two statements.

The inequality ¢ < x < d is equivalent to ¢ < x and x < d.

Unless otherwise noted, all content on this page is © Cengage Learning.

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



236 CHAPTER4 Inequalities

EXAMPLE 3

Teaching Tip Solution

You might point out that you could
solve =3 =2x + 5and2x + 5 <7
and obtain the same results.

<—H—>

4 1
Figure 4-4

SELF CHECK 3

Solve the inequality —3 = 2x + 5 < 7. Express the solution in set-builder and interval
notation and graph it.

This inequality means that 2x + 5 is between —3 and 7. We can solve it by isolating x
between the inequality symbols.

—3=2x+5<7
-8 =2x<2 Subtract 5 from all three parts.
—4=x<1 Divide all three parts by 2.

The solution set is {x| —4 = x < 1}, which is the interval [—4, 1). The graph is
shown in Figure 4-4.

Solve —5 = 3x — 8 = 7. Express the solution in set-builder and interval notation and
graphit. {x|1 =x = 5};[1.5]

J

EXAMPLE 4

Solution

4—(—»

4
Figure 4-5

SELF CHECK 4

Solve x + 3 <2x — 1 < 4x — 3. Express the solution in set-builder and interval
notation and graph it.

Since it is impossible to isolate x between the inequality symbols, we solve each of the
linear inequalities separately.

x+3<2x—1 and 2x— 1 <4x—3

4 < x 2 < 2x
x >4 1<x
x>1

Only those x values where x > 4 and x > 1 are in the solution set. Since all numbers greater
than 4 are also greater than 1, the solutions are the numbers x where x > 4, {x|x > 4}.
Thus, the solution set is the interval (4, %), whose graph is shown in Figure 4-5.

Solve x + 2 < 3x + 1 < 5x + 3. Express the solution in set-builder and interval nota-
tion and graphit. {x|x > %} (% )

J

Teaching Tip

You might discuss the words
intersection and union as they are
used in real life.

EXAMPLE 5

Solution

SELF CHECK 5

Solve a compound inequality in one variable involving “or,” and
express the result as a graph and in set-builder and interval notation.

To say that x is less than —5 or greater than 10, we write the inequality
x< =5 or x > 10 Read as “xis less than —5 or x is greater than 10.”

The word or indicates that only one of the inequalities needs to be true to make the entire
statement true. The result is called the union, U, of the two statements.

Solve the compound inequality x = —3 or x = 8. Express the solution in set-builder
and interval notation and graph it.

The word or in the statement x = —3 or x = 8 indicates that ] F
only one of the inequalities needs to be true to make the state- -3 8
ment true. The graph of the inequality is shown in Figure 4-6. Figure 4-6
The solution set is {x|x = —3 or x = 8}, which is the union

of two intervals (—o,—3] U [8, ).

Solve x < —5 or x = 3. Express the solution in set-builder and interval notation and
graphit. {x[x < =5 or x =3};(—%,—5) U[3,%)

J
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EXAMPLE 6

Analyze the problem

Form an inequality

Solve the inequality

State the conclusion

Check the result

SELF CHECK 6

4.1 Solving Linear Inequalities in One Variable

COMMENT In the statement x = —3 or x = &, it is incorrect to string the inequalities
together as 8 = x = —3, because that would imply that 8 = —3, which is false.

Solve an application by setting up and solving a linear
inequality in one variable.

LONG-DISTANCE Suppose that a long-distance telephone call costs 36¢ for the first
three minutes and 11¢ for each additional minute. For how many minutes can a person
talk for less than $2?

We can let x represent the total number of minutes that the call can last.

The cost of the call will be 36¢ for the first three minutes plus 11¢ times the number of
additional minutes, where the number of additional minutes is x — 3 (the total number
of minutes minus 3 minutes). The cost of the call is to be less than $2. With this infor-
mation, we can form the inequality

the cost of the
additional minutes

0.11(x — 3) < 2

The cost of the

. . is less than 2.
first three minutes $

0.36 +

We can solve the inequality as follows:

036 + 0.11(x — 3) <2
36 + 11(x — 3) < 200
36 + 11x — 33 < 200

To eliminate the decimals, multiply both sides by 100.

Use the distributive property to remove parentheses.

11x + 3 <200 Combine like terms.
11x < 197 Subtract 3 from both sides.
x <1790 Divide both sides by 11.

Since the phone company doesn’t bill for part of a minute, the longest that the person
can talk is 17 minutes.

If the call lasts 17 minutes, the customer will be billed $0.36 + $0.11(14) = $1.90.
If the call lasts 18 minutes, the customer will be billed $0.36 + $0.11(15) = $2.01.

If a long-distance telephone call costs 25¢ for the first 3 minutes and 8¢ for each
additional minute, for how many minutes can a person talk for less than $2? The call
can last for 24 minutes.

Accent

on technology

» Solving Linear
Inequalities

We can solve linear inequalities with a TI84 graphing calculator. For example, to solve
the inequality 3(2x — 9) < 9, we can graph y = 3(2x — 9) and y = 9 using window
settings of [—10, 10] for x and [ — 10, 10] for y to obtain Figure 4-7(a) on the next page. We
use the INTERSECT feature to see that the graph of y = 3(2x — 9) is below the graph of
y = 9 for x-values in the interval (—, 6). See Figure 4-7(b). This interval is the solution,

because in this interval, 3(2x — 9) < 9.
(continued)
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238 CHAPTER4 Inequalities

y=3(2x-9) INTERSECTION /
X=6 Y=9
(@) (b)
Figure 4-7

For instructions regarding the use of a Casio graphing calculator, please refer to the
Casio Keystroke Guide in the back of the book.

Bl seLF cHECK L= 2 e 2 el B ) -

ANSWERS b A
3. {x|1=x=5}[1,5] ’ ] a.{x|x> B (o) ——f—n
1 5 172
5.{x|x < —50rx=3}; (—, —5) U [3, ) ) F
6. The call can last for 24 minutes. -5 3
To the Instructor NOW TRY THIS
1gives students an opportunity
to solve an inequality where the Solve the compound inequality and express the solution as a graph.
solution is (—o0,%0). 1 6x—2(x+ 1) <100r —5x < —10 e
2 demonstrates that there can 2. 4x=2(x — 6)and —5x =30 ~—&—
be a single-value solution to an -6
inequality. Solve the compound inequality and express the solution in interval notation.
3and 4 compares the solutionofan 3. x >3orx = =2 (-, -2]JU (3,%)
intersection and union. 4. x >3andx = -2 O
J
WARM-UPS Write each inequality in set-builder notation. in income over a two-year period, how much did she
invest at 7%?  $10,000
Tx<2 {xlx<2} 2. x> -3 {x[x> -3}
3.x=-5 {xlx=-5} 4. x=1 {xjx=1} VOCABULARY AND CONCEPTS Fill in the blanks.
Write each inequality in interval notation. 13. The symbol for “is not equal to” is #.
5x>—6 (—6,%) 6.x=—4 [—4, o) 14. The symbol for “is greater than” is >.
7.x=2 (—=,2] 8.x<7 (—=.,7) 15. The symbol for “is less than” is <.
16. The symbol for “is less than or equal to” is =.

REVIEW Simplify each expression. 17. The symbol for “is greater than or equal to” is =.

A2 N alha’b 2\t 4”2 18. The trichotomy property states if @ and b are two numbers,
( PR > 0 10. ( b ) = thena < b, a = b,ora > b.

11. Small businesses A man invests $1,200 in bak- 19. The tran§1tlve prop.erty sta'tes ifa < b. ar?d b<ec, thc-‘:r.l a<ec.
ing equipment to make pies. Each pie requires $4.20 in 20. If both sides of an mequallty are m.ultlplled by a QOSI.UVG
ingredients. If the man can sell all the pies he can make for number, the relationship and direction of the inequality
$7.95 each, how many pies will he have to make to earn a remains the same.
profit? 320 or more 21. If both sides of an inequality are divided by a negative num-

12. Investing A woman invested $15,000, part at 7% ber, the relationship changes and the direction of the inequal-
annual interest and the rest at 8%. If she earned $2,200 ity symbol must be reversed.
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22.3x + 2 > 7 is an example of a linear inequality and
3 < 2x < 6is a compound inequality.
23. The inequality ¢ < x < dis equivalentto ¢ < xand x < d .

24. The word “or” between two inequality statements indicates
that only one of the inequalities needs to be true for the entire
statement to be true.

25. The interval (2, 5) is called an open interval.

26. The interval [—5, 3] is called a closed interval.

GUIDED PRACTICE Solve each inequality. Express each result
as a graph and in set-builder notation. SEE EXAMPLE 1. (OBJECTIVE 1)

27.x +4 <5 28.x —5>2
{x|x<1} {x|x>7}
1
) 76 ”
29.2(x +4) = -2 30.3(x —2) = 18
{x|x=-5} {x]x<8}
— -—] -
=5 8
31.2x + 3 <9 32.5x—1=19
{x|x<3)} {x|x=4}
A
3 4
33. 2(4x + 1) = 14 34. —4(3x — 2) = 68
{x|x>-2} {x]x<-5}
2 5

Solve each inequality. Express each result as a graph and in interval
notation. SEE EXAMPLE 2. (OBJECTIVE 1)

35.3(z —2) =2(z + 7) 36.5(3 + z) > —3(z + 3)

(=ee, 20] (=3, 00)
-
20 -3
37. —11(2 — b) < 4(2b + 2) (—oo, 10)
H—»
10
38. - 9(h —3) +2h=8(4 — h) (o, 5]
4—]—»
5
1 1 (—36, =)
39. y+2>—y—4 ’
2” 37 ——
-36
1 1 2728/9. o
40 x— o =x+2 [=28/9, )
-28/9
2 3 —oo, 45/7
41.§x+5(x—5)5x (== ]
45/7
5 4 —oo, 15/4
2. -(x+3)—-(x—-3)=x—-1 ( J
9 3
15/4

Solve each inequality. Express each result as a graph and in interval
notation. SEE EXAMPLE 3. (OBJECTIVE 2)
43, —4 < 2x <8 44, -3 =3x< 12

(-2,4) [-1,4)

——

-2 4 - 4

Unless otherwise noted, all content on this page is © Cengage Learning.

45. -2 < —-b+3<5

4.1 Exercises

46.2 < —t—2<9

239

(<2,5) (~11,-4)
———_—
-2 5 -11 —4
47.15>2x—7>9 48. 14 > 2x — 4> 2
(8, 11) (3.9)
———— ———
8 11 3 9
49. -6< —-3(x—4)=24 50.-4=-2(x+8)<8
(4, 6) (-12, -6]
<—H—> <—H—>
—4 6 12 -6

Solve each inequality. Express each result as a graph and in interval
notation. SEE EXAMPLE 4. (OBJECTIVE 2)

SlLx+3<3x—1<2x+2 2.3)
D
2 3
52.x—1=2x+4=3x—1 [5, o)
5
53.5(x + 1) =4(x +3) <3(x — 1) (~=,-15)
15
54, —5(2 +x) <4dx+1<3x (-11/9, -1)
-11/9 -1

Solve each inequality. Express each result as a graph and in interval
notation. SEE EXAMPLE 5. (OBJECTIVE 3)

55.3x + 2 <8or2x —3>11 (=00, 2) U (7, o)

56.4x + 5< —3o0rdx —1>7 (=e0, =2) U

57. —4(x +2) = 120r3x + 8§ < 11 (=0, 1)

58.x < 6orx> —6 (o0, ©0)

0

ADDITIONAL PRACTICE Solve each inequality. Express
each result as a graph and in interval notation.

59.x < —3andx>3
1 1
60.x+2<f§x<5x @

61. 5(x —2) =0and —3x <9 [2, )

~—f—
2
62. dx=—x+5=3x—4 [1,9/4]
<—H—>
1 9/4
63.6x +7>19 64.8x—10<6
(2, ) (=0, 2)
<—H 4—)—>
2 2
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65.

67.

69.

7.

72.

73.

74.

75.

77.

78.

79.

80.

CHAPTER 4 Inequalities
6x + 12 > 2x 66. —4x — 36 = —10x
(=3, ) (=0, 6]
'%
o 6
1 1
——x+2=1 eox +H4<32
3x 68 2 X 3
(—oo, 3] (=56, )
56
3 —J0
4x+5) <12 70. —5(x —2) =15
(=00, =2) (—oo, —1]
s ——
-2 -1
04x +04 =0.1x + 085 (=0, 1.5]
S
1.5
005 —05x= —0.7 — 0.8x [-2.5, )
——
2.5
0=—x—4>6 U
1 [-21,-3)
—-6=—-a+1<0 F )
21 =3
4 —x 5 X
0= 3 =2 76. -2 = =2
[-2, 4] [1/3, 3]
1 1
-2 4 1/3 3
X —2=5x+2o0rS5x +2=2x —4 (=00, =2] U [~1, o0)
—
-2 -1

2x —4 < —x+Sor—x +5=4x — 10

(=00, o)

3x—2<4or—-6x—1=<5

(o0, ©0)

—5x —2=8or7x —3>4 (=00, =21 U (1, o)
1 ¢
-2 1

Use a graphing calculator to solve each inequality.

81.
83.

2x+3<5 x<1
5x+2=-18

82.3x—2>4
x=—4 84.3x —4=20

x>2

x=8

APPLICATIONS Use an inequality to solve. Use a calculator if
necessary. SEE EXAMPLE 6. (OBJECTIVE 4)

85.

86.

Renting a rototiller The cost of renting a rototiller is $15.50 for
the first hour and $7.95 for each additional hour. How long can a
person have the rototiller if the cost is to be less than $50? 5 hr

Renting a truck How long can a person rent the truck
described in the ad if the cost is to be less than $110? 9 hr

ACTION
Truck Rental

Big 22 ft Truck
Only $29.95 for one hour.
$8.95 for each extra hour.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Boating A speedboat is rated to carry 750 Ib. If the driver
weighs 205 1b and a passenger weighs 175 b, how many chil-
dren can safely ride along if they average 90 Ib each? 4

Elevators An elevator is rated to carry 900 lb. How many
boxes of books can the elevator safely carry if each box
weighs 80 Ib and the operator weighs 165 1b? 9

Investing If a woman invests $10,000 at 8% annual interest,
how much more must she invest at 9% so that her annual
income will exceed $1,250? more than $5,000

Investing If a man invests $8,900 at 5.5% annual interest,
how much more must he invest at 8.75% so that his annual
income will be more than $1,500? more than $11,548.57

Buying CDs A student can afford to spend up to $330 on a
stereo system and some CDs. If the stereo costs $175 and the
CDs are $8.50 each, find the greatest number of CDs he can
buy. 18

Buying a computer A student who can afford to spend up
to $2,000 sees the following ad. If she buys a computer, find
the greatest number of DVDs that she can buy. 15

Big Sale!!!!
©1$1,695.95

All DVDs
$19.95

Averaging grades A student has scores of 70, 77, and 85 on
three exams. What score is needed on a fourth exam to make
an average of 80 or better? 88 or higher

Averaging grades A student has scores of 70, 79, 85, and
88 on four exams. What score does she need on the fifth exam
to keep her average above 80? more than 78

Planning a work schedule Nguyen can earn $5 an hour for
working at the college library and $9 an hour for construc-
tion work. To save time for study, he wants to limit his work
to 20 hours a week but still earn more than $125. How many
hours can he work at the library? 13

Scheduling equipment An excavating company charges
$300 an hour for the use of a backhoe and $500 an hour for
the use of a bulldozer. (Part of an hour counts as a full hour.)
The company employs one operator for 40 hours per week. If
the company wants to take in at least $18,500 each week, how
many hours per week can it schedule the operator to use a
backhoe? 7

Choosing a medical plan A college provides its employees
with a choice of the two medical plans shown in the table.

For what size hospital bills is Plan 2 better than Plan 1?7

(Hint: The cost to the employee includes both the deductible
payment and the employee’s insurance copayment.) anything
over $900

Plan 1

Employee pays $100
Plan pays 70% of the rest

Plan 2

Employee pays $200
Plan pays 80% of the rest
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4.2 Solving Absolute Value Equations and Inequalities in One Variable 241

98. Choosing a medical plan To save costs, the college in
Exercise 97 raised the employee deductible, as shown in the
following table. For what size hospital bills is Plan 2 better
than Plan 1?  (Hint: The cost to the employee includes
both the deductible payment and the employee’s insurance
copayment.) anything over $1,800

Plan 1

Employee pays $200
Plan pays 70% of the rest

Plan 2

Employee pays $400
Plan pays 80% of the rest

Statistics A researcher wants to estimate the mean (average) real
estate tax paid by homeowners in Rockford. To do so, he selects a
random sample of homeowners and computes the mean tax paid

by the homeowners in that sample. The formula to compute the
sample size to be 95% certain that the sample mean will be within

SE of the true population mean is < E* where o s the

square of the standard deviation, E is the maximum acceptable error,
and N is the sample size.

99. Choosing sample size How large would a sample have to
be for the researcher to be 95% certain that the true popula-
tion mean would be within $20 of the sample mean if the
standard deviation, o, of all tax bills is $120? 139

100. Choosing sample size How large would the sample have
to be for the researcher to be 95% certain that the true popu-
lation mean would be within $10 of the sample mean if the
standard deviation, o, of all tax bills is $120? 553

WRITING ABOUT MATH

101. The techniques for solving linear equations and linear
inequalities are similar, yet different. Explain.

102. Explain the concepts of absolute inequality and conditional
inequality.

SOMETHING TO THINK ABOUT

103. If x > —3, must it be true that x> > 9? no
104. If x > 2, must it be true that x> > 4? vyes
105. Which of these relations is transitive?

a.= b.= c.Z d. # ab,c
106. The following solution is not correct. Why?
1 1
37

1 1
3x <§) > 3x <;) Multiply both sides by 3x.

x>3 Simplify.

Section

4.2

in One Variable

Solving Absolute Value Equations and Inequalities

§ @ Graph an absolute value function on a rectangular coordinate system.
'-'3 #) Solve an equation containing one absolute value term.

Q . .

g E) Solve an equation containing two absolute value terms.

O @) Solve an inequality containing one absolute value term.

<

S Find each value. In Problems 3- 4, assume that x = —5.

Q

[ 1. —(-5) 5 2. -0 O 3. —(x—5) 10 4. —(—x) -5
i~

R Solve each inequality and write the solution in interval notation.

s

8 5. —4<x+1<5 (—5,4) 6. x<—-3orx>3 (—%,—3)U(3, =)

Copyright 2013 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



242

CHAPTER 4 Inequalities

EXAMPLE 1

Solution

SELF CHECK 1

In this section, we review the definition of absolute value and the graphs of absolute value
functions. Then we will show how to solve equations and inequalities that contain one or
more absolute value expressions.

Graph an absolute value function on a rectangular
coordinate system.

Earlier, we graphed the absolute value function f(x) = |x| and considered many translations
of its graph. The work in Example 1 reviews these concepts.

Graph the function f(x) = |x — 1| + 3.
To graph this function, we translate the graph of f(x) = |x|. We move it 1 unit to the
right and 3 units up, as shown in Figure 4-8.
y
3
X
I
ALl 3
Figure 4-8
Graph: f(x) =[x +2| — 3

EXAMPLE 2

Solution

COMMENT Using a table of values would produce the same graph.

We also saw that the graph of f(x) = —|x]| is the y
same as the graph of f(x) = |x| reflected about the
x-axis, as shown in Figure 4-9.
Sy =—x
X
Figure 4-9

Graph the absolute value function: f(x) = —|x — 1| + 3
To graph this function, we translate the graph of f(x) = —|x|. We move it 1 unit to the

right and 3 units up, as shown in Figure 4-10 on the next page.
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4.2 Solving Absolute Value Equations and Inequalities in One Variable 243

/ 3
X
/ 1 \
fx)=—x-11+3

Figure 4-10

SELF CHECK2 Graph: f(x) = —|x + 2| — 3

Solve an equation containing one absolute value term.

We discussed that the absolute value of a number is its distance from zero on the number
line. The definition of |x| is as follows:

ABSOLUTE VALUE Assume x is any real number.

If x = 0, then |x| = x.

If x < 0, then |x| = —x.
Teaching Tip This definition associates a nonnegative real number with any real number.
Karl Weierstrauss (1815-1897) was e If x = 0, then x (which is positive or 0) is its own absolute value.
ZC:&?F o use the absolute value e If x <0, then —x (which is positive) is the absolute value.

Either way, |x| is positive or 0:
|x| =0 for all real numbers x

Since 9 = 0, 9 is its own absolute value: |9| = 9.

Since —5 < 0, the opposite of —5 is the absolute value:
-5 = ~(-5) =5

Since 0 = 0, 0 is its own absolute value: 0] = 0.

Since 7 = 3.14, it follows that 2 — 7 < 0. Thus,
R-mwl=-Q-@)=m7-2

COMMENT The placement of a — sign in an expression containing an absolute value
symbol is important. For example, | —19] = 19, but —|19] = —19.

In the equation |x| = 5, x can be either 5 or —5, because |5| = 5 and |—5| = 5. In the
equation |x| = 8, x can be either 8 or —8. In general, the following is true.
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ABSOLUTE VALUE
EQUATIONS

Figure 4-11

4 10
Figure 4-12

EXAMPLE 3

Solution

SELF CHECK 3

If £k > 0, then

|x| =k  isequivalentto  x =k or x=—k

Since the absolute value of a number represents its distance on the number line from
zero, the solutions of |x| = k are the coordinates of the two points that lie exactly k units
from zero. See Figure 4-11.

The equation |x — 3| = 7 indicates that a point on the number line with a coordinate
of x — 3 is 7 units from the origin. Thus, x — 3 can be either 7 or —7.

x—3=7 o x—3=-7
x=10 | x=—4
The solutions of |x — 3| = 7 are 10 and —4, as shown in Figure 4-12.

COMMENT The equation |x — 3| = 7 also can be solved using the definition of absolute
value.

If x — 3 =0, then If x — 3 <0, then
|x — 3] =x—3,and |x — 3] = —(x — 3), and
we have we have
x—3=1 —-(x—=3)=7
x =10 -x+3=7
—x=4
x=—4

Solve: [3x — 2| =5
We can write |3x — 2| = 5 as

3x—2=5 or —(Bx—2)=5
and solve each equation for x:

3x—2=5 or —(3x—2)=5

3x=17 —3x+2=15
7 —-3x=3
X ==
3 x=—1

Verify that both solutions check.

Solve: |2x —3| =7 5. -2

J

EXAMPLE 4

Solution

To solve more complicated equations containing a term involving an absolute value,
we will isolate the absolute value on one side of the equation.

Solve: [5x + 3| —7=4

We first add 7 to both sides of the equation to isolate the absolute value on the left side.

[Sx+3] —7=4
[5x + 3] = 11 Add 7 to both sides.
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4.2 Solving Absolute Value Equations and Inequalities in One Variable

We can now write this equation as
5x+3 =11 or —(5x +3) =11

and solve each equation for x.

5x =8 —5x—3=11

_§ —5x =14
s 14
Sy

Verify that both solutions check.

SELFCHECK4 Solve: |7x—2| +4=5 2!

245

EXAMPLES solve:

2
3x+3‘+4:10

Solution We subtract 4 from both sides of the equation to isolate the absolute value on the left

side.

2
‘3x+3‘+4=10

2
’ gx + 3 ‘ =6 Subtract 4 from both sides.

We now can write this equation as

2 2
—x+3=6 or —(x+3>=6
3 3
and solve each equation for x:
2 =3 2 —3=6
35~ 3% =
2x =9 2 =9
* 3
_2 _ %
) T

Verify that both solutions check.

3
SELF CHECK5 Solve: | Sx—2 |-3=4 15, -2

1
EXAMPLE 6  Ssolve: JE-S | —4=4
Solution  We first isolate the absolute value on the left side.

1
‘x—S‘—4=—4
2

1
‘ —x—5 ‘ =0 Add 4 to both sides.
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246 CHAPTER4 Inequalities

SELF CHECK 6

Since 0 is the only number whose absolute value is 0, the expression %x — 5 must be
equal to 0, and we have

1
—x—5=0
2

1
Ex =5 Add 5 to both sides.

x = 10  Multiply both sides by 2.

Verify that 10 satisfies the original equation.

2
Solve: ‘3x+4‘+5=5 -6

J

EQUATIONS WITH TWO
ABSOLUTE VALUES

EXAMPLE 7
Solution

SELF CHECK 7

COMMENT Since the absolute value of a quantity cannot be negative, equations such as
‘7x + % ‘ = —4 have no solution. Since there are no solutions, the solution set is empty.

Recall that an empty set is denoted by the symbol .

Solve an equation containing two absolute value terms.
The equation |a| = |b| is true when a = b or when @ = —b. For example,

13 = [3] or [3] =[-3|
3=3 | 3=3

In general, the following statement is true.

If a and b represent algebraic expressions, the equation |a| = |b| is equivalent to the
pair of equations

a=>b or a= —b

COMMENT Notice that |a| = |b| is also equivalent to the pair of equations b = a or
b= —a.

Solve: |5x + 3| = |3x + 25|

This equation is true when 5x + 3 = 3x + 25, or when 5x + 3 = —(3x + 25). We
solve each equation for x.

5x+3=3x+25 or 5x+3=—(3x+25)

2x =22 S5x+3=—-3x—25
x=11 8x = —28
.
* 8
7
r=——
2

Verify that both solutions check.

Solve: |2x — 3| = |4x+9] —1.-6

J
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SOLVING |x| < k AND
x| = k

EXAMPLE 8

Solution

| AY
J

0 6

Figure 4-15

ra
AN
-3

SELF CHECK 8

4.2 Solving Absolute Value Equations and Inequalities in One Variable 247

Solve an inequality containing one absolute value term.

We will first consider when the absolute value term is less than a number. The inequality
|x| < 5 indicates that a point with a coordinate of x is less than 5 units from zero. (See Fig-
ure 4-13.) Thus, x is between —5 and 5, and

lx| <5 is equivalent to —-5<x<S5

The solution set of the inequality |x| < k (k > 0) includes the coordinates of the
points on the number line that are less than k units from zero. (See Figure 4-14.)

5 5 k k
L L N ‘ | N
AN J X J
-5 0 5 —k 0 k
Figure 4-13 Figure 4-14
If kK = 0, then
x| < is equivalent to —k<x<
x| <k isequival k k
|x| =k  isequivalent to —k=x=k

COMMENT Since |x| is always positive or 0, the inequality |x| < k has no solutions
when k < 0. For example, the solution set of |x| < —5is (.
Solve: [2x — 3] <9

Since |2x — 3| < 9is equivalent to —9 < 2x — 3 < 9, we proceed as follows to isolate
x between the inequality symbols.

—9<2x—3<9
—6<2x <12 Add 3 to all three parts.
—3<x<6 Divide all parts by 2.

Any number between —3 and 6, not including either —3 or 6, is in the solution set. This
is the open interval (—3, 6), whose graph is shown in Figure 4-15.

Solve: |3x + 2| < 4 (—2%)

J

COMMENT The inequality [2x — 3| < 9 also can be solved using the definition of
absolute value.

If 2x — 3 = 0, then If 2x — 3 < 0, then
[2x — 3| = 2x — 3, [2x — 3] = —(2x — 3),
and we have and we have
2x —3<9 —-(2x—-3)<9
2x < 12 —2x+3<9
x<6 —2x<6
x> -3

These results indicate that x < 6 and x > —3, which can be written as —3 < x < 6.
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248 CHAPTER4 Inequalities

EXAMPLE 9

Solution

Figure 4-16

SELF CHECK 9

Solve: |2 —3x| —2=3
We first add 2 to both sides of the inequality to isolate the absolute value term
[2 —3x] =5

Since |2 — 3x| =5 is equivalent to —5 =2 — 3x = 5, we proceed as follows to
isolate x between the inequality symbols.

—5=2-3x=5
—7=-3x=3 Subtract 2 from all parts.
z =1 Divide all three parts by —3 and reverse the directions
3 r= of the inequality symbols.
l=y= z Write an equivalent inequality with the inequality symbols
=r= 3 pointing in the opposite direction.

The solution set is the closed interval [— 1, %}, whose graph is shown in Figure 4-16.

Solve: |3 —2x| +3=8 [-1.4]

J

AY I L
J AN
L
Figure 4-18

SOLVING |x| > k AND
x| = k

EXAMPLE 10

Solution

We will now consider when the absolute value term is greater than a number. The
inequality |x| > 5 indicates that a point with a coordinate of x is more than 5 units from
the origin. (See Figure 4-17.) Thus, x < —5or x > 5.

5 5

ala ~

|
W
oA~

Figure 4-17

In general, the inequality |x| > k can be interpreted to mean that a point with coordi-
nate x is more than k units from the origin. (See Figure 4-18.)
Thus,

lx| >k is equivalent to x<-—-k or x>k

The or indicates an either/or situation. To be in the solution set, x needs to satisfy only
one of the two conditions.

If kK = 0, then

lx| >k is equivalent to x<—k or x>k

x| =k  isequivalentto x=—k or x=k

Solve: |5x — 10| > 20

We write the inequality as two separate inequalities and solve each one for x. Since
|5x — 10| > 20 is equivalent to 5x — 10 < —20 or 5x — 10 > 20, we have

5 —10< =20 or 5x— 10> 20
5x < —10 5x > 30 Add 10 to both sides.
x < =2 x > 6 Divide both sides by 5.

Thus, x is either less than —2 or greater than 6:

x < =2 or x>6
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4.2 Solving Absolute Value Equations and Inequalities in One Variable 249

a - These are the unbounded intervals (—o, —2) U (6, ), whose graph appears in
-2 6 Figure 4-19.
Figure 4-19

SELF CHECK 10

Solve: |3x + 4| > 13 (*x,f{%)u (3, %)

COMMENT The inequality |5x — 10| > 20 can also be solved using the definition of
absolute value.

If 5x — 10 = 0, then or
|5x — 10] = 5x — 10,

If 5x — 10 < 0, then
|5x — 10| = —(5x — 10),

and we have and we have
5x — 10 > 20 —(5x —10) > 20
5x > 30 —5x + 10 > 20
x>0 —5x > 10
x < =2
Thus, x < —2orx > 6.
3—x
EXAMPLE 1T  solve: =0
Solution We write the inequality as two separate inequalities:
3—x . . 3—x 3 —x
5 =6 is equivalent to = -6 or 5 =6
Then we solve each one for x:
3—x 3—x
=-6 or =6
5 5
3—x=-30 3—x=30 Multiply both sides by 5.
—x = -—33 —x =27 Subtract 3 from both sides.

1 L x =33 x = —27 Divide both sides by —1 and reverse the
_217 0 313 direction of the inequality symbol.
Figure 4-20 The solution set is (—o, —27] U [33, «), whose graph appears in Figure 4-20.

3—x
SELF CHECK 11  Solve: ‘ 2 =5 (- -2 [3,%)

EXAMPLE 12

Solution

2
Solve: ‘3x—2 ‘—3>6

We begin by adding 3 to both sides to isolate the absolute value on the left side. We then

proceed as follows:

3
Z -

3

‘ >0  Add 3 to both sides to isolate the absolute value.
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250 CHAPTER 4 Inequalities

\ | L

a0
2 2
Figure 4-21

SELF CHECK 12

2 2
—x—2<-9 or —x—2>9

3 3
2 2
gx < -7 gx > 11  Add 2 to both sides.
2x < =21 2x >33 Multiply both sides by 3.
21 33 . .
x < — 7 x > 7 Divide both sides by 2.

The solution set is (—00,— %) U (%, 00), whose graph appears in Figure 4-21.

3
Solve: ‘4x+2 ‘—1>3 (—x,—S)U(é,%)

J

EXAMPLE 13

Solution

SELF CHECK 13

Solve: [3x — 5| = —2

Since the absolute value of any number is nonnegative, and since any nonnegative num-
ber is greater than —2, the inequality is true for all x. The solution set is (—o, %),
whose graph appears in Figure 4-22.

0
Figure 4-22

Find the solution set of [3x — 5| = —2. (—=,x)

J

Accent

on technology

» Solving Absolute Value
Inequalities

EXAMPLE 14

Solution

SELF CHECK 14

We can solve many absolute value inequalities by using a TI-84 graphing calculator.
For example, to solve |2x — 3| < 9 (shown in Example 8), we graph the equations
y = |2x — 3| and y = 9 on the same coordinate system. If we use window settings of
[—5,15] for x and [—5, 15] for y, we obtain the graph shown in Figure 4-23.

The inequality [2x — 3| <9 will be true for .
all x-coordinates of points that lie on the graph of \ E /
y = |2x — 3| and below the graph of y = 9. By using s :
the Intersect feature, we can determine that these values \/

of x are in the interval (—3,6). | ., N

For instruction regarding the use of a Casio graph-
ing calculator, please refer to the Casio Keystroke
Guide in the back of the book.

Figure 4-23

Solve: [3x — 5| < —2

Since the absolute value of any number is nonnegative, there are no values of x that
would make the inequality true. The solution is J.

Solve: [2x — 7| < -5
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SELF CHECK 5 y 2 y 352 43 5.15.-% 66
ANSWERS
PN // N 2 .
Yl/
fx)=Ix+21-3
flx) =—Ix+ ZIX
7.-1,-6 8.(-2,2) - - 9.[-1,4] E !
-2 2/3 =il 4
10. (==, =5 ) U (3,%) . ¢
-17/3 3
1. (=, —27] U [33, %) 1 F
=27 33
12. (-, —8) U (%, ») ) ¢ 13. (—o, )
-8 8/3
14.
To the Instructor NOW TRY THIS
These require students to apply their he followi bsol i . — 5 g iy =
understanding of the definitions 1. Express the following as an absolute value equation. x = or x=— x| =2
of absolute value equations and 2. Express each of the following as an absolute value inequality.
inequalities. a. —5=x=5 | =5
b.3x—-5<-7 or 3x—5>7 [3x—5|>7
WARM-UPS Given the graphs below, state the solutions. REVIEW Solve each equation or formula.
3 tot
1. 2, ———— 1B.32a—1)=2a ° 14.-—-=-1 06
-5 5 -3 3 4 6 3
o o B =t 6 eap-l2obrz 8
3 4. . T2 3 ) 2 5 5
-12 8 -1
—12,8 —1,4 17. A =p + prifort 18. P =5, + 5, + 25, for s;
A-pP P—s — 5
Given the graphs below, state the solution in interval notation. 1="7 §3 = ; :

N 6. F !
-8 8 -4 4
(—8,8) [—4,4]
7 - + 8. ) ¢
-2 2 -3 3
(=, =2] U [2,) (=0, =3) U (3,)

9.
-5 2
(=, =) (=5,2)
n - ¢ 12.
7 9
(=,7) U (9, ) (=00, )

Unless otherwise noted, all content on this page is © Cengage Learning.

VOCABULARY AND CONCEPTS Fill in the blanks.

19. If x = 0, |x| = x.

20.1fx <0, |x] = —x.

21. |x| = 0 for all real numbers x.

22. The graph of the function f(x) = |x — 2| — 4 is the same as
the graph of f(x) = |x|, except that it has been translated
2 units to the right and 4 units down.

23. The graph of f(x) = —|x| is the same as the graph of
f(x) = |x|, except that it has been reflected about the x-axis.
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252 CHAPTER4 Inequalities

24.1If k > 0, then |x| = kis equivalent to x = kor x = —k. Solve each equation. SEE EXAMPLE 7. (OBJECTIVE 3)
25. |a| = |b| is equivalentto @ = b ora = —b. 53. 2 — x| = |3x + 2| 54. |4x + 3] = [9 — 2]
26. If k > 0, then |x| < kis equivalent to —k < x < k. 0, -2 1.—6
27. If k = 0, then |x| = kis equivalentto x = —k orx = k. X X
28. The inequality |x — 3| < —5 has no solutions. 35 ’ 2 +2 ‘ - ‘ 2 2 ‘ 56. |7x + 12| =[x — 6]
0 -3,-3
GUIDED PRACTICE Graph each absolute value function. see
EXAMPLES 1-2. (OBJECTIVE 1) Solve each inequality. Write the solution set in interval notation, if
ossible, and graph it. SEE EXAMPLE 8. (OBJECTIVE 4
29. f(x) = x| — 2 30, f(x) = — x| + 1 P grap (osjecrive 4)
. y 57. |2x] <8 58. |3x| <27
(-4, 4) -9,9)
\ / N —4 4 -9 9
/ x * 59. [x + 9] =12 60. |x — 8| =12
21,3 —4,20
(ORI RS [-21,3] [ ]
bd + 1 21 3 4 20
1 B 4 5 _ 1 5 Solve each inequality. Write the solution set in interval notation, if
3. () = —lx + 4| 32. f() = lx = 1 + possible, and graph it. SEE EXAMPLE 9. (OBJECTIVE 4)
" " 1 (-6, 18)
6. | —x—3 | —4<2
X 2 <—(_)—>
-6 18
62. 3x+ 1| +2<6 (=5/3, 1)
o =—le+dl N o2 -5/3 1
63. —|Sx— 1| +2>0 (=175, 3/5)
~—f——
-1/5 3/5
Solve each equation. SEE EXAMPLE 3. (OBJECTIVE 2) 1
64. ‘ —x+6 ‘ +2<3 (—42,-30)
33. x| =4 4,4 34. [x] =9 9,-9 6 E i
35. x =3/ =6 9.-3 36. |[x+ 4| =8 4,—12 4 30
37. |2x = 3] =5 4.-1 38. [4x — 4] =20 6.4 Solve each inequality. Write the solution set in interval notation and
39. 3 -4 =5 40. |8 — 5x[ = 18 graph it. SEe EXAMPLE 10. (OBJECTIVE 4)
1 26
2.3 5,72 65. |5x| +2>7 66. |7x| —3 >4
Solve each equation. SEE EXAMPLE 4. (OBJECTIVE 2) (*00\- -Hu (1/, o) (—o0, =1) U (1, o)
hY L
a2 +1-3=12 42. 3x - 2| +1=11 I i K |
8
7, -8 4, -3 67. 12 —3x| =8 68. |—1 —2x| >5
43. [x+3/+7=10 44,12 — x| +3 =5 (m,;z]u[mrm,m) (*00\,*3>U(2{>°°>
0.-6 0.4 ) 1073 3 2

Solve each equation. SEE EXAMPLE 5. (OBJECTIVE 2) Solve each inequality. Write the solution set in interval notation and

45. ’ éx _ ‘ o2 46. ‘ ix ‘o ‘ s graph it. SEE EXAMPLE 1. (OBJECTIVE 4)

2
x—2 2 —x
2’§ 24, —40 69. ‘ >4 70. ’ ‘ =35
2 1
47.‘ R ‘ +3=7 48. ‘ e ’ -6=1 (==, ~10) U (14, =) (=00, =13] U [17,0)
vi t | L
0,—12 ~18,24 -0 14 1
Solve each equation. SEE EXAMPLE 6. (OBJECTIVE 2) 7 ’ x =17 ‘ 4 72, | * 1 ‘ -1
49. 3x + 24| = 0 50. |2x + 18] + 6 = 6 2 3
e T (oo, ~1) U (15, o0) (o0, —4) U (2, 0)
AY L AY L
4 AN ) AN
51. 15— x| +7=7 52. |8 —2x|] +3=3 -1 15 -4 2
5 4
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4.2 Exercises 253

Solve each inequality. Write the solution set in interval notation and 99. |4x + 3| >0 100. [8x — 3| >0
graph it. SEE EXAMPLE 12. (OBJECTIVE 4) (—o0, =3/4) U (=3/4, o0) (oo, 3/8) U (3/8, c0)
N : ,
73’5_x N 74‘1—l ~5>2 34
) 2 2 : 2* -3 : 3/8
(=o0, —=4) U (14, o) (=0, —12) U (16, =) 101. 2x + 10 =0 -5  102. ’ 5% +3 ‘ =-5
AY L hY L
a 11 1 16 103. [3x + 2| = 16 104. |5x — 3| =22
1 1 B 6 5,- 2
75.‘§x+7‘+5>6 76.‘gx—5‘+4>4 3 5
105. [3x — 1| = |[x + 5| 106. [3x + 1] = |x — 5]
(=00, =24) U (=18, =) (—oo, 25) U (25, ) 3, -1 1,-3
S —_—— 1
24 18 2 107. x+§‘:|x—3| 108. x—*‘:|x+4\
Solve each inequality. Write the solution set in interval notation and ;1 _ %
graph it. SEE EXAMPLE 13. (OBJECTIVE 4) )
109. [4x — 1| =7 10. —2[3x — 4] < 16
77. |x - 7‘ = -3 78. |2x - 5‘ = —1 [-3/2,2] (—oo, o0)
(=00, ‘X’) (—oo, ‘><’) <—H—> |
=372 2 0
79. |4x + 3] > =5 80. [7x +2[ > -8 M. 32 + 5/ =9 M2, 4 - 3x| =13
(=00, o0) (o0, o) (=00, =41 U [—1, o) [-3,17/3]
L L | L
1 L
0 0 4 -1 -3 17/3
Solve each inequality. Write the solution set in interval notation. M. —[2x - 3] < =7 4. —|3x + 1] < —8
(o0, =2) U (5, o) (=00, =3) U (7/3, )
SEE EXAMPLE 14. (OBJECTIVE 4) N . \ .
8. 3x— 30| +10=4 & 82. [2x+5/+8<3 U 4 5 3 70
2 2 - —
83.‘7x_3‘+5<3 @84.‘7x+1’+4<2@ 5. [3x—2[+2=0 6. |5x— 1] +4=0
7 3 (=, )
1 1G]
0
ADDITIONAL PRACTICE Solve each equation or inequality. N7 [x — 12 > 24 n8. [x+5/=7
Graph the inequalities and state the solution in interval notation. (700,\712) v (3/(% ) (*‘”’1*12] v [?’ *)
J \ 1 L
x 4x — 64 -12 36 -12 2
8. | - —1|=3 86. | —— | =32 x—2
2 4 19. [3x + 2| = -3 120. =4
8, —4 48, —16 3
%) [-10, 14]
+4
87.‘u’=12 88. f+2‘=4 ——
3 2 10 14
—4,-28 4,—12 3 3
121, | - x—4 | —2=-2 122. | x+2 |+4=
89. [3x + 2| = [5x— 6/  90. |4x — 3| = |2x + 7| ‘5" ‘ ‘4x ‘
4L 5 _2 20 8
2 '3 3 ~3
91. [3x + 7| = —|8x — 2| 92. —|17x + 13| = |3x — 14| _5 3
%] %) 123. 10 ’-ﬁ-SSS 124.‘5)6—2“"353
1
93. |3x — 2| < 10 94. ‘ —x+1 ‘ =0 : ’ ) 10./% ;
(-8/3,4) ‘—;—’ 125. [x — 21| = =8 126. [2x + 1] +2=2
N -~
-8/3 4 %) -1/2
95 gx - 12] <5 %. |3 - 2()67‘7?)7 Write each inequality as an inequality using absolute values.
—— 127 4<x<4 x| <4
-2 5 128. x < —4orx>4 |x| >4
97. [3x +2| > 14 98. [2x — 5[ > 25 129.x +3< —6orx+3>6 |r+3>6
(—o0, —16/3) U (4, ) (—o0, ~10) U (15, o0) 130. ~5=x-3=5 |r—3 =5
} ¢ ) ¢
-16/3 4 -10 15
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254 CHAPTER4 Inequalities

APPLICATIONS

131. Springs The weight on the spring shown in the illus-
tration oscillates up and down according to the formula
|d — 5| < 1, where d is the distance of the weight above the
ground. Solve the formula for d and give the range of heights
that the weight is above the ground. 4 ft = d = 6 ft

i
STft

v

132. Aviation An airplane is cruising at 30,000 ft and has been
instructed to maintain an altitude that is described by the
inequality |a — 30,000| = 1,500. Solve the inequality for
a and give the range of altitudes at which the plane can fly.
28,500 ft = a = 31,500 ft

133. Temperature ranges The temperatures on a summer day
satisfied the inequality |t — 78°| = 8°, where ¢ is a tempera-
ture in degrees Fahrenheit. Express the range of tempera-
tures as a compound inequality. 70° = 1 = 86°

134. Operating temperatures A car CD player has an operating
temperature of |t — 40°| < 80°, where ¢ is a temperature in
degrees Fahrenheit. Express this range of temperatures as a
compound inequality. —40° <7 < 120°

135. Range of camber angles The specifications for a car state
that the camber angle ¢ of its wheels should be 0.6° = 0.5°.
Express this range with an inequality containing absolute
value symbols. [c — 0.6°| =0.5°

136. Tolerance of sheet steel A sheet of steel is to be 0.25 inch
thick with a tolerance of 0.015 inch. Express this specifica-
tion with an inequality containing absolute value symbols.
|x —0.25] =0.015

WRITING ABOUT MATH

137. Explain how to find the absolute value of a given number.

138. Explain why the equation |x| + 5 = 0 has no solution.

139. Explain the use of parentheses and brackets when graphing
inequalities.

140. If k > 0, explain the differences between the solution sets of
|x| < kand |x| > k.

SOMETHING TO THINK ABOUT

141. For what values of k does |x| + k = 0 have exactly two
solutions? k< 0

142. For what value of k does |x| + k = 0 have exactly one
solution? &k = 0

143. Under what conditions is |x| + |y| > |x + y|?
x and y must have different signs.

144. Under what conditions is |x| + [y| = |x + y|?
x and y must have the same sign.

Section

4.3

in two variables.

linear inequalities in two
variables

5

yes yes

Getting Ready [\Vocabulary

€D solve alinear inequality in two variables.
#) Solve a compound linear inequality in two variables.
E) solvean application requiring the use of a linear inequality

Do the coordinates of the given points satisfy the inequality y < 5x + 3?

1. (0,2) 2. (—3,0

Solving Linear Inequalities in Two Variables

w
S
-
8}
2
<Q
)

boundary line test point
half-plane edge

3. (3,18) 4. (-3,-13)

no yes

_
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LINEAR INEQUALITIES
IN TWO VARIABLES

Teaching Tip

An alternative method for
determining which side to shade is
to first solve for y. If y < expression,
shade below the line. If y >
expression, shade above the line.

EXAMPLE 1

Solution

4.3 Solving Linear Inequalities in Two Variables 255

In this section, we will show the solutions of linear inequalities in two variables. We begin
by discussing their graphs.

Solve a linear inequality in two variables.
Inequalities such as

2x + 3y <6 or 3x—4y=9

are called linear inequalities in two variables. In general, we have the following definition:

A linear inequality in x and y is any inequality that can be written in the form
Ax+By<C, Ax+By>C, Ax+By=C, or Ax+By=C

where A, B, and C are real numbers and A and B are not both 0.

The graph of a linear inequality in x and y is the graph of all ordered pairs (x, y) that sat-
isfy the inequality.

The inequality y > 3x + 2 is an example of a linear inequality in two variables
because it can be written in the form —3x + y > 2. To graph it, we first graph the related
equation y = 3x + 2 as shown in Figure 4-24(a). This boundary line, sometimes called
an edge, divides the coordinate plane into two half-planes, one on either side of the line.

To find which half-plane is the graph of y > 3x + 2, we select a test point not on the
line and substitute the coordinates into the inequality to determine if it results in a true
statement. In this case, a convenient test point is the origin, (0,0).

y>3x+2

03 3(0) + 2 Substitute 0 for x and 0 for y.

0*2
Since the coordinates do not satisfy y > 3x + 2, the origin is not part of the graph. Thus,
the half-plane on the other side of the dashed line is the graph, which is shown in Figure

4-24(b). We use a dashed line to indicate that the boundary line is not included in the
graph.

y Y
/ 7
! }
! >3x+2 !
/ ’ /
\ The boundary line
y=3x+2/ y is often called an
J x K X edge of the half-
4 4 plane. In this case,
II Solution Il the edge is not
/ / included in the
II II graph
I I s
1 !
/ /
4 4
(a) (b)
Figure 4-24
Solve: 2x — 3y =6

We start by graphing the related equation 2x — 3y = 6 to find the boundary line. This
time, we draw the solid line shown in Figure 4-25(a) on the next page, because equality is
included in the original inequality. To determine which half-plane represents 2x — 3y < 6,
we select a test point, (0,0), to determine whether the coordinates satisfy the inequality.
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256 CHAPTER 4

Inequalities

2x — 3y <6

2(0) — 3(0) < 6 Substitute 0 for x and 0 for y.

0<6

Since the coordinates satisfy the inequality, the origin is in the half-plane that is the

graph of 2x — 3y < 6. The graph is shown in Figure 4-25(b).

y

y

2x +3y|< 6

Solution

>,

_afl

In this case,
the edge is
included.

(@) (b)
Figure 4-25
SELF CHECK1 Solve: 3x —2y=6
EXAMPLE 2  Solve: y < 2x
Solution  We start by graphing the related equation y = 2x, as shown in Figure 4-26(a). Because it

is not part of the inequality, we draw the edge as a dashed line.

To determine which half-plane is the graph of y < 2x, we select a test point. We
cannot use the origin because the edge passes through it. We select a different test

point—say, (3, 1).
y <2x
1<2(3)
1 <6

Since 1 < 6 is a true inequality, the point (3, 1) satisfies the inequality and is in the

Substitute 1 for y and 3 for x.

graph, which is shown in Figure 4-26(b).

y
4
,/
y I/
/ /
7 )G

/ /G

/ y °

4 12

/ / .

4 X y=2x / Solution
/ [ ’
/ I/
=y 4
y= 2x/, // y<2x
’ /
,/ /4
/I In this case, the edge is
’ not included.
@) (b)

SELFCHECK2 Solve: y > 2x

Figure 4-26

J
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EXAMPLE 3

Solution

SELF CHECK 3

4.3 Solving Linear Inequalities in Two Variables 257

COMMENT  As the first two examples suggest, we draw a boundary line as a solid line
when the inequality symbol is = or =. We draw a dashed line when the inequality symbol
is < or >.

Solve a compound linear inequality in two variables.

Solve: 2<x=35
The inequality 2 < x = 5 is equivalent to the following two inequalities:
2<x+ 0y and x=5+0y

Its graph will contain all points in the plane that satisfy the inequalities 2 < x + Oy and
x =5 + Oy simultaneously. These points are in the shaded region of Figure 4-27.

Y

Solution

2<x<5

SRR GNP RS A MRS [P P M e e
=

Figure 4-27

Solve: —2=x<3

EXAMPLE 4

Analyze the problem

Form an inequality

The hourly
rate on the  times
first job

$7

Solve the inequality

Solve an application requiring the use of a linear inequality
in two variables.

EARNING MONEY Rick has two part-time jobs, one paying $7 per hour and the other
paying $5 per hour. He must earn at least $140 per week to pay his expenses while attending
college. Write and graph an inequality that shows the various ways he can schedule his
time to achieve his goal.

If we let x represent the number of hours per week he works on the first job, he will
earn $7x per week on the first job. If we let y represent the number of hours per week he
works on the second job, he will earn $5y per week on the second job.

To achieve his goal, the sum of these two incomes must be at least $140.

the hours the hourly the hours is greater
workedon  Plus  rateonthe times  workedonthe  thanor  $140.

the first job second job second job equal to
x + $5 . y = $140

The graph of 7x + 5y = 140 is shown in Figure 4-28 on the next page. Any point in the
shaded region indicates a way that he can schedule his time and earn $140 or more per
week. For example, if he works 10 hours on the first job and 15 hours on the second job,
he will earn

$7(10) + $5(15) = $70 + $75
= $145
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258 CHAPTER4 Inequalities

COMMENT We could let x If he works 5 hours on the first job and 25 hours Y
represent the number of hours on the second job, he will earn 30
; 28
he works on the second job and $7(5) + $5(25) = $35 + $125 .
y represent the number of hours _ 8, 25 ® (5,25)
he works on the first job. The = $160 %
resulting graph would be dif- Since Rick cannot work a negative number of i 20 Txh 3y 2 140
ferent, but the combination of hours, the graph has no meaning when x or y is nega-
hours would remain the same. tive, so only the first quadrant of the graph is shown. § 15 (10,15)
B
2
g
z

X
5 10 15 20

Number of hours on first job
Figure 4-28

SELF CHECK 4 If Rick needs at least $175 per week, write and graph an inequality that shows the
various ways he can schedule his time. 7x + 5y = 175

J

Accent The TI-84 graphing calculator has a graphing-style icon in the Y = editor. See
on technology Figure 4-29(a). Some of the different graphing styles are as follows.
» Graphing Inequalities \ line A straight line or curved graph is shown.
A above Shading covers the area above a graph.
[N below Shading covers the area below a graph.

We can change the icon by placing the cursor on it and pressing ENTER until the desired
style is visible.

Plot1  Plot2 Plot3
Y1=2/3x—-2

N N o

\Y4 =
\Ys5 =
\Y6 =
\Y7 =

(@) (b) ()
Figure 4-29

To graph the inequality of Example 1, 2x — 3y = 6, using window settings of
x=1[—10,10] and y = [—10, 10], we solve for y in the inequality 2x — 3y =< 6,
—3y=-"2x+6,y= %x — 2. We enter the equation 2x — 3y = 6 as y = %x -2,
change the graphing-style icon to “above” (W), and press GRAPH to obtain Figure 4-29(b).

To graph the inequality of Example 2, y < 2x, we change the graphing-style icon to
“below” (M), enter the equation y = 2x, and press GRAPH to get Figure 4-29(c).

Note that graphing calculators do not distinguish between solid and dashed lines to
show whether or not the edge of a region is included within the graph.

For instructions regarding the use of a Casio graphing calculator, please refer to the
Casio Keystroke Guide in the back of the book.
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4.3 Exercises 259

SELF CHECK Ly 2 ¥ 3, y

ANSWERS o f
4 i
/ 1
y>D2x A 1
7 1
X X = : 3
/ e
3125 >l6 / Vi
/ i i
/ 4
4.7x + 5y = 175 y
354
el
il
2 30
g
§ 25
§ 20 Tx+5y =175
E 15
° 10
8
=5
=
z
5 10 15 20 25
Number of hours on first job
To the Instructor NOW TRY THIS
1 previews the next section. . .
2 reviews solving by graphing and Solve each of the following by graphing.
requires students to distinguish 1l x=2andy < -1 2. x=2andy= -1
between an equation and an y y
inequality.
_Lf.ilo ! ° !
- (Z,-D
= Solution
J
WARM-UPS Graph 2x + 5y = 10. State whether the points REVIEW Solve each system.
with the given coordinates lie above or below the graph of the line. o {x +y=3 (4.-1) 10 {Sx +3y=-2 (—1.1)
1.(0,0) below 2.(2.3) above x—y=5 " x=-3y+2 ’
3.(6.1) above 4.(—1.1) below n {4x+ P2 G0 {3x+ Y=
Sx—2y=15 7 4 + 2y =14
Graph x = 3. State whether the points with the given coordinates lie
to the right or left of the graph of the line. VOCABULARY AND CONCEPTS Fill in the blanks.

5.(0,0) left 6. (4,1) right 13. 3x + 2y < 12is an example of a linear inequality in two

variables.

Graph y = —2. State whether the points with the given coordinates
lie above or below the graph of the line. 14. Graphs of linear inequalities in two variables are half-planes.

7.(0.0) above 8. (1.-3) below 15. The boundary line of a half-plane is called an edge.

16. If an inequality involves = or =, the boundary line of its
graph will be solid.
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260 CHAPTER4 Inequalities

17. If an inequality involves < or >, the boundary line of its
graph will be dashed.

o1
18. If y <%X —2andy >%x — 2 are false, then . 2% — 2

GUIDED PRACTICE Solve each inequality. SEE EXAMPLE 1.
(OBJECTIVE 1)

29.y< —2o0ry>3

] el ] -

y<=2ory>3
/

RERREREa

30 x=lorx=2

y

19.y=x 20. y = 2x 3==2
y y
—x<lorx=2
y=2x
P ADDITIONAL PRACTICE Solve each inequality.
X X 3
YEDx 31.y21—5x 32.x —2y=4
y<2x y y
3
) 2150
2l.y= -2 22. x= -3 Y 5 1
XN —[2y=
y y |
X
y=2-2
X =-3 xXE 3 /
x—=2y=4
X X
: 33.05x +y>15+«x 34.05x + 05y =2
y=-
y y
05x+y>[1.5+x_»7 \
Solve each inequality. SEE EXAMPLE 2. (OBJECTIVE 1) e 0.5x + 0.5y =2
23.y>x+1 24,y <2x — 1 ’,/ x
y y S0t y=[l54x .
// ’
y>x+1 e I,' 0.5x+ 0.5y < 2\\
,’{\':,Y+ 1 /l
/| /
/' x a x Boy<—x—1 36.2x +y=6
v’ y=2x-1,
2 Jv y y
» Ao y<2x-1
r
I oy =
25.x <4 26.y<3 v=3v-1 prky=b
=== X
y y LA
! y=3 4—”"
x<4 | DAY= Ryl U VY S - 2x+y<6 B
1 T
: X y< 3= 1 \
: X
ey y<3 37.3x = -y + 3 38.2x = —3y — 12
: y y
' \ 3543 NZ=cyn|

Solve each inequality. SEE EXAMPLE 3. (OBJECTIVE 2)

27. -2=x<0 28. 3<y=-1 " N
y y 2x<3y—-12
Bx=—y+3
y =] *
N )

(=) — L

x=2|V|x=0 _______3_<_“‘_Z_1_..
= i
Vi y=73
T
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[s] Use a graphing calculator to solve each inequality.

39.y < 027x — 1

.|

4. y= —237x + 15

40.y> —35x + 27

42.y=337x— 17

Find the equation of the boundary line or lines. Then write the
inequality whose graph is shown.

43. y 44, y
X
led ol Lol L J
x=3 y> =2
45, y 46. y
i /
\
\
N 7
\
\
\\‘ 1 *
2
\
\
\
\
y>-3x+3 y=2x+2
47. y 48. y
P Y R N
) *
led L Lol .
—2=x=3 —2<y<3
49. y 50. y
AN
N,
N\
N
N
\
\\
(1, 1) \ . N
Se(Li=1)
N\
N
N
N
S
N\
N
y=x y > —X
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4.3 Exercises 261

y>—lory= -3

x=lorx=3

APPLICATIONS Graph each inequality for nonnegative values
of x and y. Then state three ordered pairs that satisfy the inequality.

SEE

53.

54.

55.

56.

EXAMPLE 4. (OBJECTIVE 3)

Figuring taxes On average, it
takes an accountant 1 hour to
complete a simple tax return and
3 hours to complete a compli-
cated return. If the accountant
wants to work no more than 9
hours per day, graph an inequal-
ity that shows the possible ways
that the number of simple returns
(x) and complicated returns (y)
can be completed each day.
(1,1),(2,1),(2,2)

Selling trees During a sale,
a garden store sold more than
$2,000 worth of trees. If a
6-foot maple costs $100 and a
5-foot pine costs $125, graph
an inequality that shows

the possible ways that the
number of maple trees (x)

and pine trees (y) were sold.
(0,17),(5,20), (15, 10)
Choosing housekeepers

One housekeeper charges

$6 per hour, and another
charges $7 per hour. If Sarah
can afford no more than

$42 per week to clean her
house, graph an inequality
that shows the possible ways
that she can hire the first
housekeeper for x hours and
the second housekeeper for y
hours. (2.2),(3,3).(5,1)

Making sporting goods A
sporting goods manufacturer
allocates at least 1,200 units of
time per day to make fishing
rods and reels. If it takes 10
units of time to make a rod and
15 units of time to make a reel,
graph an inequality that shows
the possible ways to schedule the
time to make x rods and y reels.
(40, 80), (80, 80), (120, 40)

Number of pine trees

Number of hours
second housekeeper works

Number of complicated returns

<

XHEBY=D

X
Number of simple returns

y
201 100x + 125y > 2,000
15[~
N
\\
10 S
A Y
\\
5 S
~
\\
5 10 15 20

Number of reels

Number of maple trees

<

6x+Ty<42

Number of hours
first housekeeper works

120
30 10x + 15y = 1,200

40

40 80 120

Number of rods
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262 CHAPTER4 Inequalities

57. Investing A woman has up y WRITING ABOUT MATH
to $6,000 to invest. If stock in
Traffico sells for $50 per share
and stock in Cleanco sells for $60
per share, graph an inequality
that shows the possible ways that
she can buy x shares of Traf-

120 59. Explain how to decide where to draw the boundary of the

101+160»£4:0P0 graph of a linear inequality, and whether to draw it as a solid
or a broken line.

40 60. Explain how to decide which side of the boundary of the

graph of a linear inequality should be shaded.

80

Number of Cleanco shares

. 40 80 120
fico and y shares of Cleanco.
(40,20), (60, 40), (80, 20) Number of Traffico shares SOMETHING TO THINK ABOUT
58. Concert tickets Tickets to a y

61. Can an inequality be an identity, one that is satisfied by all

children’s matinee concert cost $6 (x, y) pairs? Tllustrate

for reserved seats and $4 for gen-
eral admission. If receipts must be
at least $10,200 to meet expenses,
graph an inequality that shows the
possible ways that the box office
can sell x reserved seats and

y general admission tickets

to meet expenses.

(1,800,0), (1,000, 1,500), (2,000, 2,000)

5 550|0¢ +4y=10.200 62, Can an inequality have no solutions? Illustrate.

Number of general
admission tickets

1,700

Number of reserved seats

Section , , ,
4 4 Solving Systems of Linear and Quadratic

Inequalities in Two Variables by Graphing

e . . o . .

'g @ Solve a system of linear inequalities in two variables.

§ Solve a system of quadratic inequalities in two variables.

= Solve an application requiring the use of a system of inequalities in two
o variables.

<

S

(S Do the given coordinates satisfy the inequalities y > 2x — 3andx — y > —1?

>

Bl 1. (0,0) vyes 2. (1,1) vyes 3. (—2,0) no 4. (0,4) no
s

v

O

/

In the previous section, we learned how to graph the solution of linear inequalities in
two variables, and in the previous chapter we learned how to solve systems of equations
in two variables. In this section, we will combine these skills to solve systems of linear
inequalities.

n Solve a system of linear inequalities in two variables.
We now consider the graphs of systems of inequalities in the variables x and y. These
graphs will usually be the intersection of half-planes.
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4.4 Solving Systems of Linear and Quadratic Inequalities in Two Variables by Graphing

SOLVING SYSTEMS OF
INEQUALITIES

+y=1
EXAMPLE 1 Graph the solution set: {x Y
2x —y>2
Solution  On one set of coordinate axes, we graph each inequality as shown in Figure 4-30(a).

Teaching Tip

Emphasize that the solution is the
intersection of the two graphs.

263

1. Graph each inequality in the system on the same coordinate axes using solid or
dashed lines as appropriate.

2. Identify the region where the graphs overlap.
3. Select a test point from the region to verify the solution.

4. Graph only the solution set, if there is one, on a new set of coordinate axes.

The graph of x + y = 1 includes the line graph of the equation x + y = 1 and all
points below it. Since the edge is included, we draw it as a solid line.

The graph of 2x — y > 2 contains the points below the graph of the equation
2x — y = 2. Since the edge is not included, we draw it as a dashed line.

The area where the half-planes intersect represents the solution of the system of
inequalities, because any point in that region has coordinates that will satisfy both
inequalities.

The solution to the system is shown in Figure 4-30(b).

y
xty=1 2x —y =2
x|y | (xy) x|y | (xy)
01 (0,1) 0-2 (0,—2) x+y<s1 L/
110]((1,0) 1| 0](1,0) A
,’I Solution
/
4
(C)]
Figure 4-30
+y=1
SELF CHECK 1 Graph the solution set: {)26 Y <9
X =)
J
x=1
EXAMPLE 2 Graph the solution set: y = x
4x + 5y < 20
Solution The graph of x = 1 is shown in Figure 4-31(a) on the next page.

Figure 4-31(b) includes the graph of y = x and x = 1.
Figure 4-31(c) includes the graphs of 4x + 5y < 20,y = x, and x = 1.

We see that the graph of the system includes the points that lie within a shaded
triangle, together with the points on two of the three sides of the triangle, as shown in
Figure 4-31(d).
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264 CHAPTER 4

@)

SELF CHECK 2

Inequalities

y
Tl 4x+ 5y =20
g \\)C+ y =
y=x y=x
X AN X
N
w=1l N
(b) © (d)
Figure 4-31
x=0
Graph the solution set: y=0
y= -2

< 2
EXAMPLE 3 Graph the solution set: {y fz
y > 4 2
Solution The graph of y = x? is the red, dashed parabola shown in Figure 4-32(a). The points
with coordinates that satisfy y < x? are the points that lie below the parabola.
2
The graph of y = % — 2 is the blue, dashed parabola. This time, the points that lie
2
above the parabola satisfy the inequality, y > % — 2. Thus, the solution of the system is
the area between the parabolas as shown in Figure 4-32(b).
> 2 _
X y=73 2
(x,y) x|y | ()
0,0) 0/-2/(0,-2)
1,1) 21 =1](2,-1)
-1,1) 2| —=1{(=2,-1)
2,4) 4| 21((4,2)
-2,4) —4| 2((-4,2)
| X x i 7|
; / \ “ i . /
Solution / \ 1 L Solution /
v 1 \ I ’
,’l \\\ \“ ',y 42 I’I
1 \ ,’ 7
\ \ 1 /
o \\ ‘\ 3 /I x>
| £=250) \ \ r Iy="—-2
4 \ \ A 4
\ | . v .
K 7’
\\\\ /,/
y< P
(@) (b)

Solve a system of quadratic inequalities in two variables.

Figure 4-32
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4.4 Solving Systems of Linear and Quadratic Inequalities in Two Variables by Graphing 265

y=x+2

- 2
SELF CHECK 3  Graph the solution set: {y - J

Accent To solve the system of Example 1 using a T184 graphing calculator, we use window set-
on technology tings of x = [—10, 10] and y = [—10, 10]. To graph x + y =< 1, we enter the equation
x+y=1 (y= —x+ 1) and change the graphing-style icon to below (A). To graph
2x — y > 2, we enter the equation 2x — y = 2 (y = 2x — 2) and change the graphing-
style icon to below (M). Finally, we press GRAPH to obtain Figure 4-33(a).

To solve the system of Example 3, we enter the equation y = xf and change the
graphing-style icon to below (N). We then enter the equation y = % — 2 and change
the graphing-style icon to above (V). Finally, we press GRAPH to obtain Figure 4-33(b).

» Solving Systems
of Inequalities

€)) (b)
Figure 4-33

COMMENT When transferring your answer to paper, be sure to shade only the solution.

For instructions regarding the use of a Casio graphing calculator, please refer to
the Casio Keystroke Guide in the back of the book.

B Solve an application requiring the use of a system
of inequalities in two variables.

EXAMPLE4 LANDSCAPING A homeowner budgets from $300 to $600 for trees and shrubs
to landscape his yard. After shopping around, he finds that good trees cost $150 and
mature shrubs cost $75. What combinations of trees and shrubs can he afford?

Analyze the problem  If x represents the number of trees purchased, $150x will be the cost of the trees. If y
represents the number of shrubs purchased, $75y will be the cost of the shrubs.

Form two inequalities  We know that the sum of these costs must be from $300 to $600. We can then form the
following system of inequalities:

The cost the number the cost the number s ereater than

of a times of trees plus of a times of shrubs £ $300.

or equal to

tree purchased shrub purchased

$150 . X + $75 . y = $300
The cost the number the cost the number is less than

of a times of trees plus of a times of shrubs $600.

or equal to
tree purchased shrub purchased
$150 . X + $75 . y = $600
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266 CHAPTER4 Inequalities

Solve the system  We graph the system

{ISOx + 75y = 300
150x + 75y = 600

as in Figure 4-34. The coordinates of each point shown in the graph give a possible com-
bination of trees (x) and number of shrubs (y) that can be purchased.

y

150x + 75y = 600

‘S
=
=
°
2
E
=]
~ 150x + 75y =|3
| 00— X
Number of trees
Figure 4-34
State the conclusion  These possibilities are
(0,4),(0,5),(0,6),(0,7),(0,8)
(1,2),(1,3),(1,4),(1,5),(1,6)
(2,0),(2,1),(2,2),(2,3),(2,4)

(3,0),(3,1),(3,2),(4,0)
Only these points can be used, because the homeowner cannot buy a portion of a tree.

Check the result ~ Check some of the ordered pairs to verify that they satisfy both inequalities.

SELF CHECK 4  If the homeowner can budget from $450 to $600, what combination of trees and shrubs
can he afford? (0,6),(1,4),(2,2),(3,0),(0,8),(1,6),(2,4),(3,2),(4,0),(0,7),(1,5),

(2,3),(3,1)
J

SELF CHECK . 2 , 3 ,
ANSWERS .
I/I
Ilzxiyzz N Y=X[F2
X 2 2
g &)=
y=12 *
4. y (0,6),(1,4),(2,2),(3.0),(0,8),(1,6),(2,4),(3.2),(4,0),(0,7),

~—

(1,5),(2,3), (3,1
150x + 75y = 600
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To the Instructor

NOW TRY THIS

4.4 Exercises

267

These systems expose students
to the three types of solutions to

Solve each system.

— — _ 2 _
inequalities: 1. {x y=>0 2. {4x 43y =—4 {y =x"—6x+7
1. asolution that lies in an y=x+2 y<3x—3 x—y<3
overlapping area, y 1%} Y y=x?—6x+7
2. asystem with no solution, and 7
3. asolution that lies in two )04
. . . 7
different regions. o i
I' 'l
1/ x—y>0 / X
'," {y Sx42 '\\/
// ," x-y=3
J
WARM-UPS Fill in the blanks with "<" or ">" so that the 3x +2y>6 x+y<2
) . . o 13. 14.
coordinates (1, 0) satisfy both inequalities. x+3y=2 x+y=1
1{ygx+2 2{y£x+3 y y
Tlyzx-2 Tlysx+1
REVIEW Solve each formula for the given variable. Xy S
9 R xX+y<2
3. A=p + prtfort 4. F=—-C + 32for C b {x+ <1
N 55 3+ 2y= 6% 1=
_A-p _ \
t= " C=35(F-32) \
X —
5.2= for x 6.3x —dy = 8fory Graph the solution set of each system. SEE EXAMPLE 2. (OBJECTIVE 1)
3
X=z0+p y=zx-2 2x+3y=6 2xx+y=2
X— 5. 43x +y=1 16. {y=x
7.1=a+ (n— 1)dford 8.z7= for c=0 $=0
d= l—a o
T on-—1 H=X =02 y y
o 2x+H3y=6
VOCABULARY AND CONCEPTS Fill in the blanks. -
. .. . 3x+y=1 A ty=2
9. To solve a system of inequalities by graphing, we graph each . *¥=0
inequality. The solution is the region where the graphs intersect. V=X
10. If an edge is included in the graph of an inequality, we draw it x=0
as a solid line and if not, it will be dashed.
GUIDED PRACTICE Graph the solution set of each system. x—y<4 xty=4
SEE EXAMPLE 1. (OBJECTIVE 1) 17. yy=0 18. {x=0
. {y<3x+2 12 {ysx—Z x=0 =0
ly< —2x+3 Tly=2x+ 1 y y
y y
y=0 N
X ,/
. x=0 ’ -0 x+y="4
y=3x+21 NYET2ZEH3 ,/xkv:él i
7] N X ’ :
7 \\ y
¥ 5 y=0
F \ y=x-2
/ N ¥ =2x+|1
’ \
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268 CHAPTER4 Inequalities

Graph the solution set of each system. SEE EXAMPLE 3. (OBJECTIVE 2)

2x —y >4 x5y2
19. N 20.
y<-—x" +2 y=x
y y
y=x
. 0=y’
,A\ yEd+2 .
A
2x—y=4|4 ‘|
F |
/ '
>x? —4 X 2
2. {y ) 22.{ .
y<-—x" +4 y=x
y y
//\ y=ixt+4
\ 2
x =y
III \‘ 1 .
\ 2
L [\ X V=X X
\ /’ -1 1
‘\ ,I -1
\\\,/y:.r—4

ADDITIONAL PRACTICE Graph the solution set of each

system.
x+y=1 +2y <3
23.{ Y 24.{x y
—x+2y=6 2x + 4y <8
y y
Bxf+y=1 \\\\
\\\ x
X x+2y<3 i
‘/—-"‘+2_\‘:6 2x + 4y <B
x=0 xt+y=1
=0 —y=1
25. (" 2." °
9x + 3y =18 x—y=0
3x + 6y = 18 x=2
y y
x=yEFO0gx=2
3x+6y= 18 d‘—\':l .
x+y=[1

x=0 9x+3y=18

y=0

] Use a graphing calculator to solve each system. SEE EXAMPLE 3.
-+ (OBJECTIVE 2)

<3x+2 >x2 —4
27. {y 3 28. {y )
y<-2x+3 y<-—x- +4
(See Exercise 11) (See Exercise 21)

APPLICATIONS Graph the solution. SEE EXAMPLE 4.
(OBJECTIVE 3)

29. Football 1In 2003, the Green Bay Packers scored either
a touchdown or a field goal 65.4% of the time when their
offense was in the red zone. This was the best record in the
NFL! If x represents the yard line the football is on, a team’s
red zone is an area on their opponent’s half of the field that
can be described by the system

x>0
x =20

Shade the red zone on the field shown below.

T T T T L
0l 0T 0¢ Or 0S OF 0¢ OC OI D

|

10 20 30 40 50 40 30 20 10 G
P N N N N TR N

BRONCOS
SYANDOVd

~— Packers moving this direction

30. Track and field In the shot put, y
the solid metal ball must land in
a marked sector for it to be a fair y= %\
throw. In the illustration, graph
the system of inequalities that /d X
describes the region in which a N Shot
shot must land.

y

y
X

vIA
I 00| W
oolw

v

Graph a system of inequalities and give two possible solutions to
each problem.

31. CDs Melodic Music has CDs y
on sale for either $10 or $15.

If a customer wants to spend é 0 L1545k
at least $30 but no more than ; { 10x 4 157 <60
$60 on CDs, graph a system of = ¥20y=0
inequalities that will show the 5
possible ways a customer can z§
buy $10 CDs and $15 CDs. x
lcglgou(rqj(?]ag(]jizglljs CDs, 4 310 Number of $10 CDs

32. Boats Dry Boat Works y
wholesales aluminum boats for 2 800x -+ 600y
$800 and fiberglass boats for K >2.400
$600. Northland Marina wants 2 800:x + 600y
to order at least $2,400 worth, g <4,800
but no more than $4,800 worth E Fx0y=p
of boats. Graph a system of g
inequalities that will show the El .
possible combinations of alumi- ~ ~

num boats and fiberglass boats Number of aluminum boats

that can be ordered. 4 alum.
and 1 fiberglass, 1 alum. and 4 fiberglass
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4.5 Solving Systems Using Linear Programming 269

33. Furniture A distributor y WRITING ABOUT MATH
wholesales desk chairs for $150 B 150x + 100y
and side chairs for $100. Best E 7 >SX 900 35. When graphing a system of linear inequalities, explain how to
Furniture wants to order no ij’ >0, 0 decide which region to shade.
more than $900 worth of chairs, .* 36. Explain how a system of two linear inequalities might have no
including more side chairs than _ﬂ.; i solution.
desk chairs. Graph a system of § ,/

inequalities that will show the z x SOMETHING TO THINK ABOUT

possible combinations of desk
chairs and side chairs that can 37. The solution of a system of inequalities in two variables is

be ordered. 2 desk chairs and bounded if it is possible to draw a circle around it. Can a non-
empty solution of two linear inequalities be bounded? no

Number of desk chairs

4 side chairs, 1 desk chair and 5 side chairs

34. Furnace equipment  Bolden y 38. The solution of {y = 4| g an area of 25, Find k. 5
Heating Company wants to . 500x + 200y y=k
order no more than $2,000 E N >Sx2,()()()
worth of electronic air clean- B x=0,y=0
ers and humidifiers from a £
wholesaler that charges $500 ;
for air cleaners and $200 for é P
humidifiers. If Bolden wants < ,”
X

more humidifiers than air
cleaners, graph a system of
inequalities that will show the
possible combinations of air
cleaners and humidifiers that
can be ordered. | air cleaner
and 2 humidifiers, 2 air cleaners and 3 humidifiers

Number of air cleaners

Section . - .
4 5 Solving Systems Using Linear Programming

€D Find the maximum and minimum value of an equation in the form
P = ax + by, subject to specific constraints.

#) Solve an application using linear programming.

linear programming constraints feasibility region
objective function

Evaluate 2x + 3y for each pair of coordinates.
1. (0,0) 0 2. (3,0) 6 3. (2,2) 10 4. (0,4) 12

Getting Ready SVocabulary™| Objectives
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CHAPTER 4

Inequalities

We now use our knowledge of solving systems of inequalities in two variables to solve
linear programming applications.

Find the maximum and minimum value of an equation in the
form P = ax + by, subject to specific constraints.

Linear programming is a mathematical technique used to find the optimal allocation of
resources in the military, business, telecommunications, and other fields. It got its start
during World War II when it became necessary to move huge quantities of people, materi-
als, and supplies as efficiently and economically as possible.

To solve a linear program, we maximize (or minimize) a function (called the objective
function) subject to given conditions on its variables. These conditions (called constraints)
are usually given as a system of linear inequalities. For example, suppose that the annual
profit (in millions of dollars) earned by a business is given by the equation P = y + 2x,
where the profit is determined by the sale of two different items, x and y, and are subject to
the following constraints:

3x +y =120
x+y=60
x=0
y=0
To find the maximum profit P that can be earned by the business, we solve the system

of inequalities as shown in Figure 4-35(a) and find the coordinates of each corner point of
the region R, called a feasibility region. We can then write the profit equation

P=y+ 2x in the form y=-2x+P

The equation y = —2x + P is the equation of a set of parallel lines, each with a slope
of —2 and a y-intercept of P. To find the line that passes through region R and provides
the maximum value of P, we refer to Figure 4-35(b) and locate the line with the greatest
y-intercept. Since line [ has the greatest y-intercept and intersects region R at the corner
point (30, 30), the maximum value of P (subject to the given constraints) is
P=y+ 2

=30 + 2(30)

=90
Thus, the maximum profit P that can be earned is $90 million. This profit occurs when
x = 30andy = 30.

(0, 120)

3x+y=120
3x+y=120

(0,60)9

(40, 0)

(@) (b)
Figure 4-35

L1 1 5 x

(60, 0)

0,0)
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Perspective HOW TO SOLVE IT

As a young student, George Polya (1888-1985) enjoyed
mathematics and understood the solutions presented

by his teachers. However,
Polya had questions still
ask