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WELCOME TO THE 9TH EDITION

The first edition of Marge Lial’s Algebra for College
Students was published in 1988, and now we are pleased to
present the 9th edition—with the same successful, well-
rounded framework that was established over 30 years ago
and updated to meet the needs of today’s students and profes-
sors. The names Lial and Miller, two faculty members from
American River College in Sacramento, California, have
become synonymous with excellence in Developmental Math-
ematics, Precalculus, Finite Mathematics, and Applications-
Based Calculus.

With Chuck Miller’s passing, Marge Lial was joined by a
team of carefully selected coauthors who partnered with her.
John Hornsby (University of New Orleans) joined Marge in
this capacity in 1992, and in 1999, Terry McGinnis became
part of this developmental author team. Since Marge’s pass-
ing in 2012, John and Terry have dedicated themselves to
carrying on the Lial/Miller legacy.

In the preface to the first edition of Intermediate
Algebra, Marge Lial wrote

I3

‘... the strongest theme . . . is a combination of
readability and suitability for the book’s intended
audience: students who are not completely self-
confident in mathematics as they come to the course,
but who must be self-confident and proficient . . . by
the end of the course.”

Today’s Lial author team upholds these same standards.
With the publication of the 9th edition of Algebra for College
Students, we proudly present a complete course program for
students who need developmental algebra. Revisions to the
core text, working in concert with such innovations in the
MyLab Math course as Skill Builder and Learning Catalytics,
combine to provide superior learning opportunities appropri-
ate for all types of courses (traditional, hybrid, online).

We hope you enjoy using it as much as we have enjoyed
writing it. We welcome any feedback that you have as you
review and use this text.

WHAT’S NEW IN THIS EDITION?

We are pleased to offer the following new features and
resources in the text and MyLab.

IMPROVED STUDY SKILLS These special activities are now
grouped together at the front of the text, prior to Chapter R.
Study Skills Reminders that refer students to specific Study
Skills are found liberally throughout the text. Many Study Skills

now include a Now Try This section to help students imple-
ment the specific skill.

REVISED EXPOSITION With each edition of the text, we con-
tinue to polish and improve discussions and presentations
of topics to increase readability and student understanding.
This edition is no exception.

NEW FIGURES AND DIAGRAMS For visual learners, we have
included more than 50 new mathematical figures, graphs, and
diagrams, including several new “hand drawn” style graphs.
These are meant to suggest what a student who is graphing
with paper and pencil should obtain. We use this style when
introducing a particular type of graph for the first time.

ENHANCED USE OF PEDAGOGICAL COLOR We have thor-
oughly reviewed the use of pedagogical color in discussions
and examples and have increased its use whenever doing so
would enhance concept development, emphasize important
steps, or highlight key procedures.

INCREASED Concept Check AND WHAT WENT WRONG?
EXERCISES The number of Concept Check exercises, which
facilitate students’ mathematical thinking and conceptual
understanding, and which begin each exercise set, has been
increased. We have also more than doubled the number
of WHAT WENT WRONG? exercises that highlight com-
mon student errors.

INCREASED EXERCISES We have
doubled the number of these flexible groups of exercises,
which are located at the end of many exercise sets. These
sets of problems were specifically written to help students
tie concepts together, compare and contrast ideas, identify
and describe patterns, and extend concepts to new situations.
They may be used by individual students or by pairs or small
groups working collaboratively. All answers to these exer-
cises appear in the student answer section.

ENHANCED MYLAB MATH RESOURCES MyLab exercise cov-
erage in the revision has been expanded, and video coverage
has also been expanded and updated to a modern format for
today’s students. WHAT WENT WRONG? problems and all

AR THIARN exercise sets (both even- and odd-

numbered problems) are now assignable in MyLab Math.

SKILL BUILDER These exercises offer just-in-time additional
adaptive practice in MyLab Math. The adaptive engine
tracks student performance and delivers, to each individual,
questions that adapt to his or her level of understanding. This
new feature enables instructors to assign fewer questions for

vii
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homework, allowing students to complete as many or as few
questions as they need.

LEARNING CATALYTICS This new student response tool uses
students’ own devices to engage them in the learning process.
Problems that draw on prerequisite skills are included at the
beginning of each section to gauge student readiness for the
section. Accessible through MyLab Math and customizable
to instructors’ specific needs, these problems can be used to
generate class discussion, promote peer-to-peer learning, and
provide real-time feedback to instructors. More information
can be found via the Learning Catalytics link in MyLab Math.
Specific exercises notated in the text can be found by search-
ing Lial ACS# where the # is the chapter number.

CONTENT CHANGES
Specific content changes include the following:

o Exercise sets have been scrutinized and updated with a
renewed focus on conceptual understanding and skill de-
velopment. Even and odd pairing of the exercises, an im-
portant feature of the text, has been carefully reviewed.

e Real world data in all examples and exercises and their
accompanying graphs has been updated.

e Anincreased emphasis on fractions, decimals, and per-
cents appears throughout the text. Chapter R begins with
a new section that thoroughly reviews these topics. And
we have included an all-new set of Cumulative Review
Exercises, many of which focus on fractions, decimals,
and percents, at the end of Chapter 1. Sets of Cumulative
Review Exercises in subsequent chapters now begin with
new exercises that review skills related to these topics.

o Solution sets of linear inequalities in Sections 1.5-1.7
are now graphed first before writing them using interval
notation.

o Scientific notation is covered in a separate section in
Chapter 4.

o Presentations of the following topics have been en-
hanced and expanded, often including new examples
and exercises:

Evaluating exponential expressions (Section R.4)

Geometric rise/run

(Section 2.2)

interpretation of slope as

Identifying functions and domains from equations
(Section 2.6)

Solving systems of linear equations in three variables
(Section 3.2)

Determining strategies for factoring polynomials
(Section 5.4)

Solving quadratic equations with double solutions
(Section 5.5)

Solving rational equations (Section 6.4)

Concepts and relationships among real numbers,
nonreal complex numbers, and imaginary numbers;
simplifying powers of i (Section 7.7)

Solving quadratic equations using the quadratic for-
mula (Section 8.2)

Testing for symmetry with respect to an axis or the
origin (Section 9.4)

Solving exponential and logarithmic equations (Sec-
tions 10.2, 10.3)

Graphing polynomial and rational functions (Sec-
tions 11.3, 11.4)

Graphing systems of linear inequalities (Section 12.4)

LIAL DEVELOPMENTAL HALLMARK FEATURES

We have enhanced the following popular features, each of
which is designed to increase ease of use by students and/
or instructors.

o Emphasis on Problem-Solving We introduce our six-
step problem-solving method in Chapter 2 and integrate
it throughout the text. The six steps, Read, Assign a
Variable, Write an Equation, Solve, State the Answer,
and Check, are emphasized in boldface type and
repeated in examples and exercises to reinforce the
problem-solving process for students. We also provide
students with boxes that feature
helpful problem-solving tips and strategies.

o Helpful Learning Objectives We begin each section
with clearly stated, numbered objectives, and the in-
cluded material is directly keyed to these objectives so
that students and instructors know exactly what is cov-
ered in each section.

o Cautions and Notes One of the most popular features of
previous editions is our inclusion of information marked
@ CAUTION and to warn students about common
errors and to emphasize important ideas throughout the
exposition. The updated text design makes them easy
to spot.

o Comprehensive Examples The new edition features
a multitude of step-by-step, worked-out examples
that include pedagogical color, helpful side com-
ments, and special pointers. We give special attention
to checking example solutions—more checks, desig-
nated using a special CHECK tag and v/, are included
than in past editions.



More Pointers There are more pointers in examples and
discussions throughout this edition of the text. They
provide students with important on-the-spot reminders,
as well as warnings about common pitfalls.

Numerous Now Try Problems These margin exercises,
with answers immediately available at the bottom of the
page, have been carefully written to correspond to every
example in the text. This key feature allows students to
immediately practice the material in preparation for the
exercise sets.

Updated Figures, Photos, and Hand-Drawn Graphs
Today’s students are more visually oriented than ever.
As a result, we provide detailed mathematical figures,
diagrams, tables, and graphs, including a “hand-drawn”
style of graphs, whenever possible. We have incorpo-
rated depictions of well-known mathematicians, as well
as appealing photos to accompany applications in ex-
amples and exercises.

Relevant Real-Life Applications We include many new
or updated applications from fields such as business,
pop culture, sports, technology, and the health sciences
that show the relevance of algebra to daily life.

Extensive and Varied Exercise Sets The text contains
a wealth of exercises to provide students with oppor-
tunities to practice, apply, connect, review, and extend
the skills they are learning. Numerous illustrations,
tables, graphs, and photos help students visualize the
problems they are solving. Problem types include skill
building and writing exercises, as well as applications,
matching, true/false, multiple-choice, and fill-in-the-
blank problems. Special types of exercises include
Concept Check, WHAT WENT WRONG? , Extending Skills,

cule) RELATING CONCEPTS P

Special Summary Exercises We include a set of these
popular in-chapter exercises in every chapter. They
provide students with the all-important mixed review
problems they need to master topics and often in-
clude summaries of solution methods and/or addi-
tional examples.

Extensive Review Opportunities We conclude each
chapter with the following review components:

A Chapter Summary that features a helpful list of Key
Terms organized by section, New Symbols, a Test Your
Word Power vocabulary quiz (with answers immedi-
ately following), and a Quick Review of each section’s
main concepts, complete with additional examples.

A comprehensive set of Chapter Review Exercises,
keyed to individual sections for easy student reference.

A set of Mixed Review Exercises that helps students
further synthesize concepts and skills.

Preface iX

A Chapter Test that students can take under test
conditions to see how well they have mastered the
chapter material.

A set of Cumulative Review Exercises for on-
going review that covers material going back to
Chapter R.

o Comprehensive Glossary The online Glossary includes
key terms and definitions (with section references) from
throughout the text.
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Resources for Success MyLab
Get the Most Out of MyLab Math for Algebra for
College Students, Ninth Edition by Lial, Hornsby, McGinnis

The Lial team has helped thousands of students learn algebra with an
approachable, teacherly writing style and balance of skill and concept
development. With this revision, the series retains the hallmarks that have
helped students succeed in math, and includes new and updated digital tools
in the MyLab Math course.

Take advantage of the following resources to get the most out of your MyLab
Math course.

Get Students Prepared with Integrated Review

Every student enters class with different levels of preparedness and prerequisite knowledge. To
ensure students are caught up on prior skills, every Lial MyLab course now includes Integrated
Review.

MyLab Math  ‘mosedroven = New! Integrated Review provides embedded
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q uestions as they need. Click 1o Select and enler your answer(s) and then click Check Answer. @
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Salact the comect choice below and, if necessany, fll in the answer box 1o complate your choice.

Enter your answer in
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Support Students Whenever, Wherever

Updated! The complete video program for the Lial
series includes:

e Full Section Lecture Videos

e Solution clips for select exercises

e Chapter Test Prep videos

e Short Quick Review videos that recap each section

Full Section Lecture Videos are also available as shorter,
objective-level videos. No matter your students’
needs—if they missed class, need help solving a
problem, or want a short summary of a section’s
concepts—they can get support whenever they need

it, wherever they need it. Much of the video series has
been updated in a modern presentation format.

‘P Pearson

Resources for Success MyLab

Perform the indicated operations.
~12-[(9-2)-(-6-3)]
=-12-[( PIRES W RN E)|
=-12- [ (3= ¢a)]

12~ [ 349]
s\ = =124 ) = =28

Foster a Growth Mindset

New! A Mindset module is available
in the course, with mindset-focused
FIXED SROVVIIE videos and exercises that encourage
LS LSEN MINDSED students to maintain a positive attitude
about learning, value their own ability
to grow, and view mistakes as a learning
opportunity.

Get Students Engaged

New! Learning Catalytics Learning Catalytics is
an interactive student response tool that uses
students’ smartphones, tablets, or laptops to
engage them in more sophisticated tasks

and thinking.

In addition to a library of developmental math
questions, Learning Catalytics questions created
specifically for this text are pre-built to make

it easy for instructors to begin using this tool!
These questions, which cover prerequisite skills
before each section, are noted in the margin of
the Annotated Instructor’s Edition, and can be
found in Learning Catalytics by searching for
“LialACS#", where # is the chapter number.

L Switch 1o 1exl response

& Send a message to the instructar
4 Join anosher seaalon

pearson.com/mylab/math




Instructor Resources

Annotated Instructor’s Edition

Contains all the content found in the student
edition, plus answers to even and odd exercises
on the same text page, and Teaching Tips and
Classroom Examples throughout the text placed
at key points.

The resources below are available through Pearson’s
Instructor Resource Center, or from MyLab Math.

Instructor’s Resource Manual
with Tests

Includes mini-lectures for each text section,
several forms of tests per chapter—two
diagnostic pretests, four free-response and
two multiple-choice test forms per chapter,
and two final exams.

Instructor’s Solutions Manual

Contains detailed, worked-out solutions to all
exercises in the text.

TestGen®

Enables instructors to build, edit, print, and
administer tests using a computerized bank of
questions developed to cover all the objectives of

the text. TestGen is algorithmically based, allowing

instructors to create multiple but equivalent
versions of the same question or test with the
click of a button. Instructors can also modify test
bank questions or add new questions.

PowerPoint Lecture Slides

Available for download only, these slides present
key concepts and definitions from the text.
Accessible versions of the PowerPoint slides

are also available for students who are vision-
impaired.

Resources for Success

‘P Pearson
MyLab

Student Resources

Guided Notebook

This Guided Notebook helps students keep their
work organized as they work through their course.
The notebook includes:

e Guided Examples that are worked out for
students, plus corresponding Now Try This
exercises for each text objective.

e Extra practice exercises for every section of the
text, with ample space for students to show
their work.

® |earning objectives and key vocabulary terms
for every text section, along with vocabulary
practice problems.

Student Solutions Manual

Provides completely worked-out solutions to

the odd-numbered section exercises and to all
exercises in the Now Trys, Relating Concepts,
Chapter Reviews, Mixed Reviews, Chapter Tests,
and Cumulative Reviews. Available at no additional
charge in the MyLab Math course.

pearson.com/mylab/math
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Using Your Math Text

Your text is a valuable resource. You will learn more if you make full use of the features it offers.

Now TRY THIS

General Features of This Text
Locate each feature, and complete any blanks.

e Table of Contents This is located at the front of the text.

Find it and mark the chapters and sections you will
cover, as noted on your course syllabus.

e Answer Section This is located at the back of the text.

Tab this section so you can easily refer to it when
doing homework or reviewing for tests.

e List of Formulas This helpful list of geometric formulas,
along with review information on triangles and angles, is
found at the back of the text.

The formula for the volume of a cube is

Specific Features of This Text

Look through Chapter 1 and give the number of a
page that includes an example of each of the following
specific features.

e Objectives The objectives are listed at the beginning
of each section and again within the section as the
corresponding material is presented. Once you finish a
section, ask yourself if you have accomplished them.
See page

e Vocabulary List Important vocabulary is listed at the beginning of each section. You
should be able to define these terms when you finish a section. See page

e Now Try Exercises These margin exercises allow you to immediately practice the
material covered in the examples and prepare you for the exercises. Check your results
using the answers at the bottom of the page. See page

e Pointers These small, shaded balloons provide on-the-spot warnings and reminders,
point out key steps, and give other helpful tips. See page

e Cautions These provide warnings about common errors that students often make or
trouble spots to avoid. See page

e Notes These provide additional explanations or emphasize other important ideas.
See page

e Problem-Solving Hints These boxes give helpful tips or strategies to use when you
work applications. See page
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Now TRY THIS

Reading Your Math Text

Take time to read each section and its examples before doing
your homework. You will learn more and be better prepared to work
the exercises your instructor assigns.

Approaches to Reading Your Math Text

Student A learns best by listening to her teacher explain things.
She “gets it” when she sees the instructor work problems. She pre-
views the section before the lecture, so she knows generally what to
expect. Student A carefully reads the section in her text AFTER
she hears the classroom lecture on the topic.

Student B learns best by reading on his own. He reads the section
and works through the examples before coming to class. That way,
he knows what the teacher is going to talk about and what questions
he wants to ask. Student B carefully reads the section in his text
BEFORE he hears the classroom lecture on the topic.

Which of these reading approaches works best for you—that of
Student A or Student B?

Tips for Reading Your Math Text

e Turn off your cell phone and the TV. You will be able to concen-
trate more fully on what you are reading.

Survey the material. Glance over the assigned material to get an idea of the “big picture.”
Look at the list of objectives to see what you will be learning.

Read slowly. Read only one section—or even part of a section—at a sitting, with paper
and pencil in hand.

Pay special attention to important information given in colored boxes or set in bold-
face type. Highlight any additional information you find helpful.

Study the examples carefully. Pay particular attention to the blue side comments and
any pointer balloons.

Do the Now Try exercises in the margin on separate paper as you go. These problems
mirror the examples and prepare you for the exercise set. Check your answers with those
given at the bottom of the page.

Make study cards as you read. Make cards for new vocabulary, rules, procedures, for-
mulas, and sample problems.

Mark anything you don’t understand. ASK QUESTIONS in class—everyone will benefit.
Follow up with your instructor, as needed.

Think through and answer each question.

1. Which two or three reading tips given above will you try 2. Did the tips you selected improve your ability to read and

this week?

S-2
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Taking Lecture Notes

Come to class prepared.

Bring paper, pencils, notebook, text, com-
pleted homework, and any other materials
you need.

Arrive 10-15 minutes early if possible. Use

the time before class to review your notes
or study cards from the last class period.

Select a seat carefully so that you can
hear and see what is going on.

Study the set of sample math notes given
at the right.

Use a new page for each day’s lecture.

Include the date and title of the day’s
lecture topic.

Skip lines and write neatly to make
reading easier.

Include cautions and warnings to
emphasize common errors to avoid.

Mark important concepts with stars,
underlining, etc.

Use two columns, which allows an
example and its explanation to be close
together.

Use brackets and arrows to clearly show
steps, related material, etc.

e Highlight any material and/or informa-

tion that your instructor emphasizes.
Instructors often give “clues” about mate-
rial that will definitely be on an exam.

Tmm/aﬁ@ Words to Expressions
I amtl:‘quatz‘om

i Problem rol«/i@’: kg/ words or phoases translate to n@eémio
1 expressions.

: Subtraction is not commutative;

t/worder@gmﬂm

Sept. 1

! Corvect Wrog
::Exwla: 10 less than a number x-170 70 - x
a number subtvacted from 10 70 — x x—-10
70 minus a number 70 — x x—10

AWM"/Wi#’wMLfm) A sentence
K{ﬁeérm €)CP4’ ession 37%61110/1/ &i,f/b = ﬂ_’.ﬂ”/
Note

Noequality syumbol.in an expression. 3x + 2
Equation has an equality symbol.
A

3x+2 =14

(s

71;7 Pay close attention to exact mr@' zyf the sentence;
T watch ﬁ)r comumas.

mimfﬁentf;f 28
X + 4 '2{;
mﬁLﬁwi'za
7\ SRA M

Comumas separate
this from division part

Consider using a three-ring binder to organize your notes, class handouts, and
completed homework.

Now TRY THIS

With a study partner or in a small group, compare lecture notes. Then answer each question.

1. What are you doing to show main points in your notes

(such as boxing, using stars, etc.)?

2. In what ways do you set off explanations from worked
problems and subpoints (such as indenting, using arrows,

circling, etc.)?

mates’ notes?

future lectures?

3. What new ideas did you learn by examining your class-

4. What new techniques will you try when taking notes in

S-3



Completing Your Homework

You are ready to do your homework AFTER you have read
the corresponding text section and worked through the
examples and Now Try exercises.

Homework Tips

e Keep distractions and potential interruptions to a
minimum. Turn off your cell phone and the TV. Find a
quiet, comfortable place to work, away from a lot of other
people, so you can concentrate on what you are doing.

e Review your class notes. Pay particular attention to
anything your instructor emphasized during the lecture
on this material.

e Survey the exercise set. Glance over the problems that your instructor has assigned to
get a general idea of the types of exercises you will be working. Skim directions, and note
any references to section examples.

e Work problems neatly. NEVER do your math homework in pen. Use pencil and write
legibly, so others can read your work. Skip lines between steps. Clearly separate problems
from each other.

e Show all your work. It is tempting to take shortcuts. Include ALL steps.

e Check your work frequently to make sure you are on the right track. It is hard to unlearn
a mistake. For all odd-numbered problems, answers are given in the back of the text.

e If you have trouble with a problem, refer to the corresponding worked example in
the section. The exercise directions will often reference specific examples to review. Pay
attention to every line of the worked example to see how to get from step to step.

e If you have trouble with an even-numbered problem, work the corresponding odd-
numbered problem. Check your answer in the back of the text, and apply the same steps
to work the even-numbered problem.

e If you have genuinely tried to work a problem but have not been able to complete
it in a reasonable amount of time, it’'s ok to STOP. Mark these problems. Ask for help
at your school’s tutor center or from fellow classmates, study partners, or your instructor.

e Do some homework problems every day. This is a good habit, even if your math class
does not meet each day.

Now TRY THIS

Think through and answer each question.
1. What is your instructor’s policy regarding homework?

2. Think about your current approach to doing homework. Be honest in your assessment.
(@) What are you doing that is working well?
(b) What improvements could you make?

3. Which one or two homework tips will you try this week?

4. Inthe event that you need help with homework, what resources are available? When
does your instructor hold office hours?
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Using Study Cards

You may have used “flash cards” in other classes. In math, “study cards” can help you remember
terms and definitions, procedures, and concepts. Use study cards to

e Help you understand and learn the material;
e Quickly review when you have a few minutes;

e Review before a quiz or test.

One of the advantages of study cards is that you learn the
material while you are making them.

Vocabulary Cards

Put the word and a page reference on the front of the card.
On the back, write the definition, an example, any related
words, and a sample problem (if appropriate).

Procedure (“Steps”) Cards

Write the name of the procedure on the front of the card.
Then write each step in words. On the back of the card, put
an example showing each step.

Practice Problem Cards

Write a problem with direction words (like solve, simplify) on
the front of the card, and work the problem on the back.
Make one for each type of problem you learn.

Now TRY THIS

Make a vocabulary card, a procedure card, and
a practice problem card for material that you are
learning or reviewing.

Interval notation p 104

Front of
Card

DWLOW Using :}/mbo&f to describe an interval on a number
line.

Use interval notation to tell what numbers ave in the solution set

Exﬂm{zle:: (=5, ©) ’:jiw, ”f,fjriatgum_%
/}lémmﬁer:betwm—ﬁ'm.i

including =S, excluding

(=5 %

Back of
Card

Ioloz'nj a Linear In,equddy p108

1. Iwupl(ﬁ/' ify each side s . (Clear paventheses, fractions, and
WW@W%’%WM) e

2. Isolate variable terms on one side. (Add or subtvact the same
number from each side.)

3. Isolate the variable. (Divide each side by the same number; if
dividing by a neqative number; reverse direction 7’ inequality.)

Front of
Card

Solve =3 (x +4) +2 = 7-x andgraphthe solution set.

—X
3 (x+4) +2=7-x Clear parentheses.
=3x-12+2 =7-x Combine like terms.
-3x-10 = 7-x Ba‘tlv;édaa/erw&‘ﬁwﬂ
“3x-10+x =7-Xx+x  Addxtoeach side.
-2x -10 = 7
—-2x —10 +710 = 7 +70

—2x 17
=z

Add, 10 to each side.
Divide each side by —2; divid:
=2 by neqative, reverse divection
inequality symbol:

= =X
x

-9 =30

Variable term still not isolated;

17 _ 7
- -2 = 5L

Back of
Card

Solve this ¢ Mlaiy . Give the solution set in both
interval M%th ﬁ)rm&

—S5x —42> 177

Front of
Card

—S5x -4 211
—Sx-4+4 2171 +¢
-Sx® 18
|

Neither side can be simplified.
Add 4 to each side.
Divide each side by .

-5xQ@15

s because dividing
X< -3
(=, =3]

—t

=5 0

Solution set in interval ﬁmm

all numbers less thaw or equal to -3,
including -3

Graph o/'«’ solution set.

Reverse divection 7 mequald.y r}/mlm&
by negative number.

Back of
Card
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STUDY SKILL 6

S-6

Managing Your Time

Many college students juggle a busy schedule and multiple responsibilities, including school,

work, and family demands.

Time Management Tips

Read the syllabus for each class. Understand class policies,
such as attendance, late homework, and make-up tests. Find out
how you are graded.

Make a semester or quarter calendar. Put test dates and major
due dates for all your classes on the same calendar. Try using a
different color for each class.

Make a weekly schedule. After you fill in your classes and other
regular responsibilities, block off some study periods. Aim for
2 hours of study for each 1 hour in class.

Choose a regular study time and place (such as the campus
library). Routine helps.

Keep distractions to a minimum. Get the most out of the time
you have set aside for studying by limiting interruptions. Turn off
your cell phone. Take a break from social media. Avoid studying
in front of the TV.

Make “to-do” lists. Number tasks in order of importance. To see
your progress, cross off tasks as you complete them.

® Break big assignments into smaller chunks. Don’t wait until the last minute to begin big
assignments or to study for tests. Make deadlines for each smaller chunk so that you stay

on schedule.

e Take breaks when studying. Do not try to study for hours at a time. Take a 10-minute

break each hour or so.

e Ask for help when you need it. Talk with your instructor during office hours. Make use
of the learning/tutoring center, counseling office, or other resources available at your

school.

Now TRY THIS

Work through the following, answering any questions.

1. Evaluate when and where you are currently studying. Are these places quiet and
comfortable? Are you studying when you are most alert?

2. Which of the above tips will you try this week to improve your time management?

3. Create a weekly calendar that includes your class times, study times, and other family
and/or work obligations.

4. Once the week is over, evaluate how these tips worked. Did you use your calendar
and stick to it? What will you do differently next week?

5. Ask classmates, friends, and/or family members for tips on how they manage their
time. Try any that you think might work for you.



Reviewing a Chapter

Your text provides extensive material to help you prepare for quizzes
or tests in this course. Refer to the Chapter 1 Summary as you read

through the following techniques.

Techniques for Reviewing a Chapter

e Review the Key Terms and any New Symbols. Make a study
card for each. Include a definition, an example, a sketch (if appro-

priate), and a section or page reference.
® Take the Test Your Word Power quiz to check your understand-
ing of new vocabulary. The answers immediately follow.

® Read the Quick Review. Pay special attention to the headings.
Study the explanations and examples given for each concept. Try

to think about the whole chapter.

® Reread your lecture notes. Focus on what your instructor has
emphasized in class, and review that material in your text.

® Look over your homework. Pay special attention to any trouble
spots.

e Work the Review Exercises. They are grouped by section.
Answers are included at the back of the text.

» Pay attention to direction words, such as simplify, solve, and
evaluate.

cm?, ft, etc.?
» Make study cards for difficult problems.

CHAPTER 1 Summary 137

Chapter 1

STUDY SKILLS REMINDER

How do you best prepare for a test? Review i
Stu

Reviewing a Chapter. S,

Key Terms

linear (first-

(first-degree) mathematical model inequality
oduaton none variable  formul interval Cection

percent nerva compound inequality

S ar inequali
Souton et percent increase Capla Y 1 one union

alent equations rcent decreasy
conditional equation P s ;:‘l‘;'e‘;’::‘,"‘emmllums

-part inequality

identity
o absolute value equation
absolute value inequality

contradiction
consecutive integers

consecutive even integers
consecutive odd integers

New Symbols

% percent « i (a, b
infinity
(a,8) interval notation for N set intersection

1 one de; i
gree - negative infinity a<x< U set
- set union
(=%,%) the set of real [a,]  interval notation for
numbers a=xsp

Test Your Word Power

See how well you have leaned the vocabulary in this hapier.

L. An equation C
cauaton s C. two solutions D. anotation to deseri
BA anlschrai exprsson D. infinitely many solutions. quanties, et
. an expression that contains i i o
3. Aninequality is 5. The intersection of t
3 ct of two sets A and B

fractions

C. an expresson thatuses any of A :;I\:icmenl that two algebraic is the set of elements that belong
the four basic operations or th ssions are equal A
s e . to both A and B
b B. a point on a numbe
operation of raising to powers or P & umber line B. (0 cither A or
taking roots on any co][’e"c“un o C. an equation with no solutions C. tocither A or g' b .b o
D. a statement consisting of D. tojustA - butotborh

variables and numbers formed
et iné algebraic expressions related The uni
) " ules of algebra it xpresi 6. The union of two sets A and B is the
. 4 statement that two algebraic . . sctof elements that belo

s ng

expressions are equal 4. Interval notation is A. toboth A and B
2. Alinear equation that is a conditional - @ point on a number fine B. tocither A or B, or both
cauntion B. & special notation for describing C o cither 4 or 8, but
@ point on a number line Do

A. 10 solution
B. one solution C. away to use symbols to describe

an interval on a number line
ANSWERS.

conditional equation with one solution, 10,

(==.5). (1), [-3,3)

Are your answers exact and complete? Did you include the correct labels, such as $,

e Work the Mixed Review Exercises. They are in random order. Check your answers in the

answer section at the back of the text.

e Take the Chapter Test under test conditions.

» Time yourself.

» Use a calculator or notes only if your instructor permits them on tests.

» Take the test in one sitting.

» Show all your work.

» Check your answers in the answer section. Section references are provided.

Reviewing a chapter takes time. Avoid rushing through your review in one night. Use the
suggestions over a few days or evenings to better understand and remember the material.

Now TRY THIS

Follow these reviewing techniques to prepare for your next test. Then answer each question.

1. How much time did you spend reviewing for your test?
Was it enough?
2. Which reviewing techniques worked best for you?

3. Are you investing enough time and effort to really know the
material and set yourself up for success? Explain.

4. What will you do differently when reviewing for your next test?



Taking Math Tests

Techniques to Improve
Your Test Score Comments

Come prepared with a pencil, eraser,
paper, and calculator, if allowed.

Working in pencil lets you erase,
keeping your work neat.

Scan the entire test, note the point
values of different problems, and
plan your time accordingly.

To do 20 problems in 50 minutes, allow
50 =+ 20 = 2.5 minutes per problem.
Spend less time on easier problems.

Do a “knowledge dump” when you
get the test. Write important notes,
such as formulas, in a corner of the test
for reference.

Writing down tips and other special
information that you’ve learned at the
beginning allows you to relax as you
take the test.

Read directions carefully, and circle
any significant words. WWhen you fin-
ish a problem, reread the directions. Did
you do what was asked?

Pay attention to any announcements
written on the board or made by your
instructor. Ask if you don’t understand
something.

Show all your work. Many teachers
give partial credit if some steps are cor-
rect, even if the final answer is wrong.
Write neatly.

If your teacher can’t read your writing,
you won'’t get credit for it. If you need
more space to work, ask to use extra

paper.

Write down anything that might
help solve a problem: a formula, a
diagram, etc. If necessary, circle the
problem and come back to it later. Do
not erase anything you wrote down.

If you know even a little bit about a
problem, write it down. The answer may
come to you as you work on it, or you
may get partial credit. Don’t spend too
long on any one problem.

If you can’t solve a problem, make a
guess. Do not change it unless you find
an obvious mistake.

Have a good reason for changing an
answer. Your first guess is usually your
best bet.

Check that the answer to an appli-
cation problem is reasonable and
makes sense. Reread the problem
to make sure you’ve answered the
question.

Use common sense. Can the father
really be seven years old? Would a
month’s rent be $32,140? Remember
to label your answer if needed: $, years,
inches, etc.

Check for careless errors. Rework
each problem without looking at your
previous work. Then compare the two
answers.

Reworking a problem from the begin-
ning forces you to rethink it. If possible,
use a different method to solve the
problem.

Now TRY THIS

Think through and answer each question.

1. What two or three tips will you try when you take your next

math test?

2. How did the tips you selected work for you when you took

your math test?
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test?

3. What will you do differently when taking your next math

4. Ask several classmates how they prepare for math tests.
Did you learn any new preparation ideas?



Analyzing Your Test Results

An exam is a learning opportunity—learn from your mistakes. After a test is returned, do
the following:

e Note what you got wrong and why you had points deducted.

e Figure out how to solve the problems you missed. Check your text or notes, or ask your
instructor. Rework the problems correctly.

o Keep all quizzes and tests that are returned to you. Use them to study for future tests
and the final exam.

Typical Reasons for Errors on Math Tests

1. You read the directions wrong.
You read the question wrong or skipped over something.

You made a computation error.

P 0N

You made a careless error. (For example, you incorrectly copied a correct answer onto a
separate answer sheet.)

Your answer was not complete.

You labeled your answer wrong. (For example, you labeled an answer “ft” instead of “ft2.”)
You didn’t show your work.

You didn’t understand a concept.

You were unable to set up the problem (in an application).

© © ® N o O

—

. You were unable to apply a procedure.

Now TRY THIS

Work through the following, answering any questions.

1. Use the sample charts at the ¥ Test-Taking Errors

These are test-taking errors.
They are easy to correct if you
read carefully, show all your
work, proofread, and double-
check units and labels.

These are test preparation
errors. Be sure to practice all the
kinds of problems that you will
see on tests.

right to track your test-taking Read Read Made Made | Answer | Answer Didn’t
progress. Refer to the tests | Test | directions | question & computation @ careless not labeled show
you have taken so far in your wrong wrong error error | complete | wrong work
course. For each test, check the 1
appropriate box in the charts to 2
indicate that you made an error 3
in a particular category.
2. What test-taking errors did
you make? Do you notice any ¥ Test Preparation Errors
patterns? Test Didn’t understand Didn’t set up problem Couldn’t apply
3. What test preparation errors did B2 HETEE £ LD
you make? Do you notice any
patterns? 2
4. What will you do to avoid these 8

kinds of errors on your next test?



STUDY SKILL 10

Preparing for Your Math Final Exam

Your math final exam is likely to be a comprehensive exam, which means it
will cover material from the entire term. One way to prepare for it now is
by working a set of Cumulative Review Exercises each time your class
finishes a chapter. This continual review will help you remember concepts
and procedures as you progress through the course.

Final Exam Preparation Suggestions

1. Figure out the grade you need to earn on the final exam to get
the course grade you want. Check your course syllabus for grading
policies, or ask your instructor if you are not sure.

2. Create a final exam week plan. Set priorities that allow you to
spend extra time studying. This may mean making adjustments, in
advance, in your work schedule or enlisting extra help with family
responsibilities.

3. Use the following suggestions to guide your studying.

Begin reviewing several days before the final exam. DON'T wait until the last
minute.

Know exactly which chapters and sections will be covered on the exam.
Divide up the chapters. Decide how much you will review each day.
Keep returned quizzes and tests. Use them to review.

Practice all types of problems. Use the Cumulative Review Exercises at the end of
each chapter in your text beginning in Chapter 1. All answers, with section references,
are given in the answer section at the back of the text.

Review or rewrite your notes to create summaries of important information.

Make study cards for all types of problems. Carry the cards with you, and review
them whenever you have a few minutes.

Take plenty of short breaks as you study to reduce physical and mental stress.
Exercising, listening to music, and enjoying a favorite activity are effective stress
busters.

Finally, DON’T stay up all night the night before an exam—get a good night’s sleep.

Now TRY THIS

Think through and answer each question.

1. How many points do you need to earn on your math final exam to get the grade
you want in your course?

2. What adjustments to your usual routine or schedule do you need to make for final
exam week? List two or three.

3. Which of the suggestions for studying will you use as you prepare for your math
final exam? List two or three.

4. Analyze your final exam results. How will you prepare differently next time?



REVIEW OF THE REAL
NUMBER SYSTEM

R.1 Fractions, Decimals, and Percents

R.2 Basic Concepts from Algebra

R.3 Operations on Real Numbers

R.4 Exponents, Roots, and Order of Operations
R.5 Properties of Real Numbers

m Fractions, Decimals, and Percents

OBJECTIVES

1

2

Write fractions in lowest
terms.

Convert between
improper fractions
and mixed numbers.

Perform operations
with fractions.

Write decimals as
fractions.

Perform operations
with decimals.

Write fractions as
decimals.

Write percents as
decimals and decimals
as percents.

Write percents as
fractions and fractions
as percents.

Recall that fractions are a way to represent parts of
a whole. See FIGURE 1. In a fraction, the numerator
gives the number of parts being represented. The
denominator gives the total number of equal parts
in the whole. The fraction bar represents division

a .
(Z =a -+ b).
3 <— Numerator
Fraction bar — — )
8 <— Denominator

The shaded region represents
g of the circle.

FIGURE 1

A fraction is classified as either a proper fraction or an improper fraction.

Proper fractions

B

12
5 7
. 3 5 11 28
Improper fractions = = - —
275

OBJECTIVE 1 Write fractions in lowest terms.

2 9 23 Numerator is less than denominator.
10" 25 Value is less than 1.

Numerator is greater than or equal
, . to denominator. Value is greater
7 4 than or equal to 1.

A fraction is in lowest terms when the numerator and denominator have no

factors in common (other than 1).

Writing a Fraction in Lowest Terms

Step 1 Write the numerator and denominator in factored form.

Step 2 Replace each pair of factors common to the numerator and

denominator with 1.

Step 3 Multiply the remaining factors in the numerator and in the

denominator.

(This procedure is sometimes called “simplifying the fraction.””)
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VOCABULARY

O fractions

[0 numerator

[ denominator

O proper fraction

O improper fraction
[ lowest terms

[ mixed number

[ reciprocals

[ decimal

O terminating decimal
O repeating decimal
[ percent

G NOW TRY

EXERCISE 1

Write each fraction in lowest
terms.

30 10 72
(a) 0 (b) 70 (c) 120

NOW TRY
EXERCISE 2

.92 .
Write Sasa mixed number.

GNOW TRY
EXERCISE 3

. 2 .
Write 1175 as an improper
fraction.

NOW TRY ANSWERS
L@2 s ©3
2. 183

35
3.2

D CVI4N3/W Writing Fractions in Lowest Terms
Write each fraction in lowest terms.
25 2 5 2 g

@ o=t 2=2 222
V15735 35 3

R
45 3 -+15 3. 3 in the numerator.

150 3-50 3 3
(c)iziz—-lz—
200 4-50 4 4

5 is the greatest common
3 factor of 10 and 15.

50 is the greatest common factor of 150 and 200.

Another strategy is to choose any common factor and work in stages.

150 1510 3-5-10 3
= = =—-1--1= Z The same answer results.

200 20-10 4-5-10 4
NOWTRY@

OBJECTIVE 2 Convert between improper fractions and mixed numbers.

A mixed number is a single number that represents the sum of a natural (counting)
number and a proper fraction.

Mixed number — 2i =2 + é
4 4

VN YN8 Converting an Improper Fraction to a Mixed Number

Write % as a mixed number.

a
b
ator of the improper fraction by the denominator.

Because the fraction bar represents division ( =a -+ b,or b%), divide the numer-

'/ <— Quotient
Denominator of fraction — SE <— Numerator of fraction 59

56 8

"3 <— Remainder

DN YNSEN Converting a Mixed Number to an Improper Fraction

.4 . .
Write 6 as an improper fraction.

Multiply the denominator of the fraction by the natural number, and then add the
numerator to obtain the numerator of the improper fraction.

7-6=42 and 42+ 4 =46

The denominator of the improper fraction is the same as the denominator in the mixed
number, which is 7 here.

4 7-6+4 46

7 7 7

NOW TRY 9



NI
F————4
4

S~

3 1. . 31
7 of 5 isequivalentto 3 * 3,
which equals g of the circle.

FIGURE 2

G NOW TRY

EXERCISE 4

Multiply. Write the answer in
lowest terms.

4 5
7 8
L
—r
~—1
- |
A
2N :
/
I AN
F————/*
\ |
\ S
\ 7 |
X
~ |
S~

1 . . 11
5 = 4isequivalentto 5 * 7,
which equals 3 of the circle.

FIGURE 3

NOW TRY ANSWER

5
4. 1

SECTION R.1 Fractions, Decimals, and Percents 3

OBJECTIVE 3 Perform operations with fractions.

FIGURE 2 illustrates multiplying fractions.

Multiplying Fractions

a c_a-c

b d b-d

That is, to multiply two fractions, multiply their numerators and then multiply
their denominators.

If % and 2 are fractions, then

DOVIHNN Multiplying Fractions

Multiply. Write the answer in lowest terms.

3 4
8 9
3.4 Multiply numerators.
- ﬁ Multiply denominators.
= 2 Multiply.
72
1-12 The greatest common factor

612 of 12 and 72 is 12.
is in lowest terms. 6 6-12 6 6 NOW TRY 9

Two numbers are reciprocals of each other if their product is 1. For example,

3 0412 C . . C
1 3= 15> or L. Division is the inverse or opposite of multiplication, and as a result,

we use reciprocals to divide fractions. FIGURE 3 illustrates dividing fractions.

Dividing Fractions

c_a d
3

» T
That is, to divide by a fraction, multiply by its reciprocal.

If % and 2 are fractions, then = % .

D \IYN3N Dividing Fractions

Divide. Write answers in lowest terms as needed.

3 8 5 10
(a) 15 (b) g T
: 5
_3 5 Multiply by g,sthe _5 1 Multiply by -5, the
4 8 reciprocal of ;. 8 10 reciprocal of 10.
3.5 Multiply numerators. 5. )
= = Multiply and factor.
4 +8  Multiply denominators. 8+2+5

_ E Make sure the answer _ L Remember to write 1
- 32 is in lowest terms. - 16 in the numerator.
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NOW TRY 21
GEXERCISEs (c) l3 : 42

Divide. Write answers in

5 9
lowest terms as needed. = g + 5 Write each mixed number as an improper fraction.
2 8 3 2
a) -+ (b) 35 +4=
@ 7 9 (b) 4 7 5 9
= g : 5 Multiply by g, the reciprocal of g.
10 Multiply. Th tient is in | tt
= — ultiply. The quotient is in lowest terms.
27 Now TRY ()
FIGURES 4 and 5 illustrate adding and subtracting fractions.
Adding Fractions Subtracting Fractions
AN i -
N\ 4 2
N =3 =3
\ 7 | _ 1 _ 1
\\(/ : =3 =7
FIGURE 4 FIGURE 5
Adding and Subtracting Fractions
If Z and % are fractions (where b # 0), then add or subtract as follows.
a + ¢c_a+tc
b b b
a ¢ _a-c
b b b
That is, to add or subtract two fractions having the same denominator, add or
subtract the numerators and keep the same denominator.
If the denominators are different, first find the least common denominator
(LCD). Write each fraction as an equivalent fraction with this denominator. Then
add or subtract as above.
D \IHNHW Adding and Subtracting Fractions
Add or subtract as indicated. Write answers in lowest terms as needed.
(@) 2 N 3 (b) 4 N 5
a) — 4+ — a2
10 10 15 9
15=38-5and
_2+3 Add numerators. 4 3 +5 5 45=3:3-5,s0the
- 10 Keep the same - 15 3 9 5 I_CD iS 3 N 3 -5 = 45
denominator. Write equivalent
= 5 = E + é fractions with the
10 45 45 common denominator.
ita i Add numerators.
NOW TRY ANSWERS _1 Write inlowest _ 37
9 7 2 terms. 45 Keep the same
5. @5 b3

denominator.



Fractions, Decimals, and Percents

SECTION R.1
GNOWTRY © 15 4
EXERCISE 6 16 9
Add or subtract as indicated. B 16 and 9 h
Write answers in lowest terms I5 9 4 16 eeause 1o an ave no common
= — — — factors except 1, the LCD is
as needed. 16 9 9 16 16 - 9 = 144.
(a) 1 + 3 (b) S + 3 135 64 Write equivalent fractions with
8 8 12 8 T 144 144 the common denominator.
5 2 1 5
(c) 15 (d) 45 - 28 71 Subtract numerators.
144 Keep the common denominator.
1 3
d4-—1-
@ 2 4
1 3
Method1 4—— 1—
2 4
9 7 . . . .
= 5 — Z Write each mixed number as an improper fraction
18 7
= — = Find a common denominator. The LCD is 4.
el 2_w—4 4
"2 2 4
11 3 ) .
= Z’ or 2 Z Subtract. Write as a mixed number.
Method 2 41 42 36 The LCD is 4.
etho —=4—=3- 2 2 4 2 .8
2 4 4 4273"!‘14‘5734‘2-"—2731
3 3
—1-=1-=1-
4 4
23 or E The same answer results.
4 4 NOW TRY g

Fractions are one way to represent parts of a whole. Another way is with a decimal

fraction or decimal, a number written with a decimal point.
9.25, 14.001, 0.3 Decimal numbers

3 parts of the whole 10 are shaded.
See FIGURE 6. Each digit in a decimal number has a place value, as shown below.

As a fraction, % of the figure is
shaded. As a decimal, 0.3 is shaded.
Both of these numbers are read

“three-tenths.”
FIGURE 6
(%]
2
g £
s g 5
s 2 2 w £ &
£ T o IS 2 5 @
o T © ] i O 9
T 3 © T o T < 3
o o g 9 O 0o & 8 8
c o =~ u <L
o 0 v 35 © » 7] £ T 5 ¥
=S ¢c o § & @2 S £ o ¢
= D o) c o5} o < 3}
4, 8 9 6,3 2 8.9 7 2 1
— J/ ~- ~/
Whole number Decimal point Fractional
read “and” part

part

NOW TRY ANSWERS

1 19 23
6. (@ 5 (b) 5 (©) 5 . . . ..
2 wom Each successive place value is ten times greater than the place value to its right and
one-tenth as great as the place value to its left.

@ 3 or 13
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G NOW TRY
EXERCISE 7
Write each decimal as a

fraction. (Do not write in
lowest terms.)

(a) 0.8 (b) 0431 (c) 2.58

G NOW TRY
EXERCISE 8
Add or subtract as indicated.

(a) 68.9 + 42.72 + 8.973
(b) 351.8 — 2.706

NOW TRY ANSWERS

8 431 258
7. @ 15 M 1500 © 50

8. (a) 120.593 (b) 349.094

OBJECTIVE 4 Write decimals as fractions.

Place value is used to write a decimal number as a fraction.

Converting a Decimal to a Fraction

Read the decimal using the correct place value. Write it in fractional form just
as it is read.

* The numerator will be the digits to the right of the decimal point.

* The denominator will be a power of 10—that is, 10 for tenths, 100 for
hundredths, and so on.

D NIJN3yM Writing Decimals as Fractions
Write each decimal as a fraction. (Do not write in lowest terms.)
(a) 0.95 We read 0.95 as “ninety-five hundredths.”

95
095 =—-
100 <— For hundredths

(b) 0.056  We read 0.056 as “fifty-six thousandths.”

Do not confuse 0.056 with 0.56, 56
read “fifty-six hundredths,” which is 0.056 = ——
the fraction%. 1000 <— For thousandths

(c) 4.2095 We read this decimal number, which is greater than 1, as “Four and
two thousand ninety-five ten-thousandths.”

2095
4.2095 =4 Write the decimal humber as a mixed number.
10,000
[ Think: 10,000 - 4 + 2096 — 42,095
= 10.000 Write the mixed number as an improper fraction.

NOW TRY 9

OBJECTIVE 5 Perform operations with decimals.

NN Adding and Subtracting Decimals
Add or subtract as indicated.

(a) 6.92 + 14.8 + 3.217

Place the digits of the decimal numbers in columns by place value. Attach zeros as
placeholders so that there are the same number of places to the right of each decimal
point.

6.92 6.920  Attach Os.
EE D 14.8 14.800\ B BT DR

+ 3.217 becomes + 3.217 14.8 is equivalent to 14.800.

24.937
(b) 47.6 — 32.509
47.6 47.600 Write the decimal numbers in
—32.509 becomes — 32.509 columns, attaching Os to 47.6.
15.091 NOW TRY 9



G NOW TRY
EXERCISE 9
Multiply or divide as
indicated.

(a) 932X 14

(b) 0.6 X 0.004

(c) 7.334 + 3.1
(Round the answer to two
decimal places.)

NOW TRY ANSWERS
9. (a) 13.048 (b) 0.0024
(c) 5.64

SECTION R.1 Fractions, Decimals, and Percents 7

DN Multiplying and Dividing Decimals
Multiply or divide as indicated.
(a) 29.3 X 4.52

Multiply normally. Place the
decimal point in the answer as

(b) 0.05X0.3

Here 5 X 3 = 15. Be careful placing
the decimal point.

shown. 2 decimal places 1 decimal place
2073 1 dec!mal place 0.05 X 03
X 452 2 decimal places
“Ss | 1+2-9 (on o0 50, = 0,015
1465 2 + 1 = 3 decimal places
1172 Attach 0 as a placeholder

132.436 3 decimal places in the tenths place.

(c) 8.949 +1.25 (Round the answer to two decimal places.)

7.159

Move each 125 }894.900

decimal point 875
two places to 199

the right. 125

740
625
1150
1125

25

Move the decimal point
straight up, and divide

as with whole numbers.
Attach Os as placeholders.

1.25 )8%9

A

We carried out the division to three decimal places so that we could round to two
decimal places, obtaining the answer 7.16.
P £ NOW TRY 9

To round 7.159 in Example 9(c) to two decimal places (that is, to the nearest
hundredth), we look at the digit to the right of the hundredths place.

e If this digit is 5 or greater, we round up.
e If this digit is less than 5, we drop the digit(s) beyond the desired place.

Hundredths place

|

7.159 9, the digit to the right of the hundredths place, is 5 or greater.
~ 7.16 Round 5 up to 6. = means is approximately equal to.

Multiplying and Dividing by Powers of 10 (Shortcuts)

* To multiply by a power of 10, move the decimal point to the right as many
places as the number of zeros.

* To divide by a power of 10, move the decimal point to the left as many places
as the number of zeros.

In both cases, insert Os as placeholders if necessary.
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G NOW TRY
EXERCISE 10
Multiply or divide as
indicated.

(a) 294.72 X 10
(b) 4.793 + 100

D183/ 0] Multiplying and Dividing by Powers of 10
Multiply or divide as indicated.

(a) 48.731 X 10
= 48.731
v
= 487.31
(¢) 48.731 + 10
= 48.731
A
= 4.8731

Move the decimal
point one place to
the right.

Move the decimal
point one place to
the left.

(b) 48.731 X 1000
= 48.731
AAA
= 48,731
(d) 48.731 + 1000
= (048.731
Aaau
= 0.048731

G NOW TRY

EXERCISE 11

Write each fraction as a
decimal. For repeating
decimals, write the answer by
first using bar notation and

then rounding to the nearest
thousandth.

17 2
(a) 20 (b) 9

OBJECTIVE 6 Write fractions as decimals.

Converting a Fraction to a Decimal

Because a fraction bar indicates division, write a fraction as a decimal by dividing
the numerator by the denominator.

D NIHNSRBN Writing Fractions as Decimals

Write each fraction as a decimal.

Move the decimal
point three places
to the right.

Move the decimal
point three places
to the left.

NOW TRY g

(@) 19 2.375  Divide 19 by 8. (b 2 0.6666 . . .
8 8)19.000 Add a decimal 3 3}2.0000 .
16 point and as 18
_30 many Os as _20
24 necessary to 19. 18
60 20
56 18
40 20
40 18
0 2
19

35 of the 100 squares are

shaded. That is, -5, or 35%,

of the figure is shaded.
FIGURE 7

NOW TRY ANSWERS
10. (a) 2947.2 (b) 0.04793

11. (a) 0.85 (b) 0.2;0.222

2
3 = 2.375 <— Terminating decimal 3 = (0.6666 . .. < Repeating decimal

— 06 A bar is written over
- Y the repeating digit(s).

=~ (0.667 Nearest thousandth

NOW TRY 9

OBJECTIVE 7 Write percents as decimals and decimals as percents.

The word percent means “per 100.” Percent is written with the symbol %. “One
percent” means “one per one hundred,” or “one one-hundredth.” See FIGURE 7.

Percent, Fraction, and Decimal Equivalents

100%=@—1

1 10
1% = — = 0.01, 10% = — = 0.10, =
b 0.01, 10% 0.10 o0

100 100



EXERCISE 12
Convert each percent to a
decimal and each decimal
to a percent.

(c) 045 (d) 3.5

NOW TRY ANSWERS
12. (a) 0.52 (b) 0.02

SECTION R.1 Fractions, Decimals, and Percents 9

For example, 73% means “73 per one hundred.”
73

73% = ——=0.73
100

Essentially, we are dropping the % symbol from 73% and dividing 73 by 100. Doing
this moves the decimal point, which is understood to be after the 3, two places to
the left.

Writing 0.73 as a percent is the opposite process.
0.73=0.73 - 100% =73%  100% = 1

Moving the decimal point two places to the right and attaching a % symbol give the
same result.

Converting Percents and Decimals (Shortcuts)

* To convert a percent to a decimal, move the decimal point two places to the
left and drop the % symbol.

* To convert a decimal to a percent, move the decimal point two places to the
right and attach a % symbol.

Drop %. Divide by 100.
(Move decimal point two places /left.)

Decimal Percent
0.85 85%

Attach %. Multiply by 100.
(Move decimal point two places right.)

DI85/ P] Converting Percents and Decimals by Moving the Decimal Point

Convert each percent to a decimal and each decimal to a percent.

(a) 45% = 0.45 (b) 250% = 2.50, or 2.5 (€) 9% = 09% = 0.09
Aav A A A
(d) 0.57 =57% (e) 1.5=1.50 = 150% (f) 0.007 =0.7%
AA AA AA
NOW TRY

OBJECTIVE 8 Write percents as fractions and fractions as percents.

Writing Percents as Fractions
Write each percent as a fraction. Give answers in lowest terms.
(a) 8%
We use the fact that percent means “per one hundred,” and convert as follows.

8% — 8 _2-4 2  Aswith converting percents to decimals,
0= 100 25-4 25 drop the % symbol and divide by 100.

Write in lowest terms.

175 725 17 3

Write in lowest terms.
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Gnow TRY (¢) 13.5%
EXERCISE 13 135
Write each percent as a ==
fraction. Give answers in 100
lowest terms. B 135 10
(a) 20% (b) 160% ~ 100 : B
_ 135
1000
2
200

Drop the % symbol. Divide by 100.

Multiply by 1 in the form % to eliminate
the decimal in the numerator.

Multiply.

Write in lowest terms.
135 27 -5 27

1000 ~ 200 - 5 200

NOW TRY 9

We know that 100% of something is the whole thing. One way to convert a frac-
tion to a percent is to multiply by 100%, which is equivalent to 1. This involves the
same steps that are used for converting a decimal to a percent—attach a % symbol

and multiply by 100.

GNOW TRY
EXERCISE 14

Write each fraction as a

percent. 2
6 7 (@) -
2 L 5
(a) 7 (b) 5
—g 100%
5 (o)
2 100
=Z. g
5 1 7
_2-5-20,
5.1 7
2-:20
NOW TRY ANSWERS ] %
1B @ O Lorls
14. (a) 24% (b) 77.7% = 40%

. FOR
R.1 Exercises EXTRA

© Video solutions for select
problems available in MyLab
Math

8 is the denominator.

3. The fraction ; is proper.

Concept Check

DN [JNIRVY Writing Fractions as Percents

Write each fraction as a percent.

(b) -
6
Multiply by 1 in _ l )
the form 100%. % 100%
. l 100 7
6 1
: 1-2-50
Multiply and factor. =— " " q
231
Divide out the B & %
common factor. - 3 ©

2 _
Simplify. =16§%, or 16.6%

NOW TRY g

° MyLab Math

Concept Check Decide whether each statement is true or false. If it is false, explain why.

L5 . .
1. In the fraction ¢, 5 is the numerator and 2. The mixed number equivalent of the

i fraction 2 is 6+
1mproper iraction 3 1S 5

4. The reciprocal of g is %

Choose the letter of the correct response.

. . .. 16
5. Which choice shows the correct way to write 5, in lowest terms?

16 8+8 8

24 8416 16 2

1 16 4-4

_4 16 8-2 2
6

24 8-3 3

24 446
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. . 5
6. Which fraction is not equal to §?

1 4
A2 Y X p 2
27 54 74 99
Write each fraction in lowest terms. See Example 1.
4 1 1
7. 8 8. — 9. 5 10. 16 11. 20
16 12 18 20 150
12. 100 13. 18 14. 16 15. 144 16. 132
140 90 64 120 77
Write each improper fraction as a mixed number. See Example 2.
17. 12 18. 16 19. i 20. Sl
7 9 12 13
Write each mixed number as an improper fraction. See Example 3.
3 6 2 1
21. 2— 22. 5— 23. 12— 24. 10—
5 7 3 5

Multiply or divide as indicated. Write answers in lowest terms as needed. See Examples 4
and 5.

25.5.8 222 7 L2 28 . 2
57 9 7 15 8 20 21
112 110 15 8 21 4

29, — = e L= — 2.2

>0 0507 M os %7

33.21-2 .36 2 353012 36,2212

7 9 4 3 305
7 3 6 5 5.3 7 3
7.~ = Lo 9. —+ = 40. -+ —

975 ST PR %5710
2

2.2 020 3.2+ 1 44. 2+ 30
5715 7 21 4 5

45.6+ 2> 46.8 + 47,652 48. 55+

5 9 4738 5710

49.21 412 50. 22+ 12 5122+ 122 52,05 - 12

277 95 8 32 105

Add or subtract as indicated. Write answers in lowest terms as needed. See Example 6.

4 2 1
53. L+ 2 54242 55, =+ 56. o+
15 15 9 9 1212 16 16
@51 N 9345 N
9 3 155 8 6 6 9
5.3 3.6 11 2 1
Lo+ 2.5+ — L3+ 2o 4. 45 +2—
MR 02375 63.35%2 64431 2%
2 1 11
65. . —2 66. — — > 67. > — > 68. - — =
9 9 111 15 15 2 12
69. = — 7021 7m L1 7L
12 3 6 2 12 9 16 12
302 4 4 2 2 5 5
73. 45— 15 74. 3= — 1 75. 8= — 4= 76. 7 — 4=



12 CHAPTER R Review of the Real Number System

Work each problem involving fractions.

77. For each description, write a fraction in lowest terms that
represents the region described.

(a) The dots in the rectangle as a part of the dots in the entire
figure

(b) The dots in the triangle as a part of the dots in the entire
figure

(¢) The dots in the overlapping region of the triangle and the rectangle as a part of the
dots in the triangle alone

(d) The dots in the overlapping region of the triangle and the rectangle as a part of the
dots in the rectangle alone

78. At the conclusion of the Pearson softball league season, batting statistics for five players
were as shown in the table.

Player At-Bats | Hits | Home Runs

Maureen 36 12 3
Christine 40 9 2
Chase 11 5 1
Joe 16 8 0
Greg 20 10 2

Use this information to answer each question. Estimate as necessary.
. . 1 .
(a) Which player got a hit in exactly 5 of his or her at-bats?

(b) Which player got a home run in just less than IL of his or her at-bats?

0
(¢) Which player got a hit in just less than i of his or her at-bats?

(d) Which two players got hits in exactly the same fractional part of their at-bats?
What was that fractional part, expressed in lowest terms?

Concept Check Provide the correct response.
79. In the decimal number 367.9412, name the digit that has each place value.
(a) tens (b) tenths (¢) thousandths (d) ones or units (e) hundredths

80. Write a decimal number that has 5 in the thousands place, O in the tenths place, and 4 in
the ten-thousandths place.

81. For the decimal number 46.249, round to the place value indicated.
(a) hundredths (b) tenths (¢) ones or units (d) tens
82. Round each decimal to the nearest thousandth.

(a) 0.8 (b) 0.4 (c) 0.9762 (d) 0.8645

Write each decimal as a fraction. (Do not write in lowest terms.) See Example 7.
83. 04 84. 0.6 85. 0.64 86. 0.82 87. 0.138
88. 0.104 89. 0.043 90. 0.087 91. 3.805 92. 5.166

Add or subtract as indicated. See Example 8.
93. 25.32 + 109.2 + 8.574 94, 90.527 +32.43 + 589.8 95. 28.73 — 3.12
96. 46.88 — 13.45 97. 43.5 — 28.17 98. 345.1 — 56.31



SECTION R.1 Fractions, Decimals, and Percents 13

99. 387+ 15+2.9 100. 8.2 + 1.09 + 12 101. 32.56 + 47.356 + 1.8
102. 752+ 12396 +3.897  103. 18 — 2.789 104. 29 — 8.582

Multiply or divide as indicated. See Example 9.

105. 12.8 X 9.1 106. 34.04 X 0.56 107. 22.41 X 33 108. 55.76 X 72
109. 0.2 X 0.03 110. 0.07 X 0.004 111. 78.65 + 11 112. 73.36 + 14

113. 32.48 + 11.6 114. 85.26 ~ 17.4 115. 19.967 + 9.74  116. 44.4788 + 5.27

Multiply or divide as indicated. See Example 10.

117. 123.26 X 10 118. 785.91 X 10 119. 57.116 X 100 120. 82.053 X 100
121. 0.094 X 1000 122. 0.025 X 1000 123. 1.62 + 10 124. 8.04 + 10
125. 124.03 +~ 100 126. 490.35 + 100 127. 23.29 + 1000 128. 59.8 + 1000

Concept Check Complete the table of fraction, decimal, and percent equivalents.

Fraction in Lowest Terms

(or Whole Number) Decimal Percent
129, 1 001
130. 5170 -
131. 005 »
132. %0
133. 5 0.125
134. 0%
135. %
136. %
137. 50%
138. ; 662 %, or 66.6%
139. 075
140. : 0

Write each fraction as a decimal. For repeating decimals, write the answer by first using bar
notation and then rounding to the nearest thousandth. See Example 11.

141. 2t 142. J 143. £ 144. 15 145. 3

5 5 4 4 8
146. 7 147. S 148. 8 149. 1 150. 3

8 9 9 6 6
Write each percent as a decimal. See Examples 12(a)-12(c).
151. 54% 152. 39% 153. 7% 154. 4% 155. 117%
156. 189% 157. 2.4% 158. 3.1% 159. 6%% 160. 5%%

Write each decimal as a percent. See Examples 12(d)—12(f).
161. 0.79 162. 0.83 163. 0.02 164. 0.08 165. 0.004
166. 0.005 167. 1.28 168. 2.35 169. 0.4 170. 0.6
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Write each percent as a fraction. Give answers in lowest terms. See Example 13.
171. 51% 172. 47% 173. 15% 174. 35% 175. 2%
176. 8% 177. 140% 178. 180% 179. 7.5% 180. 2.5%

Write each fraction as a percent. See Example 14.

4 3 7 9 2

.= . 183. — . .
181 5 182 25 50 184 20 185 1
186. 4 187. ? 188. 8 189. 13 190. 3
9 4 5 6 9

OBJECTIVES

1 Write sets using set
notation.

Use number lines.
Classify numbers.
Find additive inverses.
Use absolute value.

D1 A WDN

VOCABULARY

O set

O elements (members)

[ finite set

O natural (counting) numbers

O infinite set

O whole numbers

O empty (null) set

O variable

O number line

O integers

O coordinate

O graph

O rational numbers

[ irrational numbers

O real numbers

O additive inverse
(opposite, negative)

O signed numbers

[0 absolute value

O equation

O inequality

Use inequality symbols.

Basic Concepts from Algebra

OBJECTIVE 1 Write sets using set notation.

A set is a collection of objects called the elements, or members, of the set. In algebra,
the elements of a set are usually numbers. Set braces, { |, are used to enclose the
elements. For example,

2 is an element of the set {1, 2,3 }.

Because we can count the number of elements in the set {1, 2, 3} and the counting
comes to an end, it is a finite set.
In algebra, we refer to certain sets of numbers by name. The set

N ={1,2,3,4,5,6,...}

Natural (counting) numbers

is the natural numbers, or the counting numbers. The three dots (ellipsis points)
show that the list continues in the same pattern indefinitely. We cannot list all of the
elements of the set of natural numbers, so it is an infinite set.

Including O with the set of natural numbers gives the set of whole numbers.
w={0,1,23,4,5,6,...}

Whole numbers

The set containing no elements is the empty set, or null set, usually written (J. For
example, the set of whole numbers less than 0 is .

@ CAUTION Do not write {@} for the empty set. {J} is a set with one element: .
Use the notation & for the empty set.

To indicate that 2 is an element of the set {1, 2, 3}, we use the symbol €, which
is read “is an element of.”

2e{1,2,3}
The number 2 is also an element of the set of natural numbers N.
2EN
To show that 0 is not an element of set NV, we draw a slash through the symbol €.
0N



G NOW TRY
EXERCISE 1
List the elements in the set.

{p|p is a natural number
less than 6}

NOW TRY
EXERCISE 2
Use set-builder notation to

describe the set.

{9, 10, 11, 12}

NOW TRY ANSWERS

1. {1,2,3,4,5}

2. One answer is {x|x is a natural
number between 8 and 13 }.

SECTION R.2 Basic Concepts from Algebra 15

Two sets are equal if they contain exactly the same elements. For example,

(1,2} = {2,1}.

To indicate that two sets are not equal, we use the symbol 7 , which is read “is not
equal to.” For example,

Order does not matter.

{1,2} # {0,1,2}

because one set contains the element O and the other does not.
A variable is a symbol, usually a letter, used to represent a number or to define
a set of numbers. For example,

{ x| x is a natural number between 3 and 15}

(read “the set of all elements x such that x is a natural number between 3 and 15”)
defines the following set.

{(4,5,6,7,..., 14}

The notation {x|x is a natural number between 3 and 15} is an example of set-
builder notation.

{x| x has property P}

S T

the set of

all elements x  such that x has a given property P

Listing the Elements in Sets
List the elements in each set.
(a) {x|xis a natural number less than 4 }
The natural numbers less than 4 are 1, 2, and 3. This setis {1, 2, 3 }.

(b) {x|xis one of the first five even natural numbers } is {2, 4, 6,8, 10}.

(¢) {x|xis a natural number greater than or equal to 7}

The set of natural numbers greater than or equal to 7 is an infinite set, which is
written with ellipsis points as
NOW TRY 9

{7.8.9,10,...}.

DN HN3N Using Set-Builder Notation to Describe Sets
Use set-builder notation to describe each set.
(@ {1,3,5,7,9}

There are often several ways to describe a set in set-builder notation. One way
to describe the given set is

{x| x is one of the first five odd natural numbers }.

(b) {5,10,15,...}

This set can be described as {x|x is a positive multiple of 5}.

NOW TRY g



16 CHAPTER R  Review of the Real Number System

Graph of -1 1 3
\_5 4
—t—t—¢b—ot—4—1+—
-3 2 -1 0 1 2 3
Coordinate
FIGURE 9

OBJECTIVE 2 Use number lines.

A good way to picture a set of numbers is to use a number line. See FIGURE 8.

The number 0 is neither positive nor negative. To draw a number line, choose
any point on the line and label it 0.
Then choose any point to the right
of 0 and label it 1. Use the distance
between 0 and 1 as the scale to

locate, and then label, other points.

Positive numbers

>

Negative numbers i

FIGURE 8

The set of numbers identified on the number line in FIGURE 8, including positive
and negative numbers and 0, is part of the set of integers.

I={...,-3-2,-10,1,23,...}

Integers

Each number on a number line is the coordinate of the point that it labels, while
the point is the graph of the number. FIGURE 9 shows a number line with several points
graphed on it. X ;

The fractions — 5 and 7, graphed on the number line in FIGURE 9, are examples of

rational numbers. A rational number can be expressed as the quotient of two inte-
gers, with denominator not 0. The set of all rational numbers is written as follows.

{7

The set of rational numbers includes the natural numbers, whole numbers, and
integers because these numbers can be written as fractions.

14 -3
=— —3=— and 0= 9
1 1 1

p and q are integers, where g # 0} Rational numbers

14

Rational numbers

. . . 1 2
A rational number written as a fraction, such as gOrs,

decimal by dividing the numerator by the denominator.

can also be expressed as a

0.666 ... < Repeating decimal

3)2.000. .. (rational number)
18

0.125 <— Terminating decimal

851‘()00 (rational number)
8

20 20
16 18
40 20
40 18
(0 <— Remainder is 0. 2 <——— Remainder is never 0.
1 2 — < Abar is written over
8 =0.125 3 =0.6 the repeating digit(s).

Thus terminating decimals, such as 0.125 = %, 0.8 = g, and 2.75 = 1471, and decimals
3

. .. = 2 = .
that have a repeating block of digits, such as 0.6 =3 and 0.27 = {7, are rational
numbers.

Decimal numbers that neither terminate nor repeat, which include many square

roots, are irrational numbers.
V2 = 1414213562 ... and —\/7 = —2.6457513 ...

Irrational numbers
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A Some square roots, such as /16 = 4 and \/% = g are rational.

A decimal number such as 0.010010001 . .. has a pattern, but it is irrational
because there is no fixed block of digits that repeat. Another irrational number is 7.
See FIGURE 10.

77, the ratio of the
circumference of a
circle to its diameter,
is approximately equal
to 3.141592653....

Elle}

FIGURE 10

Some rational and irrational numbers are graphed on the number line in FIGURE 11. The
rational numbers together with the irrational numbers make up the set of real numbers.

Real numbers

Irrational
numbers 7 \2 T
—_—ttet e ——=je 4
4 -3 2 - OT A 2 T3 AN
3
Rational 027 5 2.75 Vio
numbers

FIGURE 11

Every point on a number line corresponds to a real number, and every real
number corresponds to a point on the number line.

OBJECTIVE 3 Classify numbers.

Sets of Numbers

Natural numbers, or  {1,2,3,4,5,6, ...}
counting numbers

Whole numbers {0,1,2,3,4,5,6, ...}
Integers {..,-3-2,-10,1,23,...}

R {s | p and g are integers, where ¢ # 0}

Examples: %, 1.3, —g or —4%, lsj or2, \/§ or3,0.6

Irrational numbers {x|x is a real number that cannot be represented
by a terminating or repeating decimal }

Examples: \/3, —\/2, 7, 0.010010001 . . .

Real numbers {x|x is a rational or an irrational number}*

*An example of a number that is not real is V' — 1. This number is part of the complex number system and is discussed

later in the text.
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G NOW TRY
EXERCISE 3
List the numbers in the

following set that are
elements of each set.

{-24,-V1,-3.0,03,
\[5, 77,5}

(a) Whole numbers

(b) Rational numbers

NOW TRY
EXERCISE 4
Determine whether each

statement is true or false. If it
is false, tell why.

(a) All integers are irrational
numbers.

(b) Every whole number is an
integer.

NOW TRY ANSWERS
3. (@ 0,5
(b) —24,-V1,-3,0,03,5
(V1 =-1)
4. (a) false; All integers are

rational numbers.
(b) true

FIGURE 12 shows the set of real numbers. Every real number is either rational or
irrational. Notice that the integers are elements of the set of rational numbers and that
the whole numbers and natural numbers are elements of the set of integers.

Real numbers

Rational numbers Irrational numbers
1 4 u 2 ~T
4 9 7 5
-0.125 15 018 /4 V15
V23
Integers
., =3,-2,-1, T
T
‘Whole 4
numbers
0 0.010010001...
Natural
numbers
1,2,3,...

FIGURE 12

D NIZNEN Identifying Examples of Number Sets

List the numbers in the following set that are elements of each set.

9 1 —

{—8, ~\V2,——.,0,05,—, 1.12, \/3, 2, 77}
64 3

(a) Integers (b) Rational numbers

8,0, and 2 ~8,—2.,0,05,3,

(d) Real numbers

All are real numbers.

1.12, and 2

(¢) Irrational numbers

—\/2, \@ and 7 NOW TRY 9

NN N Determining Relationships between Sets of Numbers
Determine whether each statement is true or false. If it is false, tell why.

(a) All irrational numbers are real numbers.

This statement is true. As shown in FIGURE 12, the set of real numbers includes all
irrational numbers.

(b) Every rational number is an integer.

This statement is false. Although some rational numbers are integers, other ratio-

NOW TRY 9

2 1
nal numbers, such as 3 and — ;> are not.

OBJECTIVE 4 Find additive inverses.

In FIGURE 13, for each positive number, there is a nega-
tive number on the opposite side of 0 that lies the same
distance from 0. These pairs of numbers are additive
inverses, opposites, or negatives of each other. For
example, 3 and —3 are additive inverses.

-3 -2 -1 0 1 2 3
(|

Additive inverses (opposites)

FIGURE 13




V¥ Additive Inverses of

Signed Numbers

Number Additive Inverse

The number 0 is its own additive

inverse.
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Additive Inverse

For any real number a, the number —a is the additive inverse of a.

We change the sign of a number to find its additive inverse. As we shall see later,
the sum of a number and its additive inverse is always 0.

Uses of the — Symbol

The — symbol can be used to indicate any of the following.
1. A negative number, as in —9, read “negative 9”
2. The additive inverse of a number, as in “—4 is the additive inverse of 4

3. Subtraction, as in 12 — 3, read “12 minus 3”

In the expression —(—5), the — symbol is being used in two ways. The first
— symbol indicates the additive inverse (or opposite) of —5, and the second indicates
a negative number, —5. Because the additive inverse of —5 is 5,

—(=5) =5.
For any real number a, —(—a) = a.

Numbers written with positive or negative signs, such as +4, +8, —9, and —5,
are signed numbers. A positive number can be called a signed number even though
the positive sign is usually left off.

OBJECTIVE 5 Use absolute value.

Geometrically, the absolute value of a number a, written |a|, is the distance on the
number line from O to a. For example, the absolute value of 5 is the same as the abso-
lute value of —5 because each number lies five units from 0. See FIGURE 14.

Distance is 5, Distance is 5,
s0|—5| =5. so|5| =5.

p— —t —t —t —t p—
-5 0 5

FIGURE 14

0 CAUTION Because absolute value represents undirected distance, the absolute
value of a number is always positive or O.

The formal definition of absolute value follows.

Absolute Value

a if ais positive or 0
For any real number a, |a| = L .
—a if a is negative.
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G NOW TRY

EXERCISE 5

Find each absolute value and
simplify if needed.

@ |-7] ) —|7|
© —|-7] (@ |4]—|—4]
(e) [4—4]

G NOW TRY

EXERCISE 6

Refer to the table in

Example 6. Of home health
aides, parking enforcement
workers, and locomotive firers,
which occupation is expected
to see the least change (without

regard to sign)?

NOW TRY ANSWERS

5. @7 (b)) =7 (¢) =7
dO0 (0

6. parking enforcement workers

Review of the Real Number System

Consider the second part of the definition of absolute value, |a| = —a if a is negative.
If a is a negative number, then —a, the additive inverse or opposite of a, is a positive
number. Thus |a| is positive. For example, let a = —3.

lal = |-3[=~(=3)=3

|a| = —aif a is negative.

Finding Absolute Value

Find each absolute value and simplify if needed.

(@ [13] =13 (b) 0] =0

(© |—2|=—-(-2)=2 (d) |—0.75| = 0.75

_ _ Evaluate the absolute value.
(€) | 8 ‘ - (8) =8 Then find the additive inverse.

® —|-8]=—(8) =8
(@ [5]+|-2|=5+2=7
() |52 =~ 3] = -3

Work as in part (e); | —8| =8
Evaluate each absolute value, and then add.

Subtract inside the absolute value bars first.

NOW TRY 9

D OVIEFN Comparing Rates of Change in Industries

The table shows the projected total rates of change in employment (in percent) in
some of the fastest-growing and in some of the most rapidly-declining occupations
from 2016 through 2026.

Occupation (2016-2026) | 0@ (g a;:g;%ang 2
Wind turbine service technicians 96.1
Home health aides 46.7
Physicians assistants 37.4
Watch repairers —28.7
Parking enforcement workers —35.3
Locomotive firers 1816

Data from Bureau of Labor Statistics.

What occupation shown in the table is expected to see the greatest change? The least
change?

We want the greatest change, without regard to whether the change is an
increase or a decrease. Look for the number in the table with the greatest absolute
value. That number is for wind turbine service technicians.

|96.1] =96.1
Similarly, the least change is for watch repairers.

| —28.7| = 28.7

Now TRy (5)



NOW TRY
EXERCISE 7
Use a number line to
determine whether each

statement is true or false.

(a —5>-1
(b) —7< -6
NOW TRY ANSWERS

7. (a) false (b) true

SECTION R.2 Basic Concepts from Algebra 21

OBJECTIVE 6 Use inequality symbols.
The statement
44+2=6
is an equation—a statement that two quantities are equal. The statement
4 #6 (read “4 is not equal to 6”)

is an inequality—a statement that two quantities are not equal. When two numbers
are not equal, one must be less than the other. When reading from left to right, the
symbol << means “is less than.”

4

8§<9, —-6<15 —-6<-—1, and O<§ All are true.

Reading from left to right, the symbol > means “is greater than.”
6

12>5, 9> -2, —4> -6, and g >0  Allare true.

In each case, the symbol “points” toward the lesser number.
The number line in FIGURE 15 shows the graphs of the numbers 4 and 9. On the

graph, 4 is to the left of 9, so 4 < 9. The lesser of two numbers is always to the left

of the other on a number line.

4<9

e o —

1 1 1 & 1
T T T T hd T

4 5 6 7 8
FIGURE 15

Inequalities on a Number Line

On a number line, the following hold true.

a <bifaistotheleftofb. a > bifais to the right of b.

DN HN=A Determining Order on a Number Line

Use a number line to compare —6 and 1 and to compare —5 and —2.

As shown on the number line in FIGURE 16, —6 is located to the left of 1. For this
reason, —6 < 1. Also, 1 > —6. From FIGURE 16, —5 << —2, or —2 > —5. In each case,
the symbol points to the lesser number.

+ + f f + f f 4
-6 -5 -4 -3 -2 -1 0 1
FIGURE 16 NOW TRY 9

The following table summarizes this discussion.

V¥V Results about Positive and Negative Numbers
Words Symbols
Every negative number is less than 0. If a is negative, then a < 0.
Every positive number is greater than 0. | If a is positive, then a > 0.

0 is neither positive nor negative.
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NOW TRY

EXERCISE 8
Determine whether each
statement is true or false.

(@ —5=-6
(b) —2=-10
(¢) 0.5=05

(@ 10 - 6> 8(7)

NOW TRY ANSWERS
8. (a) false (b) true

(c) true (d) 60 > 56; true

R.2 Exercises EX

© Video solutions for select

problems available in MyLab

Math

In addition to the symbols #, <, and >, the symbols = and = are often used.

V¥ Inequality Symbols

Symbol Meaning Example
- is not equal to 3#7
< is less than —4 < —1
> is greater than 3> -2
= is less than or equal to 6=6
= is greater than or equal to -8=-10

D NIZEN Using Inequality Symbols

The table shows several uses of inequalities and indicates why each is true.

Inequality Why It Is True

6=8 6<8
—-2=-2 —2=-2
-9=-12 -9>-12
-3=-3 -3=-3
6-4=5(5) 24 < 25

Notice the reason why —2 < —2 is true. With the symbol =, if either the <
part or the = part is true, then the inequality is true. This is also the case with the

= symbol.
The dot in 6 - 4 indicates the product 6 X 4, or 24, and 5(5) means 5 X 5, or 25.
Thus, 6 + 4 = 5(5) becomes 24 = 25, which is true. NOW TRY 9

R
extea @ MyLab Math

1. Concept Check A student claimed that {x|x is a natural number greater than 3} and
{y|yis a natural number greater than 3} actually name the same set, even though different
variables are used. Was this student correct?

2. Concept Check Give a real number that satisfies each condition.

(a) An integer between 6.75 and 7.75 (b) A rational number between 411 and %

(¢) A whole number that is not a natural (d) An integer that is not a whole number
number

(e) An irrational number between \/Zl (f) An irrational number that is negative

and \/§

List the elements in each set. See Example 1.
3. {x|x is a natural number less than 6} 4. {m|m is a natural number less than 9 }
5. {z|z is an integer greater than 4 } 6. {y|y is an integer greater than 8 }
7. {z|z isan integerless than or equal to4} 8. {p|p is an integer less than 3}
9. {alais an even integer greater than 8}  10. {k|k is an odd integer less than 1}
11. {p|p is a number whose absolute value is 4 }

12. {w|w is a number whose absolute value is 7 }
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13. {x|x is an irrational number that is also rational }

14. {r|ris a number that is both positive and negative }

Use set-builder notation to describe each set. See Example 2. (More than one description is
possible.)

15. {2,4,6,8} 16. {11,12,13,14}

17. {4,8,12,16,... } 18. {...,—6,-3,0,3,6,...}

Graph the elements of each set on a number line. See Objective 2.

19. {—4,-2,0,3,5} 20. {—3,-1,0,4,6}

{8102 B 1) 2 {20822 4
50 476 4 2 37057572

Which elements of each set are (a) natural numbers, (b) whole numbers, (c) integers,
(d) rational numbers, (e) irrational numbers, (f) real numbers? See Example 3.

6 _ 21 75
23. {—9, —V6,-0.7,0,—,\/7,486,8, =, 13, }

7 2 5

2

3 13 40
24. {—8, ~V/5,-06,0, " V3, 7.5, S 17 }

Determine whether each statement is true or false. If it is false, tell why. See Example 4.

25. Every integer is a whole number. 26. Every natural number is an integer.

27. Every irrational number is an integer. 28. Every integer is a rational number.

29. Every natural number is a whole number. ~ 30. Some rational numbers are irrational.

31. Some rational numbers are whole numbers. 32. Some real numbers are integers.

33. The absolute value of any number is the same as the absolute value of its additive inverse.

34. The absolute value of any nonzero number is positive.

35. Concept Check Match each expression in parts (a)—(d) with its value in choices A-D.
Choices may be used once, more than once, or not at all.

| 11
(@ —(—4) (b) |—4] A. 4 B. —4
(¢) —|—4| d —|—(—4)| C. Both A and B D. Neither A nor B

36. Concept Check For what value(s) of x is |x| = 4 true?

Give (a) the additive inverse and (b) the absolute value of each number. See Objective 4 and
Example 5.

37. 6 38. 9 39. —12 40. —14 41. g 42. 0.16

Find each absolute value and simplify if needed. See Example 5.
3

43. | -8 44. |19 45.

47. — |5 48. —|12] 49. —| -2 50. —| 6]

51. — |45 52. —|12.4] 53. | 2| + |3] 54. |—16] + | 14|
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55. 10 — 9| 56. —|12 — 6| 57. |-9| — | -3]

58. |—10| — |-7] 59. |—1| + |=2] = |-3] 60. | 7|+ |=3| = |—10]

Solve each problem. See Example 6.

61. The table shows the percent change in 62. The table gives the net trade balance, in
population from 2010 through 2016 for millions of U.S. dollars, for selected U.S.
selected metropolitan areas. trade partners for October 2017.

Metropolitan Area . Percent Change Trade Balance

Country

Detroit -5.8 (in millions of dollars)
Houston 97 India —2419
Las Vegas 8.3 China —35,230
New Orleans 13.9 Netherlands 2148
Phoenix 11.6 France -1993
Toledo -30 New Zealand 230

Data from U.S. Census Bureau. Data from U.S. Census Bureau.

(a) Which metropolitan area had the A negative balance means that imports to
greatest change in population? What the United States exceeded exports from
was this change? Was it an increase the United States. A positive balance
or a decrease? means that exports exceeded imports.

(b) Which metropolitan area had the (a) Which country had the greatest
least change in population? What discrepancy between exports and
was this change? Was it an increase imports? Explain.

9
or a decrease? (b) Which country had the least discrep-

ancy between exports and imports?
Explain.

Sea level refers to the surface of the ocean. The depth of a body of water can be expressed
as a negative number, representing average depth in feet below sea level. The altitude of a
mountain can be expressed as a positive number, indicating its height in feet above sea level.
The table gives selected depths and altitudes.

i @ AT (l::earigle(;glf?fgzrm,:lae::; Heoatay (as laql;jg;%?erf;Zer)
Pacific Ocean —14,040 Denali 20,310
South China Sea —4802 Point Success 14,164
Gulf of California —2375 Matlalcueyet! 14,636
Caribbean Sea —8448 Rainier 14,410
Indian Ocean -12,800 Steele 16,624

Data from The World Almanac and Book of Facts.

63. List the bodies of water in order, starting with the deepest and ending with the shallowest.
64. List the mountains in order, starting with the shortest and ending with the tallest.

65. True or false: The absolute value of the depth of the Pacific Ocean is greater than the
absolute value of the depth of the Indian Ocean.

66. True or false: The absolute value of the depth of the Gulf of California is greater than
the absolute value of the depth of the Caribbean Sea.
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Use a number line to determine whether each statement is true or false. See Example 7.
67. —6 < —1 68. —4 < -2 69. —4> -3 70. -3 > —1
71. 3> =2 72. 6 > -3 73. —-3> -3 74. =5 < =5

Rewrite each statement with > so that it uses < instead. Rewrite each statement with < so
that it uses >. See Example 7.

75.6>2 76. 5> 1 77. -9 <4
78. —6 <1 79. =5>—10 80. —7>—12

Use an inequality symbol to write each statement. See Example 8.

81. 7 is greater than —1. 82. —4 is less than 10.

83. 5 is greater than or equal to 5. 84. —6 is less than or equal to —6.

85. 13 — 3 is less than or equal to 10. 86. 5 + 14 is greater than or equal to 19.
87. 5 + 01is not equal to 0. 88. 6 + 7 is not equal to —13.

Simplify each inequality if needed. Then determine whether the statement is true or false. See
Example 8.

89.0=-5 90. —11=0 91. 7=7

92. 10 =10 93. -6<7+3 9. -7<4+1
95.2-5=4+6 96. 8 +7=3-5 97. —|-3| = -3
98. —|—4| = —4 99. —8 > —|—6]| 100. —10 > —| —4|

The graph shows egg production in millions of eggs in selected states for 2015 and 2016. Use
this graph to work each problem.

IU.S. Egg Production

12,471
1A 13,608

9708

9546
I 2015
I 2016

3303
3474

2463
2364
1

I I I I
0 3000 6000 9000 12,000 15,000

Millions of Eggs

Data from U.S. Department of Agriculture.
101. In 2016, which states had production greater than 6000 million eggs?
102. In which states was 2016 egg production less than 2015 egg production?

103. If x represents 2016 egg production for Texas (TX) and y represents 2016 egg production
for Ohio (OH), which is true, x <y or x > y?

104. If x represents 2015 egg production for Iowa (IA) and y represents 2015 egg production
for Pennsylvania (PA), write two inequalities, one with > and one with <, that compare
the numbers of eggs produced in these two states.
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m Operations on Real Numbers

OBJECTIVES
1 Add real numbers.
2 Subtract real numbers.

3 Find the distance
between two points on a
number line.

4 Multiply real numbers.

5 Find reciprocals and
divide real numbers.

VOCABULARY

[0 sum

[ difference

O product

O quotient

O reciprocal (multiplicative inverse)
[ dividend

[ divisor

GNOW TRY
EXERCISE 1
Find each sum.

(@ —4+(-9)

(b) —7.25 + (—3.57)

2 3
@ -3+(-%)

NOW TRY ANSWERS
1. (@ —13 (b) —10.82
© —

OBJECTIVE 1 Add real numbers.

Recall that the answer to an addition problem is a sum.

Adding Real Numbers

Same sign To add two numbers with the same sign, add their absolute values.
The sum has the same sign as the given numbers.

Examples: 2+7=9, =2+ (=7)=-9
Different signs To add two numbers with different signs, find the absolute val-

ues of the numbers, and subtract the lesser absolute value from the greater. The
sum has the same sign as the number with the greater absolute value.

Examples: —8+3=-5 15+ (-9)=6

Adding Two Negative Real Numbers
Find each sum.
(a) —12 + (-8)
First find the absolute values: |—12] =12 and |—8| =38.

Because —12 and —8 have the same sign, add their absolute values.

Both numbers are -2+ ( N 8)
negative, so the sum

will be negative. = —(12+8)  Add the absolute values.
= —(20)
=-20
(b) —6 + (=3) (©) —1.2+ (—0.4)
= —(|=6| +|-3]) =—(12+04)
= —(6+3) =—16
= -9
5 1
d >+ (=
@ -2+ (1)
_ 5 1 Add the absolute values. Both numbers are
=—| -+ . . .
6 3 negative, so the sum will be negative.
(5 2) The least common denominator is 6.
=—\—-+ - 1.2 _2
6 6 3'2° 6

Add numerators.
Keep the same denominator. NOW TRY 9



NOW TRY
EXERCISE 2

Find each sum.

@@ —15+7

(b) —5 + 12

(€) 4.6+ (—2.8)
5 2

d) —>+=

(d) o7

NOW TRY ANSWERS

2. (a) -8 (b) 7
© 18 @ —¢
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DI85 Adding Real Numbers with Different Signs
Find each sum.

(@ —17 +11
First find the absolute values: |—17| =17 and |11] =11.
Because —17 and 11 have different signs, subtract their absolute values.

17—11=6

The number —17 has a greater absolute value than 11, so the answer is negative.
—17+11=-6 %m&ﬂiiﬁ?fﬁiﬁtﬁvﬁ I.}
(b) 4+ (—1)

Subtract the absolute values, 4 and 1. Because 4 has the greater absolute value,
the sum must be positive.

— =4 — 1= The sum is positive
4t ( 1) 4-1=3 because [4| > | —1].

() 9+17 d) —23+5.6
=17-9 =56—-23
=38 =33

(e) —16 + 12

The absolute values are 16 and 12. Subtract the absolute values.

—16 + 12 = *(]6 o ]2) 74%1—% sum ;sﬁneggtl‘\qezbecause

M 42
5 3
12 10 The least common denominator is 15.
=——+— _4,8_ 12,2 5_10
15 15 53 15°3 5 15
12 10 Subtract the absolute values. f% has
= ( — ) the greater absolute value, so the answer
15 15 will be negative.
2 Subtract numerators.
15 Keep the same denominator. NOW TRY 9

OBJECTIVE 2 Subtract real numbers.

Recall that the answer to a subtraction problem is a difference. Compare the following
two statements.

6-4=2
6+ (—4)=2
Thus, 6—4=06+ (—4).

To subtract 4 from 6, we add the additive inverse of 4 to 6. This example suggests the
following definition of subtraction of real numbers.
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Subtraction

For all real numbers a and b, the following holds.

a—b=a+ (-b)

To subtract b from a, add the additive inverse (or opposite) of b to a.

Examples:

GNOW TRY
EXERCISE 3

Find each difference. Find each difference.

5-12=5+(-12)=-7, 6-(-3)=6+3=9

D VNIZNEN Subtracting Real Numbers

(@ 9—15 Change to addition.
(b) —4 — 11 l» The additive inverse of 8 is —8.
(¢) —5.67 —(—2.34)
4 3 @ 6—8=6+(-8)=-2
(d) 5 - E Change to addition.
v|> The additive inverse of 4 is —4.
(b) —12—-4=-12+(-4)=-16
(¢) —10— (=7) (d) —2.4 — (=8.1)
_ The additive inverse _
=-10+7 ;7 =-24+8.1
=-3 =357
5 3
e - — | -2
©2-(-2)
5,3 To subtract a — b, add the additive
=+ : .
6 8 inverse (opposite) of b to a.
20 n 9 The least common denominator is 24.
=+t 5 4 203 3 9
24 24 §'iTws'3Tm
_29 Add numerators.
24 Keep the same denominator.
NOW TRY 9
When working a problem that involves both addition and subtraction, add and
subtract in order from left to right. Work inside brackets or parentheses first.
DN N Adding and Subtracting Real Numbers
Perform the indicated operations.
@ 15—(-3)—-5-12
= (15+3) —5—12  Work in order from left to right.
=18—-5-12 Add inside the parentheses.
NOW TRY ANSWERS
3. (a =6 (b) —15 =13-12 Subtract from left to right.
7
(¢) =333 (@) —55 =1 Subtract.



G NOW TRY
EXERCISE 4
Perform the indicated
operations.

—4—(—2-7)-12

G NOW TRY

EXERCISE 5

Find the distance between the
points —7 and 10.

NOW TRY ANSWERS
4. -7
5. 17
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(b) 10— [-8— (~4)] +6

=—10—[-8+4]+6  Work inside the brackets.

=—-10—[-4]+6 Add.

=—-10+4+6 Add the additive inverse.

=—6+6 Add from left to right.

=0 Add. Now TRy (5)

O0BJECTIVE 3 Find the distance between two points on a number line.

The number line in FIGURE 17 shows several points.

—+——t—1—t—t—t 11—+
-8-7-6-5-4-3-2-1 0 1 2 3 456 738 910

FIGURE 17

To find the distance between the points 4 and 7, we subtract 7 — 4 = 3. Because dis-
tance is positive (or 0), we must be careful to subtract in such a way that the answer
is positive (or 0). To avoid this problem altogether, we can find the absolute value of
the difference. Then the distance between 4 and 7 is found as follows.

|7—4|=13]=3 or [4—-7|=|-3]=3 Distance between 4 and 7

The distance between two points on a number line is the absolute value of the
difference of their coordinates.

S VNIZNW Finding Distance between Points on a Number Line
Find the distance between each pair of points. Refer to FIGURE 17 as needed.

(a) 8and —4
Find the absolute value of the difference of the numbers, taken in either order.

|8—(—4)|=12, or |—4—8|=12
(b) —4 and —6
[~4—(=6)[=2, or [-6—(=4)[=2  nowray &)

OBJECTIVE 4 Multiply real numbers.

Recall that the answer to a multiplication problem is a product.

Multiplying Real Numbers

Same sign The product of two numbers with the same sign is positive.
Examples: 4(8) =32, —4(—8) =32

Different signs The product of two numbers with different signs is negative.
Examples: —8(9) = =72, 6(=7) = —42
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The multiplication property of 0 states that the product of any real number and
0is 0.

Multiplication Property of 0

For any real number q, the following hold.
a*0=0 and 0-a=0
Examples: 12-0=0, 0-12=0, —12-0=0, 0-(—-12)=0

EXERCISE 6 .
Find each product. Find each product.

(a) _3(_10) (a) 73(79) — 27 The numbers have the same (b) _05(_04) — 02

sign, so the product is positive.

GNOW TRY SIVETEI Multiplying Real Numbers

b) 0.7(—1.2
¢ — = ==
© —17(33) 4\ 6
(d) 14(0) _ 15 Multiply numerators.
24 Multiply denominators.
53 o
= Factor to write in lowest terms.
8-3
5
= g Divide out the common factor, 3.
(d) —6(0) =0 Multiplication property of O
o) — The numbers have different signs,
(€) 6(-9) =54 so the product is negative.
3/(2 1 2
f) —0.05(0.3) = —0.015 — | < )=—= h) —(—-6)=—4
® ~005(0.3) ©-2(2)-- ™ 2 (-6)
NOW TRY 9
OBJECTIVE 5 Find reciprocals and divide real numbers.
The definition of division uses the concept of a multiplicative inverse, or reciprocal.
Recall that two numbers are reciprocals if they have a product of 1.
Reciprocal
. L1
The reciprocal of a nonzero number a is -
V¥ Reciprocals
Number Reciprocal
2 5 _2 (,E) — 1
5 5 5 2 .
5 : ; Reciprocals have a product of 1.
—6,0r =7 6 —6 (*6) =1 There is no reciprocal for 0 because
7 11 7 11y there is no number that can be
1 7 i (7) - multiplied by 0 to give a product of 1.
NOW TRY ANSWERS 0.05 20 0.05(20) =1
6. (a) 30 (b) —0.84
© —24 (d) 0 0 None
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0 CAUTION Keep the following in mind.
e A number and its additive inverse have opposite signs, such as 3 and —3.

e A number and its reciprocal always have the same sign, such as 3 and %

The result of dividing one number by another is a quotient. For example, we can
write the quotient of 45 and 3 as ?, which equals 15. We obtain the same answer if

we multiply 45 and 5.
45-3=2_15 and 451215
- = — = an . —
3 3

This suggests the following definition of division of real numbers.

For all real numbers a and b (where b # 0), the following holds true.
a 1
+b=—-=a-—
¢ b~ " b

To divide a by b, multiply a (the dividend) by the reciprocal of b (the divisor).

There is no reciprocal for the number 0, so division by 0 is undefined. For example,

15 . . 1. .
o is undefined and — ols undefined.

0 CAUTION Although division by 0 is undefined, dividing O by a nonzero number gives
the quotient O.

6 0
Example: 0 is undefined, but 5= 0 (because O -6 =0).

Be careful when 0 is involved in a division problem.

Because division is defined as multiplication by the reciprocal, the rules for signs
of quotients are the same as those for signs of products.

Dividing Real Numbers

Same sign The quotient of two nonzero real numbers with the same sign is
positive.
2% —24

Examples: =4, —¢

=4
Different signs The quotient of two nonzero real numbers with different signs

is negative.
36

Examples: _T36 =-12, m3=-12
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GNOW TRY
EXERCISE 7
Find each quotient.
-10 -1.5
- b -
(a) 5 (b) 03
_10

0 3
(0 2 (d) —

8

6 . (3
043

NOW TRY ANSWERS
7. (@ 2 (b) =5 (¢) 0
80

@ -3 © %

. FO
R.3 Exercises

© Video solutions for select
problems available in MyLab

Math

DI85yl Dividing Real Numbers

Find each quotient.

(@) —12 _ 3 The numbers have opposite signs, (b) i — 5
so the quotient is negative. -3
—3.6 The numbers have the same sign,
@ —=9
—0.4 so the quotient is positive.
-9 This is true
(d) — is undefined. () ——= =0 because
0 —12 0(-12) = 0.
_2
) is is a complex fraction. A complex fraction has a fraction in the
3 Th l jon. A lex fraction h fract th
5 numerator, the denominator, or both.
9
2 9
= —3( — 5) g = a + b; Multiply by ,% the reciprocal of the divisor ,g_
_ 18 Multiply numerators.
15 Multiply denominators.
6 18 _2-3-3 6
= - Write in lowest terms; B = =z
5
9 3
® ~15
- _ i . Z Multiply by :7; the reciprocal of the divisor g
14 3
63 Multiply numerators.
- E Multiply denominators.
— _% Write in lowest terms; —% = g ; = NOW TRY 9

Every fraction has three signs: the sign of the numerator, the sign of the denom-

inator, and the sign of the fraction itself.

Equivalent Forms of a Fraction

The fractions _Tx, _Ly, and — % are equivalent (where y # 0).
The fractions % and :—J; are equivalent (where y # 0).

-4 4 4 4 -4
Examples: - =5="3 and 7=

R
e @ MyLab Math

Concept Check Complete each statement and give an example.

1. The sum of two positive numbers is a

2. The sum of two negative numbers is a

number.

number.
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. The sum of a positive number and a negative number is negative if the negative number
has the absolute value.

. The sum of a positive number and a negative number is positive if the positive number has
the absolute value.

. The difference of two positive numbers is negative if
. The difference of two negative numbers is negative if
. The product of two numbers with the same sign is
. The product of two numbers with different signs is

. The quotient formed by any nonzero number divided by 0 is , and the
quotient formed by 0 divided by any nonzero number is

The sum of a positive number and a negative number is 0 if the numbers are

Find each sum or difference. See Examples 1-3.

11
14

17

20.

23.

26
29

32

35
38

. =6+ (—13) 12. —8 + (—16) 13. —15+6
. —17+9 15. 13 + (—4) 16. 19 + (—13)
7 3
.17+ 22 18. —12+ 16 19. -+
34
5 4
—= 4= 21. —2.8 + 45 22. —38+6.2
6 9
4-9 24.3 -7 25. —6-5
. —8—17 27.8 — (—13) 28. 12 — (—22)
. —16 — (=3) 30. —21 — (—6) 31. —12.31 — (—2.13)
9 4 3 3
. —15.88 — (—9.42 3.~ —= R
( ) 10 ( 3) 14 ( 4)
. |-8—6] 36. |—7 — 15 37. —| -4 + 9]
. —|-5+6] 39, —2 — |4 40. 16 — |—13|

Perform the indicated operations. See Example 4.

41

43.
45.
47.
49.

51.

53.

5S.
57.

. —7+5-9 42. —12 + 14 — 18
6—(-2)—38 4.7 — (—4) — 11
8—(—12)—2-6 46.3 — (—14) — 6 — 4
—9—4—(-3)+6 48. —10 -6 — (—12) + 9
~0.38 + 4 — 0.62 50. —2.95 + 8 — 0.05

5 2 1 5 1 1
il il
(-3-3)% 2 (5-4) 3

_3_(1_3) 54._1_<5_5)
4 \2 38 2 \6 12
4 —[-3—(—6)] +9 56. —10 — [-2 — (=5)] + 16
|11 = [=5] = [7] + [ 2] 58. [=6] + [ =3[ — [4] — | =8|
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The number line has several points labeled. Find the distance between each pair of points.

See Example 5.
D A E F B c
59. Aand B 60. Aand C 61. Dand F 62. Eand C

63. Concept Check Consider the statement “Two negatives give a positive.” When is this
true? When is this false? Give a more precise statement that conveys this message.

64. ConceptCheck Why must the reciprocal of a nonzero number have the same sign as the
number?

Find each product. See Example 6.

65. —8(—5) 66. —20(—4) 67. 5(—7) 68. 6(—9)
1
69. 4(0) 70. 0(—8) 71. 5(0) 72. 0(—4.5)
3 3 1 1
73. —(—16 74. —(—35 75. —10( —— 76. —18| ——
2(-16) 2 (-39) (-1) (-2)
7. —5(—12> 7. —9(—21> 7. —3(—24> 80. —2<—22>
2\ 25 7 36 8 9 11 4
81. —0.8(—0.5) 82. —0.5(—0.6) 83. —0.06(0.4) 84. —0.08(0.7)
Find each quotient where possible. See Example 7.
—14 -39 —24 —45 100
C . 7. —— . — .
85 > 86 13 8 1 88 s 89 o5
150 0 5 13
90. —— 91. — 922. —— 93. — 9. —
-30 -8 —14
12 7
10 12 22 33 13 6
—— | - —— | - 7. — 98. —
ST ( 5 ) %% < 5 ) ’ _4 2
3 3
99, — 2 100. 22 T — 102. 52
0.8 0.9 -04 -0.2

The following problems provide more practice on operations with fractions and decimals.
Perform the indicated operations.

I 1 1
103. —(—7> 104. 7—(—) 105. —~+ L
6 9 10 6 9 12
106. —— + = 107. -2 - > 108, — L -2
1216 g 12 15 9
72
109. — -+ = -2 1o, —— 4+ 12 111. 8(—5>
30 45 10 15 6 20 25\ 12

2 (L) w2 (-2) (-1 wi(—2)(-2)
20 15 6 10 5 3\ 20 12

2
s, 3= (—14) 16. 22 - (—18) 17, ——
3 15 5 25 )



SECTION R.3
3 _8
4 9
118. 5 119. T
3
121. —8.6 — 23.751 122. —37.8 — 13.582
124. —1.6(0.5)(2.5) 125. —24.84 + 6
127. —2496 + (—0.52) 128. —1875 + (—0.2
—60
130. ——— 131. —14.2 +9.81
—0.06

Solve each problem.

133

135.

136.

137.

138.

. On June 27, 1915, a temperature of 134.
100°F was recorded in Fort Yukon,
Alaska. On January 23, 1971, Prospect
Creek Camp, Alaska, recorded a tem-
perature of —80°F. Express the differ-
ence between these two temperatures
as a positive number. (Data from The

World Almanac and Book of Facts.)

100°
80°7
60°
40°
20°-

-20%1
-40>7
-60°7

-80°

Operations on Real Numbers 35
5
16
120. T
8
123. —2.5(0.8)(L.5)
126. —32.84 + 8
—100
5 129. ——
) —0.01

132. —89.41 + 21.325

On August 10, 1936, a temperature of
120°F was recorded in Ozark, Arkansas.
On February 13, 1905, Gravette,
Arkansas, recorded a temperature of
—29°F. Express the difference between
these two temperatures as a positive num-
ber. (Data from The World Almanac and
Book of Facts.)

120°

100°-
80°-
60°-
40°
20°+
0°
—20°
—40°2

—60°]
@

-29°

Andrew has $48.35 in his checking account. He uses his debit card to make purchases

of $35.99 and $20.00, which overdraws his account. His bank charges his account an
overdraft fee of $28.50. He then deposits his paycheck for $66.27 from his part-time
job at Arby’s. What is the balance in his account?

Kayla has $37.60 in her checking account. She uses her debit card to make purchases

of $25.99 and $19.34, which overdraws her account. Her bank charges her account an
overdraft fee of $25.00. She then deposits her paycheck for $58.66 from her part-time
job at Subway. What is the balance in her account?

two items costing $25.10 and $34.50 for credit.
he makes purchases of $45.00 and $98.17.

(a) How much is his payment if he wants to pay off

the balance on the account?

Ahmad owes $382.45 on his Visa account. He returns

CREDIT CARD

Then

1234 5L78 9012 3

(b) Instead of paying off the balance, he makes a
payment of $300 and then incurs a finance charge
of $24.66. What is the balance on his account?

for credit and then makes two purchases of $12.
(a) How much is her payment if she wants to

(b) Instead of paying off the balance, she makes

Charlene owes $237.59 on her MasterCard account. She returns one item costing $47.25

39 and $20.00.
pay off the balance on the account?

a payment of $75.00 and incurs a finance

charge of $32.06. What is the balance on her account?
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139. The graph shows annual returns in
percent for shares of a charter fund.

(a) Find the sum of the percents for the

years shown in the graph.

(b) Find the difference between the

returns in 2017 and 2016.

(¢) Find the difference between the

returns in 2018 and 2017.

140. The graph shows profits and losses in thou-

sands of dollars for a company.

(a) What was the total profit or loss for
the years 2015 through 2018?

(b) Find the difference between the profit
or loss in 2018 and that in 2017.

(¢) Find the difference between the profit
or loss in 2016 and that in 2015.

lCharter Fund Annual Returns

40

30
20

Percent
o

-30 Z58.46

2014 2015 2016 2017 2018

Year

lCompany Profits and Losses

300

200

100

0

-200

-225

Profit (thousands of dollars)

-300
2015 2016 2017 2018
Year

The table shows receipts (income) and outlays (spending) in billions of dollars for the U.S.

government in selected years.

Fiscal Year
2001
2006
2011
2016

Receipts
1991
2407
2303
3268

Outlays
1863
2655
3603
3853

Data from Office of Management and Budget.

141. Find the difference between U.S. government receipts and outlays for each year shown

in the table.

142. During which years did the budget show a surplus? A deficit? Explain the answers.

OBJECTIVES

1
2
3

Use exponents.
Find square roots.

Use the rules for order
of operations.

Evaluate algebraic
expressions for given
values of variables.

Exponents, Roots, and Order of Operations

Two (or more) numbers whose product is a third number are factors of that third
number. For example, 2 and 6 are factors of 12 because 2 + 6 = 12.

OBJECTIVE 1 Use exponents.

In algebra, we use exponents as a way of writing products of repeated factors. For
example, we write the product2 + 2 + 2 + 2 + 2 as follows.

202:2-2-2=25
5 factors of 2



VOCABULARY

[ factors

[ exponent (power)

[ base

[ exponential expression
O square root

O positive (principal) square root

O negative square root
[0 constant
[ algebraic expression

GNOW TRY
EXERCISE 1

Write using exponents.

(@ (=3)(=3)(=3)
(b) (0.5)(0.5)
() t-t-t-t-t

NOW TRY ANSWERS
L (@) (=3)° (b) (0.5)

(c) ¥

SECTION R.4 Exponents, Roots, and Order of Operations 37

The number 5 shows that 2 is used as a factor 5 times. The number 5 is the exponent,
and 2 is the base.

25 <— Exponent

L Base
Read 23 as “2 to the fifth power,” or “2 to the fifth.” Multiplying five 2s gives 32.
2> means 2-2-2-2-2 whichequals 32.

Exponential Expression

If a is a real number and » is a natural number, then

a'=a-a-a- ... -a,

n factors of a

where n is the exponent, a is the base, and a” is an exponential expression.
Exponents are also called powers.

D I4S3N Using Exponential Notation

Write using exponents.

3 3)\2
(@) 4-4-4=4° (b) =(> 2 factors of &
- 5 3 5
3 factors of 4

Read 43 as “4 cubed.” Read (%)2 as 2 squared.”

w | w

() (=6)(—6)(—6)(—6) = (—6)*  4factors of —6
Read (—6)*as “—6 to the fourth power,” or “—6 to the fourth.”

(d) (0.3)(0.3)(0.3)(0.3)(0.3) = (0.3)° (&) x*x+x+x*x+x=x% NOwTRY g

In Example 1, we used the terms squared and cubed to refer to powers of 2 and
3, respectively. The term squared comes from the figure of a square, which has the same
measure for both length and width. See FIGURE 18(a). Similarly, the term cubed comes
from the figure of a cube, where the length, width, and height have the same measure.
See FIGURE 18(b).

6
6
3
1 N 6
(a) 3 - 3 means 3 squared, or 32, (b) 6 - 6 - 6 means 6 cubed, or 6°.

FIGURE 18

D \IJN3P N Evaluating Exponential Expressions
Evaluate.
(a) 52means 5 - 5, which equals 25. 5 is used as a factor 2 times.

52means 5 « 5, not5 « 2.
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GNOW TRY
EXERCISE 2

Evaluate.

4
(a) 5° (b) (i)

(© (=3)> @ (-3)3

GNOW TRY

EXERCISE 3

Evaluate.

@@ 7* (b) (=7)* (¢) =77

NOW TRY ANSWERS

2. @ 125 (b) g (© 9
d) 27

3. @) 49 (b) 49 (o) —49

(b) (i)smeans i . i . i, which equals 287 % is used as a factor 3 times.

(¢) (0.2)3 means (0.2)(0.2)(0.2), which equals 0.008.

(d) (—2)*means (—2)(—2)(—=2)(—2), which equals 16.

(e) (—2)°means (—2)(—2)(—2)(—2)(—2), which equals —32. NOW TRY 9

Examples 2(d) and (e) suggest the following generalizations.

Sign of an Exponential Expression

The product of an even number of negative factors is positive.

(=2)(=2)(=2)(=2) =16
The product of an odd number of negative factors is negative.
Example: (—2)(—2)(-2)(—2)(—2) = —-32

Example: 4 factors of —2

5 factors of —2

Evaluating Exponential Expressions
Evaluate.
(a) 2°means 2 - 2 - 2 -2 -2 - 2, which equals 64.
(b) (—2)%means (—2)(—2)(=2)(—=2)(—2)(—2), which equals 64.
(c) —2°
There are no parentheses. The exponent 6 applies only to the number 2, not to —2.
—2%means —(2+2+2-2+2-2), which equals —64.

The base is 2.

The base
is —2.

The base is 2.
NOW TRY 9

@ CAUTION It is important to distinguish between —a” and (—a)".

—a" means —1(a-a-a- ... -a) The base is a.

n factors of a

(—a)” means (—-a)(—a): ... -(—a) Thebaseis —a.

n factors of —a

Be careful when evaluating an exponential expression with a negative sign.

OBJECTIVE 2 Find square roots.

As we saw in Example 2(a), 5 squared (or 5?) equals 25. The opposite (inverse) of
squaring a number is taking its square root. For example, a square root of 25 is 5.
Another square root of 25 is —5 because (—5)? = 25. Thus, 25 has two square roots,
5 and —5.

We write the positive or principal square root of a number using a radical

symbol \/_ The positive or principal square root of 25 is written
V25 =5.
The negative square root of 25 is written

—V25 =-5.



G NOW TRY

EXERCISE 4

Find each square root that is a
real number.

(a) V121 (b) 4 /%

(0 —VI121 @) V-—-121

GNOW TRY

EXERCISE 5

Simplify.
15—-3-4+42

NOW TRY ANSWERS
4 @1 Y © -1

(d) not a real number
55

SECTION R.4 Exponents, Roots, and Order of Operations 39

Because the square of any nonzero real number is positive, the square root of
a negative number, such as V' — 25, is not a real number.

D IHNFN Finding Square Roots

Find each square root that is a real number.

(a) V36 = 6 because 6% = 36. (b) V0 = 0 because 02 = 0.

9 3 3\2 9
(¢) 4/ — = — because <> =—.

16 =04 4)2=0.16.
16 4 4 16 (d) V0.16 = 0.4 because (0.4)% = 0.16

() V100 = 10 because 10? = 100.
(f) — V100 = —10 because the negative sign is outside the radical symbol.
(g) V —100 is not a real number because the negative sign is inside the radical

symbol. No real number squared equals —100.

Notice that part (e) is the positive or principal square root of 100, part (f) is the
negative square root of 100, and part (g) is the square root of —100, which is not a

real number. NOW TRY é)

OBJECTIVE 3 Use the rules for order of operations.

To simplify the following expression, what should we do first—add 5 and 2, or
multiply 2 and 3?

5+2-3

When an expression involves more than one operation symbol, we use the following
rules for order of operations.

Order of Operations

If grouping symbols are present, work within them, innermost first (and above
and below fraction bars separately), in the following order.

Step 1 Apply all exponents.
Step 2 Do any multiplications and divisions in order from left to right.
Step 3 Do any additions and subtractions in order from left to right.

If no grouping symbols are present, start with Step 1.

D NIHNFN Using the Rules for Order of Operations

Simplify.
@s5+2-3 (b)24+3-2+6 Multiplications and divisions
are done in order from left to
=5+6  Multiply. =8-2+6 right. So we divide first here.
=11 Add. =16+6 Multiply.
=22 Add. Now TRY (B)
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G NOW TRY BTN Using the Rules for Order of Operations
EXERCISE 6 . .
Simplify. Simplify.
(@ —52+10+5—[3—7| (@) 10 +5+2[3 4| Work inside the absolute value bars first.
(b) 6+ %(_9) _3, 16 =10+5+2—1| Subtract inside the absolute value bars.
3 8
=10+5+2-1 Take the absolute value.
=2+2 Divide first, and then multiply.
=4 Add.
(b) 4—32+7—(2+8) Workinside the parentheses first.

=4—-32+7—10 Add inside the parentheses.

=4-9+7-10 Evaluate the power.
The base is 3. 32 means

=-=5+7-10 Additions and subtractions are
210 done in order from left to right,

so subtract 4 — 9 first here,
then add —5 + 7.

= -8

1
() 3" 44+ (6+3-17) Work inside the parentheses first.

1
=5 4+ (2—17) Divide inside the parentheses.
1
= 5 <4+ (-5) Subtract inside the parentheses.
=2+ (-5) Multiply.
=-3 Add.
G NOW TRY DN |HNSS Using the Rules for Order of Operations
EXERCISE 7 L
V36 — 4 - 32 5-2 Work separately above and below
—22—-8-3+28 6-\V9—9.2 the fraction bar.
> 10 Evaluate th d th t
= valuate the power and the root.
6-3-9-2 .
>~ 16 Multipl
=— ultiply.
18 — 18 Y
_ -1 Sub
NOW TRY ANSWERS 70 ubtract.
6. (a) —27 (b) —10
7. undefined Because division by 0 is undefined, the given expression is undefined.
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OBJECTIVE 4 Evaluate algebraic expressions for given values of variables.

A constant is a fixed, unchanging number.
2
1, 6, —10, g, —-3.75 Constants

A collection of constants, variables, operation symbols, and/or grouping symbols is
an algebraic expression.

6ab, 5m —9n, —2(x*>+4y)  Algebraic expressions

Algebraic expressions have different numerical values for different values of the vari-
ables. We evaluate such expressions by substituting given values for the variables.

G NOW TRY I8N Evaluating Algebraic Expressions

EXERCISE 8 .
Evaluate each expression for Evaluate each expression form = —4,n =5, p = —6, and g = 25.
X = _4, y= 7, and z = 36. (a) S5m — 9n
2 =Vz = '
(@ 3y —2x (b) ——— Useparentheses | = 9(—4) —9(5)  Substitutem = —4andn = 5.
—3xy around substituted
values to avoid errors. | = —2() — 45 Multiply.
= —65 Subtract.
(b) m ~+ 2n Work separately above and below
4p the fraction bar.
—4 £ 2(5)
= — Substitute m = —4,n=5,and p = —6.
4(-6)
=4 +10 Multiply in the numerator.
—24 Multiply in the denominator.
6 .
=— Add in the numerator.
—24
1 a a
= — Z Write in lowest terms, and rewrite using %= b

() —3m3 — nz(\/c; )

—3(—4)3 - (5)2(\/Z?) Substitute m = —4, n = 5, and g = 25.

= —3(—64) — 25(5) Evaluate the powers and the root.
NOW TRY ANSWERS =192 — 125 Multiply.
5
8. @29 (b3 =67 Subtract. Now TRY (B)

0 FOR
R.4 Exercises eara @ MyLab Math

© Video solutions for select Concept Check Determine whether each statement is true or false. If it is false, correct the
problems available in MyLab statement so that it is true.

Math 1. =76 = (-7)¢ 2. =57 =(-5)"
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. V25isa positive number.

. (—6)7 is a negative number.

4.3+5-8=3+(5-8)

6. (—6)8 is a positive number.

. The product of 5 positive factors and 5 negative factors is positive.

3
5
7. The product of 10 positive factors and 10 negative factors is positive.
8
9

. In the exponential expression —2°, the base is —2.

10. Vais positive for all positive numbers a.

Write each expression using exponents. See Example 1.

11. 10 - 10 - 10 - 10
53,3333
4 4 4 4

15. (=9)(=9)(-9)
17. (0.8)(0.8)

19.2-z2-2z2z-2z2-2

12. 8-8 -8

Concept Check FEvaluate each exponential expression.

21. (a) 8 (b) —82 (© (-8)* @ —(-8)°

22. (a) 4 (b) —4° © (—4)° @ —(=4)°

Evaluate each expression. See Examples 2 and 3.

23. 42 24. 62 25. (0.3)° 26. (0.1)3
1\3 1\4 4\4 7\3

7. (3) 2. (1) ». (%) w. ()

31. (—5)° 32. (—3)3 33. (—2)8 34. (—3)°

35. -3¢ 36. —46 37. -84 38. —10°

39. Concept Check Determine whether each
expression is positive or negative when
evaluated. Do not actually evaluate.

(@) =7 (b) (=7)
(© -7 @ (=7)°
(e) —7* ® (=7)*

40. Concept Check Match each square root
in Column I with the appropriate value or
description in Column II.

Find each square root. If it is not a real number, say so. See Example 4.

41. V81 42. V64
45. —\/400 46. —\/900
49. —\/0.49 50. —\/0.64

53. Goncept Check
number?

54. Goncept Check
number?

I 11
(a) V144 A. —12
(b) V—144 B. 12
(c) —V144 C. Not a real number
43. V169 44. /225
100 225
47. \ | — 48. | —
121 169
51. V-36 52. V—121

If a is a positive number, is —V —a positive, negative, or not a real

If a is a positive number, is —\/& positive, negative, or not a real
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Concept Check  Frank’s grandson was asked to evaluate the following expression.
9+15+3

Frank gave the answer as 8, but his grandson gave the answer as 14. The grandson
explained that the answer is 14 because of the “Order of Process rule,” which says that
when evaluating expressions, we proceed from right to left rather than left to right. (Note:
This is a true story.)

(a) Whose answer was correct for this expression, Frank’s or his grandson’s?
(b) Was the reasoning for the correct answer valid? Explain.

Concept Check Problems like this one occasionally appear on social media. Simplify this
expression.

T+7+T+TXT7-=17

Simplify each expression. See Examples 5-7.

57.12+3 -4 58.15+5-2 59.6-3—-12+4
60.9-4—-8+2 61. 10+30+2-3 62. 12 +24 +3-2
63. —3(5)2— (—2)(-8) 64. —9(2)%2 — (=3)(-2)
65.5—-7-3—(-2)3 66. —4 —3-5— (=3)3
67. —7(V/36) — (—2)(-3) 68. —8(\V/64) — (=3)(-7)
69.6/4—5] —24+3 70. —4|2 —4| +8-2
71. | -6 —5|(—8) — 3? 72. | -2 = 3|(-9) — 4?
73. 18 =42 +5—-(3-17) 74. 10 - 22+ 9 — (1 —38)
2 5 3 5
75. 6 + —(—9) ——- 16 76. 7 ——(—8)+ 12 - —
3( ) 8 4( ) 6
2 3
77. —14(—7>+(2-6—10) 78. —12(—4)—(6-5+3)
(=5 + V4) - 22 (=9 + Vie) — 32
79. 80.
-5-2 —6—1
2(=5) + (=3)(—2 3(—4) + (=5)(—8
o, 209+ (-3)(-2) 0, 34+ (=5)(-8)
—-8+32—-1 22-2-6
Evaluate each expression for a = —3, b = 64, and ¢ = 6. See Example 8.
83.3a+ Vb 84. —2a — Vb 85. Vb+c—a
86. Vb—c+a 87. 4a® + 2c 88. —3a* — 3¢
89. 2(a — ¢)? — ac 90. —4ac + (¢ — a)? 91. M
¢
o &3+ 2c 03, 2¢ + a® o4, 3¢ + a?
" b 4b + 6a 2b — 6¢
Evaluate each expression forw = 4, x = —2, y= %, and z = 1.25. See Example 8.
95. wy — 8x 96. wz — 12y 97. xy +y*

98.

xy — x? 99. —w+2x+3y+z 100. w — 6x + 5y — 3z
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Residents of Linn County, lowa, in the Cedar
Rapids Community School District can use the
expression

(v X 0.5485 — 4850) =+ 1000 X 31.44

to determine their property taxes, where v is
assessed home value. (Source: The Gazette.)

Use this expression to calculate, to the near-
est dollar, the amount of property taxes that
the owner of a home with each of the following
values would pay. Follow the rules for order of
operations.

101. $150,000 102. $200,000

The Blood Alcohol Concentration (BAC) of a person who has been drinking is given by the
Sfollowing expression.

number of 0z X % alcohol X 0.075 + body weight in Ib — hr of drinking X 0.015

(Source: Lawlor, J., Auto Math Handbook: Calculations, Formulas, Equations and Theory for
Automotive Enthusiasts, Penguin, © 1991.)

103. Suppose a policeman stops a 190-1b man who, in 2 hr, has ingested four 12-o0z beers
(48 0z), each having a 3.2% alcohol content.

(a) Substitute the values into the formula, and write the expression for the man’s BAC.

(b) Calculate the man’s BAC to the nearest thousandth. Follow the rules for order of
operations.

104. Find the BAC to the nearest thousandth for a 135-1b woman who, in 3 hr, has drunk three
12-0z beers (36 oz), each having a 4.0% alcohol content.

105. Refer to Exercises 103 and 104.

(a) Calculate the BACs if each person weighed 25 1b more, and the rest of the variables
stayed the same. How does increased weight affect a person’s BAC?

(b) Predict how decreased weight will affect the BAC of each person. Calculate the
BAC:s if each person weighed 25 1b less and the rest of the variables stayed the
same.

106. Calculate the BACs in Exercises 103 and 104 if the time for each person decreases by
1 hr and the other variable values stay the same. How does decreased time affect a per-
son’s BAC?

Solve each problem.

107. The amount, in billions of dollars, that Ameri-
cans spent on their pets from 2003 to 2016 can be
approximated by substituting a given year for x in
the following expression.

2.493x — 4962

(Data from American Pet Products Manufacturers
Association.) Find the amount spent in each year.
Round answers to the nearest tenth.

(a) 2003 (b) 2010 (c) 2016

(d) How did the amount Americans spent on their Boots
pets change from 2003 to 20167
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108. The average price in dollars of a movie ticket in the United States from 2000 to 2016 can
be approximated using the expression

0.2050x — 404.6,

. Average Price
where x represents the year. (Data from National Year (in dollars)
Association of Theater Owners.) 2000
(a) Use the expression to complete the table. 2005 6.43

. . .. . 2010
(b) How much did the average price of a movie ticket in
the United States increase from 2000 to 20167 2016

OBJECTIVES

1 Use the distributive
property.

Use the identity properties.
Use the inverse properties.

Use the commutative
and associative
properties.

N

VOCABULARY

[ identity element for addition
(additive identity)

O identity element for
multiplication
(multiplicative identity)

O term

O coefficient
(numerical coefficient)

0 like terms

O unlike terms

Area of left partis 2 -3 = 6.
Area of right partis 2 - 5 = 10.
Area of total rectangle is 2(3 + 5) = 16.

FIGURE 19

Properties of Real Numbers

The basic properties of real numbers studied in this section, along with the multiplication
property of zero presented earlier, reflect results that occur consistently in work with
numbers. They have been generalized to apply to expressions with variables as well.

OBJECTIVE 1 Use the distributive property.
Notice the following.

23+5)=2-8=16
and 2:3+2-5=6+10= 16,
50 2(3+5)=2-3+2-5.

This idea is illustrated by the divided rectangle in FIGURE 19.
Similarly, observe these facts.

=4[5+ (-3)] = —-4(2)= -8
and —4(5) + (—4)(=3) = =20 + 12 = 8,
SO 4[5+ (=3)] = —4(5) + (—4)(—3).

These two examples are generalized to the set of all real numbers as the distribu-
tive property of multiplication with respect to addition, or simply the distributive
property.

Distributive Property

For any real numbers a, b, and c, the following hold true.
AN 7N
a(b+c)=ab+ac and (b + c)a =ba+ ca

12(4+2)=12-4+12-2
(4+2)12=4-12+2-12

Examples:

The distributive property can also be applied “in reverse.”

ab +ac =a(b+c¢) and ba + ca=(b+ c)a

Examples: 6+-8+6-9=6(8+9), 8:-6+9-6=(8+9)6
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G NOW TRY

EXERCISE 1

Use the distributive property
to rewrite each expression.

(@ —2(3x—y)
(b) 4k — 12k
(©) 3a— 5b

NOW TRY ANSWERS
1. (a) —6x+2y (b) —8k
(¢) cannot be rewritten

This property can be extended to more than two numbers as well.

AN N
alb+c+d)=ab + ac + ad

The distributive property provides a way to rewrite a product a(b + ¢) as a
sum ab + ac, or a sum as a product.

When we use the distributive property to rewrite a(b + ¢) as ab + ac, we refer to
the process as “removing” or “clearing” parentheses.

D NHNSRN Using the Distributive Property

Use the distributive property to rewrite each expression.

(a) 3(x + y) Use the first form of the property to
=3x + 3y rewrite the given product as a sum.

(b) —2(5 + k)
= —2(5) + (—2)(k) Distributive property
=—10 — 2k Multiply.

(¢) 4 + 8« Use the distributive property

‘ in reverse to rewrite the
= (4 +8)x  given sum as a product.

= 12x Add inside the parentheses.
d) 3r —7r
=3r+ (=7r) Definition of subtraction

=[3+ (=7)]r Distributive property in reverse

= —4r Add.
(e) 5p+7q

Because there is no common number or variable here, we cannot use the distrib-

utive property to rewrite the expression.
(f) 6(x + 2y —32)

= 6x + 6(2y) + 6(—3z) Distributive property

=6x + 12y — 18z Multiply. NOW TRY 9

The distributive property can also be used for subtraction as in Example 1(d).

a(b —c) =ab — ac  Example: 6(x —y) = 6x — 6y

OBJECTIVE 2 Use the identity properties.

The number 0 is the only number that can be added to any number to get that number,
leaving the identity of the number unchanged. Thus, O is the identity element for
addition, or the additive identity.

In a similar way, multiplying any number by 1 leaves the identity of the number
unchanged. Thus, 1 is the identity element for multiplication, or the multiplicative
identity. The identity properties summarize this discussion.
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EXERCISE 2

Simplify each expression.
(@ 7x+x (b) —(5p—3q)

NOW TRY ANSWERS
2. (a) 8x (b) —5p+3¢q
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Identity Properties

For any real number a, the following hold true.
a+0=a and 0+a=a
Examples: 9+0=9, 0+9=9
a*l1=a and 1-a=a
Examples: 9-1=9, 1-9=9

The identity properties leave the identity of a real number unchanged. Think of
a child wearing a costume on Halloween. The child’s appearance is changed, but his
or her identity is unchanged.

D \IHN3 N Using the Identity Property 1 - a = a

Simplify each expression.

(a) 12m + m () y+vy
= 12m + 1lm Identity property =ly+ly
= (12 + 1)m Distributive property =(1+1)y
= 13m Add inside the parentheses. =2y
(0) —(m = 5n)
= —1(m — 5n) Identity property

= —1(m) + (—1)(—5n) Distributive property

Multiply each term by —1.
Be careful with signs. = —m-+ 5n Multiply. NOW TRY 9

OBJECTIVE 3 Use the inverse properties.

The additive inverse (or opposite) of a number a is —a. Additive inverses have a sum
of 0 (the additive identity).

1 1 Additive inverses
5 and —5, —5 and 5, —34 and 34 (sum of 0)

The multiplicative inverse (or reciprocal) of a number a is i (where a # 0). Multipli-
cative inverses have a product of 1.

1 1 3 4 Multiplicative inverses
5 and ) and —2, Zandg (product of 1)

This discussion leads to the inverse properties.

Inverse Properties

For any real number a, the following hold true.
a+(—a)=0 and —-a+a=0
Examples: 7+ (=7)=0, -7+7=0

1 1
a';=1 and a—-a=1 (wherea # 0)

Examples: 7-5=1, 5+-7=1
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V¥ Terms and Their

Coefficients

Term

Numerical
Coefficient

-7
34
-26
—1

W= lw -

The inverse properties ‘“undo” addition or multiplication. Putting on your shoes
when you get up in the morning and then taking them off before you go to bed at night
are inverse operations that undo each other.

Expressions such as 12m and 5n from Example 2 are examples of terms. A term
is a number or the product of a number and one or more variables raised to powers.
The numerical factor in a term is the numerical coefficient, or just the coefficient.

Terms with exactly the same variables raised to exactly the same powers are like
terms. Otherwise, they are unlike terms.

5p and —21p —6x”and 9x”  Like terms

3m and 16x 7y*and —3y>  Unlike terms

Different variables Different exponents
on the same variable

OBJECTIVE 4 Use the commutative and associative properties.

Simplifying expressions as in Examples 2(a) and (b) is called combining like terms.
Only like terms may be combined. To combine like terms in an expression such as

—2m+5m+3—6m+8,
we need two more properties. From arithmetic, we know that the following are true.
3+49=12 and 9+3=12
3:9=27 and 9-3=27

The order of the numbers being added or multiplied does not matter. The same
answers result. The following computations are also true.

(5+7)+2=12+2=14
54(7+2)=5+9=14

(5-7)-2=35-2=70
5.(7-2)=5-14=170

The grouping of the numbers being added or multiplied does not matter. The same
answers result.
These arithmetic examples can be extended to algebra.

Commutative and Associative Properties

For any real numbers a, b, and c, the following hold true.
a+b=b+a
ab = ba
(The order of the two terms or factors changes.)
Examples: 9+ (=3)=-3+9, 9(-3)=(-3)9

} Commutative properties

a+(b+c)=(a+b)+c
a(bc) = (ab)c

(The grouping among the three terms or factors changes, but the order stays
the same.)

Examples: 7+ (8+9)=(7+8)+9, 7-(8:-9)=(7-8)-9

} Associative properties
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EXERCISE 3

Simplify.

—Tx+10—-3x—4 +x

NOW TRY ANSWER

3.

—9x +6

SECTION R.5 Properties of Real Numbers 49

The commutative properties are used to change the order of the terms or factors in
an expression. Think of commuting from home to work and then from work to home.
The associative properties are used to regroup the terms or factors of an expression.
Think of associating the grouped terms or factors.

Using the Commutative and Associative Properties
Simplify.
—2m+5m+ 3 —6m+ 8
=(-2m+5m)+3 —6m+8  Associative property
=(-2+5)m+3—6m+38 Distributive property

=3m+3—6m+8 Add inside parentheses.

The next step would be to add 3m and 3, but they are unlike terms. To combine 3m
and —6m, we use the associative and commutative properties, inserting parentheses
and brackets according to the rules for order of operations.

=[3m+(3—6m)] +8 Associative property
3m+ (—6m+3)] +8 Commutative property

=
=[(3m+ [—6m]) +3] +8  Associative property
(

=(-3m+3)+8 Combine like terms.
= —=3m+ (3 +38) Associative property
= —3m+ 11 Add.

In practice, many of these steps are not written down, but it is important to realize
that the commutative and associative properties are used whenever the terms in an
expression are rearranged and regrouped to combine like terms. NOW TRY 9

Using the Properties of Real Numbers
Simplify each expression.
(@) 5y — 8y — 6y + 11y
=(5—-—8—6+11)y Distributive property
=2y Combine like terms.
TN
(b)3x+4—5(x+l)—
=3x+4—5x—5—8 Distributive property
=3x—5x+4—5—8 Commutative property
=—-2x—9 Combine like terms.
(¢c) 8 — (3m+2)
=8 — 1(3m +2) Identity property
=8—3m—2 Distributive property

=6—3m Combine like terms.



50 CHAPTER R  Review of the Real Number System

GNOW TRY
EXERCISE 4

Simplify each expression.

@) —3(1—4)—1+15
(b) 7x — (4x — 2)

(c) 5x(6y)

() 3(5x—7) — 8(x + 4)

NOW TRY ANSWERS
4. (a) —4r+27 (b) 3x+2
(¢) 30xy (d) 7x— 53

© Video solutions for select
problems available in MyLab

Math

)
= [3x(5)]y Order of operations
=[3(x+5)]y Associative property
= [3(5x) ]y Commutative property
=[(35)x]y Associative property
= (15x)y Multiply.
= 15(xy) Associative property
= 15xy

As previously mentioned, many of these steps are not usually written out.

(e) 4(3x —5) — 2(4x +7)

=12x— 20— 8x— 14 Distributive property

=12x —8x— 20— 14 Commutative property

=4x — 34 Combine like terms.

Like terms may be combined by adding or subtracting the coefficients of the terms

and keeping the same variable factors.

NOW TRY 9

0 CAUTION Be careful. The distributive property does not apply in Example 4(d) because
there is no addition or subtraction involved.

(3)(8)(y) # (3x)(5) - (3x)(¥)

EXTRA ° MyLab Math

0 FOR
R.5 Exercises

HELP

Concept Check Choose the correct response.

1.

3.

2. The identity element for multiplication is

1 1
D. —. A. —a B. 0 C. 1 D. —.
a a

The identity element for addition is

A. —a B. 0 C. 1

The additive inverse of a is 4. The multiplicative inverse of a, where

1 a # 0, is
A. —a B. 0 C. 1 D. p

A. —a B. 0 C. 1 D.

IS

Concept Check Complete each statement.

. The commutative property is used to change the
. The associative property is used to change the
. Like terms are terms with the

. When simplifying an expression, only

. The distributive property provides a way to rewrite a product such as a(b + ¢) as

the sum

of two terms or factors.
of three terms or factors.
variables raised to the powers.

terms can be combined.

. The numerical coefficient in the term —7yz? is
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Simplify each expression. See Examples 1 and 2.

11. 2(m + p) 12. 3(a + b) 13. —12(x — ) 14. —10(p — q)
15. 5k + 3k 16. 6a + 5a 17. 7r — 9r 18. 4n — 6n

19. =8z + 4w 20. —12k + 3r 21. a + Ta 22. 5 +9s

23. x +x 24.a+a 25. —(2d - f) 26. —(3m — n)
27. —(—x—y) 28. —(—3x — 4y) 29. 2(x — 3y +2z) 30.8(3x+y—52)

Simplify each expression. See Examples 1-4.

31. — 12y + 4y + 3y + 2y
33. 6p+5—4p+6+11p
35.3(k+2)—5k+6+3
37. 10 — (4y + 8)

39. 10x(3)(y)
a1, —%(12w)(7z)

43. 3(m —4) —2(m + 1)
45. 0.25(8 + 4p) — 0.5(6 + 2p)
47. —(2p +5) +3(2p+4)—2p

49.2+3(22 —5) —3(4z +6) — 8

Complete each statement so that the indicated property is illustrated. Simplify each answer if

possible. See Examples 1-4.
51. 5x + 8x =

(distributive property)
53.5(9r) =

(associative property)

55.5x + 9y =

(commutative property)

57.1-7=

(identity property)

CTg T

(inverse property)

61. 8(—4 +x) =

(distributive property)

63. 0(0.875x + 9y) =

(multiplication

property of 0)

32.
34.
36.
38.
40.

42,

44.
46.
48.
50.

52.

54.

56.

58.

60.

62.

64.

—5r —9r + 8r — 5r
—8x—12+3x—5x+9
5r—3)+6r—2r+4
6— (9 +5)

8x(6)(y)

—%(mw)(sZ)

6(a—5) —4(a+6)
0.4(10 — 5x) — 0.8(5 + 10x)
—(Tm — 12) + 2(4m + 7) — 6m

—4+4(4k—3)—6(2k+8)+7

9y — 6y =

(distributive property)
-4+ (12+8) =
(associative property)
—5.7 =
(commutative property)

—12x+0=

(identity property)

(inverse property)
3x—y+tz)=
(distributive property)

0(0.35¢ + 12u) =

(multiplication
property of 0)

65. Concept Check Give an “everyday” example of a commutative operation.

66. Concept Check Give an “everyday” example of inverse operations.
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The distributive property can be used to mentally perform calculations.
38-17+38-3
=38(17 +3)  Distributive property
= 38(20) Add inside the parentheses.
=760 Multiply.

Use the distributive property to calculate each value mentally.

67.96-19+4-19 68. 27 - 60 + 27 - 40 69.58-%—8-%

71. 8.75(15) — 8.75(5) 72. 431(69) + 4.31(31)

8 8
70. —(17) + (1
0.£(17) + £ (13)

LAWY [H4A 60 For Individual or Group Work (Exercises 73-78)

When simplifying an expression, we usually do some steps mentally. Work Exer-
cises 73-78 in order, providing the property that justifies each statement in the
given simplification. (These steps could be done in other orders.)

3x+4+2x+7
73. = (Bx+4)+ (2 +7)
74. =3+ (4+20) +7
75. =3+ (2 +4)+7
76. =Bx+2x)+(4+7)
7. —(B+2x+(4+7)
78. =5x+ 11

OETJI AN Summary
Key Terms
[ R.1 | natural (counting) numbers [ R.3 | negative square root
fractions infinite set sum constant '
numerator whole numbers difference algebraic expression
denominator empty (null) set product
proper fraction variable quotient [ R.5 |
improper fraction number line reciprocal identity element for
lowest terms 1nteg§rs (multiplicative inverse) addition
mixed number coordinate dividend (additive identity)
reciprocals graph divisor identity element for
decimal rational numbers multiplication
terminating decimal irrational numbers m (multiplicative
repeating decimal real numbers factors identity)
percent additive inverse exponent (power) term

(opposite, negative) base coefficient

set
elements (members)
finite set

signed numbers
absolute value
equation
inequality

exponential expression

square root

positive (principal)
square root

(numerical coefficient)
like terms
unlike terms
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0.6 bar notation that signifies
repeating digit(s)

% percent

{a,b} set containing the elements
aand b

16} empty set

e is an element of (a set)

Test Your Word Power

See how well you have learned the vocabulary in this chapter.

&
+
{x| x has property P}

NAS

is not an element of
is not equal to

set-builder notation
absolute value of x

is less than

is less than or equal to

>
=

am

Ne
Va

is greater than

is greater than or equal to
m factors of a

radical symbol

positive (principal) square
root of a

1. The denominator of a fraction 5. An integer is 10. An exponential expression is
A. is the number above the A. apositive or negative number A. anumber that is a repeated
fraction bar B. anatural number, its opposite, factor in a product
B. gives the total number of equal or zero B. anumber or a variable written
parts in the whole C. any number that can be with an exponent
C. gives the number of shaded graphed C. anumber that tells how many
parts in the whole D. the quotient of two numbers. times a factor is repeated in a
D. is the smaller number in the 6. The absolute value of a number is product
fraction. A. the graph of the number D. an e.x.pression that involves
2. A proper fraction is a fraction that B. the reciprocal of the number addition.
has C. the opposite of the number 11. A termis
A. numerator greater than D. the distance between 0 and the A. anumerical factor
denominator number on a number line. B. anumber or a product
B. numerator equal to 7. The reciprocal of a nonzero of a number and one or
denominator number a is more variables raised to
C. numerator less than 1 powers
denominator A.a B'_ a G e DL C. one of several variables with
D. denominator less than 8. Afactor is ) N the same exponents
numerator. A. the answer in an addition D. a sum of numbers and
3. The empty set is a set B fl)lr: ta)lilesr\r)lver in a multiplication variables raised (o powers.
A. with 0 as its only element ) coblem p 12. A numerical coefficient is
B. with an infinite number of p A. the numerical factor in a term
C. one of two or more numbers .
elements B. the number of terms in an
. that are added to get another .
C. with no elements expression
. number . .
D. of ideas. .. C. avariable raised to a power
. ) D. any number that divides evenly D. th iable £ .
4. A variable is into a given number. . the variable factor in a term.
A. asymbol used to represent an .
9. An exponent is
unknown number
. A. asymbol that tells how many
B. a value that makes an equation . o
troe numbers are being multiplied
. . B. a number raised to a power
C. asolution of an equation
. S C. anumber that tells how many
D. the answer in a division . .
roblem times a factor is repeated
P ’ D. a number that is multiplied.
ANSWERS

1. B; Example: In the fraction %, the denominator is 4. 2. C; Examples:

125
2712

3. C; Example: The set of whole numbers less than 0 is the empty set,

written J. 4. A; Examples: x,y,z 5. B; Examples: —9,0,6 6. D; Examples: |2| =2and | —2| =2 7. B; Examples: 3 is the reciprocal of%;

—% is the reciprocal of —%. 8. D; Example: 2 and 5 are factors of 10 because both divide evenly (without remainder) into 10. 9. C; Example:

In 2%, the number 3 is the exponent (or power), so 2 is a factor three times, and 22 =2 - 2 - 2 =8. 10. B; Examples: 3* and x'° 11. B; Examples:

X

6

22

—4ab?

12. A; Examples: The term 8z has numerical coefficient 8, and the term —10x%y has numerical coefficient —10.
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Step-by-step test solutions are found on the Chapter Test Prep Videos available in

Chapter R Test MyLab Math.

© View the complete solutions Perform the indicated operations.

to all Chapter Test exercises in 31 3 9

MyLab Math. 1. 1 + 3 2. 7 + 7 3. 13.25 — 6.417 4. 0.7 X 0.04

Complete the table of fraction, decimal, and percent equivalents.

Fraction in Lowest Terms Decimal Percent
5. 4%

15

=]

5
. Graph {—3, 0.75, 5’ 5, 6.3} on a number line.

Let A = {—\/8, —-1,-0.5,0,3, V25,75, 274, \V —4 } Simplify the elements of A as neces-

sary, and then list those elements of A that belong to the specified set.

9. Whole numbers 10. Integers 11. Rational numbers 12. Real numbers

Perform the indicated operations.

1 2
13. =6+ 14+ (—11) — (=3) 4. -2 <——0+—>
7 9 3
15. 10 —4 -3+ 6(—4) 16. 7 — 4% + 2(6) + (—4)?
—2[3-(-1-2)+2 8-4—-32-5-2(—1
[y, 23— (1-2) +2] . EREG)
Vo(=3) — (-2) —-3-22+24
Find each square root. If it is not a real number, say so.
19. V196 20. — V225 21. V—16

22. Evaluate 8kr+22mz fork=—3,m= —3,and r = 25.
Simplify each expression.
23. —3(2k—4) +4(3k—5) — 2 + 4k 24. (3r +8) — (—4r +6)
25. Match each statement in Column I with the appropriate property in Column II. Answers
may be used more than once.
I I

fully utilize your text. Review _
Study Skill 1, Using Your ®4-1=4
Math Text. @ (a+b)+c=(b+a)+c

(@ 6+ (=6)=0 A. Distributive property
(b) 2+(3+6)=(-2+3)+6 B. Inverse property
Sx + 15x=(5+15 C. Identit t
STUDY SKILLS REMINDER (©) Sx+15x = (5 + 15)x entity property
You will increase your chance d 13-0=0 D. Associative property
of success in this course if you (e -9+0=-9 E. Commutative property
F

. Multiplication property of O
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Linear Equations, Inequalities, and Applications

OBJECTIVES

1

N

Distinguish between
expressions and
equations.

Identify linear equations.

Solve linear equations
using the addition
and multiplication
properties of equality.

Solve linear equations
using the distributive
property.

Solve linear equations
with fractions or decimals.

Identify conditional
equations, contradictions,
and identities.

VOCABULARY

O linear (first-degree) equation

in one variable

O solution

O solution set

O equivalent equations
O conditional equation
[ identity

[ contradiction

G NOW TRY
EXERCISE 1
Determine whether each of

the following is an expression
or an equation.

(a) 2x + 17 — 3x
(b) 2x + 17 = 3x

NOW TRY ANSWERS

1.

(a) expression (b) equation

Linear Equations in One Variable

OBJECTIVE 1 Distinguish between expressions and equations.

In our earlier work, we reviewed algebraic expressions.
3,8

8x+9, y—4, Algebraic expressions

Equations and inequalities compare algebraic expressions, just as a balance scale
compares the weights of two quantities. Recall that an equation is a statement that two
algebraic expressions are equal. An equation always contains an equality symbol,
while an expression does not.

D \IHN3/N Distinguishing between Expressions and Equations
Determine whether each of the following is an expression or an equation.
(@ 3x—7=2 (b) 3x — 7

In part (a) we have an equation because there is an equality symbol. In part (b),
there is no equality symbol, so it is an expression.

Equation Expression
Left side Right side
— =
3x—7 = 2 3x—7

An equation can be solved. An expression cannot be solved.

It can often be evaluated or simplified.

NOW TRY 9

OBJECTIVE 2 Identify linear equations.

A linear equation in one variable involves only real numbers and one variable raised
to the first power.

Linear Equation in One Variable

A linear equation in one variable (here x) is an equation that can be written in
the form

ax + b =0,
where a and b are real numbers and a # 0.

x+1=-2, x—3=5, 2x+5=10

Linear equations

Examples: in one variable

A linear equation is a first-degree equation because the greatest power on the
variable is 1. Some equations that are not linear equations in one variable follow.

4x —5y=6

(There is more than one variable.) } Not linear equations
X*+4=0

(The exponent on the variable is not 1.) | N one variable

If the variable in an equation can be replaced by a real number that makes the
statement true, then that number is a solution of the equation. For example, 8 is a
solution of the equation x — 3 = 5 because replacing x with 8 gives a true statement.
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An equation is solved by finding its solution set, the set of all solutions. The solution
set of the equation x —3 = 51is {8}.

Equivalent equations are related equations that have the same solution set. To
solve an equation, we usually start with the given equation and replace it with a series
of simpler equivalent equations. The following are all equivalent because each has
solution set {3}.

S5x+2=17, 5x=15, x=3 Equivalent equations

OBJECTIVE 3 Solve linear equations using the addition and multiplication properties
of equality.

We use two important properties of equality to produce equivalent equations.

Addition and Multiplication Properties of Equality

Addition Property of Equality
If a, b, and c represent real numbers, then the equations

a=b and a + c =b + ¢ areequivalent.

That is, the same number may be added to each side of an equation without
changing the solution set.

Multiplication Property of Equality
If a, b, and c represent real numbers and ¢ # 0, then the equations

a=>b and ac = bc areequivalent.

That is, each side of an equation may be multiplied by the same nonzero
number without changing the solution set.

Because subtraction and division are defined in terms of addition and multiplica-
tion, respectively, the preceding properties can be extended.

The same number may be subtracted from each side of an equation,
and each side of an equation may be divided by the same nonzero number,
without changing the solution set.

D \I483PH Solving a Linear Equation

Solve 4x —2x — 5 =4 + 6x + 3.
The goal is to isolate x on one side of the equation.

dx —2x —5=4+6x+3
2x—5=7+ 6x Combine like terms.
2x—5 —6x=7+ 6x — 6x Subtract 6x from each side.

—4x—5=17 Combine like terms.
—4x—-5+5=7+5 Add 5 to each side.
—4x =12 Combine like terms.
—4x 12
—_— = Divide each side by —4.
—4 —4

x=-3
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GNOW TRY
EXERCISE 2
Solve.

Sx + 11 =2x—13 — 3x

NOW TRY ANSWER
2. {—4}

CHECK Substitute —3 for x in the original equation.
dy—2x—5=4+6x+3 Original equation

4(-3)=2(-3)—5Z4+6(-3)+3 Letx- -3

?
Ve s 124+46—-5=4—-18+3 Multiply.
around substituted
values to avoid —11=-11 True
errors. o
This is not
The true statement indicates that { —3} is the solution set. NOW TRY 9

0 CAUTION In Example 2, the equality symbols are aligned in a column. Use only one
equality symbol in a horizontal line of work when solving an equation.

Solving a Linear Equation in One Variable

Step 1 Simplify each side separately. Use the distributive property as needed.
¢ Clear any parentheses.
* Clear any fractions or decimals.
¢ Combine like terms.

Step 2 Isolate the variable terms on one side. Use the addition property of
equality so that all terms with variables are on one side of the equation
and all constants (numbers) are on the other side.

Step 3 Isolate the variable. Use the multiplication property of equality to obtain
an equation that has just the variable with coefficient 1 on one side.

Step 4 Check. Substitute the value found into the original equation. If a true
statement results, write the solution set. If not, rework the problem.

OBJECTIVE 4 Solve linear equations using the distributive property.

D CIHN3EN Solving a Linear Equation
Solve 2(x — 5) + 3x =x + 6.

Step 1 Clear parentheses using the distributive property. Then combine like terms.

Be sure to distribute 2(x — 5) +3x=x+6
over all terms within
he parentheses. - Dy + 2(—5) +3x=x+6 Distributive property
2x—10+3x=x+6 Multiply.
5 —10=x+6 Combine like terms.

Step 2 Isolate the variable terms on one side and constants on the other.

5x—10 —x=x+6 —x  Subtract x.

4x—10=6 Combine like terms.
4x— 10+ 10=6+ 10 Add 10.
4x =16 Combine like terms.



GNOW TRY
EXERCISE 3
Solve.

S5x—4)—12=3—-2x

NOW TRY
EXERCISE 4
Solve.

2—3(2+6x)=4(x+1)+36

NOW TRY ANSWERS
3. {5}
4. {-2}

SECTION 1.1 Linear Equations in One Variable

Step 3  Use the multiplication property of equality to isolate x on the left.

4x 16
= Divide by 4.
4 4

x=4

Step 4 Check by substituting 4 for x in the original equation.

CHECK 2(x—5)+3x=x+6  Original equation
* 204 —5)+3(4) L2446 Letx=4

Always check

your work. 2(-1)+12£ 10 Simplify.

10=10 v True

A true statement results, so the solution set is {4 }.

Solving a Linear Equation
Solve 4(3x —2) =38 —2(2x — 1).
4(3x—2) =38 —2(2x— 1)
Step 1 4(3x) +4(=2) =38 —2(2x) — 2(—1)

Be careful with signs | 12x — 8 = 38 — 4x + 2
when distributing.

12x — 8 =40 — 4x

Clear parentheses using
the distributive property.

Multiply.

Combine like terms.

Step 2 12x — 8 + 4x =40 — 4x + 4x Add 4x.
16x — 8 =40 Combine like terms.
16x —8 +8 =40+ 8 Add 8.
16x = 48 Combine like terms.
16x 48
Step 3 E = E Divide by 16.
x=3

Original equation

?

Step 4 CHECK 4(3x—2) =38 —2(2x — 1)
4[3(3) —2] £38 —2[2(3) — 1]
4[7] £38 —2[5]
28=28 v True

Let x = 3.

Work inside the brackets.

A true statement results, so the solution set is {3}.

OBJECTIVE 5 Solve linear equations with fractions or decimals.

59

NOW TRY 9

When fractions appear as coefficients in an equation, we multiply each side by the
least common denominator (LCD) of all the fractions. This is an application of the

multiplication property of equality.
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GNOW TRY
EXERCISE 5

—4 2x+4
X X :5

Solve.
+
4
NOW TRY ANSWER
5. {11}

8

Linear Equations, Inequalities, and Applications

D CIYSW Solving a Linear Equation with Fractions

x+7 2x — 8

Solve —(—+ — —4.
x+7 2x—38
+ =—4
6 2
m— 8\ _ Eliminate the fractions.
Step 1 6< 6 + 7 ) =06(—4) Multiply each side by the LCD, 6.
x+7 2x — 8
6 p +6 > =6(—4) Distributive property
(x+7)+3(2x—8)=-24 Multiply.

x+7+3(2x) +3(-8)=-24 Distributive property

x+7+6x—24=-24 Multiply.
Ix—17=-24 Combine like terms.
Step 2 Tx—17+17=-24+17 Add 17.
Tx = —7 Combine like terms.
Step 3 771 = _77 Divide by 7.
x = —1

Step 4 CHECK —4
P 6 2
—1+7 2(-1)-8,
LD Z8 .,
6 2
1-5%—4

Original equation

Let x = —1.

Simplify each fraction.

—4=—-4 v True

NOW TRY 9

When an equation involves decimal coefficients, we can clear the decimals by
multiplying by a power of 10, such as 10' = 10, 10?> = 100, and so on, to obtain an
equivalent equation with integer coefficients.

A true statement results, so the solution set is { —1}.

S VNIZHW Solving a Linear Equation with Decimals
Solve 0.06x + 0.09(15 — x) = 0.07(15).

0.06x + 0.09(15 — x) = 0.07(15)

Step 1 0.06x + 0.09(15) + 0.09(—x) = 0.07(15) Distributive property

0.06x + 1.35 — 0.09x = 1.05 Multiply.

Now clear the decimals by multiplying by a power of 10. Because each decimal
number is given in hundredths, multiply each term of the equation by 100. A number
can be multiplied by 100 (that is, by 10?) by moving the decimal point two places to
the right.



NOW TRY
EXERCISE 6

Solve.
0.08x — 0.12(x — 4)
=0.03(x — 5)
NOW TRY ANSWER
6. {9}

SECTION 1.1
0.06x + 1.35 — 0.09x = 1.05
o) ) o) o)

Move decimal

points 2 places to
the right.

—3x + 135 =105

Step 2 —3x + 135 — 135 =105 — 135
—3x = —30
Step 3 —_?;x = __3:)
x=10
Step 4 CHECK 0.06x + 0.09(15 — x) = 0.07(15)
0.06(10) + 0.09(15 — 10) £ 0.07(15)
0.6 + 0.09(5) £ 1.05
0.6 +0.45 £ 1.05
1.05=1.05 v

The solution set is {10 }.

Linear Equations in One Variable 61

Multiply each term by 100.

_ _ This is an equivalent equation
6x + 135 9x =105 < without decimals.

Combine like terms.
Subtract 135.

Combine like terms.

Divide by —3.

Original equation

Let x =10.

Multiply and subtract.
Multiply.

True

NOW TRY 9

clearing the decimals.
0.06x + 0.09 (15 — x) = 0.07(15)
0.06x + 0.09(15) + 0.09(—x) = 0.07(15)
0.06x + 1.35 — 0.09x = 1.05

Be careful with
0.03x +1.35=1.05

—0.08x +1.35 — 1.35 =1.05 — 1.35

-0.03x = -0.3
-0.03x _ —03
~0.03  -0.03

Some students prefer to solve an equation with decimal coefficients without

Equation from Example 6
Distributive property
Multiply.

Combine like terms.
Subtract 1.35.

Combine like terms.

Divide by —0.08.

_ The same
x=10 solution results.

OBJECTIVE 6 Identify conditional equations, contradictions, and identities.

Some equations have one solution, some have no solution, and others have an infinite
number of solutions. The table gives the names of these types of equations.

V Solution Sets of Equations

Type of Linear

) Number of Solutions
Equation
Conditional One solution;
solution set: {a number}
Identity Infinitely many solutions;

solution set: {all real numbers}

No solution;
solution set: &

Contradiction

Indication When Solving

Final line is x = a number.
(See Examples 2-6, 7(a).)

Final line is true, such as 0 = 0.

Final line is false, such as —15 = —20.

(See Example 7(b).)

(See Example 7(c).)
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G NOW TRY

EXERCISE 7

Solve each equation.
Determine whether it is a
conditional equation, an
identity, or a contradiction.

@ 9x—3(x+4)=6(x—2)
(b) —3(2x—1)—2x=3+x
(¢) 10x—21=2(x—5)+ 8

NOW TRY ANSWERS
7. (a) {all real numbers }; identity

(b) {0}; conditional equation

(¢) J; contradiction

D \I493A Recognizing Conditional Equations, Identities, and Contradictions

Solve each equation. Determine whether it is a conditional equation, an identity, or
a contradiction.

(a) 5(2x+6) —2="7(x+4)
10x +30 — 2 = 7x + 28
10x + 28 = 7x + 28

Distributive property
Combine like terms.

10x +28 — 7x — 28 =T7x +28 — 7x — 28 Subtract 7x. Subtract 28.

3x=0 Combine like terms.
The last line has a 3l = 9 Divide by 3.
variable. The number 3 3
following “="is a
i 0
solution. x=0 O _o

CHECK

5(2x+6) —2="7(x+4) Original equation
5[2(0) + 6] —2Z7(0 + 4)
5(6) —2 < 7(4) Multiply and then add.

28=28 V True

Let x = 0.

The value 0 checks, so the solution set is {0 }. Because the solution set has only one
element, 5(2x + 6) — 2 = 7(x + 4) is a conditional equation.
(b) 5x—15=5(x—3)
Sx —15=5x—15
S5x—15—5x+15=5x—15—5x+ 15 Subtract 5x. Add 15.

The variable has _
“disappeared.” 0=0 True

The true statement 0 = O indicates that the solution set is {all real numbers}. The
equation 5x — 15 = 5(x — 3) is an identity. Notice that the first step yielded

Distributive property

S5x — 15 = 5x — 15, which is true for all values of x.

We could have identified the equation as an identity at that point.

(© 5= 15=5(x—4)
5x —15=5x—-20
S5x — 15 — 5x=5x—20 — 5x Subtract 5x.

—15=-20 False

Because the result, —15 = —20, is false, the equation has no solution. The solution set
is the empty set (J, so the equation 5x — 15 = 5(x — 4) is a contradiction.

NOW TRY 9

Distributive property

0 CAUTION A common error in solving an equation like that in Example 7(a) is to think that
the equation has no solution and write the solution set as (J. This equation has one solution,
the number O, so it is a conditional equation with solution set {0}.
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extea @ MyLab Math

Concept Check Complete each statement. The following key terms may be used once, more

than once, or not at all.

linear equation  solution algebraic expression  contradiction all real numbers

solution set identity  conditional equation  first-degree equation empty set &

1. A collection of numbers, variables, operation symbols, and grouping symbols, such as
2(8x —15),isa(n) . While an equation (does/does not) include an equality
symbol, there (is/is not) an equality symbol in an algebraic expression.

2. A(n)____ in one variable (here x) can be written in the form ax + b (=/>/<) 0,
with a # 0. Another name for a linear equationisa(n) | because the greatest
power on the variable is (one/two/three).

3. If we let x = 2 in the linear equation 2x + 5 = 9, a (true/false) statement results. The

number 2isa(n) —________ of the equation, and {2} is the
4. A linear equation with one solution inits , such as 2x + 5 =9, is a(n)
5. A linear equation with an infinite number of solutions isa(n) ——_ . Its solution set
is{__ }
6. A linear equation with no solutionisa(n) . Its solution set is the

7. Concept Check Which equations are linear equations in x?
A 3x+x—2=0 B. 12 = x? C.9%—4=9 D.3x+2y=6

8. Concept Check Which of the equations in Exercise 7 are nonlinear equations in x?
Explain why.

Determine whether each of the following is an expression or an equation. See Example 1.

9. 3x+2—-4=x 10. 3x+2—-4—x=4
11. 4(x +3) —2(x+ 1) — 10 12. 4(x +3) —2(x+ 1) + 10
13. —10x + 12 —4x = -3 14. —10x+12—4x+3=0

15. Concept Check This incorrect solution contains a common error.
8x —2(2x—3)=3x+7
8x—4x—6=3x+7 Distributive property
4x—6=3x+7 Combine like terms
x=13 Subtract 3x. Add 6.
WHAT WENT WRONG? Give the correct solution.
16. Concept Check This incorrect solution contains a common error.
12-203x+1)=11
10(3x+ 1) =11 Subtract 12 — 2.
30x + 10 =11 Distributive property
30x =1 Subtract 10.

X =_—_— Divide by 30.

WHAT WENT WRONG? Give the correct solution.
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17. Goncept Check Suppose we solve a linear equation and obtain, as our final result, an
equation in Column I. Match each result with the solution set in Column II for the
original equation.

I I
@) 7=7 A. {0}
(b) x=0 B. {all real numbers }
(©7=0 C. g

18. Concept Check Which one of the following linear equations does not have solution set
{all real numbers }?

A. 4x=5x—x B. 3(x +4)=3x+ 12
3

C. 4x =3x D. 25" 0.75x

E. 4(x —2)=2(2x — 4) F. 2x + 18x = 20x

Solve each equation, and check the solution. If applicable, tell whether the equation is an
identity or a contradiction. See Examples 2—4 and 7.

19. 7x+8 =1 20. 5x —4 =21
21. 5x+2=3x—6 22.9x+1=7x—9
23. Tx —5x+15=x+38 24. 2x +4—x=4x—5

25. 12w+ 15w —9+5=-3w+5-9 26. —4x +5x—8+4=6x—4

27. 3(21 — 4) = 20 — 21 28.2(3 —2x) =x— 4

29. —5(x+ 1) + 3x+2 = 6x + 4 30.5(x+3) +dr—5=4— 2

3. —2r+5c—9=3(x—4)—5 32 —6x+2r— 11 =-2(2x—3) +4
33. 2(x+3)=-6(x+7) 34. —4(x—9)=—-8(x+3)

35. 32+ 1) —2(x—2) =5 36.4(x—2) +2(x+3) =6

37. 2+ 3(x — 4) = 2(x — 3) 38. 6x — 3(5x +2) = 4(1 — x)

39. 6x —4(3 —2x)=5(x—4)— 10 40. —2x —3(4 —2x) =2(x—3) +2

41, —2(x+3) —x—4=-3(x+4)+2  42.4(2x+7) =2x+25+3(2x + 1)
43.2[x — (2x +4) +3] =2(x+ 1) 4. 4[2x — (3 —x) +5] = —(2+ Tx)
45. —[2x — (5x +2)] =2+ (2x + 7) 46. —[6x — (4x +8)] =9 + (6x + 3)
47. 3x+6—5(x—1)=—5x— (2x—4) +5

48. 4(x +2) —8x—5=—3x+9 —2(x + 6)

49.7[2 — (3 +4x)] — 2x = —9 + 2(1 — 15x)

50. 4[6 — (1 +2x)] + 10x = 2(10 — 3x) + 8x

Concept Check Answer each question.

51. To solve the following linear equation, we multiply each side by the least common denom-
inator of all the fractions in the equation. What is this LCD?
3 1 5

Zx—§x=gx—5
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52. Suppose that in solving the following equation, we multiply each side by 12, rather than
the least common denominator, 6. Would we obtain the correct solution? Explain.
1 1 1

gx-l—ax:gx

53. To solve a linear equation with decimals, we usually begin by multiplying by a power of
10 so that all coefficients are integers. What is the least power of 10 that will accomplish
this goal in each equation?

(@) 0.05x + 0.12(x + 5000) = 940 (b) 0.006(x + 2) = 0.007x + 0.009
54. The expression 0.06(10 — x)(100) is equivalent to which one of the following?
A. 0.06 — 0.06x B. 60 — 6x C. 6 —6x D. 6 — 0.06x

Solve each equation, and check the solution. See Examples 5 and 6.

5 3 6
55. —2x=2 56. 2 x=-5 57. 2x=—1
9 1 5
58 —Ly—6 59. X4 Y= 60. - — T =1
" gt 273 "5 4
61. 2+ 23 6.5 2o 3 63. 010,22
42 3 2 s 5 3
5—-x 5 X 3x—1 x+3 3x+2 x+4
4. 2= 5. n - ] _ _
0 T T 5 65— 6 66. — 5
4x + + —~ + +1 —x+
7. X 1:x 5+x 3 68.2x 5:3x 1+ x+ 8
3 6 6 5 2 16

69. 0.04x + 0.06 + 0.03x = 0.03x + 1.46 70. 0.05x + 0.08 + 0.06x = 0.07x + 0.68
71. 0.006x — 0.02x + 0.03 = 0.008x + 0.25 72. 0.05x — 0.1x + 0.6 = 0.04x + 2.22

73. 0.05x + 0.12(x + 5000) = 940 74. 0.09x + 0.13(x + 300) = 61

75. 0.02(50) + 0.08x = 0.04(50 + x) 76. 0.04(90) + 0.12x = 0.06(460 + x)
77. 0.05x + 0.10(200 — x) = 0.45x 78. 0.08x + 0.12(260 — x) = 0.48x
79. 0.006(x + 2) = 0.007x + 0.009 80. 0.006(50 — x) = 0.272 — 0.004x

m Formulas and Percent

OBJECTIVES

1 Solve a formula for a
specified variable.

2 Solve applied problems
using formulas.

Solve percent problems.

4 Solve problems involving
percent increase or
decrease.

5 Solve problems from the
health care industry.

w

A mathematical model is an equation or inequality that describes a real situation.
Models for many applied problems, called formulas, already exist. A formula is an
equation in which variables are used to describe a relationship. For example, the for-
mula for finding the area A" ofa triangle is

1
A = 5bh. :h
|
Here, b is the length of the base and 4 is the height. See |
FIGURE 1. A list of formulas used in algebra is given at | b |
the back of this text. FIGURE 1

*In this text, we use A to denote area.
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G NOW TRY

EXERCISE 1

Solve the formula I = prt
for p.

VOCABULARY

O mathematical model
O formula

O percent

[ percent increase

[ percent decrease

STUDY SKILLS REMINDER
Are you getting the most
out of your class time?
Review Study Skill 3,
Taking Lecture Notes.

NOW TRY ANSWER

1. p:L

rt

OBJECTIVE 1 Solve a formula for a specified variable.

The formula I = prt says that interest on a loan or investment equals principal
(amount borrowed or invested) times rate (percent) times time at interest (in years).
To determine how long it will take for an investment at a stated interest rate to earn a
predetermined amount of interest, it would help to first solve the formula for ¢. This
process is called solving for a specified variable or solving a literal equation.

When solving for a specified variable, the key is to treat that variable as if
it were the only one. Treat all other variables like constants (numbers).

D IHE3N Solving for a Specified Variable

Solve the formula I = prt for t.

We solve this formula for ¢ by treating /, p, and r as constants (having fixed values)
and treating ¢ as the only variable.

_ Our goal is

(pr)i=1 Associative property
r)t 1
(p ) = — Divide by pr.
pr pr

t=— The result is a formula for time ¢, in years.
pr NOW TRY 6)

Solving for a Specified Variable

Step 1 Clear any parentheses and fractions. If the equation contains paren-
theses, clear them using the distributive property. Clear any fractions by
multiplying both sides by the LCD.

Step 2 Isolate all terms with the specified variable. Transform so that all terms
containing the specified variable are on one side of the equation and all
terms without that variable are on the other side.

Step 3 Isolate the specified variable. Divide each side by the factor that is the
coefficient of the specified variable.

DI85 Solving for a Specified Variable

Solve the formula P = 2L + 2W for W.

This formula gives the relationship between perimeter of a rectangle, P, length of
the rectangle, L, and width of the rectangle, W. See FIGURE 2.

L
Perimeter, P, the sum of the
lengths of the sides of this
w W rectangle, is given by
P =2L+2W.
»
L

FIGURE 2

_ Our goal is to
P=2L+2W
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EXERCISE 2

Solve the formula for b.
P=a+2b+c

GNOW TRY
EXERCISE 3

Solve P =2(L + W) for L.

NOW TRY ANSWERS

_P—-a-c
2. b=""

_P-2W

3. L="5
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Step 1 is not needed here because there are no parentheses or fractions to clear in
this formula.

P=2L+2W
Step 2 P—-2L=2L+2W —2L  Subtract 2L.
P—-2L=2W Combine like terms.
Step 3 P_2L_27W Divide by 2
ep ) 3 ivide by 2.
P—-2L w92
Although Wis isolated, P—2L
we simplify the right W= Interchange sides.
side further. 2
_P_2L ab_a b
Be careful here. 2 2 ¢ c ¢
P—2L
#P—L
2
w=L_, 2. =1-L=L
2 22 NOW TRY 9

0 CAUTION In Step 3 of Example 2, we cannot simplify the fraction £ ; = by dividing 2

into the term 2L. The fraction bar serves as a grouping symbol. Thus, the subtraction in the
numerator must be done before the division.

D VNIZNEN Solving a Formula Involving Parentheses

Solve the formula s = %(a + b + ¢) for a.

1
s=5(a+b+c)

1 1 1
Step 1 s = Ea + Eb + EC Distributive property
1 1 1
2s =2 Ea + Eb + EC Multiply by 2 to clear the fractions.

2s=a+b+c Distributive property

Step2 2s—b—c=a+b+c—b—c Subtract b and c.

Step 3 a=2s—b—c Combine like terms. Interchange sides.

NOW TRY

In Examples 1-3, we solved formulas for specified variables. In Example 4, we
solve an equation with two variables for one of these variables. This process will be
useful later when we work with linear equations in two variables.
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GNOW TRY
EXERCISE 4

Solve 5x — 6y = 12 for y.

G NOW TRY
EXERCISE 5
It takes % hr for Dorothy to

drive 21 mi to work each day.
What is her average rate?

NOW TRY ANSWERS
4. y= gx -2
5. 42 mph

DVI4EN Solving an Equation for One of the Variables
Solve 3x — 4y = 12 for y.

Our goal is
to isolate y.
3x —4y =12 soEey

Subtract 3x.

Combine like terms;

3x —4y —3x =12 — 3x

—4y=—3x+ 12 commutative property
—4y —3x+ 12 .
_ Divide by —4.
—4 —4
—3x 12
I

Simplify the expression
on the right.

NOW TRY 9

OBJECTIVE 2 Solve applied problems using formulas.

The distance formula d = rt relates d, the distance traveled, r, the rate or speed, and
t, the travel time.

DOVIEFN Finding Average Rate

Phyllis found that on average it took her % hr each day to drive a distance of 15 mi to
work. What was her average rate (or speed)?

d=rt Solve the distance formula for r.
d rt o
=— Divide by t.
t t
d d
—=r Oor r=-—
t t
We find the desired rate by substituting the given values of d and ¢ into this formula.
15 3
r= 3 Letd =15,t=7.
4
15 4 To divide by %, multiply
"= 3 by its reciprocal, %.
r=20

Her average rate was 20 mph. (That is, at times she may have traveled a little faster
or slower than 20 mph, but overall her rate was 20 mph.) NOW TRY 9

OBJECTIVE 3 Solve percent problems.

A percent is a ratio where the second number is always 100. The percent symbol is %.

50
50% represents the ratio of 50 to 100—that is, m, or, as a decimal, 0.50.
The word percent means “per 100.”” One percent means “one per 100.”
1 10 100
1% = — =0.01, 10% = — = 0.10, 100% = — =1

100 100 100
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EXERCISE 6
Solve each problem.

(a) A 5-L mixture of water
and antifreeze contains 2 L
of antifreeze. What is the
percent of antifreeze in the
mixture?

(b) If a savings account earns
2.5% interest on a balance
of $7500 for one year, how
much interest is earned?

NOW TRY ANSWERS
6. (a) 40% (b) $187.50
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Solving a Percent Problem

Let a represent a partial amount of b, the whole amount (or base). Then the
following equation can be used to solve a percent problem.

partial amount a

= decimal value (which is converted to a percent)
whole amount b

For example, if a class consists of 50 students and 32 are males, then the percent
of males in the class is found as follows.

partial amounta 32

= Leta =32, b = 50.
whole amount b 50

_64 32 2 64

~ 100 50 "2 = 100
= (0.64 Write as a decimal.

= 64% Convert to a percent.

When interpreting the “partial amount” in the formula for solving a percent prob-
lem, understand that it may represent a quantity that is actually larger than the whole
amount. In these cases, the percent will be greater than 100%. For example,

25 is 2560% of 10.

Here 25 is the partial amount and 10 is the whole amount.

DN [HNW Solving Percent Problems
(a) A 50-L mixture of acid and water contains 10 L of acid. What is the percent of
acid in the mixture?
The given amount of the mixture is 50 L, and the part that is acid is 10 L. Let
x represent the percent of acid in the mixture.

partial amount — 10
—=x
whole amount — 50

Divide to write as a decimal.
x=0.20 .
Interchange sides.

x=20% 020=1=20%

The mixture is 20% acid.

(b) If $4780 earns 2% interest in one year, how much interest is earned?

Let x represent the amount of interest earned (that is, the part of the whole amount
invested). Because 2% = 0.02, the equation is written as follows.

artial amount a .
=0.02 paria amoumta _ yecimal value

4780 : whole amountb —

X
4780 « —— = 4780(0.02 Multiply by 4780.

x =956
The interest earned is $95.60. NOW TRY 9
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G NOW TRY NN E Interpreting Percents from a Graph

EXERCISE 7
In 2017, Americans spent about $69.5 billion on their pets. Use the graph in FIGURE 3

Refer to FIGURE 3. How much . ;
was spent on vet care? Round to determine how much of this amount was spent on pet food.

the answer to the nearest tenth
of a billion dollars.

ISpending on Kitty and Rover
Grooming/boarding

Live animal 8.9%
purchases
3.0% Food
41.8%

Vet care
24.6%

Supplies/

medicine

21.7%
Data from American Pet Products Manufacturers - ert

Association Inc.

FIGURE 3

The graph shows that 41.8% was spent on food. Let x = this amount in billions of

dollars.
partial amourt — = =0.418 41.8% = 0.418
whole amount — 69.5
69.5 - 6;—5 — 69.5(0.418)  Multiply by 69.5.
x = 29.1 Nearest tenth
Therefore, about $29.1 billion was spent on pet food. NOW TRY g

OBJECTIVE 4 Solve problems involving percent increase or decrease.

Percent is often used to express a change in some quantity. Buying an item that has
been marked up and getting a raise at a job are applications of percent increase.
Buying an item on sale and finding population decline are applications of percent
decrease.

To solve problems of this type, we use the following equation.

Subtract to
amount of change find this.

original amount

percent change (as a decimal) =

S VNIZNN Solving Problems about Percent Increase or Decrease
Use the percent change equation in each application.

(a) An electronics store marked up a laptop computer from their cost of $1200 to a
selling price of $1464. What was the percent markup?

NOW TRY ANSWER “Markup” is a name for an increase.

7. $17.1 billion . .
Let x = the percent increase (as a decimal).
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EXERCISE 8

Use the percent change
equation in each application.

(a) Jane bought a jacket on
sale for $56. The regular
price of the jacket was
$80. What was the percent
markdown?

(b) When it was time for
Horatio to renew the
lease on his apartment,
the landlord raised his
monthly rent from $650
to $689. What was the
percent increase?

NOW TRY ANSWERS
8. (a) 30% (b) 6%
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amount of increase

percent increase =

Subtract to find the
amount of increase. 1464 — 1200

original amount

Substitute the given values.

1200 Use the original
264 cost.
X=—
1200
x=0.22 Use a calculator.
x=22% Convert to a percent.

The computer was marked up 22%.

(b) The enrollment at a community college declined from 12,750 during one school
year to 11,350 the following year. Find the percent decrease.

Let x = the percent decrease (as a decimal).

amount of decrease

percent decrease = —
original amount
Subtract to find the

amount of decrease. 12,750 — 11,350

X Substitute the given values.
12’750 Use the original
1400 number.
x =
12,750
x = 0.11 Use a calculator.
x=11% Convert to a percent.
The college enrollment decreased by about 11%. NOW TRY g

0 CAUTION When calculating a percent increase or decrease, be sure to use the original
number (before the increase or decrease) as the denominator of the fraction, not the final
number (after the increase or decrease).

amount of change

percent change = —
original amount

OBJECTIVE 5 Solve problems from the health care industry.

D OVIECN Determining a Child’s Body Surface Area

If a child weighs k kilograms, then the child’s body surface area S in square meters
(m?) is determined by the formula
4k + 7
S= .
k + 90
What is the body surface area of a child who weighs 40 Ib? (Data from Hegstad, L.,
and W. Hayek, Essential Drug Dosage Calculations, Fourth Edition, Prentice Hall.)

To convert 40 1b to kilograms, we use the identity property of multiplication and
the fact that 1 Ib = 0.4536 kg.

This fraction is
approximately
equalto 1.

04536ke”_ 00
- —_— "~ . g

40 1b
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G NOW TRY Use the value 18.144 for k in the given formula.
EXERCISE 9
Use the formula in Example 9 — 4k +7
to find the body surface area, k+ 90
to the nearest hundredth, of a 4( 8 144) e
child who weighs 32 Ib. S = : Let k = 18.144.

18.144 + 90

S = 0.74 Use a calculator. Round to the nearest hundredth.

The child’s body surface area is 0.74 m>.

NOW TRY 9

G NOW TRY FTYINEL] Determining a Child’s Dose of a Medication

EXERCISE 10
Refer to Now Try Exercise 9.
Determine the appropriate

If D represents the usual adult dose of a medication in milligrams, the corresponding
child’s dose C in milligrams is calculated using the formula

dose, to the nearest unit, for c body surface area (in square meters)

this child if the usual adult =

dose is 100 mg. 1.7

Determine the appropriate dose for a child weighing 40 Ib if the usual adult dose is
50 mg. (Data from Hegstad, L., and W. Hayek, Essential Drug Dosage Calculations,

Fourth Edition, Prentice Hall.)

From Example 9, the body surface area of a child weighing 40 Ib is 0.74 m?. Use
this value in the above formula to find the child’s dose.

body surface area (in square meters)

1.7
C = 70'74 X 50 Body surface area = 0.74, D = 50
1.7
NOW TRY ANSWERS C =22 Use a calculator. Round to the nearest unit.
9. 0.62 m?
10. 36 mg The child’s dose is 22 mg. NOW TRY g
12 E i ST > |
.2 Exercises EXTR MyLab Math

© Video solutions for select Concept Check Fill in each blank with the correct response.
szhlems available in MyLab 1. A(n) ____ is an equation in which variables are used to describe a relationship.

2. To solve a formula for a specified variable, treat that as if it were the only one
STUDY SKILLS REMINDER and treat all other variables like ____ (numbers).

How are you doing on your
homework? Review Study
Skill 4, Completing Your 3. Write each decimal as a percent.

Homework. (a) 0.35 (b) 0.18 (c) 0.02 (d) 0.075

4. Write each percent as a decimal.

(a) 60% (b) 37% (c) 8% (d) 3.5%

Concept Check Work each problem to review converting between decimals and percents.

(e) 1.5

(e) 210%

Solve each formula for the specified variable. See Examples 1-3.

5. I = prtforr (simple interest) 6. d = rtfort (distance)
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7. 4 = LW (area of a rectangle) 8. sl = bh (area of a parallelogram)
(a) for W (b) for L (a) forb (b) forh

w
B
L

|€e——b—>

9. P=2L + 2W for L 10. P=a + b + ¢ (perimeter of a triangle)
(perimeter of a rectangle) (a) for b (b) for ¢
: &
a
W C
-
1
11. V= LWH 12. 9 = —bh (area of a triangle)
. 2
(volume of a rectangular solid)
(a) for W (b) for H (a) forh (b) forb
HIOYN .
_____ ~u : h
W ~
L o
I b |
13. C = 2arforr 14. V= mr’h for h
(circumference of a circle) (volume of a right circular cylinder)

1 1
15. o = Eh(b + B) (areaof a trapezoid)  16. V= g’ﬂrzh for i (volume of a cone)

(a) forb (b) for B
b
|
|
I h
l
B
I B |
9 5
17.F=§C+32f0rC 18. C=§(F—32) for F
(Celsius to Fahrenheit) (Fahrenheit to Celsius)
19.ax+b=0 20. y=mx+b
(linear equation in x) (slope-intercept form of a linear equation)
(a) forx (b) fora (a) forx (b) form
21. A= P(1 + rt) for ¢t 22. M =C(1 +7r)forr

(future value for simple interest) (markup)



74

CHAPTER 1

Linear Equations, Inequalities, and Applications

23.

24.

Concept Check When a formula is solved for a particular variable, several different

. . 1 .
equivalent forms may be possible. If we solve sd = 7bh for h, one correct answer is

=2t
b

Which one of the following is not equivalent to this?

1
L]
A.h=2(‘f> B.h=2&¢(;> c.n-t D. h=2—

Concept Check The formula F = gC + 32 can be solved for C to obtain C = g(F - 32).
Which one of the following is not equivalent to this?

AC—éF—@ BC_SF 160 CC_SF—16O
’ 9 9 ) 9 9 ) 9

5
D. C=—-F—-32
9

Solve each equation for y. See Example 4.

25.
28.

31.

34.

dx+y=1 26. 3x+y=9 27.x —2y=-6

x—35y=-20 29. 4x + 9y =11 30. 7x + 8y =11

—3x+2y=35 32, —5x+3y=12 33.6x—5y=7
1 1 2 2

—3y=4 5. x——y=1 6. —x ——y=2
8x — 3y 3 2x 37 3 3x 5V

Solve each problem. See Example 5.

37.

38.

39.

40.

41.

42,

43.

Kurt Busch won the Daytona 500 (mile) race with a rate of 143.187 mph in 2017. Find his
time to the nearest thousandth. (Data from The World Almanac and Book of Facts.)

In 2007, rain shortened the Indianapolis 500 race to 415 mi. It was won by Dario Franchitti,
who averaged 151.774 mph. What was his time to the nearest thousandth? (Data from The
World Almanac and Book of Facts.)

Nora traveled from Kansas City to Louisville, a distance of 520 mi, in 10 hr. Find her rate
in miles per hour.

The distance from Melbourne to London is 10,500 mi. If a jet averages 500 mph between
the two cities, what is its travel time in hours?

As of 2017, the highest temperature ever recorded in the state of Washington was 42°C.
Find the corresponding Fahrenheit temperature to the nearest degree. (Data from National
Climatic Data Center.)

As of 2017, the lowest temperature ever recorded in South Dakota was —41°F. Find the
corresponding Celsius temperature to the nearest degree. (Data from National Climatic
Data Center.)

The base of the Great Pyramid of Cheops is a square whose perimeter is 920 m. What is
the length of each side of this square? (Data from Atlas of Ancient Archaeology.)




44

45.

47.

48.

So
49

50.
51.
52.
53.
54.
55.

56.

57.

58.
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. Marina City in Chicago is a complex of two residential
towers that resemble corncobs. Each tower has a con-
crete cylindrical core with a 35-ft diameter and is 588 ft
tall. Find the volume of the core of one of the towers
to the nearest whole number. (Hint: Use the m key on
your calculator.) (Data from www.architechgallery.com;
www.aviewoncities.com)

The circumference of a circle is 4807 in.  46. The radius of a circle is 2.5 in.
(a) What is its radius? (a) What is its diameter?
(b) What is its diameter? (b) What is its circumference?

N

A sheet of standard-size copy paper measures 8.5 in. by 11 in.
If a ream (500 sheets) of this paper has a volume of 187 in.3,

C e )
how thick is the ream? -

Copy paper also comes in legal size, which has the same width
but is longer than standard size. If a ream of legal-size paper
has the same thickness as standard-size paper and a volume of
238 in.?, what is the length of a sheet of legal paper?

Copy paper

l<—8.5 in.—>1
lve each problem. See Example 6.

. 12 is what percent of 48?

15 is what percent of 150?

A jar of 20 coins contains 4 pennies. What percent of the coins are pennies?

A closet containing 50 shoes has 12 that are black. What percent of the shoes are black?
In a group of 12 children, 3 are girls. What percent are not girls?

In a flock of 30 geese, 15 are male. What percent are not male?

A mixture of alcohol and water contains a total of 36 oz of liquid. There are 9 oz of
pure alcohol in the mixture. What percent of the mixture is water? What percent is
alcohol?

A mixture of acid and water is 35% acid. If the mixture contains a total of 40 L, how
many liters of pure acid are in the mixture? How many liters of pure water are in the
mixture?

A real-estate agent earned $6300 commission on a property sale of $210,000. What is her
rate of commission?

A certificate of deposit for 1 yr pays $25.50 simple interest on a principal of $3400. What
is the interest rate being paid on this deposit?


www.architechgallery.com
www.aviewoncities.com

76 CHAPTER 1 Linear Equations, Inequalities, and Applications

In baseball, winning percentage (Pct.) is commonly expressed as a decimal rounded to the
nearest thousandth. To find the winning percentage of a team, divide the number of wins (W)
by the total number of games played (W + L).

59. The final 2017 standings of the American League

60.

West division in Major League Baseball are shown
in the table. Find the winning percentage of each
team.

(a) L.A. Angels (b) Seattle
(¢) Texas (d) Oakland

The final 2017 standings of the National League
Central division in Major League Baseball are
shown in the table. Find the winning percentage of
each team.

(a) Milwaukee (b) St. Louis
(c) Pittsburgh (d) Cincinnati

w L Pct.
Houston 101 61 .623
L.A. Angels 80 | 82
Seattle 78 | 84
Texas 78 84
Oakland 75 | 87
Data from The World Almanac and Book
of Facts.
w L | Pct
Chicago Cubs 92 70 | .568
Milwaukee 86 76
St. Louis 83 79
Pittsburgh 75 87
Cincinnati 68 94

Data from The World Almanac and Book
of Facts.

In June 2017, 69.5 million U.S. households owned at least one Internet-enabled device
(such as a smart TV, a video game console, or a multimedia device) that could stream
video to a TV set. (Data from The Nielsen Company.) Use this information to work each
problem. Round answers to the nearest percent or to the nearest tenth of a million, as
needed. See Example 6.

61.

62.

63.

64.

An average middle-income family will
spend $241,080 to raise a child from birth
through age 17. The graph shows the

About 13.4 million U.S. households owned only a
smart TV in 2017. What percent of those owning
at least one Internet-enabled device was this?

About 14.5 million U.S. households owned only
a video game console in 2017. What percent of
those owning at least one Internet-enabled device
was this?

Of the households owning at least one such device
in 2017, 9.4% owned all three types. How many
households owned all three?

Of the households owning at least one Internet-enabled device in 2017, 15.8% owned both

a video game console and a smart TV. How many households owned both of these?

Housing

lThe Cost of Parenthood

Miscellaneous

8%

8%
Clothing 6%

Child care/
education 18%

Health care

Transportation 14%

percents spent for various categories. Use 30%
the graph to answer each question. See
Example 7.
65. To the nearest dollar, how much will be
spent to provide housing for the child?
66. To the nearest dollar, how much will be Food
spent for child care and education? 16%
67. How much will be spent on clothing? Data from U.S. Department of Agriculture.




68.
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About $38,500 will be spent for food. To the nearest percent, what percent of the cost
of raising a child from birth through age 17 is this? Does the answer agree with the
graph?

Solve each problem. See Example 8.

69.

70.

71.

72.

73.

74.

After 1 yr on the job, Grady got a raise from $10.50 per hour to $11.76 per hour. What was
the percent increase in his hourly wage?

Clayton bought a ticket to a rock concert at a discount. The regular price of the ticket
was $70.00, but he paid only $56.00. What was the percent discount?

Between 2000 and 2016, the estimated population of metro New Orleans, Louisiana,
declined from 1,337,726 to 1,268,883. What was the percent decrease to the nearest
tenth? (Data from U.S. Census.)

Between 2000 and 2016, the estimated population of metro Chicago, Illinois, grew from
9,098,316 to 9,512,999. What was the percent increase to the nearest tenth? (Data from
U.S. Census.)

The movie Transformers: The Last Knight in DVD was on sale for $16.17. The list price
(full price) of this disc was $17.99. To the nearest tenth, what was the percent discount?
(Data from www.amazon.com)

The Jurassic Park Collection in Blu-Ray was on sale for $29.96. The list price (full price)
of this three-disc set was $44.98. To the nearest tenth, what was the percent discount? (Data
from www.amazon.com)

Apply the formulas for determining a child’s body surface area and a child’s dose of a
medication. See Examples 9 and 10.

75.

76.

77.

78.

G 4k + 7 co body surface area (in square meters)
~ k+90 a 1.7

Child’s body surface area S, Child’s dose of medication C,

in square meters; in milligrams;

k = weight in kilograms D = usual adult dose, in milligrams

Find the body surface area, to the nearest hundredth, of a child with each weight.
(@) 20 kg (b) 26 kg
Find the body surface area, to the nearest hundredth, of a child with each weight.
(a) 301b (b) 261b

If the usual adult dose of a medication is 250 mg, what is the child’s dose, to the nearest
unit, for a child with each weight? (Hint: Use the results of Exercise 75.)

(a) 20 kg (b) 26 kg

If the usual adult dose of a medication is 500 mg, what is the child’s dose, to the nearest
unit, for a child with each weight? (Hint: Use the results of Exercise 76.)

(a) 301b (b) 261b


www.amazon.com
www.amazon.com
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AN U [eW i ] [H3: A For Individual or Group Work (Exercises 79-85)

Consider the following equations.

First Equation Second Equation
Tx + 8 +k
x3 =12 axc =1 (c#0)

Solving the second equation for x requires the same logic as solving the first equation
for x. Work Exercises 79—85 in order, to see this “parallel logic.”

79. (a) Clear the first equation of fractions by multiplying each side by 3.
(b) Clear the second equation of fractions by multiplying each side by c.

80. (a) Transform so that the term involving x is on the left side of the first equa-
tion and the constants are on the right by subtracting 8 from each side. (Do
not simplify yet.)

(b) Transform so that the term involving x is on the left side of the second equation
by subtracting k from each side. (Do not simplify yet.)

81. (a) Combine like terms in the first equation.
(b) Combine like terms in the second equation.

82. (a) Divide each side of the first equation by the coefficient of x. Give the solution set.
(b) Divide each side of the second equation by the coefficient of x.

83. Look at the answer for the second equation in Exercise 82(b). What restriction
must be placed on the variables? Why is this necessary?

Now apply the concepts developed in Exercises 79— 83 to work the following problems.
84. Solve the equation. Give the solution set.

7
28 = E(a + 13)

85. Refer to the steps used to solve the equation in Exercise 84, and solve the following
formula (from the mathematical topic of series) for a.

s:g(aw)

What restriction must be placed on the variables?

m Applications of Linear Equations

OBJECTIVES

1 Translate from words
to mathematical
expressions.

2 Write equations from
given information.

3 Distinguish between
simplifying expressions
and solving equations.

OBJECTIVE 1 Translate from words to mathematical expressions.

Producing a mathematical model of a real situation often involves translating verbal
statements into mathematical statements.

Usually there are key words and phrases in a verbal problem
that translate into mathematical expressions involving addition, subtraction, multiplica-
tion, and division. Translations of some commonly used expressions follow in the table on
the next page.




OBJECTIVES (continued)

4 Use the six steps in
solving an applied
problem.

5 Solve percent problems.

6 Solve investment
problems.

7 Solve mixture problems.
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Use this table for reference when solving applications in this chapter.

V¥ Translating from Words to Mathematical Expressions

Mathematical Expression

Verbal Expression (where x and y are numbers)
Addition
The sum of a number and 7 x+7
6 more than a number xX+6
3 plus a number 3+x
24 added to a number X+ 24
A number increased by 5 x+5
The sum of two numbers X+y
Subtraction
2 less than a number x—2
2 less a number 2-x
12 minus a number 12 —x
A number decreased by 12 x—12
A number subtracted from 10 10 —x
10 subtracted from a number x—10
The difference of two numbers X—y

Multiplication

16 times a number 16x

A number multiplied by 6 6x

% of a number (used with fractions and percent) %x
%as much as a number %x
Twice (2 times) a number 2X
Triple (3 times) a number 3x
The product of two numbers Xy
Division

The quotient of 8 and a number g (x #0)
A number divided by 13 =

The ratio of two numbers x and y ;=0
The quotient of two numbers x and y ; (y #0)

0 CAUTION Because subtraction and division are not commutative operations, it is
important to correctly translate expressions involving them.

Examples: “2 less than a number” is translated as x — 2, not 2 — x.
“A number subtracted from 10” is translated as 10 —x, not x — 10.

For division, the number by which we are dividing is the denominator, and the number into
which we are dividing is the numerator.

Examples: “A number divided by 13" and “13 divided into x” both translate as %

“The quotient of x and y” translates as ;
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6 NOW TRY

EXERCISE 1

Translate each verbal sentence

into an equation, using x as

the variable.

(a) The quotient of a number
and 10 is twice the number.

(b) The product of a number
and 5, decreased by 7, is 0.

G NOW TRY

EXERCISE 2

Determine whether each is

an expression or an equation.
Simplify any expressions, and
solve any equations.

@ 3(x—5)+2x—1

() 3(x—=5)+2x=1

NOW TRY ANSWERS
L @ G=2x (b)) 5x—7=0
2. (a) expression; 5x — 16

(b) equation; {1?6}

OBJECTIVE 2 Write equations from given information.

Any words that indicate equality or “sameness,” such as is, translate as =.

ISR Translating Words into Equations

Translate each verbal sentence into an equation, using x as the variable.

Verbal Sentence Equation

Twice a number, decreased by 3, is 42. 2x —3=42
The product of a number and 12, o
decreased by 7, is 105. 0= =0
The quotient of a number and the X _ 28
number plus 4 is 28. X+4
The quotient of a number and 4, X _

. +x=10
plus the number, is 10. 4 NOW TRY 9

OBJECTIVE 3 Distinguish between simplifying expressions and solving equations.

Recall the difference between an expression and an equation.

* An expression translates as a phrase.

* An equation includes the equality symbol (=), with expressions on both sides, and
translates as a sentence.

D CNIHN3PN Simplifying Expressions vs. Solving Equations

Determine whether each is an expression or an equation. Simplify any expressions,
and solve any equations.

(@) 2(3 +x) —4x + 7

There i lit l.
2(3+x) —4x+7 ere is no equality symbo

Clear parentheses This is an expression.
and comb_lne Il_ke
terms to simplify. =6+2x—4x+7 Distributive property

—2x + 13 Simplified expression

(b) 2(3+x) —4dx+7=-1

2(3 +x)—4dx+7=-1
of xto solve.

6+2x—4x+7=-1

There is an equality symbol.
This is an equation.

Distributive property

—2x+13=-1 Combine like terms.
—2x=—14 Subtract 13.
x=17 Divide by —2.

The solution set is {7}.
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OBJECTIVE 4 Use the six steps in solving an applied problem.

The following six steps are helpful when solving applied problems.

Solving an Applied Problem

Step 1 Read the problem carefully. What information is given? What is to be
found?

Step 2 Assign a variable to represent the unknown value. Make a sketch, dia-
gram, or table, as needed. If necessary, express any other unknown values
in terms of the variable.

Step 3 Write an equation using the variable expression(s).
Step 4 Solve the equation.
Step 5 State the answer. Label it appropriately. Does it seem reasonable?

Step 6 Check the answer in the words of the original problem.

G NOW TRY D IHNFEN Solving a Perimeter Problem

EXERCISE 3
The length of a rectangle is The length of a rectangle is 1 cm more than twice the width. The perimeter of the
2 ft more than twice the width. rectangle is 110 cm. Find the length and the width of the rectangle.
The perimeter is 34 ft. Find Step I Read the problem. What must be found? We

the length and the width of

must find the length and width of a rectangle.
the rectangle.

What is given? The length is 1 cm more than
twice the width and the perimeter is 110 cm. u

2W+ 1

Step 2 Assign a variable. Make a sketch, as shown FIGURE 4

1n FIGURE 4.
Let W = the width.
Then 2W + 1 = the length.

Step 3 Write an equation. Use the formula for the perimeter of a rectangle.

P=2L+2W Perimeter of a rectangle
110=22W+ 1) +2W  P=110andL =2W + 1

Step 4 Solve. 110 =4W + 2 + 2W Distributive property
110 =6W + 2 Combine like terms.
110 —2=6W+2—2 Subtract 2.
108 = 6W Combine like terms.
108 6W o
= Divide by 6.
6 6

We also need to
18 = w
Step 5 State the answer. The width of the rectangle is 18 cm and the length is
2(18) + 1 =37 cm.

Step 6 Check. The length, 37 cm, is 1 cm more than 2(18) cm (twice the width).

NOW TRY ANSWER The perimeter is 2(37) + 2(18) = 110 cm, as required. NOW TRY 9

3. width: 5 ft; length: 12 ft
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G NOW TRY

EXERCISE 4

During the 2017 regular NFL
season, Russel Wilson of the
Seattle Seahawks threw

11 more touchdown passes
than Drew Brees of the New
Orleans Saints. Together,
these two quarterbacks
completed a total of

57 touchdown passes. How
many passes did each player
complete? (Data from
www.nfl.com)

NOW TRY ANSWER
4. Wilson: 34; Brees: 23

DI Finding Unknown Numerical Quantities

During the 2017 regular Major League Baseball season, Chris Sale of the Boston
Red Sox and Max Scherzer of the Washington Nationals were the top major league
pitchers for strikeouts. The two pitchers had a total of 576 strikeouts. Sale had
40 more strikeouts than Scherzer. How many strikeouts did each pitcher have?
(Data from www.mlb.com)

Step 1 Read the problem. We are asked to find the number of strikeouts each pitcher
had.

Step 2 Assign a variable to represent the number of strikeouts for one of the men.
Let s = the number of strikeouts for Max Scherzer.

We must also find the number of strikeouts for Chris Sale. Because he had
40 more strikeouts than Scherzer,

s + 40 = the number of strikeouts for Sale.

Step 3 Write an equation. The sum of the numbers of strikeouts is 576.

Scherzer’s strikeouts + Sale’s strikeouts = total strikeouts.
s + (s +40) = 576

Step 4 Solve.
s+ (s +40) =576

2s + 40 = 576 Combine like terms.

2s +40 — 40 =576 — 40  Subtract 40.
2s = 536 Combine like terms.

2s _ 336 Divide by 2.

Don't stop 2 2
here. s =268
Step 5 State the answer. The variable s represents the number of strikeouts for

Scherzer, so he had 268. Then Sale had s + 40, which is
268 + 40 = 308 strikeouts.

Step 6 Check. 308 is 40 more than 268, and 268 + 308 = 576. The conditions of
the problem are satisfied, and our answer checks. NOW TRY 9

0 CAUTION Be sure to answer all the questions asked in the problem. In Example 4,
we were asked for the number of strikeouts for each player, so there was extra work in
Step 5 in order to find Sale’s number.

In Example 4, we chose to let the variable represent the number
of strikeouts for Scherzer. Students often ask, “Can I let the variable represent the other
unknown?” The answer is yes. The equation will be different, but in the end the answers
will be the same. Let s represent the number of strikeouts for Sale, and confirm this.

s+ (s—40) =576  Alternative equation for Example 4
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G NOW TRY

EXERCISE 5

In the fall of 2018, there

were 96 Introductory Statistics
students at a certain community
college, an increase of

700% over the number of
Introductory Statistics
students in the fall of 2010.
How many Introductory
Statistics students were there
in the fall of 2010?

NOW TRY ANSWER
5. 12

SECTION 1.3 Applications of Linear Equations 83

OBJECTIVE 5 Solve percent problems.
Recall that percent means “per 100.”

5 1

5% means ——- or S5+~ or

- 5(0.01),

all of which equal 0.05.

14 1

14% means —— or 14--= or

100 100 14(0.01),

all of which equal 0.14.

IS FW Solving a Percent Problem

Total annual health expenditures in the United States were about $3200 billion (or
$3.2 trillion) in 2015. This is an increase of 345% over the total for 1990. What were
the approximate total health expenditures in billions of dollars in the United States in
19907 (Data from U.S. Centers for Medicare & Medicaid Services.)

Step 1 Read the problem. We are given that the total health expenditures increased

by 345% from 1990 to 2015, and $3200 billion was spent in 2015. We must
find the expenditures in 1990.
Step 2 Assign a variable. Let x = the total health expenditures for 1990.
345% = 345(0.01) = 3.45,

so 3.45x represents the increase in expenditures from 1990 to 2015.

Step 3 Write an equation from the given information.
The expenditures in 1990 + theincrease = 3200.
X + 3.45x = 3200
Note the x
in 3.45x.

Step 4 Solve the equation. (We do so without clearing the decimal.)
Ix + 3.45x = 3200
4.45x = 3200

x =719

Identity property
Combine like terms.
Divide by 4.45.

Step 5 State the answer. Total health expenditures in the United States for 1990

were about $719 billion.

Check that the increase, which is $3200 — $719 = $2481 billion, is about
345% of $719 billion.
NOW TRY g

3.45 - 719 = 2481,
0 CAUTION Avoid two common errors that occur when solving problems like the one in
Example 5.

Step 6

as required.

1. Do not try to find 345% of 3200 and subtract that amount from 3200. The 345% should
be applied to the amount in 1990, not the amount in 2015.

2. In Step 3, do not write the equation as

X + 3.45 = 3200. Incorrect

The percent must be multiplied by some number. In this case, the number is the amount
spent in 1990, that is, 3.45x.
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G NOW TRY

EXERCISE 6

Sharon received a $20,000
inheritance from her
grandfather. She invested
some of the money in an
account earning 3% annual
interest and the remaining
amount in an account earning
2.5% annual interest. If the
total annual interest earned is
$575, how much is invested at
each rate?

NOW TRY ANSWER
6. $15,000 at 3%; $5000 at 2.5%

OBJECTIVE 6 Solve investment problems.

The investment problems in this chapter deal with simple interest. In most real-world
applications, compound interest (covered in a later chapter) is used.

DN YN W Solving an Investment Problem

Thomas invested $40,000. He put part of the money in an account paying 2% interest
and the remainder into stocks paying 3% interest. The total annual income from these
investments was $1020. How much did he invest at each rate?

Step 1 Read the problem again. We must find the two amounts.
Step 2 Assign a variable.
Let x = the amount invested at 2%;
40,000 — x = the amount invested at 3%.

The formula for interest is / = prt. Here the time ¢ is 1 yr. Use a table to
organize the given information.

Principal Rate Interest
(in dollars) (as a decimal) (in dollars) . L
Multiply principal,
X 0.02 0.02x rate, and time (here,
40,000 — x 0.038 0.03(40,000 — x) 1 yr) to find interest.
20000 YXOXXOXOXX] 1020 <— Total

Step 3 Write an equation. The last column of the table gives the equation.

Interestat 2% + interest at 3% = total interest.

| | |

0.02x + 0.03(40,000 —x) = 1020
Step 4 Solve the equation. Clear the parentheses and then the decimals.

0.02x + 1200 — 0.03x = 1020 Distributive property

100(0.02x + 1200 — 0.03x)

2x + 120,000 — 3x = 102,000
2 places to the right.

—x + 120,000 = 102,000

100(1020)  Multiply by 100.
Distributive property; Multiply.

Combine like terms.

—x = —18,000 Subtract 120,000.
x = 18,000 Multiply by —1.
Step 5 State the answer. Thomas invested $18,000 of the money at 2%. At 3%, he

invested
$40,000 — $18,000 = $22,000.

Step 6 Check. Find the annual interest at each rate. The sum of these two amounts
should total $1020.

0.02($18,000) = $360 and  0.03($22,000) = $660
$360 + $660 = $1020, as required.

NOW TRY 9



G NOW TRY

EXERCISE 7

How many liters of a 20%
acid solution must be mixed
with 5 L of a 30% acid
solution to make a 24% acid

solution?

NOW TRY ANSWER
7. 75L
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OBJECTIVE 7 Solve mixture problems.

Mixture problems involving rates of concentration can be solved with linear equations.

D NIHN3E Solving a Mixture Problem

A chemist must mix 8 L of a 40% acid solution with some 70% solution to make a
50% solution. How much of the 70% solution should be used?

Step I Read the problem. The problem asks for the amount of 70% solution to be
used.

Step 2 Assign a variable.
Let x = the number of liters of 70% solution.

The information in the problem is illustrated in FIGURE 5. We use it to com-
plete a table.

After mixing
< < > = —
{ 4 | -
| 40% | Loz | s
8L Unknown @8+x)L
number of liters, x
FIGURE 5
Liters of Percent Liters of
Solution | (as a decimal) Pure Acid
8 0.40 0.40(8) =3.2 j Sum must
X 0.70 0.70x equa'j
8+ x 0.50 0.50(8 + x)

The values in the last column were found by multiplying the strengths by the
numbers of liters.

Step 3 Write an equation using the values in the last column of the table.

Liters of pure acid liters of pure acid liters of pure acid

in 40% solution - in 70% solution =  in 50% solution.
3.2 + 0.70x = 050(8 +x)

Step 4 Solve. 3.2 + 0.70x =4 + 0.50x  Distributive property
32 +7x =40 + 5x Multiply by 10 to clear the decimals.
olece o e rgnt 2x =8 Subtract 32 and 5x.
x=4 Divide by 2.
Step 5 State the answer. The chemist should use 4 L of the 70% solution.
Step 6 Check. 8 L of 40% solution plus 4 L of 70% solution is
8(0.40) + 4(0.70) = 6 L of acid.
Similarly, 8 + 4 or 12 L of 50% solution has
12(0.50) = 6 L of acid.

The total amount of pure acid is 6 L both before and after mixing, so the
answer checks. NOW TRY 9
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G NOW TRY

EXERCISE 8

How much pure antifreeze
must be mixed with 3 gal
of 30% antifreeze solution

to obtain 40% antifreeze
solution?

NOW TRY ANSWER
1
8. 5gal

© Video solutions for select
problems available in MyLab
Math

OIS TEEATITGIIE  When pure water is added to a solution, water is 0% of the
chemical (acid, alcohol, etc.). Similarly, pure chemical is 100% chemical.

DN HNSN Solving a Mixture Problem When One Ingredient Is Pure

The octane rating of gasoline is a measure of its antiknock qualities. For a standard
fuel, the octane rating is the percent of isooctane. How many liters of pure isooctane
should be mixed with 200 L of 94% isooctane, referred to as 94 octane, to obtain a
mixture that is 98% isooctane?

Step 1
Step 2

Step 3

Step 4

Step 5
Step 6

FOR
EXTRA
HELP

Read the problem. We must find the amount of pure isooctane.

Assign a variable. Let x = the number of liters of pure (100%) isooctane.
Complete a table. Recall that 100% = 100(0.01) = 1.

Liters of Percent Liters of Pure
Solution | (as a decimal) Isooctane

X 1 X

200 0.94 0.94(200)

Xx + 200 0.98 0.98(x + 200)

Write an equation using the values in the last column of the table.
x +0.94(200) = 0.98(x + 200)
x + 188 = 0.98x + 196

Refer to the table.

Solve. Multiply; distributive property

Multiply by 100 to
clear the decimal.

100(x + 188) = 100(0.98x + 196)

100x + 18,800 = 98x + 19,600 Distributive property

2x = 800 Subtract 98x and 18,800.
x = 400 Divide by 2.
State the answer. 400 L of isooctane is needed.

Check by substituting 400 for x in the equation from Step 3.

400 + 0.94(200) £ 0.98(400 + 200)  Let x = 400.
400 + 188 < 0.98(600) Multiply. Add.
588 =588 v True

NOW TRY 9

A true statement results, so the answer checks.

© wmyLab math

Concept Check In each of the following, translate part (a) as an expression and translate
part (b) as an equation or inequality. Use x to represent the number.

1. (a) 15 more than a number
(b) 15 is more than a number.
3. (a) 8 less than a number

(b) 8 is less than a number.

2. (a) 5 greater than a number
(b) 5 is greater than a number.
4. (a) 6 less than a number

(b) 6 is less than a number.
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5. Concept Check A student translated the phrase “the difference of a number x and 7”
incorrectly as 7 — x. WHAT WENT WRONG? Give the correct mathematical expression.

6. Concept Check A student translated the phrase “the quotient of a number n and 127
incorrectly as 172 WHAT WENT WRONG? Give the correct mathematical expression.

Translate each verbal phrase into a mathematical expression using x as the variable. See
Objective 1.

7. Twice a number, decreased by 13 8. Triple a number, decreased by 14
9. 12 increased by four times a number 10. 15 more than one-half of a number

11. The product of 8 and 16 less than a 12. The product of 8 more than a number and
number 5 less than the number

13. The quotient of three times a number 14. The quotient of 9 and five times a nonzero
and 10 number

Translate each verbal sentence into an equation, using x as the variable. Then solve the equa-
tion. See Example 1.

15. The sum of a number and 6 is —3 1. Find the number.
16. The sum of a number and —4 is 18. Find the number.

17. If the product of a number and —4 is subtracted from the number, the result is 9 more than
the number. Find the number.

18. If the quotient of a number and 6 is added to twice the number, the result is 8 less than the
number. Find the number.

19. When % of a number is subtracted from 12, the result is 10. Find the number.

20. When 75% of a number is added to 6, the result is 3 more than the number. Find the number.

Determine whether each is an expression or an equation. Simplify any expressions, and solve
any equations. See Example 2.

21. 5(x +3) —8(2x — 6) 22. —7(x+4)+13(x — 6)
23.5(x+3)—8(2x—6)=12 24, —7(x +4)+13(x —6) =18
1 1 3 1 1 1
25. - x——x+—--—38 260 —x+—-x——+7
2 6 2 3 5 2

Complete the six problem-solving steps to solve each problem.

27. In 2015, the corporations securing the most U.S. patents were IBM and Samsung. To-
gether, the two corporations secured a total of 12,368 patents, with Samsung receiving
2250 fewer patents than IBM. How many patents did each corporation secure? (Data
from U.S. Patent and Trademark Office.)

Step 1 Read the problem carefully. We are asked to find

Step 2 Assign a variable. Let x = the number of patents that IBM secured.
Then x — 2250 = the number of

Step 3 Write anequation. __ + _ =12,368
Step 4 Solve the equation. x = ____

Step 5 State the answer. IBM secured patents. Samsung secured patents.

fewer than the number of

Step 6 Check. The number of Samsung patents was
. The total number of patents was 7309 + = .
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In 2015, 16.2 million more U.S. residents traveled to Mexico than to Canada. There was
a total of 41.2 million U.S. residents traveling to these two countries. How many traveled
to each country? (Data from U.S. Department of Commerce.)

Step 1 Read the problem carefully. We are asked to find
Step 2 Assign a variable. Let x = the number of travelers to Mexico (in millions).
Then x — 16.2 = the number of

Step 3 Write anequation. ___ +__ =41.2

Step 4 Solve the equation. x=__

Step 5 State the answer. There were travelers to Mexico and travelers to
Canada.

Step 6 Check. The number of was more than the number of travelers to

__ . The total number of travelers was 28.7 + __ =__ |

Solve each problem. See Examples 3 and 4.

29.

30.

31.

32.

33.

The John Hancock Center in Chicago has a rectangular base. The  The
length of the base measures 65 ft less than twice the width. The pe-

rimeter of the base is 860 ft. What are the dimensions of the base?

The John Hancock Center tapers as it rises. The top floor is rectangular
and has perimeter 520 ft. The width of the top floor measures 20 ft 4
more than one-half its length. What are the dimensions of the

top floor?

2W—65
The perimeter of the
base is 860 ft.

Grant Wood painted his most famous work, American Gothic, in 1930 on composition
board with perimeter 108.44 in. If the rectangular painting is 5.54 in. taller than it is wide,
find the dimensions of the painting. (Data from The Gazette.)

The perimeter of a certain rectangle is 16 times the width. The W+12

length is 12 cm more than the width. Find the length and width
of the rectangle.

O

The Bermuda Triangle supposedly 34. The Vietnam Veterans Memorial in

causes trouble for aircraft pilots. It has a
perimeter of 3075 mi. The shortest side
measures 75 mi less than the middle
side, and the longest side measures 375
mi more than the middle side. Find the
lengths of the three sides.

Bermuda

Florida Bermuda

Triangle

Caribbean Sea

Puerto Rico

Washington, DC, is in the shape of two
sides of an isosceles triangle. If the two
walls of equal length were joined by a
straight line of 438 ft, the perimeter of
the resulting triangle would be 931.5 ft.
Find the lengths of the two walls. (Data
from pamphlet obtained at Vietnam
Veterans Memorial.)




35.

36.

37.

38.

39.

40.
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The two companies with top revenues in the Fortune 500 list for 2016 were Walmart and
Berkshire Hathaway. Their revenues together totaled $710.5 billion. Berkshire Hathaway
revenues were $263.3 billion less than those of Walmart. What were the revenues of each
corporation? (Data from Fortune magazine.)

On a particular day in 2017, two of the longest-running Broadway shows were The Phan-
tom of the Opera and Chicago. Together, there were 20,721 performances of these two
shows during their Broadway runs. There were 3675 fewer performances of Chicago than
of The Phantom of the Opera. How many performances were there of each show? (Data
from The Broadway League.)

Galileo Galilei conducted experiments involving Italy’s
famous Leaning Tower of Pisa to investigate the relation-
ship between an object’s speed of fall and its weight. The
Leaning Tower is 804 ft shorter than the Eiffel Tower
in Paris, France. The two towers have a total height of
1164 ft. How tall is each tower? (Data from The World
Almanac and Book of Facts.)

In 2017, the Los Angeles Dodgers and the New York Yankees had the highest payrolls in
Major League Baseball. The Dodgers’ payroll was $40.6 million more than the Yankees’
payroll, and the two payrolls totaled $443.6 million. What was the payroll for each team?
(Data from www.stevetheump.com)

In 2017, two popular brands on Instagram were National Geographic and Nike. National Geo-
graphic had 8.0 million more followers than Nike. Together, the two brands had 158.8 million
followers. How many followers did each brand have? (Data from Iconosquare.)

Ted Williams and Rogers Hornsby were two great hitters in Major
League Baseball. Together, they had 5584 hits in their careers.
Hornsby had 276 more hits than Williams. How many hits did each
have? (Data from Neft, D. S., and R. M. Cohen, The Sports Ency-
clopedia: Baseball, St. Martins Griffin, New York.)

Rogers Hornsby

Solve each percent problem. See Example 5.

41.

42.

43.

44.

In 2015, the number of graduating seniors taking the ACT exam was 1,924,436. In 2011,
a total of 1,617,173 graduating seniors took the exam. By what percent did the number
increase over this period of time, to the nearest tenth of a percent? (Data from ACT.)

The U.S. population reached 321 million in 2015 and is expected to reach 347 million by
the year 2025. What percent increase is expected over this time period, to the nearest tenth
of a percent? (Data from www.census.gov)

In 2013, mobile messaging service WhatsApp had 300 million monthly active users
worldwide. By 2017, this number had increased 333.3%. To the nearest million, what
was the number of WhatsApp monthly active users worldwide in 2017? (Data from
WhatsApp.)

On Major League Baseball Opening Day 2016, the payroll of the Cleveland Indians was
$87.2 million. In 2017, it had increased 44.3%. To the nearest tenth of a million, what was
the opening-day payroll of the Indians for 2017? (Data from The Associated Press.)


www.stevetheump.com
www.census.gov
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45.

46.

47.

48.

49.

50.

In 2017, the average cost of a traditional Thanks-
giving dinner for 10, featuring turkey, stuffing,
cranberries, pumpkin pie, and trimmings, was
$49.12, a decrease of 1.48% from the cost in 2016.
What was the average cost, to the nearest cent, of
a traditional Thanksgiving dinner in 2016? (Data
from American Farm Bureau.)

In 2016, the average cost of a Thanksgiving turkey was $22.74. This price had decreased
by 1.58% in 2017. What was the average cost of a Thanksgiving turkey in 2017? (Data
from American Farm Bureau.)

At the end of a day, Lawrence found that the total cash register receipts at the motel
where he works were $2725. This included the 9% sales tax charged. Find the amount
of tax.

David sold his house for $159,000. He got this amount knowing that he would have
to pay a 6% commission to his agent. What amount did he have after the agent was
paid?

Concept Check Why is it impossible to mix candy worth $4 per Ib and candy worth
$5 per 1b to obtain a final mixture worth $6 per 1b?

Concept Check Write an equation based on the following problem, solve the equation,
and explain why the problem has no solution.

How much 30% acid should be mixed with 15 L of 50% acid to obtain a mixture that
is 60% acid?

Solve each investment problem. See Example 6.

51.

53.

54.

5S.

56.

Mario earned $12,000 last year giving 52. Sheryl won $60,000 on a slot machine in

tennis lessons. He invested part of the Las Vegas. She invested part of the money
money at 3% simple interest and the rest at 2% simple interest and the rest at 3%.
at 4%. In one year, he earned a total of In one year, she earned a total of $1600 in
$440 in interest. How much did he invest interest. How much was invested at each
at each rate? rate?

Principal Rate Interest Principal Rate Interest

(in dollars) | (as a decimal) | (in dollars) (in dollars) | (as a decimal) | (in dollars)

X 0.08 X 0.02
0.04

Michelle invested some money at 4.5% simple interest and $1000 less than twice this
amount at 3%. Her total annual income from the interest was $1020. How much was
invested at each rate?

Piotr invested some money at 3.5% simple interest, and $5000 more than three times
this amount at 4%. He earned $1440 in annual interest. How much did he invest at each
rate?

Dan has invested $12,000 in bonds paying 6%. How much additional money should he
invest in a certificate of deposit paying 3% simple interest so that the total return on the
two investments will be 4%?

Mona received a year-end bonus of $17,000 from her company and invested the money in
an account paying 6.5%. How much additional money should she deposit in an account
paying 5% so that the return on the two investments will be 6%?
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Solve each problem. See Examples 7 and 8.

57. How many liters of a 10% acid solution 58. How many liters of a 14% alcohol solu-

59.

60.

61.

62.

63.

must be mixed with 10 L of a 4% solu- tion must be mixed with 20 L of a 50%
tion to obtain a 6% solution? solution to obtain a 30% solution?
Liters of Percent Liters of Liters of Percent Liters of
Solution | (as a decimal) | Pure Acid Solution | (as a decimal) | Pure Alcohol
10 0.04 X 0.14
X 0.10 0.50
0.06

In a chemistry class, 12 L of a 12% alcohol solution must
be mixed with a 20% solution to obtain a 14% solution.
How many liters of the 20% solution are needed?

How many liters of a 10% alcohol solution must be
mixed with 40 L of a 50% solution to obtain a 40%
solution?

How much pure dye must be added to 4 gal of a 25%
dye solution to increase the solution to 40%? (Hint:
Pure dye is 100% dye.)

How much water must be added to 6 gal of a 4% insecticide solution to reduce the con-
centration to 3%? (Hint: Water is 0% insecticide.)

Randall wants to mix 50 1b of nuts worth  64. Lee Ann wants to mix tea worth 2¢ per
$2 per Ib with some nuts worth $6 per Ib oz with 100 oz of tea worth 5¢ per oz to
to make a mixture worth $5 per Ib. How make a mixture worth 3¢ per oz. How
many pounds of $6 nuts must he use? much 2¢ tea should be used?
Pounds Cost per Pound | Total Cost Ounces | Cost per Ounce | Total Cost
of Nuts (in dollars) (in dollars) of Tea (in dollars) (in dollars)

AN L[N [H4: a6 For Individual or Group Work (Exercises 65-68)

Consider each problem.
Problem A

Jack has $800 invested in two accounts. One pays 3% interest per year and the other
pays 6% interest per year. The amount of yearly interest is the same as he would get if
the entire $800 was invested at 5.25%. How much does he have invested at each rate?

Problem B

Jill has 800 L of acid solution. She obtained it by mixing some 3% acid with some 6%
acid. Her final mixture of 800 L is 5.25% acid. How much of each of the 3% and 6%
solutions did she use to obtain her final mixture?

In Problem A, let x represent the amount invested at 3% interest, and in Problem B, let
y represent the amount of 3% acid used. Work Exercises 65— 68 in order.

65. (a) Write an expression in x that represents the amount of money Jack invested at
6% in Problem A.

(b) Write an expression in y that represents the amount of 6% acid solution Jill used
in Problem B.
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66. (a) Write expressions that represent the amount of interest Jack earns per year at
3% and at 6%.

(b) Write expressions that represent the amount of pure acid in Jill’s 3% and 6%
acid solutions.

67. (a) The sum of the two expressions in Exercise 66(a) must equal the total amount
of interest earned in one year. Write an equation representing this fact.

(b) The sum of the two expressions in Exercise 66(b) must equal the amount of pure
acid in the final mixture. Write an equation representing this fact.

68. (a) Solve Problem A.
(b) Solve Problem B.

(c) Explain the similarities between the processes used in solving Problems A
and B.

m Further Applications of Linear Equations

OBJECTIVES
1 Solve problems about

different denominations

of money.

2 Solve problems about
uniform motion.

3 Solve problems about
angles.

4 Solve problems about
consecutive integers.

VOCABULARY

[ consecutive integers

[0 consecutive even integers
O consecutive odd integers

OBJECTIVE 1 Solve problems about different denominations of money.

0N TEEI AT  In problems involving money, use the following basic fact.

number of monetary . total monetary
. .~ , X denomination =
units of the same kind value

Examples: 30 dimes have a monetary value of 30($0.10) = $3.00.
15 five-dollar bills have a value of 15($5) = $75.

D IYS3_W Solving a Money Denomination Problem

For a bill totaling $5.65, a cashier received 25 coins consisting of nickels and quarters.
How many of each denomination of coin did the cashier receive?

Step 1 Read the problem. We must find the number of nickels and the number of
quarters the cashier received.

Step 2 Assign a variable.
Let x = the number of nickels.

Then 25 — x = the number of quarters.

Conect Number Denomination Value
of Coins (in dollars) (in dollars) .
Organize the
Nickels X 0.05 0.05x information in
Quarters 25 — x 0.25 0.25(25 — x) a table.

1990999999999 QO EL: < Tota

Step 3 Write an equation. Use the values from the last column of the table.
0.05x + 0.25(25 — x) = 5.65
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EXERCISE 1

Steven has a collection of
52 coins worth $3.70. His
collection contains only
dimes and nickels. How

many of each type of coin
does he have?

NOW TRY ANSWER
1. 22 dimes; 30 nickels
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Step 4 Solve. Clear the parentheses and then the decimals.

0.05x + 0.25(25 — x) = 5.65 Equation from Step 3
0.05x + 6.25 — 0.25x = 5.65 Distributive property
100(0.05x + 6.25 — 0.25x) = 100(5.65)  Multiply by 100.
S5x + 625 — 25x = 565 Distributive property; Multiply.
Move decimal
points 2 places —20x = —60 Subtract 625. Combine like terms.
to the right.
x=3 Divide by —20.

Step 5 State the answer. There are 3 nickels and 25 — 3 = 22 quarters.
Step 6 Check. The cashier has 3 + 22 = 25 coins. The value is
$0.05(3) + $0.25(22) = $5.65, as required. Now TRY (8)

0 CAUTION Be sure that your answer is reasonable when working problems like
Example 1. Because we are dealing with a number of coins, the correct answer can be
neither negative nor a fraction.

OBJECTIVE 2 Solve problems about uniform motion.

OSBRIl Uniform motion problems use the distance formula d = rt.
When rate (or speed) is given in miles per hour, time must be given in hours. Draw
a sketch to illustrate what is happening. Make a table to summarize given information.

D VNIHN3N Solving a Motion Problem (Opposite Directions)

Two cars leave the same place at the same time, one going east and the other west.
The eastbound car averages 40 mph, while the westbound car averages 50 mph. In
how many hours will they be 300 mi apart?

Step I Read the problem. We are looking for the time it takes for the two cars to be
300 mi apart.

Step 2 Assign a variable. A sketch shows what is happening in the problem. The
cars are going in opposite directions. See FIGURE 6.

50 mph 40 mph
Starting

s point ~

Total distance = 300 mi
FIGURE 6

Let x = the time traveled by each car.

Rate Time | Distance Fill in each distance by

Eastbound Car 40 X 40x multiplying rate by time,
Westbound Car 50 50x using the formula d = rt, or

XXOOOOOOONNK 30 | oo e
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G NOW TRY

EXERCISE 2

Two trains leave a city
traveling in opposite
directions. One travels at a
rate of 80 km per hr and the
other at a rate of 75 km per hr.
How long will it take before

they are 387.5 km apart?

NOW TRY ANSWER
2. 23hr

Step 3 Write an equation. 40x + 50x = 300

Step 4 Solve. 90x = 300  Combine like terms.
X = @ Divide by 90.
90
10
X = T Lowest terms

Step 5 State the answer. The cars travel ]70 = 3% hr, or 3 hr, 20 min.

Step 6 Check. The eastbound car traveled 40( ]0) =40

o 3 mi. The westbound car trav-
10) 500 400 | 500 _ 900

eled 50(7 = mi, for a total distance of —~ + === ==,

required. NOW TRY 9

or 300 mi, as

0 CAUTION It is a common error to write 300 as the distance traveled by each car in
Example 2. The total distance traveled is 300 mi.

As in Example 2, in general, the equation for a problem involving motion in
opposite directions is of the follow ing form.

partial distance + partial distance = total distance
D NHNSEN Solving a Motion Problem (Same Direction)

Geoff can bike to work in %hr. When he takes the bus, the trip takes ihr. If the bus
travels 20 mph faster than Geoff rides his bike, how far is it to his workplace?

Step 1 Read the problem. We must find the distance between Geoff’s home and his
workplace.

Step 2 Assign a variable. Make a sketch to show what is happening. See FIGURE 7.

Home Workplace

FIGURE 7

The problem asks for a distance, but it is easier here to let x be Geoff’s rate
when he rides his bike to work. Then the rate of the bus is (x + 20) mph.

3 3
For the trip by bike, d=rt=x+—=—x
4 4
. 1 1
For the trip by bus, d=rt=(x+20)- e Z(x + 20).
Rate Time Distance
Bike | x &l —X
4 4 j Same
1 distance
Bus | x+20 7 —(x + 20)

Step 3 Write an equation.

3 The distance is the
ZX - Z(* +20) same in each case.



G NOW TRY

EXERCISE 3

Michael can drive to work
in % hr. When he rides his
bicycle, it takes 1% hours. If

his average rate while driving
to work is 30 mph faster than
his rate while bicycling to
work, determine the distance
that he lives from work.

NOW TRY ANSWER
3. 22.5mi
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Step 4 Solve. 3 1

4 v Zx = Z(X + 20) Equation from Step 3
3,21 +5 Distributi t
4x 4x istributive property

3 1
4 Zx = Zx +5 Multiply by 4 to clear the fractions.
3x=x+20 Multiply; 4(%) =1and 1x =x
2x =20 Subtract x.
x=10 Divide by 2.

Step 5 State the answer. The required distance is

3 3 30
d=—x=—(10)=—="7.5mi.
4 4 4
The same
Step 6 Check by finding the distance using distance
results.
d 1( + 20) 1(10—%—20) 30 7.5 mi
=—(x =— =—="7.5mi.
4 4 4 NOW TRY 9

As in Example 3, the equation for a problem involving motion in the same
direction is often of the following form.

one distance = other distance

ORI ITIE  In Example 3, it was easier to let the variable represent a
quantity other than the one that we were asked to find. It takes practice to learn when this
approach works best.

OBJECTIVE 3 Solve problems about angles.

An important result of Euclidean geometry (the geometry of the Greek mathematician
Euclid) is as follows.

The sum of the angle measures of any triangle is 180°.

Finding Angle Measures
Find the value of x, and determine the measure of each angle in FIGURE 8.
Step 1 Read the problem. We are asked to find the measure of each angle.
Step 2 Assign a variable.

Let x = the measure of one angle.

Step 3 Write an equation. The sum of the three measures
shown in the figure must be 180°.

(210 - 3x)5,

X+ (x+20) + (210 — 3x) = 180 easures are
in degrees. FIGURE 8

Step 4 Solve. —x+ 230 =180  Combine like terms.
—x = —50 Subtract 230.
x =50 Multiply by —1.
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GNOW TRY
EXERCISE 4

Find the value of x, and
determine the measure of
each angle.

(3x-36)°

NOW TRY

EXERCISE 5
Find three consecutive
integers such that the sum of

the first and second is 43 less
than three times the third.

NOW TRY ANSWERS
4. 41°,52°,87°
5. 38,39,40

Step 5 State the answer. One angle measures 50°. The other two angles measure
x+20=50+20=170°
and 210 — 3x =210 — 3(50) = 60°.
Step 6 Check. Because 50° + 70° + 60° = 180° is true, the answer is correct.

NOW TRY 9

OBJECTIVE 4 Solve problems about consecutive integers.

Recall that the set of integers is { ..., —3,—2,—1,0,1,2,3, ...}. Consecutive
integers are integers that are next to each other on a number line. Two consecutive
integers differ by 1. Some examples of consecutive integers are 4, 5 and —6, —5.
Consecutive even integers always differ by 2. Examples are 4, 6 and —4, —2.
Similarly, consecutive odd integers also differ by 2, such as 1, 3 and —5, —3.

ORI RTITGINN I x = the lesser (least) integer in a consecutive integer problem,
then the following apply.

* For two consecutive integers, use X, X+ 1.
¢ For three consecutive integers, use X, x+1, x+ 2.
* For two consecutive even or odd integers, use  x, x + 2.

* For three consecutive even or odd integers, use x, x + 2, x + 4.

D \IHNFN Solving a Consecutive Integer Problem

Find three consecutive integers such that the sum of the first and third, increased by
3, 1s 50 more than the second.

Step 1 Read the problem. We are told to find three consecutive integers satisfying
the given conditions.

Step 2 Assign a variable.
Let x = the least of the three consecutive integers.
Then x + 1 = the second (middle) integer,
and x + 2 = the greatest of the three consecutive integers.

Step 3 Write an equation.

Sum of the increased 50 more than
first and third, by 3, is the second.
x+ (x+2) +3 = (x+1)+50
Step 4 Solve. 2x +5=x+151  Combine like terms.

x =46 Subtract x and 5.

Step 5 State the answer. The solution is 46, so the first integer is x = 46, the second
is 46 + 1 = 47, and the third is 46 + 2 = 48. The three integers are 46, 47,
and 48.

Step 6 Check. The sum of the first and third is 46 + 48 = 94. If this is increased by
3, the result is 94 + 3 = 97, which is indeed 50 more than the second (47).
The answer is correct. NOW TRY g
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. FOR
1.4 Exercises extea @ MyLab Math

© Video solutions for select Concept Check Solve each problem.
széems available in MyLab 1. What amount of money is found in a coin hoard containing 12 dimes and 18 quarters?

2. The distance between Cape Town, South Africa, and Miami is 7700 mi. If a jet averages
550 mph between the two cities, what is its travel time in hours?

3. Tri traveled from Chicago to Des Moines, a distance of 300 mi, in 10 hr. What was his rate
in miles per hour?

4. A square has perimeter 160 in. What would be the perimeter of an equilateral triangle
whose sides each measure the same length as the side of the square?

5. An equilateral triangle has perimeter 27 in. What would be the area of a square whose sides
each measure the same length as the side of the equilateral triangle?

6. A circle has area 257 ft>. What would be the perimeter of a square whose sides each
measure the same length as the radius of the circle?

7. Concept Check A student was asked to find the measures of the angles of a triangle
with degree measures that are consecutive integers. Letting x represent the measure of the
smallest angle, the student wrote the following equation.

x+(x+1)+(x+2)=90 Incorrect
WHAT WENT WRONG? Write the correct equation and solve the problem.

8. Concept Check A student was asked to find the number of nickels and dimes that have a
value of $1.45. The total number of coins is 21. Letting x represent the number of nickels,
the student wrote the following equation.

0.05x + 0.10(x —21) = 1.45  Incorrect
WHAT WENT WRONG? Write the correct equation and solve the problem.

Solve each problem. See Example 1.

9. Otis has a box of coins that he Number Denomination Value
uses when he plays poker with of Coins (in dollars) (in dollars)
his friends. The box contains X 0.01 0.01x
44 coins, consisting of pennies, N
dimes, and quarters. The number 0.05
of pennies is equal to the number ’
of dimes. The total value is $4.37. ><><><>< ><><><><>< 4.37 <— Total

How many of each denomination
of coin does he have in the box?

10. Nana found some coins under her

Number Denomination Value
sofa pillows. There were equal of Coins (in dollars) (in dollars)
numbers of nickels and quarters X 0.05 0.05x
and twice as many half-dollars as X

quarters. If she found $2.60 in all,
how many of each denomination N 0-50
of coin did she find? )9:9:9.0.9.9.9.:9.4 260  |<—Total

11. In Canada, $1 coins are called “loonies” because they
have a picture of a loon on the reverse, and $2 coins
are called “toonies.” When Marissa returned home to
San Francisco from a trip to Vancouver, she found that
she had acquired 37 of these coins, with a total value of
51 Canadian dollars. How many coins of each denomi-
nation did she have?
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12. Ahmad works at an ice cream shop. At the end of his shift, he counted the bills in his cash
drawer and found 119 bills with a total value of $347. If all of the bills are $5 bills and

13.

14.

15.

16.

$1 bills, how many of each denomination were in his cash drawer?

Hussein collects U.S. gold coins. He has a collection of 41 coins.
Some are $10 coins, and the rest are $20 coins. If the face value of
the coins is $540, how many of each denomination does he have?

In the 19th century, the United States minted two-cent and three-cent pieces. Frances has
three times as many three-cent pieces as two-cent pieces, and the face value of these coins
is $2.42. How many of each denomination does she have?

In 2018, general admission to the Art Institute of Chicago cost $25 for adults and $19 for
children and seniors. If $32,972 was collected from the sale of 1460 general admission
tickets, how many adult tickets were sold? (Data from www.artic.edu)

For a high school production of Hello, Dolly!, student tickets cost $5 each and nonstudent
tickets cost $8 each. If 480 tickets were sold and a total of $2895 was collected, how many

tickets of each type were sold?

For each event, find the rate on the basis of the information provided. Use a calculator and

17.
18.
19.
20.

round answers to the nearest hundredth. All events were at the 2016 Summer Olympics in Rio
de Janeiro, Brazil. (Data from The World Almanac and Book of Facts.)

Event Winner
100-m hurdles, women
400-m hurdles, women

200-m run, men Usain Bolt, Jamaica

400-m run, men

Brianna Rollins, United States
Dalilah Muhammad, United States

Wayde van Niekerk, South Africa

Time
12.48 sec
53.13 sec
19.78 sec
43.03 sec

Solve each problem. See Examples 2 and 3.

21.

23.

Two steamers leave a port on a river at
the same time, traveling in opposite
directions. Each is traveling 22 mph. How
long will it take for them to be 110 mi
apart?

Rate | Time Distance

First Steamer t

Second Steamer

SOOI

Mulder and Scully are driving to Georgia
to investigate “Big Blue,” a giant reptile
reported in one of the local lakes. Mulder
leaves the office at 8:30 A.M. averaging
65 mph. Scully leaves at 9:00 A.m., follow-
ing the same path and averaging 68 mph.
At what time will Scully catch up with
Mulder?

110

Rate | Time @ Distance
Mulder

Scully

22,

24.

A train leaves Kansas City, Kansas, and
travels north at 85 km per hr. Another
train leaves at the same time and travels
south at 95 km per hr. How long will it
take before they are 315 km apart?

Rate
First Train 85 t

O

Lois and Clark are covering separate
stories and have to travel in opposite
directions. Lois leaves the Daily Planet
building at 8:00 A.m. and travels at
35 mph. Clark leaves at 8:15 A.M. and
travels at 40 mph. At what time will they
be 140 mi apart?

Time | Distance

Rate | Time | Distance
Lois

Clark
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25.

26.

27.

28.
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It took Charmaine 3.6 hr to drive to her mother’s house on Saturday morning for a
weekend visit. On her return trip on Sunday night, traffic was heavier, so the trip took
her 4 hr. Her average rate on Sunday was 5 mph slower than on Saturday. What was her
average rate on Sunday?

Rate | Time Distance
Saturday

Sunday

Sharon commutes to her office by train. When she walks to the train station, it takes
her 40 min. When she rides her bike, it takes her 12 min. Her average walking rate
is 7 mph less than her average biking rate. Find the distance from her house to the
train station.

Rate | Time Distance
Walking
Biking

Johnny leaves Memphis to visit his cousin Anne, who lives in the town of Hornsby,
Tennessee, 80 mi away. He travels at an average rate of 50 mph. One-half hour later, Anne
leaves to visit Johnny, traveling at an average rate of 60 mph. How long after Anne leaves
will it be before they meet?

On an automobile trip, Laura maintained a steady rate for the first two hours. Rush-hour
traffic slowed her rate by 25 mph for the last part of the trip. The entire trip, a distance of

125 mi, took 2% hr. What was her rate during the first part of the trip?

Find the measure of each angle in the triangles shown. See Example 4.

29.

31.

30. (x+15)°

(2x - 120)°

(Lx+15) (10x — 20)°

(x—30)°

32. (x+61)°
(9x —4)°

‘ Laer 7
‘\(3" +7 (4x + 1)°j

34. (x + 10)°

(x+4)°

(12x = 30)2
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In the following problems, the angles marked with variable expressions are vertical angles.
It is shown in geometry that vertical angles have equal measures. Find the measure of
each angle.

35.

8x +2)°

Two angles whose sum is 90° are complementary angles. Find the measures of the
complementary angles shown in each figure.

37. 38. , Gx-9y

(5x-1y°

(2x)° (6x)°

Two angles whose sum is 180° are supplementary angles. Find the measures of the
supplementary angles shown in each figure.

39. 40.

Bx+5° \ Gx+157° (3}&(% +49)°

Solve each problem involving consecutive integers. See Example 5.

41. Find three consecutive integers such that the sum of the first and twice the second is 17
more than twice the third.

42. Find three consecutive integers such that the sum of the first and twice the third is 39 more
than twice the second.

43. Find four consecutive integers such that the sum of the first three is 54 more than the

fourth.
44. Find four consecutive integers such that the sum of the last three is 86 more than
the first.
45. If I add my current age to the age I will be next year _
on this date, the sum is 103 yr. How old will I be
10 yr from today” Sun [ Mon [ Tue | Wed | Thu Fri Sat
: 1 2 3 4 5 6
46. If I add my current age to the age I will be next year 78 9 10| 143 13
on this date, the sum is 129 yr. How old will I be T R T L BT I BT T

5 yr from today?

21 22 23 24 25 26 27

28 29 30 31

47. Find three consecutive even integers such that the sum of the least integer and the middle
integer is 26 more than the greatest integer.

48. Find three consecutive even integers such that the sum of the least integer and the greatest
integer is 12 more than the middle integer.

49. Find three consecutive odd integers such that the sum of the least integer and the middle
integer is 19 more than the greatest integer.

50. Find three consecutive odd integers such that the sum of the least integer and the greatest
integer is 13 more than the middle integer.
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LAWY [ [H3: a8 For Individual or Group Work (Exercises 51-54)

Consider the following two figures. Work Exercises 51-54 in order.

2x°

x° 60° 60°\ »°

FIGURE A FIGURE B

51. Solve for the measures of the unknown angles in FIGURE A. (Hint: What is the sum
of the angle measures of any triangle?)

52. Solve for the measure of the unknown angle marked y° in FIGURE B. (Hint: The
angles are supplementary angles.)

53. Add the measures of the two angles found in Exercise 51. How does the sum com-
pare to the measure of the angle found in Exercise 52?

54. Based on the answers to Exercises 51-53, make a conjecture (an educated guess)
about the relationship among the angles marked (D), ), and @) in the figure below.

©)
O) ®

SUMMARY EXERCISES Applying Problem-Solving Techniques

Solve each problem.

1.

The length of a rectangle is 3 in. more 2. A farmer wishes to enclose a rectangular
than its width. If the length were region with 210 m of fencing in such a
decreased by 2 in. and the width were way that the length is twice the width and
increased by 1 in., the perimeter of the the region is divided into two equal parts,
resulting rectangle would be 24 in. Find as shown in the figure. What length and
the dimensions of the original rectangle. width should be used?

x+3

o

After a discount of 28.57%, the sale price for a Samsung Galaxy tablet computer was
$199.99. What was the regular price of the tablet computer to the nearest cent? (Data from
WWW.amazon.com)

. An electronics store offered a new HD television for $255, which was the sale price after

the regular price was discounted 40%. What was the regular price?

. An amount of money is invested at 4% annual simple interest, and twice that amount is

invested at 5%. The total annual interest is $112. How much is invested at each rate?

An amount of money is invested at 3% annual simple interest, and $2000 more than that amount
is invested at 4%. The total annual interest is $920. How much is invested at each rate?

Russell Westbrook of the Oklahoma City Thunder and James Harden of the Houston
Rockets were the leading scorers in the NBA for the 20162017 regular season. Together
they scored 4914 points, with Harden scoring 202 fewer points than Westbrook. How many
points did each player score? (Data from stats.nba.com)


www.amazon.com
stats.nba.com
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8.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

In 2016, the number of films released
in U.S. and Canadian movie theaters
was 161 more than the number of films
released in 2009. A total of 1275 films
were released in both years. How many
films were released each year? (Data
from comScore—Box Office Essentials.)

9. Atlanta and Cincinnati are 440 mi apart.

John leaves Cincinnati, driving toward
Atlanta at an average rate of 60 mph. Pat
leaves Atlanta at the same time, driving
toward Cincinnati in her antique auto,
averaging 28 mph. How long will it take
them to meet?

Rat
John /
Cincinnati ; ; ‘/B

440 mi

Atlanta

Joshua has a sheet of tin 12 cm by 16 cm. He plans to make
a box by cutting equal squares out of each of the four corners
and folding up the remaining edges. How large a square should |,
he cut so that the finished box will have a length that is 5 cm
less than twice the width? J u

A 16 =

A pharmacist has 20 L of a 10% drug solution. How many liters of 5% solution must be
added to obtain a mixture that is 8%?

A certain metal is 20% tin. How many kilo-

) ; 3 Kilograms Percent Kilograms
grams of this metal must be mixed with of Metal | (as a decimal) of Tin
80 kg of a metal that is 70% tin to obtain a 0.20
metal that is 50% tin?

0.50

A cashier has a total of 126 bills in fives and tens. The total value of the money is $840.
How many of each denomination of bill does he have?

The top-grossing domestic movie in 2016 was Finding Dory. On opening weekend,
one theater showing this movie took in $20,520 by selling a total of 2460 tickets,
some at $9 and the rest at $7. How many tickets were sold at each price? (Data from
comScore, Inc.)

Find the measure of each angle. 16. Find the measure of each marked angle.

(6x—50)°

x° (x—10)° (10x+7)° [ (7x + 3)°

The sum of the least and greatest of three consecutive integers is 32 more than the middle
integer. What are the three integers?

If the lesser of two consecutive odd integers is doubled, the result is 7 more than the greater
of the two integers. Find the two integers.

The perimeter of a triangle is 34 in. The middle side is twice as long as the shortest side.
The longest side is 2 in. less than three times the shortest side. Find the lengths of the
three sides.

The perimeter of a rectangle is 43 in. more than the length. The width is 10 in. Find the
length of the rectangle.
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Graph intervals on a
number line.

Solve linear inequalities
using the addition
property.

Solve linear inequalities
using the multiplication
property.

Solve linear inequalities
with three parts.

Solve applied problems
using linear inequalities.

VOCABULARY
O inequality
O interval
O linear inequality in one variable
[ equivalent inequalities
[ three-part inequality

Linear Inequalities in One Variable

An inequality consists of algebraic expressions related by one of the following
symbols.

< “is less than” = “is less than or equal to”

> “is greater than” = “is greater than or equal to”

These symbols are read as shown when the inequality is read from left to right.

We solve an inequality by finding all real number solutions for it. For example,
the solution set of x = 2 includes a/l real numbers that are less than or equal to 2, not
just the integers less than or equal to 2.

OBJECTIVE 1 Graph intervals on a number line.

We graph all the real numbers satisfying x = 2 by placing a square bracket at 2 and
drawing an arrow to the left to represent the fact that all numbers less than 2 are also
part of the graph. See FIGURE 9.

2 is included.

4 3 =2 -1 0 1 2 3 4
FIGURE 9 The interval (—c°, 2]

The set of numbers less than or equal to 2 is an example of an interval on a num-
ber line. To write intervals, we use interval notation, which includes the infinity
symbols, o or —o. We write the interval of all numbers less than or equal to 2 as
(=90, 2]. The negative infinity symbol —o does not indicate a number, but shows
that the interval includes all real numbers less than 2. Both on the number line and
in interval notation, the square bracket indicates that 2 is included in the solution set.

Remember the following important concepts regarding interval notation.
* A parenthesis indicates that an endpoint is not included.

* A square bracket indicates that an endpoint is included.

* A parenthesis is always used next to an infinity symbol, —2 or .

* The set of real numbers is written in interval notation as ( — o, ),

DN HNSRN Using Interval Notation

Graph each inequality, and write it using interval notation.

(@ x> -5

This statement says that x can represent any number greater than —35, but x cannot
equal —5. We graph it by placing a parenthesis at —5 and drawing an arrow to the
right, as in FIGURE 10. The parenthesis at —5 shows that —5 is not part of the graph.
This interval is written (—5, ).

-5 is not included.

I e . . . . . . .
T \ T T T
-6 -5 -4 3 -2 -1 0 1 2

FIGURE 10 The interval (—5, @)
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G NOW TRY
EXERCISE 1
Graph each inequality,

and write it using interval
notation.

b)) - 1=x<3

This statement is read “—1 is less than or equal to x and x is less than 3.” We want
the set of numbers that are between —1 and 3, with —1 included and 3 excluded. We
use a bracket at —1 because it is part of the graph and a parenthesis at 3 because it is
not part of the graph. See FIGURE 11. In interval notation, we write [ —1, 3).

(a) x< -1
(b) —4=x<2 N e e e NN
3 =2 -1 0o 1 2 3 4 5
FIGURE 11 The interval [ —1, 3) NOW TRY 9
V¥ Summary of Types of Intervals
Type of Set-Builder Interval
Interval Notation il Notation
Openinterval | {x|a<x<b} (a, b)
a b
Closed interval | {x|a=x=b} L - [a, b]
a b
Half-open {x|la=x<b} E [a, b)
(or half-closed) a b
interval
{x|la<x=b} - (a, b]
a b
Disjoint {x|x<aorx>b} _ = (=, a) U (b, »)
interval* a b
{x|x>a} 4 (a, )
a
{x|x=a} - [a, «)
a
Infinite interval | {x|x < a} (=, a)
a
{xIx=a} ~ (==, a]
{x]|x is a real number} ; (—oe, )
0
0 CAUTION A parenthesis is always used next to an infinity symbol, — or .
Solving inequalities is similar to solving equations.
Linear Inequality in One Variable
A linear inequality in one variable (here x) is an inequality that can be written
in the form
?O‘LV)TRYANSWERS ax +b <0, ax +b=<0, ax +b >0, or ax +b =0,
. (@a
3 A1 where a and b are real numbers and a # 0. g
inear
(== =1) Examples: x+5<0, x—3=5 2x+5=10, x>—1 inequalitiesin
(b) one variable
-4 0 2 4
[—4.2)

*We will work with disjoint intervals later when we study set operations and compound inequalities.
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EXERCISE 2

Solve x — 10 > —7, and
graph the solution set.

NOW TRY ANSWER
2.

—t+—
01 2 3 4 5
(3,)
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OBJECTIVE 2 Solve linear inequalities using the addition property.

We solve an inequality by finding all numbers that make the inequality true. Usually, an
inequality has an infinite number of solutions. These solutions, like solutions of equa-
tions, are found by producing a series of simpler equivalent inequalities. Equivalent
inequalities are inequalities with the same solution set.

We use two important properties to produce equivalent inequalities.

Addition Property of Inequality

If a, b, and c represent real numbers, then the inequalities
a<b and a+ c <b + ¢ areequivalent.*

That is, the same number may be added to each side of an inequality without
changing the solution set.

*This also applies to a = b, a > b, and a = b.

Using the Addition Property of Inequality
Solve x — 7 < —12, and graph the solution set.
x—7<-12
x—T7+7<—-12+7 Add 7.

x< -5 Combine like terms.

CHECK Substitute —5 for x in the equation x — 7 = —12.
x—7=-12
—5-7L-12 Let x = 5.
—12=-12 V  True

The result, a true statement, shows that —5 is the boundary point. Now test a number
on each side of —5 to verify that numbers less than —5 make the inequality true. We
choose —6 and —4.

x—7<-12

*6—72—12 Let x = —6. *4—7%—12 Let x = —4.

—-13<-12 True —-11<-12 False

—6 is in the solution set. —4 is not in the solution set.

The check confirms that the solution set is the graph shown in FIGURE 12.

-5 is not included
because of <.

—6is in the —4 is not in the
solution set. solution set.
L L L L 1 . & 1 1 1 1 1
T T T T T hd / hd T T T T T
-6 -5 -4 -1 0 1
FIGURE 12

Using interval notation, the solution set is the infinite interval (—, —5).

NOW TRY 9

As with equations, the addition property can also be used to subtract the same
number from each side of an inequality.
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G NOW TRY FTYINEY Using the Addition Property of Inequality
EXERCISE 3

Solve 4x + 1 = 5x, and graph Solve 14 + 2x = 3x, and graph the solution set.

the solution set. 14 + 2x < 3x

14 +2x — 2x = 3x — 2x Subtract 2x.
14 =x Combine like terms.

Be careful. .
x=14 Rewrite.

The inequality 14 = x (that is, 14 is less than or equal to x) can also be written x = 14
(that is, x is greater than or equal to 14). Nofice that in each case the inequality sym-
bol points to the lesser number, 14.

CHECK 14 + 2x = 3x
14 +2(14) £3(14)  Letx=14.
42 =42 / True
So 14 satisfies the equality part of =. Choose 10 and 16 as test values.

14 + 2x < 3x
14 +2(10) < 3(10)  Letx = 10. 14 +2(16) < 3(16)  Letx =16,
34 < 30 False 46 <48 V' True
10 is not in the solution set. 16 is in the solution set.

The check confirms that the solution set is the graph shown in FIGURE 13.

14 is included.

10 is not in the 16 is in the
solution set. solution set.
1 1 1 1 1 P 1 r 'S 1 1
T T T T T hd T L a g T
0 2 4 6 8§ 10 12 14 16 18 20
FIGURE 13

Using interval notation, the solution set is the infinite interval | 14, ). NOW TRY 9

OBJECTIVE 3 Solve linear inequalities using the multiplication property.

Consider the following true statement.

-2<5
Multiply each side by some positive number—for example, 8.
—2(8) < 5(8) Multiply by 8.
—16 <40 True

The result is true. Start again with —2 <5, and multiply each side by some negative
number—for example, —8.

—2(—8) <5(—8)  Multiply by —8.
16 < —40 False
The result is false. To make it true, we must change the direction of the inequality symbol.
16 > —40 True

2 1 0 1 2 As these examples suggest, multiplying each side of an inequality by a negative
(=, 1] number requires reversing the direction of the inequality symbol.

NOW TRY ANSWER



NOW TRY
EXERCISE 4
Solve each inequality, and
graph the solution set.
(a) 8x= —40
(b) —20x > —60

NOW TRY ANSWERS
4. (a)
-5 4 -3-2-1 0
[=5,)
(b)
10 1 2 3 4
(==.3)

SECTION 1.5 Linear Inequalities in One Variable
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Multiplication Property of Inequality

Let a, b, and c represent real numbers, where ¢ # 0.

(a) If c is positive, then the inequalities

a<b and ac < bc areequivalent.*

(b) If c is negative, then the inequalities

a<b and ac > bc areequivalent.*

That is, each side of an inequality may be multiplied (or divided) by the same
positive number without changing the direction of the inequality symbol. If the
multiplier is negative, we must reverse the direction of the inequality symbol.

*This also appliesto @ = b, a > b, and a = b.

Because division is defined in terms of multiplication, the multiplication property
also applies when dividing each side of an inequality by the same number.

D CIHNN Using the Multiplication Property of Inequality

Solve each inequality, and graph the solution set.

(@ 5Sx=-30
Divide each side by 5. Because 5 > 0, do not reverse the direction of the
inequality symbol.
5x=-30
S5x =30 .
— = Divide by 5.
5 5
x=—6
L L L 1 1 1 1 1
T T T T J T T T T
14 -12 -10 -8 -6 -4 2 0 2
FIGURE 14

The solution set is graphed in FIGURE 14 and written (—2, —6 .

(b) —4x =32

Divide each side by —4. Because —4 < 0, reverse the direction of the inequality

symbol.

Reverse the inequality
symbol when dividing
by a negative number.

—4x = 32
—4x 32
—— Z ——
—4 ~ —4

x= -8

Divide by —4.

Reverse the direction of the symbol.

-7 -6 -5

-4 -3 -2 -1 0 1

FIGURE 15

FIGURE 15 shows the graph of the solution set, [ —8, ©).

NOW TRY g
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G NOW TRY

EXERCISE 5

Solve and graph the solution set.
5-2(x—4)=11—4x

NOW TRY ANSWER

5 G———+—+

-3 -2 -1 0 1

(o, —1]

To solve a linear inequality in one variable, use the following steps.

Solving a Linear Inequality in One Variable

Step 1 Simplify each side separately. Use the distributive property as
needed.

¢ Clear any parentheses.
¢ Clear any fractions or decimals.
¢ Combine like terms.

Step 2 Isolate the variable terms on one side. Use the addition property of
inequality so that all terms with variables are on one side of the inequal-
ity and all constants (numbers) are on the other side.

Step 3 Isolate the variable. Use the multiplication property of inequality to
obtain an inequality in one of the following forms, where £ is a constant
(number).

variable < k, variable = k, variable >k, or variable =k

Remember: Reverse the direction of the inequality symbol only when
multiplying or dividing each side of an inequality by a negative number.

D IYNW Solving a Linear Inequality
Solve —3(x +4) + 2 = 7 — x, and graph the solution set.

Stepl —3(x+4)+2=7—x

“3x—3(4)+2=7—x Distributive property
—3x—12+2=7—x Multiply.
—3x—-10=7—x (*) Combine like terms.
Step 2 —3x—10+x=7—x+x  Addx
—2x—10=7 Combine like terms.
—2x—10+10=7+ 10 Add 10.
—2x =17 Combine like terms.
—2x 17 Vi _
Step 3 < Divide by —2.
-2 -2 Change = to =.
Be sure to reverse
the direction of the - 17
inequality symbol. | X = *7
—_—tt
-1 -0 -9 -8 -7 -6 -5 -4 -3 2 -1 0
FIGURE 16

. 17
FIGURE 16 shows the graph of the solution set, (— ), — 7]. NOW TRY 9
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In Step 2 of Example 5, if we add 3x (instead of x) to both sides of the inequality,
we obtain the following sequence of equivalent inequalities.

-3x—-10=7—x

—3Xx—10+3x=7 —x+ 3x

See (*) of Example 5.
Add 3x.

—10=2x+7 Combine like terms.
—-10—-7=2x+7—-7 Subtract 7.
—17 = 2x Combine like terms.
BTN Divide by 2.
2
The symbol points x=— E Rewrite. The same solution results.
to x in each case. o 2)

NOW TRY
EXERCISE 6

e

D C\IHNHW Solving a Linear Inequality with Fractions

Solve and graph the solution set. Solve —%(x -3) - % < %(5 — x), and graph the solution set.
3 1 1
~(x—=2)+>>_-(x—8) _% -3 _l<15_
4 275 =3 —5<76-x)
Step I NP S c th
ep 3x 7<% 2x ear parentheses.
2 1 5 1 To clear the fractions
6<_3x 2= 2) < 6<2 B 2") multiply by 6, the LCD.
6( 2>+6(2)+6< 1><6<5>+6< 1) Distributi t
——x - — ——x str e proper
3 > ) 5 istributive property
—4x+ 12 -3 <15 —3x Multiply.
—4x +9 < 15— 3x Combine like terms.
Step 2 —4x + 9+ 3x <15 —3x + 3x Add 3x.
—x+9<15 Combine like terms.
—x+9-90<15—-9 Subtract 9.
—x<6 Combine like terms.
Step 3 —1(=x) > —1(6) Multiply by —1.
Reverse the inequality Change < to >.
symbol when multiplying x> —6
by a negative number.
e
NOW TRY ANSWER -3 7 6 5 4 3 2 0
_% FIGURE 17
6 4 ——
=2 —l\ 0 1 .
b FIGURE 17 shows the graph of the solution set, (—6, ). NOW TRY 9
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GNOW TRY
EXERCISE 7

Solve and graph the solution set.

—1<x—-2<3

NOW TRY
EXERCISE 8

Solve and graph the solution set.

—2<—-4x-5=7

NOW TRY ANSWERS

7.

-1 01 2 3 435

(1.5)

OBJECTIVE 4 Solve linear inequalities with three parts.

Some applications involve a three-part inequality such as

3<x+2<8, wherex+ 2is between 3 and 8.

DNIYN3M Solving a Three-Part Inequality
Solve 3 < x + 2 < §, and graph the solution set. % Do not write 8 < x + 2 < 3,

which implies 8 < 3,

3 < x+2 <8 a false statement.

Subtract 2 from all
3-2<x+2-2<8-2  threeparts.

1 < X <6

Thus, x must be between 1 and 6 so that x + 2 will be between 3 and 8.

=T

o
/
6

FIGURE 18

The solution set is graphed in FIGURE 18 and written as the open interval (1, 6).
NOW TRY

0 CAUTION Write three-part inequalities so that the symbols point in the same direc-
tion, and both point toward the lesser number.

D NIZNIN Solving a Three-Part Inequality

Solve —2 = —3x — 1 = 5, and graph the solution set.
-2= —3x—-1 =5
—2+1=-3x—-1+1 =5+1 Add 1 to each part.

-1 = —3x =6

-1 —3x 6 Divide each part by —3.
— = — = —3 Reverse the direction of the

=3 =3 inequality symbols.
1
— = X = -2
3
1 Rewrite in the
-2 = X = — order on the
3 number line.
1 r L L T 1 1
T L T T J T T
-3 -2 -1 0 % 1 2
FIGURE 19

. . . . . 1
The solution set is graphed in FIGURE 19 and written as the closed interval {—2, 5}.

NOW TRY 9
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EXERCISE 9

A local health club charges

a $40 one-time enrollment
fee, plus $35 per month for a
membership. Sara can spend
no more than $355 on this
exercise expense. What is the
maximum number of months
that Sara can belong to this
health club?

NOW TRY ANSWER
9. 9 months

SECTION 1.5 Linear Inequalities in One Variable 111

V¥ Solution Sets of Equations and Inequalities

Equation or Inequality Typical Solution Set Graph of Solution Set
Linear equation
- {2} bt
5% + 4 = 14
0 2
Linear inequalit
a y (7wy 2) | | | AY
5x +4<14 T/
0 2
5x + 4> 14 (2, %) — (
0 2
Three-part inequality
1<5x+4=<14 [-1.2] b —
-1 0 2

OBJECTIVE 5 Solve applied problems using linear inequalities.

V¥ Words and Phrases That Suggest Inequality

Word Statement Interpretation Example Inequality
a exceeds b. a>b Juan’s age j exceeds 21 yr. j=>21
ais at least b. a=>b Juan is at least 21 yr old. j=21
a is no less than b. a=>b Juan is no less than 21 yr old. j=21
ais at most b. a=b Mia’s age m is at most 10 yr. m=10
a is no more than b. a=b Mia is no more than 10 yr old. m=10

In Examples 9 and 10, we use the six problem-solving steps from earlier, chang-
ing Step 3 from

“Write an equation” to “Write an inequality.”

GVIHNR R Using a Linear Inequality to Solve a Rental Problem

A rental company charges $20 to rent a chain saw, plus $9 per hr. Tom can spend no
more than $65 to clear some logs from his yard. What is the maximum amount of time
he can use the rented saw?

Step 1 Read the problem again.
Step 2 Assign a variable. Let x = the number of hours he can rent the saw.

Step 3 Write an inequality. He must pay $20, plus $9x, to rent the saw for x hours,
and this amount must be no more than $65.

Cost of is no
renting more than 65 dollars.
—
20 + 9x = 65
Step 4 Solve. 9x =45 Subtract 20.
X=5 Divide by 9.

Step 5 State the answer. He can use the saw for a maximum of 5 hr. (Of course,
he may use it for less time, as indicated by the inequality x = 5.)

NOW TRY Q)

Step 6 Check. If Tom uses the saw for 5 hr, he will spend

20 + 9(5) = 65 dollars, the maximum amount.
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6 NOW TRY

EXERCISE 10

Joel has scores of 82, 97, and
93 on his first three exams.
What score must he earn on

the fourth exam to keep an
average of at least 90?

NOW TRY ANSWER
10. at least 88

© Video solutions for select
problems available in MyLab
Math

STUDY SKILLS REMINDER
Study cards are a great
way to learn vocabulary,
procedures, and so on.
Review Study Skill 5,
Using Study Cards.

Linear Equations, Inequalities, and Applications

D NIZH3/D] Finding an Average Test Score

Martha has scores of 88, 86, and 90 on her first three algebra tests. An average score
of at least 90 will earn an A in the class. What possible scores on her fourth test will

earn her an A average?

Let x = the score on the fourth test. Her average score must be at least 90. To find
the average of four numbers, add them and then divide by 4.

is at
Average least  90.
——— —— N
88 + 86 + 90 + x
= 90
4
264 + x
— =90
4
264 + x = 360
x =96

She must score 96 or more on her fourth test.

88 +86 +90+ 96 360

CHECK == =90,
4 4

Add the scores.

Multiply by 4.
Subtract 264.

the minimum score.

v

A score of 96 or more will give an average of at least 90, as required. =~ NOW TRY 9

FOR
EXTRA
HELP

° MyLab Math

Concept Check Match each inequality in Column I with the correct graph or interval in

heart disease. The table shows how LDL levels
affect risk.

If x represents the LDL cholesterol number,
write a linear inequality or three-part inequality
for each category. Use x as the variable.

(a) Optimal

(b) Near optimal/above optimal
(¢) Borderline high

(d) High (e) Very high

100-129

130-159

160-189

190 and above
Data from WebMD.

Column I1.
I I
L.x=3 2. x>3 Ao —t
0 3
3.x<3 4. x=3 B. : — ) :
0 3

5. 3=x=3 C. (3, ) D. (-, 3]

6. 3<x<3 E. (—3,3) F. [-3,3]
Concept Check Work each problem involving inequalities.

7. A high level of LDL cholesterol (“bad choles- | | p; cholesterol Risk Category

terol”) in the blood increases a person’s risk of Less than 100 Optimal

Near optimal/
above optimal

Borderline high
High
Very high
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8. A high level of triglycerides in the blood also
increases a person’s risk of heart disease. The

113

table shows how triglyceride levels affect risk.

If x represents the triglycerides number,
write a linear inequality or three-part inequality

for each category. Use x as the variable.
(b) Mildly high
(d) Very high

(a) Normal
(c) High

. Concept Check A student solved the fol-
lowing inequality incorrectly as shown.

4x = —64

dx —64

JE— S [

4 4 Solution set:
x=-16 (—o0, —16]

WHAT WENT WRONG? Give the correct
solution set.

Triglycerides Risk Category
Less than 100 Normal
100-199 Mildly high
200-499 High
500 or higher Very high

Data from WebMD.

10. Concept Check A student solved the fol-
lowing inequality incorrectly as shown.

—2x < —18

—2x —18

—_ < PR

—2 —2 Solution set:
x<9 (—2,9)

WHAT WENT WRONG? Give the correct
solution set.

Solve each inequality. Graph the solution set, and write it using interval notation. See

Examples 1-6.

1. x—4=12 12. x—3=7 13. 3k +1>22
14. 5x+ 6 <76 15. 4x < —16 16. 2x > —10
3
17. —4x < 16 18. —5x > 25 19. —sz 30
2
20. —gx =12 21. —13x=-52 22, —2.5x=—1.25
3k—1
23. 5x +2 = —48 24. 4x + 1 = =31 25. 7 >S5
S5x—6 2x—5 3x—2
26. < 27. > 28. <
6 g 8 ) 5 8 — 6
29. 3k+ 1 < =20 30. 5z + 6> -29 31. 6x —4 = —2x
32. 2x— 8= —2 33 x—2(x—4)=3x M. x—3(x+1)=4x
35. ~(4+r)+2-3r<—14 36. —(9+x)—5+4x=4
37. —3(x—6)>2x—2 38. —2(x+4)=6x+ 16
2 3 7 2
L S(Bx— 1) =>(2x — L= (10x — 1) < =(6x +
39 3(3x 1) 2(2)6 3) 40 5(IO)c 1) 3(6x 5)
41 —l( +6)+§(2 -5)<10 42 i(t—2)—1(21—7)<3
Ta? 2\ "5 4 -
43. 3(2x —4) —4x <2x +3 44. 7(4 — x) + 5x < 2(16 — x)
45 8(1 + 3) < 8<1 - 1) 46 10(1 + 2) < 10(1 + 1)
- 8l 5x % . 5 X

Solve each inequality. Graph the solution set, and write it using interval notation. See

Examples 7 and 8.
47. 4 <x—-5<6
50. - 4=x+3=10

48. -1 <x+1<8
51. -6=2x+4=16

499. 9=x+5=15
S2. —I5<3x+6<-—-12
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53. - 19=3x—-5=1
56. 4= -2x+3<8

Linear Equations, Inequalities, and Applications

54. —16 <3x+2<-—10
57. 8= —4x+2=6

55.4=-9%+5<8
58. -12=—-6x+3=15

3
59. —3<Zx<6

3x+1 6 — 5x

62. —3STS3 63. 5=

2
60. —4<§x< 12

2
=0 64. 4 =

2 — 5
6. —1 = x6 =5

st

Give, in interval notation, the unknown numbers in each description.

65. A number is between 0 and 1.

67. Six times a number is between —12 and 12.

66. A number is between —3 and —2.

68. Half a number is between —3 and 2.

69. When 1 is added to twice a number, the result is greater than or equal to 7.

70. If 8 is subtracted from a number, then the result is at least 5.

71. One third of a number is added to 6, giving a result of at least 3.

72. Three times a number, minus 5, is no more than 7.

Solve each problem. See Examples 9 and 10.

73. Bonnie earned scores of 90 and 82 on her
first two tests in English literature. What
score must she make on her third test to keep
an average of 84 or greater?

74. Scott scored 92 and 96 on his first two tests
in “Methods in Teaching Mathematics.”
What score must he make on his third test to
keep an average of 90 or greater?

75. To earn a B in an algebra course requires an average of at least 80 on five tests. A student
has scores of 75, 91, 82, and 74. What possible scores on the fifth test would guarantee

this student a B in the class?

76. To pass Algebra II requires an average of at least 70 on four tests. A student has scores
of 80, 62, and 73. What possible scores on the fourth test would guarantee this student a

passing score in the class?

77. Latrice is signing up for cell phone service.
She must decide between Plan A, which
costs $54.99 per month with a free phone
included, and Plan B, which costs $49.99
per month, but would require her to buy a
phone for $129. Under either plan, she does
not expect to go over the included num-
ber of monthly minutes. After how many
months would Plan B be a better deal?

78. Newlyweds Bryce and Lauren need
to move their belongings to their
new apartment. They can rent a
truck from U-Haul for $29.95 per
day plus 28 cents per mile or from
Budget Truck Rentals for $34.95
per day plus 25 cents per mile. After
how many miles (to the nearest mile)
would the Budget rental be a better
deal than the U-Haul rental?




79.

80.

81.

82.
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The average monthly precipitation for Dallas, TX, for October, November, and Decem-
ber is 3.47 in. If 2.88 in. falls in October and 3.13 in. falls in November, how many
inches must fall in December so that the average monthly precipitation for these
months exceeds 3.47 in.? (Data from www.weather.com)

The average monthly precipitation for Honolulu, HI, for October, November, and Decem-
ber is 3.11 in. If 2.98 in. falls in October and 3.05 in. falls in November, how many
inches must fall in December so that the average monthly precipitation for these
months exceeds 3.11 in.? (Data from www.weather.com)

According to some medical advisors, a body mass index (BMI) between 19 and 25 suggests
a healthful weight. Use the formula
704 X (weight in pounds)

BMI = T
(height in inches)?

to find the weight range w, to the nearest pound, that gives a healthful BMI for each height.
(a) 72 1n. (b) 63 in. (¢) Your height in inches

To achieve the maximum benefit from exercising, the heart rate, in beats per minute, should
be in the target heart rate (THR) zone. For a person aged A, the formula is as follows.

0.7(220 — A) = THR = 0.85(220 — A)

Find the THR to the nearest whole number for each age. (Source: Hockey, R. V., Physical
Fitness: The Pathway to Healthful Living, Times Mirror/Mosby College Publishing.)

(a) 35 (b) 55 (¢) Your age

A product will produce a profit only when the revenue R from selling the product exceeds the
cost C of producing it. Find the least whole number of units x that must be sold for the business
to show a profit for the item described.

83.

84.

Peripheral Visions, Inc., finds that the cost of producing x studio-quality DVDs is
C = 20x + 100, while the revenue produced from them is R = 24x (C and R in dollars).

Speedy Delivery finds that the cost of making x deliveries is C = 3x + 2300, while the
revenue produced from them is R = 5.50x (C and R in dollars).

LAWY [eR i ] [H3: B For Individual or Group Work (Exercises 85-90)

Work Exercises 85-90 in order.

85. Solve the linear equation. Graph the solution set on a number line.
5(x+3)—2(x—4)=2(x+7)

86. Solve the linear inequality. Graph the solution set on a number line.
S5(x+3)—2(x—4)>2(x+7)

87. Solve the linear inequality. Graph the solution set on a number line.
S(x+3)—2(x—4)<2(x+7)

88. Graph all the solution sets of the equation and inequalities in Exercises 85—87 on the
same number line. (This is the union of the solution sets.) What set do we obtain?

89. Complete the following:
The solution set of —=3(x + 2) = 3x + 12 s

The solution set of —=3(x + 2) < 3x + 12 s
Therefore, the solution set of —3(x + 2) > 3x + 12 is

90. Describe the union of the three solution sets in Exercise 89 in words, and write it in
interval notation as a single interval.


www.weather.com
www.weather.com
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OBJECTIVES

1 Recognize set intersection

and union.

2 Find the intersection
of two sets.

3 Solve compound
inequalities with the
word and.

4 Find the union of two sets.

5 Solve compound
inequalities with the
word or.

VOCABULARY

O intersection

O compound inequality
O union

GNOW TRY

EXERCISE 1
LetA={2,4,6,8} and
B=1{0,2,6,81}.

Find AN B.

NOW TRY ANSWER
L {2,638}

Set Operations and Compound Inequalities

OBJECTIVE 1 Recognize set intersection and union.
Consider the two sets A and B defined as follows.
A={1’293}’ B={2’3’4}

The set of all elements that belong to both A and B, called their intersection and sym-
bolized A N B, is given by

ANB={2,3}. Intersection

The set of all elements that belong to either A or B, or both, called their union and
symbolized A U B, is given by

AUB={1,2,3,4}.  Union

OBJECTIVE 2 Find the intersection of two sets.

The intersection of two sets is defined with the word and.

Intersection of Sets

For any two sets A and B, the intersection of A and B, symbolized A N B, is
defined as follows.

AN B = {x]|xis an element of A and x is an element of B}

D VI4S3_W Finding the Intersection of Two Sets

LetA={1,2,3,4}and B={2,4,6}.Find ANB.
The set A M B contains those elements that belong to both A and B.

ANB=1{1,2,3,4}N{2,4,6)
= {2,4} Now TRY (B)

OBJECTIVE 3 Solve compound inequalities with the word and.

A compound inequality consists of two inequalities linked by a connective word.
x+1=9 and x—2=3

2x >4 or 3x—6<5

Solving a Compound Inequality with and

Step 1 Solve each inequality individually.

Compound inequalities

Step 2 The solution set of the compound inequality includes all numbers that
satisfy both inequalities in Step 1—that is, the intersection of the solution
sets.



G NOW TRY
EXERCISE 2
Solve the compound

inequality, and graph the
solution set.

x—2=5 and x+5=9

G NOW TRY
EXERCISE 3
Solve and graph.

—4x —1<7 and

3x+4=-5
NOW TRY ANSWERS
2 | rl I—I
LI LI IJ
01234567
[4,7]
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DI85 Solving a Compound Inequality with and
Solve the compound inequality, and graph the solution set.
x+1=9 and x—2=3

Step 1 Solve each inequality individually.

x+1=9 and x—2=3
x+1—-1=9—-1 and x—2+2=3+2
x=38 and x=5

Step 2 The solution set will include all numbers that satisfy both inequalities in
Step 1 at the same time. The compound inequality is true whenever x = 8
and x = 5 are both true. See the graphs in FIGURE 20.

C A ——— :
0O 1 2 3 4 5 6 7 8 9 The set of points
where the graphs
C “overlap” represents
x=5 Pttt g p—rip : i
[ the intersection.
0 1 2 3 4 5 6 7 8 9
FIGURE 20

The intersection of the two graphs in FIGURE 20 is the solution set. FIGURE 21
shows the graph of the solution set, written using interval notation as the
closed interval [5, 8].

[5, 8] —————————+—— e
o 1 2 3 4 5 6 7 8 9
FIGURE 21

NOW TRY 9

S VNIZEFEN Solving a Compound Inequality with and

Solve the compound inequality, and graph the solution set.

—3x—2>5 and S5x—1=-21

Step 1 Solve each inequality individually.

—3x—2>5 and Sx —1=-21

Remember to reverse | —3X > 7 and 5x=—-20
the direction of the
inequality symbol.
x < —g and x=—4

7 .
The graphs of x < —3 and x = —4 are shown in FIGURE 22.

x<-7 <=} : p——t : :
-5 -4 3 12 -1 0
x=-4 : ] ; . : :
-5 -4 -3 -2 -1 0

FIGURE 22

Step 2 Now find all values of x that are less than —% and also less than or equal

to —4. This is shown in FIGURE 23. The solution set is written as the infinite
interval (—o, —41].

(~o0,~4] <= : : : :
-5 4 -3 2 -1 0
FIGURE 23

NOW TRY 9
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G NOW TRY
EXERCISE 4
Solve and graph.

x—7<-—12 and
2x+1>5

GNOW TRY
EXERCISE 5

Let A = {5, 10, 15,20}
and B = {5, 15,25}.

Find AUB.

NOW TRY ANSWERS
4. O
5. {5.10,15,20,25}

Solving a Compound Inequality with and
Solve the compound inequality, and graph the solution set.
x+2<5 and x—10>2
Step 1 Solve each inequality individually.
x+2<5 and x—10>2
x <3 and x>12

The graphs of x < 3 and x > 12 are shown in FIGURE 24.

b
0 3 6 9 12

x> 12— ————————+—+—+—

(=)
(98]
=)}
=}

FIGURE 24

Step 2 There is no number that is both less than 3 and greater than 12, so the given
compound inequality has no solution. See FIGURE 25. The solution set is (.

FIGURE 25 NOW TRY 9

OBJECTIVE 4 Find the union of two sets.

The union of two sets is defined with the word or.

Union of Sets

For any two sets A and B, the union of A and B, symbolized A U B, is defined as
follows.

AUB = {x|xis an element of A or x is an element of B}

DN |HNN Finding the Union of Two Sets

LetA={1,2,3,4}and B={2,4,6}.Find AUB.
Begin by listing all the elements of set A: 1, 2, 3, 4. Then list any additional

elements from set B. In this case the elements 2 and 4 are already listed, so the only
additional element is 6.

AUB=1{1,2,3,4}U{2,4,6}
={1,2,3,4,6}
The union consists of all elements in either A or B (or both). NOW TRY 9

Although the elements 2 and 4 appeared in both sets A and B in Example 5, they
are written only once in AU B.




GNOW TRY

EXERCISE 6
Solve and graph.
—12x = 24 or

NOW TRY ANSWER

6.

210 1 2 3
(=0, 1) U[2, )

x+9<8
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OBJECTIVE 5 Solve compound inequalities with the word or.

Solving a Compound Inequality with or

Step 1 Solve each inequality individually.

Step 2 The solution set of the compound inequality includes all numbers that
satisfy either one or the other (or both) of the inequalities in Step 1—that
18, the union of the solution sets.

NN Solving a Compound Inequality with or
Solve the compound inequality, and graph the solution set.
6x —4<2x or —3x=-9
Step 1 Solve each inequality individually.
6x —4<2x or —3x=-9
Remember to
dx < 4 reverse the
inequality symbol.

x<1 or x=3

The graphs of these two inequalities are shown in FIGURE 26.

x<1 : : + : : :
-1 0 1 2 3 4 The set of points
in either of the
=3 : : : : [ : graph; represents
-1 0 1 2 3 4 the union.
FIGURE 26

Step 2 Because the inequalities are joined with or, find the union of the two solution
sets. The union is the disjoint interval in FIGURE 27.

@, U3, ®) <= — : —
-1 0 1 2 3 4
FIGURE 27

In interval notation, the solution set is (—o0, 1) U [3,). Always pay partic-
ular attention to the end points of the solution sets and whether parentheses,
brackets, or one of each should be used. NOW TRY 9

0 CAUTION When inequalities are used to write the solution set in Example 6, it must be
written using two separate inequalities.

x<1 or x=3
Writing 3 = x < 1, which translates using and, would imply that

3 =1, whichis FALSE.
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GNOW TRY

EXERCISE 7

Solve and graph.

—x+2<6 o 6x—8=10

NOW TRY
EXERCISE 8

Solve and graph.
8x—4=20 or

—2x+1>-9
NOW TRY ANSWERS
70 0
T \ T T T T
S5 4321 0
(~4.%)

-1 01 2 3 435

(=, )

Solving a Compound Inequality with or

Solve the compound inequality, and graph the solution set.
—4x+1=9 or 5x+3=-12

Step 1 Solve each inequality individually.

—4x+1=9 or Sx+3=-12
—4x =8 or S5x=-—15
xX=-2 or x=-3

The graphs of these two inequalities are shown in FIGURE 2s.

x=-2 : : . : :
-4 -3 2 -1 0
x<-3 i ] } } }
-4 3 -2 -1 0
FIGURE 28

Step 2 FIGURE 29 shows the union, the infinite interval (—o%, —2].

(=%, -2] <=} : + : :
4 -3 2 -1 0

FIGURE 29 NOW TRY 9

Solving a Compound Inequality with or
Solve the compound inequality, and graph the solution set.
—2x+5=11 or 4x—-7=-27
Step 1 Solve each inequality individually.
—2x+5=11 or 4x—7=-27
—2x=6 or 4x = —-20

x= -3 or x=-5

The graphs of these two inequalities are shown in FIGURE 30.

x=-3 | : - : : —
-5 -4 -3 -2 -1 0
x=-5 F : : : : :
-5 -4 -3 -2 -1 0
FIGURE 30

Step 2 By taking the union, we obtain every real number as a solution because every
real number satisfies at least one of the two inequalities. The set of all real
numbers is graphed in FIGURE 31. It is written in interval notation as ( —o, ).

(=, ) f f f f f f

5 -4 3 -2 1 0
FIGURE 31 NOW TRY 9




G NOW TRY

EXERCISE 9

In Example 9, list the elements
of each set.

(a) The set of countries to
which exports were greater
than $100,000 million and
from which imports were
less than $400,000 million

(b) The set of countries to
which exports were less than
$200,000 million or from
which imports were greater
than $250,000 million

NOW TRY ANSWERS
9. (a) {Canada, Mexico}
(b) {China, Canada, Mexico,
Japan, Germany }

. FO
1.6 Exercises

© Video solutions for select
problems available in MyLab
Math

STUDY SKILLS REMINDER
Reread your class notes
before working the
assigned exercises.
Review Study Skill 3,
Taking Lecture Notes.

R
EXTRA
HELP
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D ONHN=N Applying Intersection and Union

The five top U.S. trading partners for 2016 are listed in the table. Amounts are in
millions of dollars.

Country U.S. Exports to | U.S. Imports from
Country Country
China 115,602 462,618
Canada 266,797 277,756
Mexico 229,702 294,056
Japan 63,236 132,046
Germany 49,363 114,099

Data from U.S. Census Bureau.

List the elements of the following sets.

(a) The set of countries to which exports were greater than $200,000 million and from
which imports were less than $300,000 million

The countries that satisfy both conditions are Canada and Mexico, so the set is
{Canada, Mexico }.

(b) The set of countries to which exports were less than $100,000 million or from
which imports were greater than $200,000 million

Here, any country that satisfies at least one of the conditions is in the set. This set
includes all five countries:
Now TRY (B)

{China, Canada, Mexico, Japan, Germany }.

° MyLab Math

Concept Check Determine whether each statement is true or false. If it is false, explain why.
1. The union of the solution sets of x + 1 =6, x + 1 < 6,and x + 1 > 6 is (—o, ).
2. The intersection of the sets {x|x =9} and {x|x =9} is &.
3. The union of the sets (—2°, 7) and (7, %) is {7 }.

4. The intersection of the sets (—o0, 7] and [7, %) is {7 }.

Let A=1{1,2,3,4,5,6}, B={1,3,5}, C={1,6}, and D = {4}. Find each set. See

Examples 1 and 5.
5.AND 6. BNC 7. BNA 8. CNA 9. BNY
10. AN 11. AUB 12. BUD 13. BUC 14. CUD

Concept Check Two sets are specified by graphs. Graph the intersection of the two sets.

15. I I I I —_ 16. 4 4 4 4 —_
T T T T T / T T T T T /
0 5 -3 0 2
A R S W' A —
\ T T T T T \ T T T T T
0 5 -3 0 2
17. <—ep—ep——t— 18, 4+t
0 2 5 0 3 6
I I 7 1 1 1 | | | 7 1 1 1
T T J T T T T T T J T T T
0 2 5 0 3 6
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Solve each compound inequality. Graph the solution set, and write it using interval notation.
See Examples 2—4.

19.x<2 and x> -3 20. x<5 and x>0

2l.x=2 and x=5 22. x=3 and x=6

23.x=3 and x=6 24, x=-1 and x=3
25.x—3=6 and x+2=7 26. x+5=11 and x—3=-1
27. —3x>3 and x+3>0 28. —3x<3 and x+2<6
29.3x—4=8 and —4x+1=-15 30. 7x+6=48 and —4x+3=-21

Concept Check Two sets are specified by graphs. Graph the union of the two sets.

Sl 1 32—
02 4 S0 6
||||||||LII
0 2 4 -5 0 6
33— 3.
01 8 01 8
01 8 01 8

Solve each compound inequality. Graph the solution set, and write it using interval notation.
See Examples 6-8.

35.x=1 or x=8 36. x=1 or x=8

37.x= -2 or x=5 3. x=-2 or x=6

39.x=-2 or x=4 40. x=5 or x=7

41. x+2>7 or 1—x>6 2. x+1>3 or x+4<2

43. x+1>3 or —4x+1>5 44, —2x+1>—-11 or x+1>10
45. 4x+1=-7 or —2x+3=5 46. 3x +2=-7 or —2x+1=9

Concept Check Express each set in simplest interval form. (Hint: Graph each set and look
for the intersection or union.)

47. (—oo, —1] N [—4, =) 48. [—1,2) N (==, 9]
49. (=0, —6] N [~9,») 50. (5,111 N [6, =)
51. (—90,3) U (=, —2) 52. [-9,1]U (-, -3)
53.[3,6]U(4,9) 54. [—1,2]U(0, 5)

Solve each compound inequality. Graph the solution set, and write it using interval notation.

See Examples 2—4 and 6-8.

55.x<-1 and x> -5 56. x> —1 and x<7
57.x<4 or x<-2 58. x<5 or x<-3
59. 3x=-6 or —3x=0 60. —8x=—-24 or —-5x=15

6l.x+1=5 and x—2=10 62. 2x —6=—18 and 2x=—18
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Average expenses for full-time resident college students at 4-year institutions during the
2015-2016 academic year are shown in the table.

V¥ College Expenses (in Dollars)

Type of Expense

Tuition and fees
Board rates

Dormitory charges

Public Schools
(in-state)

8778
4561
5850

Private Schools

27,951
5116
6463

List the elements of each set. See Example 9.

63. The set of expenses that are less than $9000 for public schools

and are greater than $15,000 for private schools

64. The set of expenses that are greater than $4000 for public schools

and are less than $6000 for private schools

65. The set of expenses that are less than $9000 for public schools

or are greater than $15,000 for private schools

66. The set of expenses that are greater than $15,000 or are between

$7000 and $8000

Data from National Center for Education Statistics.

The figures represent the backyards of neighbors Luigi, Mario, Than, and Joe. Suppose that
each resident has 150 ft of fencing and enough sod to cover 1400 ft> of lawn.

50 ft

BTG5 8 2T 2 2 2 7
G AR AN A
A AN AME A A
VLN NN
Vb ¥ Vb Ny b vyt v
30 ft P¥evbev¥vee¥ vy
YRR AN
Vb ¥ Vb Ny b vyt v
Yo At AN A At
D AR

Luigi’s yard
Perimeter:

Area:

40 ft 60 ft
¥ v R R A NN
VG ¥ gV Ny M M A s
VA A AME ad V¥V NN Y
e A A A
35 ft WY M AP AN AME AP AM A
VA A AME ad A AR T AR
AN I B ¥ ¥ ¥ ¥y ¥ ¥
AN 2 50 ft peRee e R vy
EAMAM AME Ad ¥ ¥ ¥ ¥ ¥ 888NN
AMAANRY A A A NN
S LSS M A AME A A AME A
ST 2T A 0 0 S5 00 20 T AT T 2
1a’ Yy ¥ ¢‘$ q,‘*'q“@ ¢“¥ “‘t
Mario’s yard AR AR
AR RN RN AN’
Perimeter:
Than’s yard
Area: .
Perimeter:
Area:

67. Determine the perimeters of the four yards.

68. Determine the areas of the four yards.

40 ft

30 ft
50 ft

Joe’s yard
Perimeter:

Area:

Give the name or names of the residents whose yards satisfy each description. (Hint: Use the
perimeters and areas found in Exercises 67 and 68.)

69. The yard can be fenced and the yard can be sodded.

70. The yard can be fenced and the yard cannot be sodded.

71. The yard cannot be fenced and the yard can be sodded.

72. The yard cannot be fenced and the yard cannot be sodded.

73. The yard can be fenced or the yard can be sodded.

74. The yard cannot be fenced or the yard can be sodded.
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AN LN [H: a0 For Individual or Group Work (Exercises 75-78)

An intermediate algebra teacher bases final grades on points earned for activities
as given in the Graded Classwork table on the left. To determine final grades, the
teacher strictly adheres to the point ranges given in the Grade Distribution table on

the right.

V Graded Classwork

V¥V Grade Distribution

Activity Points Available Grade Points Required
Homework and vocabulary 45 A 585-650
Daily activities (scaled) 55 B 520-584
Lab participation and completion 100 C 455-519
Major exams (3 at 100 points) 300 IP* < 455 and active
Final Exam 150 F < 455 and inactive
Total points 650 * In Progress

Use this information to work Exercises 75-78 in order.

75. Suppose Lauren earns all of the homework and vocabulary points, 50 points for daily
activities, and 90 points for lab participation and completion.

Let x = points to be earned on exams.

(a) Write three inequalities to find the minimum number of points she needs on
exams to earn grades no lower than A, B, and C.

(b) Solve each inequality from part (a) to find the minimum number of points she
needs for each grade. What “test average” (as a percent) corresponds to this
number of points, given that exams account for 450 possible points? (Round up
to the nearest whole number.)

76. See Exercise 75. Write and solve a compound inequality to find the range of points
Lauren needs in exam scores to earn a B average. What range of “test averages”
(as percents) correspond to these scores, given that exams account for 450 possible

points? (Round up to the nearest whole number.)

77. Suppose Mark earns only 15 points in homework and vocabulary, 40 points in daily
activities, and 50 points in lab participation. Repeat Exercise 75 using these values.

78. Repeat Exercise 76 given that Mark wants to earn a C average. (Use his classwork

points given in Exercise 77.)
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OBJECTIVES

1 Use the distance
definition of absolute
value.

2 Solve equations of the
form |ax + b| =k, for
k> 0.

3 Solve inequalities of the
form |ax + b| < k and of
the form |ax + b| > k, for
k> 0.

4 Solve absolute value
equations that involve
rewriting.

5 Solve equations of the
form |ax + b| = |cx + d|.

6 Solve special cases of

absolute value equations
and inequalities.

7 Solve an application
involving relative error.

VOCABULARY

O absolute value equation
[ absolute value inequality

Absolute Value Equations and Inequalities

Suppose the government of a country decides that it will comply with a restriction
on greenhouse gas emissions within 3 years of 2025. This means that the difference
between the year it will comply and 2025 is less than 3, without regard to sign. We
state this mathematically as follows, where x represents the year in which it complies.

|x —2025] <3

We can intuitively reason that the year must be between 2022 and 2028, and thus
values that satisfy 2022 < x < 2028 make this inequality true.

Absolute value inequality

OBJECTIVE 1 Use the distance definition of absolute value.

The absolute value of a number x, written | x |, represents the undirected distance from
x to 0 on a number line. For example, the solution set of |x| = 4 is {—4,4}, which
means x = —4 or x = 4, as shown in FIGURE 32.

4 units from 0 4 units from 0

AP <

x=-4 or x=4

FIGURE 32

Because absolute value represents distance from 0, the solution set of |x| > 4
consists of all numbers that are more than four units from 0 on a number line. The set
(—oo, —4) U (4, o) fits this description. The graph consists of disjoint intervals, which
means x < —4 or x > 4, as shown in FIGURE 33.

More than
4 units from 0

More than
4 units from 0

—_—

x<-4 or x>4

FIGURE 33

The solution set of |x| < 4 consists of all numbers that are less than 4 units from
0 on a number line. This is represented by all numbers between —4 and 4, which is
given by the open interval (—4, 4), as shown in FIGURE 34. Here, —4 < x < 4, which
means x > —4 and x < 4.

Less than 4 units from 0

-4<x<4

FIGURE 34
Absolute value equations and inequalities generally take the form
lax + b| =k, |ax + b| >k, or |lax + b| <k,
where k is a positive number. From FIGURES 32-34, we see that
|x| =4 has the same solution setas x = —4 or x=4,

x| >4 has the same solution setas  x < —4 or x>4, (0 S —
—4 <x<4.

|x| <4 has the same solution setas x> —4 and x <4.
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Solving Absolute Value Equations and Inequalities

Let k be a positive real number, and p and g be real numbers.
Case 1 To solve |ax + b| = k, solve the compound equation
ax + b=k or ax +b = —k.

The solution set is usually of the form { p, ¢}, which includes two
numbers.

p q

Case 2 To solve |ax + b| > k,* solve the compound inequality
ax +b >k or ax +b < —k.

The solution set is of the form (—2, p) U (g, %), which consists of dis-
joint intervals.

/4
\

=\

Case 3 To solve |ax + b| < k,** solve the three-part inequality
—k<ax + b <k

The solution set is of the form ( p, ¢), which consists of a single interval.

A
/
q

S

*This also applies to |ax + b| = k. The solution set includes the endpoints, using brackets rather than parentheses.
*+This also applies to |ax + b| = k. The solution set includes the endpoints, using brackets rather than parentheses.

It is acceptable to write the compound statements in Cases 1 and 2 of the pre-
ceding box in the following equivalent forms.

ax+b=k or —(ax+b)=k Alternative for Case 1

ax+b>k or —(ax+b)>k  Alternative for Case 2

OBJECTIVE 2 Solve equations of the form |ax + b| = k, for k > 0.

Remember that because absolute value refers to distance from the origin, an abso-
lute value equation (with k > 0) will have two parts.

VYN Solving an Absolute Value Equation (Case 1)

Solve [2x + 1] = 7.

For |2x + 1| to equal 7, 2x + 1 must be 7 units from 0 on a number line. This can
happen only when 2x + 1 = 7 or 2x + 1 = —7. This is Case 1 in the box above. Solve
this compound equation as follows.

2x+1=7 or 2x+1=-7
2x=6 or 2x = —8 Subtract 1.
x=3 or x=—4 Divide by 2.



GNOW TRY
EXERCISE 1

Solve [4x — 1| = 11.

GNOW TRY
EXERCISE 2

Solve |4x — 1] > 11.

NOW TRY ANSWERS
1 {53}

2. (= =3)UG.»)
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CHECK |2x + 1| =7
23) + 1] £7 Let x = 3. 2(—4) + 1| £7 Let x = —4.
6+1] 7 -8+ 1| £7
7| £7 1-7| 27
7=7v  True 7=7v  True

The solution set is { —4, 3 }. See FIGURE 35.

-3 -2 -1 0 1 2
FIGURE 35 NOW TRY 9

OBJECTIVE 3 Solve inequalities of the form |ax + b| < k and of the form
|ax + b| > k, for k > 0.

D \IYN3PN Solving an Absolute Value Inequality (Case 2)

Solve [2x + 1| > 7.

Because 2x + 1 must represent a number that is more than 7 units from O on either
side of a number line, this absolute value inequality is rewritten as the following com-
pound inequality. This is Case 2.

2x+1>7 or 2x+1<-7
2x>6 or 2x < —8  Subtract 1.
x>3 or x < —4  Divide by 2.

The solution set consists of the disjoint intervals shown in FIGURE 36 and is written
(=, —4)U(3,%).

&
T T T hd T

-5 -4 -3 -2 -1 0 1 2
FIGURE 36

@ AN
-+

CHECK The excluded endpoints —4 and 3 are correct because from Example 1 we
know that —4 and 3 are the solutions of the related equation. Referring to FIGURE 36,
we choose a test point in each of the three intervals (—%, —4), (—4, 3), and (3, ).

For (=, —4),letx = —5. | For (—4,3),letx = 0. | For (3, «), let x = 4.
|2x+ 1| >7 |2x+ 1| >7 |2x+ 1| >7
2(=5)+ 1| =7 12(0) + 1] >7 2(4) + 1] >7
|—9| =7 1] =7 9] =7
9>7 v True 1>7 False 9>7 v/ True

The check confirms that the solution set is (—, —4) U (3,%).

NOW TRY 9
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GNOW TRY
EXERCISE 3

Solve [4x — 1| < 11.

Gnow TRY
EXERCISE 4

Solve |7 — 4x| = 7.

NOW TRY ANSWERS

Linear Equations, Inequalities, and Applications

D NHNSEN Solving an Absolute Value Inequality (Case 3)

Solve |2x + 1| < 7. Graph the solution set.

The expression 2x + 1 must represent a number that is less than 7 units from O
on either side of a number line. That is, 2x + 1 must be between —7 and 7, which is
written as a three-part inequality. This is Case 3.

—7<2x+1 <7
—8< 2x <6 Subtract 1 from each part.
—4 < x <3 Divide each part by 2.

The solution set consists of the open interval (—4,3) shown in FIGURE 37.

o |
T T / T
-3 -2 -1 0 1 2 3 4

FIGURE 37 NOW TRY 9
Look back at FIGURES 35, 36, AND 37, with the graphs of
|2x+ 1] =7, [2x+1|>7, and |2x+1]|<7.

If we find the union of the three sets, we obtain the set of all real numbers. For any
value of x, |2x + 1| will satisfy one and only one of the following: It is equal to 7,
greater than 7, or less than 7.

0 CAUTION Remember the following important concepts.

1. The methods described apply when the constant is alone on one side of the absolute
value equation or inequality and is positive.

2. Absolute value equations |ax + b| = k and inequalities of the form |ax + b| > k translate
into “or” compound statements.

3. Absolute value inequalities of the form |ax + b| < k translate into “and” compound
statements. Only “and” compound statements may be written as three-part
inequalities.

DIHNF N Solving an Absolute Value Inequality (Case 2, for =)

Solve |5 — 2x| = 5.
Case 2 is applied. Notice that the endpoints are included because equality is part
of the symbol =.

5—-2x=5 or 5—2x=-5

—2x=0 or —2x=—10 Subtract 5.

Divide by —2. Reverse the

<= >
x=0 or x=5 direction of the inequality symbols.

See the graph of the disjoint intervals in FIGURE 38. The solution set is written
(—,0]U[5,%).

Y

FIGURE 38 NOW TRY 9



GNOW TRY
EXERCISE 5

Solve [10x — 2| —2 = 12.

G NOW TRY
EXERCISE 6
Solve each inequality.

@ [x—1|—4=2
M) |x—1]-4=2

NOW TRY ANSWERS
6 8
5. {—5,5}
6. (a) [—5.7]
(b) (=, =5]U[7,)
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OBJECTIVE 4 Solve absolute value equations that involve rewriting.

DI4EW Solving an Absolute Value Equation That Requires Rewriting

Solve |x + 3| +5=12.

Isolate the absolute value expression on one side of the equality symbol.

x+3]+5=12
x+3|+5-5=12-5 Subtract 5.
lx+3|=7 Combine like terms.
x+3=7 or x+3=-7 Case 1
x=4 or x=-10 Subtract 3.
CHECK lx+3|+5=12
4+3]+5%12 letx=4. | |[-10+3|+5Z12 Let x = —10.
7] +5Z£ 12 |-7| +5<12
12=12 V' True 12=12 v True
The check confirms that the solution set is { —10, 4 }. NOW TRY 9

D I4EHN Solving Absolute Value Inequalities That Require Rewriting

Solve each inequality.

@ [x+3/+5=12 b))  |x+3[+5=12
lx+3| =7 Case 2 x+3] =7 Case 3

x+3=7 o x+3=-7 -T=x+3=7

x=4 or x=-10 -10= x =4
The solution set is (—o, —10] U [4, o). The solution set is [ —10, 4 ].
NOW TRY

OBJECTIVE 5 Solve equations of the form |ax + b| = |cx + d|.

If two expressions have the same absolute value, they must either be equal or be
negatives of each other.

To solve an absolute value equation of the form
lax + b| = |ex + d|,
solve the compound equation

ax +b=cx+d or ax +b = —(cx + d).
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GNOW TRY
EXERCISE 7
Solve

13x — 4] = [5x + 12].

G NOW TRY
EXERCISE 8
Solve each equation.

(@ [3x—8|=-2
(b) |7x+12|=0

NOW TRY ANSWERS
7. {8, -1}

8. @@ b (-

D483 A Solving an Equation Involving Two Absolute Values
Solve |x + 6| = |2x — 3|.

This equation is satisfied either if x + 6 and 2x — 3 are equal to each other, or if
x + 6 and 2x — 3 are negatives of each other.

x+6=2x—3 or x+6=—(2x—3)

x+9=2%x or x+6=-2x+3
9=x or 3x=-3
x=9 or x=—1
CHECK lx + 6| = [2x = 3|
9+6| £1(2(9) — 3| Letx=9. | |[-1+6£[2(—1)—3] Letx=-1.
[15] = [18 — 3| 5| £ [-2-3]
[15] = [15] 5] % |-5]
15=15 v True 5=5 True

The check confirms that the solution setis { —1,9}. NOW TRY é)
OBJECTIVE 6 Solve special cases of absolute value equations and inequalities.

When an absolute value equation or inequality involves a negative constant or 0 alone
on one side, we use the following properties to solve it.

Special Properties of Absolute Value

Property 1 The absolute value of an expression can never be negative—that is,
|a| = 0 for all real numbers a.

Property 2 The absolute value of an expression equals 0 only when the expression
is equal to 0.

Solving Special Cases of Absolute Value Equations
Solve each equation.
(@) |5x —3| =—4

See Property 1 in the preceding box. The absolute value of an expression can
never be negative, so there are no solutions for this equation. The solution set is (.
(b) |7x—3| =0

See Property 2 in the preceding box. The expression |7x — 3| will equal 0 only
if 7x —3=0.

7x—3=0
Check by Tx =73 Add 3.

supgtituting in. the 3
original equation. Y= ; Divide by 7.

. 3 . .
The solution set {;} consists of just one element.

NOW TRY 9



GNOW TRY
EXERCISE 9
Solve each inequality.
(@ |x|>-10

(b) |4x+1|+5<4
(© |[x—2|-3=-3

—— = e - - e

T

G NOW TRY

EXERCISE 10

Suppose a machine filling
quart milk cartons is set for a
relative error that is no greater

than 0.03. How many ounces
may a filled carton contain?

NOW TRY ANSWERS
9. (a) (—»,%) (b) I () {2}
10. between 31.04 and 32.96 oz,
inclusive
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D CVIHEN Solving Special Cases of Absolute Value Inequalities
Solve each inequality.

(a) ]x] = —4
The absolute value of a number is always greater than or equal to 0. (Property 1)
Thus, |x| = —4 is true for all real numbers. The solution set is (—, ).

(b) 6| -3<-s5

|x + 6] <—2  Add 3 to each side.

There is no number whose absolute value is less than —2, so this inequality has no
solution. The solution set is .

(c) x—7|+4=4

|x —7| =0  Subtract 4 from each side.

x — 7| will equal O when
NOW TRY 9

The value of |x — 7| will never be less than 0. However,
x = 7. Therefore, the solution set is {7 }.

OBJECTIVE 7 Solve an application involving relative error.

Absolute value is used to find the relative error, or tolerance, in a measurement. If x
represents the actual measurement and x, represents the expected measurement, then
taking the absolute value of the difference of x and x,, divided by x,, gives the relative
error in x.

x_xt

relative error in x =

Xt

In quality control situations, the relative error must often be less than some predeter-
mined amount.

D148/} Solving an Application Involving Relative Error
Suppose a machine filling quart milk cartons is set for a relative error that is no greater
than 0.05. How many ounces may a filled carton contain?

Here x, = 32 oz (because 1 qt = 32 oz) and the relative error = 0.05. We must
find x, the actual measure of a filled carton.

x—32
32

Substitute the given values.
Is no greater than translates as =.

‘ = 0.05

x—32

—0.05 = =0.05 Case3

—1.6=x—-32=16 Multiply by 32.

304= x =336 Add 32.

The filled carton may contain between 30.4 and 33.6 oz, inclusive.
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0 FOR
1.7 Exercises xara | @ MyLab Math

© Video solutions for select Concept Check  Match each absolute value equation or inequality in Column I with the graph
problems available in MyLab of its solution set in Column I1.
Math
I I I I
STUDY SKILLS REMINDER Lifxl=5 A — 4+ L 202 =9 A o+ F
Time management can be =S 0 5 < 0 9
a challenge for students. x| <5 B 5[ (l) ]5 x| =9 B. 9[ (:) ]9
Rewew. Study Skl." 6, x| >5 C. p . N |x| =9 C Va ) N
Managing Your Time. N ' 7 N ' 7
-5 0 5 -9 0 9
x| =5 D N L lx[ <9 D, N . ¢
S50 s R
=5 E 4+ X[ =9 E. 4 4+ 4
50 5 9 0 9

3. Concept Check  How many solutions will |ax + b| = k have for each situation?
@ k=0 (b) k>0 () k<0

4. Concept Check If k¥ < 0, what is the solution set of each of the following?
(@ |x—1| <k (b) |[x—1] >k (© |x—1]=k

Solve each equation. See Example 1.

5 x| =12 6. |x| =14 7. |4x| =20

8. |5x| =30 9. [x—3|=9 10. [x — 5| =13

11. [2x— 1| =11 12. [2x+ 3| =19 13. [4x — 5| =17

14. [5x— 1| =21 15. [2x + 5| =14 16. [2x — 9| =18

1
17. |-3x+ 8| =1 18. [—6x+ 5| =4 19.‘12—2x =6
1

20. |14 — x| =8 21. |0.5x| =6 22. [0.3x] =9

2. |+ +3‘—2 24 ’2 —1’—5 25 ‘1+3 =7
. 2x . 3x . 4x

26. 2—%x =14 27. |0.02x — 1| = 2.50 28. |0.04x — 3| = 5.96

Solve each inequality. Graph the solution set, and write it using interval notation. See

Example 2.

29. |x| >3 30. |x| >5 31. x| =4

32. [x[ =6 33.[r+5/=20 M. [x+4] =38
35 [5x+2|>10 36. [4x + 1| =21 37.[3—x[>5

38. |5 —x| >3 39. |-5x+ 3| =12 40. |—2x— 4| =5
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. Concept Check  The graph of the solution set of |2x + 1| = 9 is given here.

-5 0 4

Without doing any algebraic work, graph the solution set of each inequality, referring to
the graph shown.

@ [2x+ 1| <9 () [2x+ 1] >9

Concept Check The graph of the solution set of |3x — 4| < 5 is given here.
0
1 /I I I \I 1
T \l T T / T
_1 3

Without doing any algebraic work, graph the solution set of the following, referring to
the graph shown.

(@ [3x—4|=5 (b) [3x—4|>5

Solve each inequality. Graph the solution set, and write it using interval notation. See
Example 3. (Hint: Compare the answers with those in Exercises 29-40.)

43. [x| =3 4. [x| =5 45. |x| <4

46. |x| <6 47. |r + 5| <20 48. |x+ 4| <8
49. |5x + 2| =10 50. |4x + 1| <21 51. |3—x[ =5
52.|5—x| =3 53. |-5x+ 3] <12 54. |-2x— 4| <5
Solve each equation or inequality. In Exercises 55— 66, graph the solution set. See
Examples 1-4.

55. |-4+x|>9 56. |[-3+x|>38 57. |3x + 2| <11
58. |2x— 1] <7 59. |7+ 2x| =5 60. |9 —3x| =3
61. |3x— 1] =11 62. [2x— 6] =6 63. |-6x—6| =1
64. |-2x— 6| =5 65. |-8+x| =5 66. |—4+x| =9
67. |10 — 12x| = 4 68. |8 — 10x| =2 69. [3(x—1)| =8
70. |7(x —2)| =4 71 [0.1x— 1| >3 72. [0.1x + 1| >2
73 |x+2|=5-2 74. |x+3|=12-2 75.3]x — 6] =9
76. 5|x —4| =5 77. 12 —0.2x| =2 78. |5 —0.5x| =4
Solve each equation or inequality. See Examples 5 and 6.

79. |x| —1=4 80. |x| +3=10

81 [x+4|+1=2 82. [x+5/—-2=12

83. [2x+1|+3>8 84. [6x— 1| —2>6

85. [x+5|-6=-1 86. [x—2| —3=4

87. |0.1x — 2.5 + 0.3 =0.8 88. |0.5x — 3.5| + 0.2 = 0.6

9. Lot d| 402 0. | 2er b2
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Solve each equation. See Example 7.

91. |3x + 1] = |2x + 4 92. |7x + 12| = |x — §|

93. x—1‘=‘1x—2‘ 94. 2x—2‘=‘1x+3‘
2 2 3 3

95. |6x| = [9x + 1| 96. |13x| = |2x + 1]

97. |2x — 6] = |2x + 11 98. |3x — 1] = [3x + 9|

Solve each equation or inequality. See Examples 8 and 9.

99. |x| = —10 100. |x| = —15 101. |12t — 3| = -8
102. [13x+ 1| = -3 103. [4x+ 1| =0 104. [6x — 2| =0

105. [2x — 1] = -6 106. |8x + 4| = —4 107. |x+ 5| > -9

108. |x + 9| > -3 109. |7x+ 3| =0 110. [4x— 1| =0

111. [5x—2| =0 112. |7x + 4| =0 3. [x—2[+3=2
114. [x — 4| +5=4 115. [10x + 7| +3 < 1 116. [4x + 1| =2 < =5

Determine the number of ounces a filled carton of the given size may contain for the given
relative error. See Example 10.

X —Xx x represents actual measurement.

X; represents expected measurement.

= relative error in x

Xt

117. 64-0z carton; relative error no greater 118. 24-0z carton; relative error no greater
than 0.05 than 0.05

119. 32-0z carton; relative error no greater 120. 36-0z carton; relative error no greater
than 0.02 than 0.03
In later courses in mathematics, it is sometimes necessary to find an interval in which x must
lie in order to keep y within a given difference of some number. For example, suppose
y=2x+1
and we want y to be within 0.01 unit of 4. This criterion can be written as
ly — 4] <0.01.

Solving this inequality shows that x must lie in the interval (1.495, 1.505) to satisfy the
requirement.
Find the open interval in which x must lie in order for the given condition to hold.

121. y = 2x + 1, and the difference of y and 122. y = 4x — 6, and the difference of y and

1 is less than O.1. 2 is less than 0.02.

123. y = 4x — 8, and the difference of y and 124. y = 5x + 12, and the difference of y and
3 is less than 0.001. 4 is less than 0.0001.

Work each problem.

125. Dr. Mosely has determined that 99% of the babies he has delivered have weighed
x pounds, where

x — 83| < LS.

What range of weights corresponds to this inequality?
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126. The Celsius temperatures x on Mars approximately satisfy the inequality
|x + 85| = 55.
What range of temperatures corresponds to this inequality?

127. The recommended daily intake (RDI) of calcium for females aged 19-50 is 1000 mg.
Write this statement as an absolute value inequality, with x representing the RDI, to
express the RDI plus or minus 100 mg. Solve the inequality. (Data from National
Academy of Sciences—Institute of Medicine.)

128. The average clotting time of blood is 7.45 sec, with a variation of plus or minus 3.6 sec.
Write this statement as an absolute value inequality, with x representing the time.
Solve the inequality.

AN [eHH (34 For Individual or Group Work (Exercises 129-132)

The 10 tallest buildings in Houston, Texas, are listed along with their heights.

Building Height (in feet)
JPMorgan Chase Tower 1002
Wells Fargo Plaza 992
Williams Tower 901
Bank of America Center 780
Texaco Heritage Plaza 762
609 Main at Texas 757
Enterprise Plaza 756
Centerpoint Energy Plaza 741
1600 Smith St. 732
Fulbright Tower 725

Data from The World Almanac and Book of Facts.

Use this information to work Exercises 129-132 in order.

129. To find the average of a group of numbers, we add the numbers and then divide
by the number of numbers. Use a calculator to find the average of the heights.

130. Let k represent the average height of these buildings. If a height x satisfies the
inequality

|x — k| <1,
then the height is said to be within 7 feet of the average. Using the result from
Exercise 129, list the buildings that are within 50 ft of the average.
131. Repeat Exercise 130, but list the buildings that are within 95 ft of the average.
132. Work each of the following.

(a) Write an absolute value inequality that describes the height of a building that is
not within 95 ft of the average.

(b) Solve the inequality from part (a).

(¢) Use the result of part (b) to list the buildings that are not within 95 ft of the
average.

(d) Confirm that the answer to part (c) makes sense by comparing it with the answer
to Exercise 131.
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SUMMARY EXERCISES Solving Linear and Absolute Value Equations and Inequalities

Solve each equation or inequality. Give the solution set in set notation for equations and in

interval notation for inequalities.

L 4x+1=149 2. |x—1]=6
3. 6x —9=12 + 3x 4. 3x+7=9+ 8
5 |x+3|=—4 6. 2x+1=x
7. 8x+2=5x 8. 4(x—11) + 3x =20x — 31
9. 2x—1=-7 10. 3x—7|—4=0
11. 6x—5=3x+ 10 12. [5x—8|+9=7
13. 9x —3(x+1)=8x—7 14. |x| =38
15. 9x —5=9x + 3 16. 13x —5>13x— 8
17. |x| <55 18. dx—1=12+x
19. %x+8=lx 20. —§x2—20
3 4 8
21. %x<—6 22.%5%5%
23. %x—%=2 24.%—35—)‘:x—ss
25. x+9+7x=43+2x)—3 26. 6-3(2—x)<2(l+x)+3
27. —65%—xs6 28.%—23—)‘:—10
29. |5x+1|=0 30. 5x— (3+x) =2(3x+ 1)
3. 2=3x-1=8 2. -1=6-—x=5
33. |7x — 1] = |5x + 3] 34. [x+2| = |x+ 4
35. [1-3x| =4 36. 7x — 3+ 2x =9x — 8
37. —(x+4)+2=3x+38 38. x—1| <7
39. |2x— 3| > 11 40. |5—x| <4
41. |x—1] = -6 42. |2x — 5| = |x + 4|
43. 8x — (1 —x) =3(1 +3x) — 4 4. 8x — (x+3)=—(2x+ 1) — 12
45. |x—5|=|x+9| 46. [x+2| < -3
47. 2x+1>5 or 3x+4<1 48. 1—-2x=5 and 7+3x=-2
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Chapter 1 Summary
STUDY SKILLS REMINDER
How do you best prepare for a test? Review Study Skill 7,
Reviewing a Chapter.
Key Terms
linear (first-degree) mathematical model inequality intersection

equation in one variable formula interval compound inequality
solution percent linear inequality in one union
solution set percent increase variable

equivalent equations
conditional equation

percent decrease equivalent inequalities

three-part inequality

absolute value equation

1dent1ty. ) m absolute value inequality
contradiction consecutive integers

consecutive even integers

consecutive odd integers
New Symbols
% percent o infinity (a,b) interval notation for N set intersection
1° one degree — o negative infinity a<x<b U setunion

(—o0,) the set of real [a,b] interval notation for

numbers a=x=b

Test Your Word Power

See how well you have learned the vocabulary in this chapter.

1. An equation is C. two solutions D. a notation to describe unequal
A. an algebraic expression D. infinitely many solutions. quantities.
B. an e)fpression that contains . An inequality is 5. The intersection of two sets A and B
fractions ) A. astatement that two algebraic is the set of elements that belong
C. an expression that uses any of expressions are equal A. toboth A and B
the fogr basic operations or the B. apoint on a number line B. to either A or B, or both
operation of raising to pOWers or C. an equation with no solutions C. to either A or B, but not both
taking roots on any collection of D. a statement consisting of D. to just A.
iabl f ; ; . .
variables and numbers formed algebraic expressions related 6. The union of two sets A and B is the
according to the rules of algebra by <, =, >,or =. set of elements that belong
D. a statement that two algebraic L
expressions are equal £ . Interval notation is A. toboth A and B
) p ) q ’ . A. apoint on a number line B. to either A or B, or both
2. A hneflr equation that is a conditional B. a special notation for describing C. to either A or B, but not both
equation hgs a point on a number line D. to just B.
A. no SOI““‘?“ C. a way to use symbols to describe
B. one solution an interval on a number line
ANSWERS

1. D; Examples: 2a+ 3 =17,3y = —8,x> =4 2. B; Example: x — 4 = 6 is a conditional equation with one solution, 10.
3. D; Examples: x <5,7+2k=11,-5<2z—1=3 4. C; Examples: (—, 5], (1, %), [ =3, 3)
5. A; Example: 1f A ={2,4,6,8} and B= {1,2,3},then ANB = {2}.

6. B; Example: Using the sets A and B from Answer 5, AUB = {1,2,3,4,6,8}.
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Quick Review
CONCEPTS

Linear Equations, Inequalities, and Applications

EXAMPLES

EEN Linear Equations in One Variable

Addition and Multiplication Properties of Equality
The same number may be added to (or subtracted from) each
side of an equation without changing the solution set.

Similarly, each side of an equation may be multiplied (or divided)
by the same nonzero number without changing the solution set.

Solving a Linear Equation in One Variable

x—4=11

x—d4+4=11+4
x=15

Solution set: {15}
4(8 — 3x) = 32 — 8(x + 2)
32— 12x=32—-8x— 16
32 -12x=16 — &
32— 12x + 12x =16 — 8x + 12x

Add 4 to each side
by the addition
property of equality.

Solve.

Solve.
Distributive property
Combine like terms.
Add 12x.

Step 1  Simplify each side separately.
cl h 32=16+ 4x Combine like terms.
ear any parentheses. 32-16=16+4x — 16 Subtract 16.
* Clear any fractions or decimals. o
16 = 4x Combine like terms.
* Combine like terms.
E = 4i Divide by 4
Step 2 Isolate the variable terms on one side. 4 4 ’
Step 3 Isolate the variable. 4=x
Step 4 Check. CHECK 4(8 —3x) =32 —8(x+2)  Original equation
4[8—3(4)]£32-8(4+2) Letx=4.
4[8 — 12] £ 32— 8(6) Multiply. Add.
4[—4] %3248 Subtract. Multiply.
-16=-16 vV True
Solution set: {4}

m Formulas and Percent Solve o = %bh for h.
Solving a Formula for a Specified Variable 1
(Solving a Literal Equation) A= Ebh
Step 1 Clear any parentheses and fractions. 1
Step 2 Isolate all terms with the specified variable. 2e = 2<5bh> Muitiply by 2.
Step 3 Isolate the specified variable. 24l = bh 2. % =1

24 24

7 =h, or h= 7 Divide by b.

[EEJ Applications of Linear Equations
Solving an Applied Problem

Step 1 Read the problem.

Step 2 Assign a variable.

How many liters of 30% alcohol solution and 80% alcohol solution
must be mixed to obtain 100 L of 50% alcohol solution?

Let x = number of liters of 30% solution needed.

Then 100 — x = number of liters of 80% solution needed.

Liters of Percent Liters of
Solution (as a decimal) | Pure Alcohol
X 0.30 0.30x

100 — x 0.80 0.80(100 — x)
100 0.50 0.50(100)
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Step 3  Write an equation. From the last column of the table, write an equation.
Step 4 Solve the equation. 0.30x + 0.80(100 — x) = 0.50(100)
Step 5 State the answer. 0.30x + 80 — 0.80x = 50 Distributive property;
Multiply.
Step 6 Check.

100(0.30x + 80 — 0.80x) = 100(50)  Multiply by 100.

Distributive property;

30x + 8000 — 80x = 5000 Multiply.

—50x + 8000 = 5000 Combine like terms.

—50x = —3000 Subtract 8000.

x =60 Divide by —50.
The solution of the equation is 60.

60 L of 30% solution and 100 — 60 = 40 L of 80% solution
are needed.

0.30(60) + 0.80(100 — 60) = 50 is true.

EXA Further Applications of Linear Equations

To solve a uniform motion problem, draw a sketch and make a
table. Use the distance formula.

d=rt, or rt=d

Two cars start from towns 400 mi apart and travel toward each
other. They meet after 4 hr. Find the rate of each car if one travels
20 mph faster than the other.

Let x = rate of the slower car in miles per hour.
Then x + 20 = rate of the faster car.

Use the information in the problem and d = rt in the form rt = d
to complete a table.

Rate Time Distance
Slower Car | x 4 4x
Faster Car X+ 20 4 4(x + 20)
XXX 400 | <—Total

A sketch shows that the sum of the distances, 4x and 4(x + 20),
must be 400.

4x 4(x +20)

400
4x + 4(x + 20) = 400

4x + 4x + 80 = 400 Distributive property

8x + 80 = 400 Combine like terms.
8x =320 Subtract 80.
x =40 Divide by 8.

The slower car travels 40 mph, and the faster car travels
40 + 20 = 60 mph.

4(40) + 4(40 + 20) = 400 is true.
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CONCEPTS

EXAMPLES

EFE3 Linear Inequalities in One Variable
Solving a Linear Inequality in One Variable
Step 1  Simplify each side separately.

¢ Clear any parentheses.
¢ Clear any fractions or decimals.
¢ Combine like terms.

Step 2 Isolate the variable terms on one side.

Step 3 Isolate the variable (here x) to write the inequality in
one of these forms.
x<k x=k x>k or x=k

If an inequality is multiplied or divided by a negative number,
the direction of the inequality symbol must be reversed.

To solve a three-part inequality, work with all three parts at the
same time.

Solve each inequality.

3x+2)—-5x=12

3x+6—5x=12

—2x+6=12
—2x+6-6=12—-0

—2x=6
2 6
-2 =2

x= -3

Solution set: I

Distributive property
Combine like terms.
Subtract 6.

Combine like terms.

Divide by —2.
Change = to =.

-3 -2 -1 0 1

—4< 2x+3 =7
—4-3<2x+3-3=7

-7< 2x =4

-3 Subtract 3.

[EXJ Set Operations and Compound Inequalities
Solving a Compound Inequality

Step 1 Solve each inequality in the compound inequality
individually.

Step 2 If the inequalities are joined with and, then the solution
set is the intersection of the two individual solution
sets.

If the inequalities are joined with or, then the solution
set is the union of the two individual solution sets.

I <4 Divide by 2
— — = - ivi .
2 2 2 Y
! < =2
_ L X =
2
. 7
Solution set: A T 4 (——, 2}
1 t t t t L 2
4 3 2 -1 0 1 2
Solve each compound inequality.
x+1>2 and 2x<6
x>1 and x<3
Solution set: T AT (1,3)
N —
-1 0 1 2 3

Solution set:

—4x —16
or =—
—4 —4
or x=4
L
—
4 5
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EXAMPLES

Absolute Value Equations and Inequalities

Solving Absolute Value Equations and Inequalities
Let k be a positive number.

Case 1 Tosolve |ax + b| = k,solve the compound equation
ax + b=k or ax + b = —k.
Case2 To solve |ax + b| >k, solve the compound

inequality

ax +b >k or ax + b < —k.

Case3 To solve |ax + b| <k, solve the compound

inequality
—k<ax +b <k

To solve an absolute value equation of the form
lax + b| = |ex + d|,
solve the compound equation

ax +b=cx+d or ax +b = —(cx + d).

Special Properties of Absolute Value

Property 1  The absolute value of an expression can never be
negative—that is, a\ = () for all real numbers a.

Property 2 The absolute value of an expression equals O only
when the expression is equal to 0.

Solve each equation or inequality.

|x—17] =3 Case 1
x—7=3 o x—T7=-3
x=10 or x=4 Add 7.

—t—t— 4ttt {4,10}
0 2 4 6 8 10

Solution set:

x—17]>3 Case 2
x—7>3 o x—T7<-3
x>10 or x <4 Add 7.
Solution set: i-ii):::::(:
0 2 4 6 8 10
(—o2,4)U (10, =)
lx—7|<3 Case 3
—3<x—T7<3
4< x <10 Add 7.
Solution set: R e e (4, 10)

|x + 2| = |2x — 6

x+2=2x—6 or x+2=—(2x—6)

—x = —8 or x+2=-2x+6
x=38 or 3x=4
4
x==
3

Solution set: {%, 8}

|x—2| = —4  Solution set: &
[x|] = —1 Solution set: (—o, ®) ¢ Property 1
|2x —3| < —6  Solution set: &
|3x —9|=0  Property 2
3x—9=0 |a] =0impliesa = 0.
3x=9 Addo.
x =23 Divide by 3.

Solution set: {3}
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Review Exercises

m Solve each equation.

3
L —(8+3x)+5=2x+6 2 —x=-12
241 x—1
3. x3 —x4 -0 4.5(2x—3) = 6(x — 1) + 4x

Solve each equation. Decide whether the equation is a conditional equation, an identity, or a

contradiction.
5. 10x —3(2x —4) =4(x + 3) 6. 13x — (x+7)=12x— 13
7.x+6(x—1)—(4—x)=-10 8. 5+3(2x+6)=5+312x+6)

m Solve for the specified variable.

1
9. V= LWH for L 10. o = Eh(b + B) for b

11. P=a+ b+ c+ Bforc 12. 4x + 7y =9 fory

m Solve each problem.

13. A rectangular solid has a volume of 180 ft’. Its lengthis 6 ftand  # P

its width is 5 ft. Find its height. H

L

w

14. The number of students attending college in 2015 was 20.2 million. This number is
expected to increase to 23.1 million by the year 2024. To the nearest tenth, what is the
expected percent increase? (Data from National Center for Education Statistics.)

15. Find the annual simple-interest rate that Halina is earning if the principal of $30,000 earns
$3900 interest in 4 yr.

16. If the Fahrenheit temperature is 77°, what is the corresponding Celsius temperature?

At the end of 2016, there were 395.9 million wireless subscriptions in the United States. (Data
from CTIA.) The circle graph shows market share by carrier during the fourth quarter of 2016.

l2016 Wireless Subscriptions Market Share

US Cellular Other

1% 1%
Sprint
14%
Verizon
T-Mobile 35%
17%
AT&T
32%

Data from Strategy Analytics; FierceWireless.

17. To the nearest tenth of a million, about how many Verizon subscriptions were there?

18. To the nearest tenth of a million, about how many T-Mobile subscriptions were there?
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Translate each verbal phrase into a mathematical expression, using x as the variable.

19.
20.

One-third of a number, subtracted from 9

The product of 4 and a number, divided by 9 more than the number

Solve each problem.

21.

22.

23.

24.

25.

The length of a rectangle is 3 m less than twice the width. The perime-
ter of the rectangle is 42 m. Find the length and width of the rectangle. W

In a triangle with two sides of equal length, the third side
measures 15 in. less than the sum of the two equal sides.
The perimeter of the triangle is 53 in. Find the lengths of the

three sides.

A candy clerk has three times as many kilograms of chocolate creams as peanut clusters.
The clerk has 48 kg of the two candies altogether. How many kilograms of peanut clusters
does the clerk have?

How many liters of a 20% solution of a chemical should be mixed with 15 L of a 50%
solution to obtain a 30% mixture?

How much water should be added to 30 L 26. Eric invested some money at 6% and

of a 40% acid solution to reduce it to a $4000 less than that amount at 4%. Find
30% solution? the amount invested at each rate if his
total annual interest income was $840.
Liters of Percent Liters of Principal Rate Interest
Solution (as a decimal) | Pure Acid (in dollars) | (as a decimal) | (in dollars)
0.40 X 0.06
X 0.04
DO

m Solve each problem.

27.

28.

29.

30.

31.

32.

A clerk has $3.50 in dimes and quarters in her cash drawer. The number of dimes is 1 less
than twice the number of quarters. How many of each denomination are there?

When Jim emptied his pockets one evening, he found he had 19 nickels and dimes with a
total value of $1.55. How many of each denomination did he have?

Which choice is the best estimate for the average rate for a trip of 405 mi that lasted 8.2 hr?
A. 30 mph B. 40 mph C. 50 mph D. 60 mph

A driver averaged 53 mph and took 10 hr to travel from Memphis to Chicago. What is the
distance between Memphis and Chicago?

A small plane traveled from Warsaw to Rome, averaging 164 mph. The trip took 2 hr. What
is the distance from Warsaw to Rome?

A passenger train and a freight train leave ~ 33. Two cars leave small towns 230 km apart

atown at the same time and go in opposite at the same time, traveling directly toward

directions. They travel at rates of 60 mph one another. One car travels 15 km per hr

and 75 mph, respectively. How long will slower than the other car. They pass one

it take for them to be 297 mi apart? another 2 hr later. What are their rates?
Rate | Time | Distance Rate Time | Distance

Passenger Train 60 X Faster Car | x 2

Freight Train 75 X Slower Car | x — 15 2

)90 9.9.9:0:0.9.9.9: 0.4 ) 9:0:0.9:9.9:9, 0,994
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34. An 85-mi trip to the beach took Susan 2 hr. During the second hour, a rainstorm caused
her to average 7 mph less than she traveled during the first hour. Find her average rate for
the first hour.

35. Find the measure of each angle in the 36. Find the measure of each marked angle.

triangle.
(9x— 4)°
(15x + 15)° %

A

A
N Gr+ 7y A+ 1)°J

37. Find three consecutive integers such that the sum of the first and third is 49 less than three
times the second.

38. Find three consecutive even integers such that the sum of the second and third is 44 more
than the first.

m Solve each inequality. Give the solution set in interval form.

2
39. —§x< 6 40. —5x—4=11
6x + 3
41. x_4 <-3 42.5— (6 —4x) =2x—7
5 2
43.8=3x—-1< 14 44.§(x—2)+§(x+1)>1

Solve each problem.

45. Dr. Paul Donohue writes a syndicated column in which readers question him on a variety
of health topics. Reader C. J. wrote, “Many people say they can weigh more because they
have a large frame. How is frame size determined?”” Here is Dr. Donohue’s response:

“For a man, a wrist circumference between 6.75 and 7.25 in. [inclusive] indicates a
medium frame. Anything above is a large frame and anything below, a small frame.”

(Source: Dr. Donohue, © 2004. Used by permission of North America Syndicate.)

Using x to represent wrist circumference in inches, write an inequality or a three-part
inequality that represents wrist circumference for a male with the following.

(a) asmall frame (b) a medium frame (c) alarge frame

46. The perimeter of a rectangular playground must be no greater than 120 m. One dimension
of the playground must be 22 m. Find the possible lengths of the other dimension.

47. A group of college students wanted to buy tickets to attend a per-
formance of Motown the Musical at the Lunt-Fontanne Theatre
in New York City. They could buy student mezzanine seats for
a group rate of $51 per ticket for 15 tickets or more. If they had
$1600 available to spend, how many tickets could they purchase
at this price? (Data from www.broadway.com)



www.broadway.com

CHAPTER 1 Mixed Review Exercises 145

48. To pass algebra, a student must have an average of at least 70 on five tests. On the first four
tests, a student has scores of 75, 79, 64, and 71. What possible scores on the fifth test will
guarantee the student a passing grade in the class?

m Let A= {a,b,c,d},B={a,c,e,f},and C= {a,e, f,g}. Find each set.
49. ANB 50. ANC 51. BUC 52. AUC

Solve each compound inequality. Graph the solution set, and write it using interval notation.

53.x>6 and x<9 54. x +4>12 and x—2<12
55.x>5 or x=-3 56. x= -2 or x<2
57.x—4>6 and x+3=10 58. 5x+1=11 or 3x+5=26

Express each set in simplest interval form.
59. (—3,°) N (=, 4] 60. (—,6] N (=, 2]
61. (4,0)U (9, ) 62. (1,2)U (1, )

Solve each equation or inequality.

63. |x| =7 64. |x +2| =9

65. [3x— 7| =8 66. |x — 4| =—12

67. 2x— 7| +4=11 68. [4x+2| —7=-3

69. [3x + 1| = |x + 2] 70. [2x — 1] = |2x + 3]

71. |x| < 14 2. |-x+6]=7

73. [2x+ 5| =1 74. [x+ 1| = -3

75. 3 —4x| +7< —4 76. | -8 — 3x| — 7> -8

Determine the number of ounces a filled carton of the given size may contain for the given
relative error.

X represents actual measurement.

X = X . .
= relative error in x X; represents expected measurement.

Xy
77. 48-0z carton; relative error no greater than 0.03

78. 32-0z carton; relative error no greater than 0.01

Chapter 1 Mixed Review Exercises

Solve.
1.5—(6—4x)>2x—5 2. ak + bt = 6r for k
3.x+4<7 and x+5=3 g B2 ol _x*6
4 8 16
5 [3x+6/=0 6. —5x=—10
7. 13x+2| +4=9 8. 0.05x + 0.03(1200 — x) = 42

3 1
9. [x+3| =13 10.Z(x—2)—§(5—2x)<—2
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11. 4<3-2x<9 12. —0.3x + 2.1(x — 4) = —6.6
13. [5x— 1| > 14 14.x=-2 or x<4
3x x
15. x—1|=|2x+3 16. ———=3
=1 =[2x+3 x
17. [3x - 7| =4 18. 5(2x — 7) = 2(5x + 3)
19. —5x<—-30 and —7x> —56 20. =5x+1=11 or 3x+5=26

Solve each problem.

21. A newspaper recycling collection bin is in the shape of a box 1.5 ft wide and 5 ft long. If
the volume of the bin is 75 ft3, find the height.

22. The sum of the first and third of three consecutive integers is 47 more than the second
integer. What are the integers?

23. To qualify for a company pension plan, an employee must average at least $1000 per month
in earnings. During the first four months of the year, an employee made $900, $1200,
$1040, and $760. What possible amounts earned during the fifth month will qualify the
employee for a pension plan?

24. How many liters of a 20% solution of a chemical should be mixed with 10 L of a 50%
solution to obtain a 40% mixture?

Step-by-step test solutions are found on the Chapter Test Prep Videos available in

Test MyLab Math.

© View the complete solutions Solve each equation.
to all Chapter Test exercises in oy _ _
MyLab Math. 1.3(2x—2) —4(x+6)=3x+8+x 2. 0.08x + 0.06(x +9) = 1.24

3. Solve each equation. Then determine whether the equation is a conditional equation, an
STUDY SKILLS REMINDER identity, or a contradiction.
Using test-taking strategies (@ 3x— (2—x) +4x+2=8c+3 (b) X722 _5,_ Y.y
can help you improve your 3 6 2
test scores. Review Study x+6 x—4 x42
Skill 8, Taking Math Tests. (©) —4(2x—6) =5x+24 - 7x @+t 15 " %

4. Solve V = 3bh for h. 5. Solve —3x + 2y = 6 for y.

Solve each problem.

6. The 2017 Brickyard 400 (mile) race was won by Kasey Kahne, who averaged 114.384 mph.
What was his time to the nearest thousandth of an hour? (Data from The World Almanac
and Book of Facts.)

7. A certificate of deposit pays $456.25 in simple interest for 1 yr on a principal of $36,500.
What is the rate of interest?

8. The? t.inal.2017 §tandings of the American Leagu@ East Team w | L | pet
lelSlOIl. in Majo.r L.eague Baseball are shown in the Boston 9 | 69 | 574
table. Find the winning percentage of each team.

NY Yankees | 91 71
(a) NY Yankees (b) Tampa Bay TampaBay | 80 | 82
(¢) Toronto (d) Baltimore Toronto 76 | 86
Baltimore 75 87

Data from www.MLB.com
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STUDY SKILLS REMINDER
We can learn from the
mistakes we make.
Review Study Skill 9,
Analyzing Your Test
Results.

10.

11.

12.

13

So

14

16.

18.

19.

20.

So
21
23
25
27

30
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. Tyler invested some money at 1.5% simple interest and some at 2.5% simple interest. The
total amount of his investments was $28,000, and the interest he earned during the first
year was $620. How much did he invest at each rate?

After working 1 yr at his new job, Kevin got a raise from $11.25 per hour to $12.75 per
hour. What was the percent increase in his hourly wage to the nearest tenth?

How many liters of a 20% alcohol solution should be added to 40 L of a 50% alcohol
solution to make a 30% solution?

Two cars leave from the same point at the same time, traveling in opposite directions.
One travels 15 mph slower than the other. After 6 hr, they are 630 mi apart. Find the rate
of each car.

Starting
point

Total distance = 630 mi

. Find the measure of each angle in the triangle.

lve each inequality. Graph the solution set, and write it using interval notation.

4
L4 —6(x+3)=-2—3(x+6)+3x 15, — x> -16

4
—1<3x—-4<2 17.—6S§x—2s2

Which one of the following inequalities is equivalent to x < —37?
A, —3x<9 B. —3x> -9 C. 3x>9 D. -3x< -9

Justin must have an average of at least 80 on the four tests in a course to get a B. He had
scores of 83, 76, and 79 on the first three tests. What possible scores on the fourth test
would guarantee him a B in the course?

LetA=1{1,2,5,7}and B= {1, 5,9, 12}. Find each set.

(@ ANB (b) AUB
lve each compound or absolute value equation or inequality.
.3x=6 and x<9 22, —4x=-24 or 4x<12
LA+ 3 =7 24. |5 —6x| > 12
.3x—9] =6 26. |-3x+4| —4<—1
T x| =-1 28. 3x—2|+1=8 29. |3 — 5x| = |2x + 8]
. If £ < 0, what is the solution set of each of the following?

(@ [8x—5|<k () |8x—5/>k (¢) [8x—5| =k
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Chapters R and 1

Cumulative Review Exercises

1.

2.

Write 27—0 as (a) a decimal and (b) a percent.

Write 0.66 as (a) a percent and (b) a fraction in lowest terms.

Perform the indicated operations.

4L 4. 0.17 +3.965 — 12

402 6. V25— 5(—1)?

Evaluate each exponential expression.

3 4
7. (=5)3 8. | =
= )
Evaluate each expression for x =2,y = —3,and z = 4.
3x2 — y?
9. 2y +4(x—3 10. ————
y + 4(x = 3z) 1z

Simplify each expression.

11.

13.

=Tr+5—13r+ 12 12. —(3k +8) — 2(4k — 7) + 3(8k + 12)
Solve each equation.

2 3 2x+3 x—4

—x+—x=—17 14. =

34" 5 2

|3m — 5| = |m + 2| 16. A= P(1 + ni) forn

15.

Solve each inequality. Graph the solution set, and write it using interval notation.

17.
19.

3-2(x+7)=—x+3 18. —4<5-3x=0
2+ 1>5 or 2—x>2 20. | -7k + 3| =4

Solve each problem.

21.

22,

23.

24.

25.

Luke invested some money at 7% interest and the same amount at 10%. His total interest
for the year was $150 less than one-tenth of the total amount he invested. How much did
he invest at each rate?

A diet must include three foods, A, B, and C, with twice as many grams of food A as of
food C, and 5 g of food B. The three foods must total at most 24 g. What is the largest
amount of food C that can be used?

Zach has scores of 88 and 78 on his first two tests. What score must he make on his third
test to earn an average of 80 or greater?

Telescope Peak, altitude 11,049 ft, is next to Death Valley, 282 ft below sea level. Find the
difference between these altitudes. (Data from National Park Service.)

For a woven hanging, Janette needs three pieces of yarn, which she will cut from a 40 cm
piece. The longest piece is to be 3 times as long as the middle-sized piece, and the shortest
piece is to be 5 cm shorter than the middle-sized piece. What lengths should she cut?

40 cm
Lonvgest x  Smallest piece

piece Middle-sized
piece
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OBJECTIVES
1 Interpret a line graph.

2 Plot ordered pairs.

3 Find ordered pairs that
satisfy a given equation.

Graph lines.

(S -

6 Graph equations of
horizontal and vertical
lines.

7 Find the midpoint of a
line segment.

VOCABULARY

[ ordered pair

[ origin

O x-axis

O y-axis

O rectangular (Cartesian)
coordinate system

[ components

O plot

O coordinate

O quadrant

[ table of ordered pairs
(table of values)

O graph of an equation

O first-degree equation

O linear equation in two variables

O x-intercept

O y-intercept

Find x- and y-intercepts.

Linear Equations in Two Variables

OBJECTIVE 1 Interpret a line graph.

The line graph in FIGURE 1 shows personal spending (in billions of dollars) on medical
care in the United States from 2010 through 2016. About how much was spent on
medical care in 2015?

I Personal Spending on Medical Care

2900
, 2800 o
c
§ om0/ S
Z 7 2600 ==
an "
£ E 2500 R( A In 2015, personal
] /q/ spending on medical
25 2400 ‘/‘,/ care was about
B 6 2300 > $2716 billion.
=
8 2200 =
? 2100 Lo

0
2010 2011 2012 2013 2014 2015 2016
Year

Data from Centers for Medicare & Medicaid Services.
FIGURE 1

The line graph in FIGURE 1 presents information based on
a method for locating a point in a plane developed by René == ~
Descartes, a 17th-century French mathematician. According to
legend, Descartes was lying in bed ill watching a fly crawl about
on the ceiling near a corner of the room. It occurred to him that the
location of the fly could be described by determining its distances
from the two adjacent walls, as illustrated in the figure at the right.

We use this insight to plot points and graph linear equations
in two variables whose graphs are straight lines.

Locating a fly
on a ceiling

OBJECTIVE 2 Plot ordered pairs.

Each of the pairs of numbers (3, 2), (=5, 6), and (4, —1) is an example of an ordered
pair—that is, a pair of numbers written within parentheses. The order in which the num-
bers are written is important. We graph an ordered pair using two perpendicular number
lines that intersect at their O points. See FIGURE 2. The common O point is the origin.

y

Origin < ynaxis

=
.

x-axis

Rectangular coordinate system
FIGURE 2



René Descartes (1596-1650)
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The position of any point in this coordinate plane is determined by referring
to the horizontal number line, or x-axis, and the vertical number line, or y-axis.
The x-axis and the y-axis make up a rectangular (or Cartesian, for Descartes)
coordinate system.

The numbers in an ordered pair (x, y), are its components. The first component
indicates position relative to the x-axis, and the second component indicates position
relative to the y-axis. For example, to locate, or plot, the point on the graph that cor-
responds to the ordered pair (3, 2), we move three units from O to the right along the
x-axis and then two units up parallel to the y-axis. See FIGURE 3. The numbers in an
ordered pair are the coordinates of the corresponding point.

y

® (-5, 6)
Quadrant IT'| ‘Quadrant I
®(3,2)
A
- x
)
4,-1)
Quadrant III| Quadrant IV

®
(-4,-5):--9(0,-6)

5,0
(0,0)

FIGURE 3

We can apply this method of locating ordered pairs to the line graph in FIGURE 1.
We move along the horizontal axis to a year and then up parallel to the vertical axis to
approximate spending for that year. Thus, we can write the ordered pair (2015, 2716)
to indicate that in 2015, personal spending on medical care was about $2716 billion.

0 CAUTION The parentheses used to represent an ordered pair are also used to represent
an open interval. The context of the discussion tells whether ordered pairs or open intervals
are being represented.

The four regions of the graph shown in FIGURE 3 are quadrants I, I1, III, and IV,
reading counterclockwise from the upper right quadrant. The points on the x-axis and
y-axis do not belong to any quadrant.

OBJECTIVE 3 Find ordered pairs that satisfy a given equation.
Each solution of an equation with two variables, such as
2x + 3y =6, Equation with two variables x and y

will include two numbers, one for each variable. To keep track of which number goes
with which variable, we write the solutions as ordered pairs. (If x and y are used as
the variables, the x-value is given first.)

We can show that (6, —2) is a solution of 2x + 3y = 6 by substitution.

2x+3y=6 Equation with two variables
2(6) +3(—2) £ 6 Letx =6,y = 2.

Use parentheses 12 —6 2 6 Multiply.
to avoid errors.

6=6 v  True

Because the ordered pair (6, —2) makes the equation true, it is a solution.
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G NOW TRY

EXERCISE 1

Complete each ordered pair
for 2x —y = 4.

(0, ), ( .0).

(4, ), ( .2)

Then write the results as a
table of ordered pairs.

NOW TRY ANSWER

L (0, —4), (2,0). (4.4), (3.2)
x|y

—4

w | ~ NM|O

On the other hand, (5, 1) is not a solution of 2x + 3y = 6.

2x + 3y =6  Equation with two variables
2(5)+3(1)£6  letx=5y=1.
10+326  Multiply.
13=6  False

To find ordered pairs that satisfy an equation, we select any number for one of
the variables, substitute it into the equation for that variable, and then solve for the
other variable.

Because any real number could be selected for one variable and would lead to
a real number for the other variable, an equation with two variables such as
2x + 3y = 6 has an infinite number of solutions.

D NHNSRN Completing Ordered Pairs and Making a Table

In parts (a)-(d), complete each ordered pair for 2x + 3y = 6. Then, in part (e), write
the results as a table of ordered pairs.

(@ (0, ) (b) ( .0)
2x+3y=6 2x +3y=6
2(0) +3y=6  Letx=0. 2x+3(0) =6 Lety=o.
3y=6 Multiply. Add. 2x =6 Multiply. Add.
y=2 Divide by 3. x=3 Divide by 2.
The ordered pair is (0, 2). The ordered pair is (3, 0).
(© (-3, ) () ( . —4)
2r+3y=6 2x+3y=6
2(=3)+3y=6 Let x = —3. 2x+3(—4)=6 Lety = —4.
—6+3y=6 Multiply. 2x—12=6 Multiply.
3y=12 Add6. 2¢x=18 Add12.
y=4 Divide by 3. x=9 Divide by 2.
The ordered pair is (—3, 4). The ordered pair is (9, —4).

(e) x|y Ordered pairs

<— Represents (0, 2) from part (a)
Table of ordered pairs

2
3 0

(or table of values) <— Represents (3, 0) from part (b
4

( )
<— Represents (=3, 4) from part (c)
(9, —4) from part (d)

NOW TRY 9

9| -4 <— Represents (9,

OBJECTIVE 4 Graph lines.

The graph of an equation is the set of points corresponding to all ordered pairs that
satisfy the equation. It gives a “picture” of the equation.

To graph 2x + 3y = 6, we plot the ordered pairs found in Objective 3 and
Example 1. See FIGURE 4(a) on the next page. If all of the ordered pairs that satisfy
the equation 2x + 3y = 6 were graphed, they would form the straight line shown
1N FIGURE 4(b).



y-intercept

x-intercept

FIGURE 5
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Y Y

x|y (=34 (3. 4) 2x+3y=6
S 4 e 4 \l\
o] 2 (0, 2) (0, 2)
30 4 \
6|2 1(3,0) o (3, 0)
9|-4 -4 -2 0 2 476 8 -4 -2 0o |2

-2 @ _2)- -2

T 9, -4 T

(a) (b)
FIGURE 4

The equation 2x + 3y = 6 is a first-degree equation because it has no term with
a variable to a power greater than 1.

The graph of any first-degree equation in two variables is a straight line.

Because first-degree equations with two variables have straight-line graphs, they are
called linear equations in two variables.

Linear Equation in Two Variables

A linear equation in two variables (here x and y) is an equation that can be
written in the form

Ax + By = C,
where A, B, and C are real numbers and A and B are not both 0. This form is called
standard form.

Examples: 3x+4y=9, x—y=0, x+2y=-8

OBJECTIVE 5 Find x- and y-intercepts.

A straight line is determined if any two different points on the line are known. There-
fore, finding two different points is sufficient to graph the line.

Two useful points for graphing are the x- and y-intercepts. The x-intercept is the
point (if any) where the line intersects the x-axis. The y-intercept is the point (if any)
where the line intersects the y-axis.* See FIGURE 5.

* The y-value of the point where the line intersects the x-axis is always 0.

* The x-value of the point where the line intersects the y-axis is always 0.

This suggests a method for finding the x- and y-intercepts.

Finding Intercepts

When graphing the equation of a line, find the intercepts as follows.
Lety = 0 to find the x-intercept.
Let x = 0 to find the y-intercept.

*Some texts define an intercept as a number, not a point. For example, “y-intercept (0, 4)” would be given as
“y-intercept 4.”
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NOW TRY
EXERCISE 2
Find the x- and y-intercepts,

and graph the equation.
x—2y=4

NOW TRY ANSWER
2. x-intercept: (4, 0);
y-intercept: (0, —2)

A

’I‘y
x-2y=4
“4,0)

0

0,-2

DI85 Finding Intercepts

Find the x- and y-intercepts of 4x — y = —3, and graph the equation.

To find the x-intercept, let y = 0.

4x—y=-3
dx—0=-3 Lety =0.
dx= -3 Subtract.
X=—— Divide by 4.

The x-intercept is (f 2, 0).

To find the y-intercept, let x = 0.

4x —y=-3
4(0) —y=-3 Letx=0.
—y=-3 Multiply. Subtract.
y=3 Multiply by —1.

The y-intercept is (0, 3).

To guard against errors when graphing the equation, it is a good idea to find a
third point. We arbitrarily choose x = —2, and substitute this value in the equation to

find the corresponding value of y.
4y —y=-3
4(-2)—y=-3
-8 —y=-3
y=-5

Let x = —2.
Multiply.

Add 8.
Multiply by —1.

The ordered pair (—2, —5) lies on the graph. We plot the three ordered pairs and draw

a line through them. See FIGURE 6.

4x —y = -3 y
X y
_% 0 /
y-intercept
0 3 s .3 A linear equation with both
-2 | -5 (-3,0) x and y variables will have
X .
Find a third x-intercept [ |0 both x- and y-intercepts. Its
point as a =~ raph will be a “slanted” line.
check. Check point[ | #*~Y=-3 grap
(=2,-5)
FIGURE 6 Now TRY (B)

D I4N3EN Graphing a Line That Passes through the Origin

Graph x + 2y = 0.

Find the x-intercept.
x+2y=0
x+2(0)=0 Lety=0.
x+0=0  Multply.
x=0  x-interceptis (0, 0).

Find the y-intercept.

x+2y=0
0+2y=0 Letx=0.
2y=0  Add.
y=0  y-interceptis (0, 0).

Both intercepts are the same point, (0, 0), which means that the graph passes through
the origin. To find a second point so we can graph the line, we choose any nonzero
number for x or y and solve for the other variable. We arbitrarily choose x = 4.



GNOW TRY
EXERCISE 3

Graph 2x + 3y = 0.

S

NOW TRY
EXERCISE 4

Graph each equation.

(@) y=—2 (b) x+3=0

NOW TRY ANSWERS
3. y
Aol
(=3,2) 10, 0) - x
a3 -2)
2x+3y=0‘
I
4.
(@) (b)
x+3=0
Yy
X
0 =3, 0f -0
0,-2)fy=22
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x+2y=0

Choosing a multiple of 2 _
for x makes dividing by 2 in 44+2y=0 Let x = 4.

the last step easier.

2y = —4  Subtract 4.
y = —2  Divide by 2.

This gives the ordered pair (4, —2). As a final check, substitute 1 for y in the equation
and verify that (—2, 1) also lies on the line. The graph is shown in FIGURE 7.

y

This point serves ) 1 x-intercept
as a check point. - and

y-intercept

FIGURE 7 NOW TRY 9

OBJECTIVE 6 Graph equations of horizontal and vertical lines.

A line parallel to the x-axis will not have an x-intercept. Similarly, a line parallel to the
y-axis will not have a y-intercept. This is why we included the phrase “if any” when
we introduced intercepts.

D148 N Graphing Horizontal and Vertical Lines
Graph each equation.
(@) y =2 (This equation can be written as Ox + y = 2.)

Because y always equals 2, there is no value of x corresponding to y = 0, and the
graph has no x-intercept. One value where y = 2 is on the y-axis, so the y-intercept
is (0, 2). Plot any two other points with y-coordinate 2, such as (—1, 2) and (3, 2).

The graph is shown in FIGURE 8. It is a horizontal line.

y=2 y x+1=0 y
XY Xy
-1 -1 -4
12 ntercept Horizontal —_— Vertical
02 \0, 2)--Tine -1] 0 ';:l: ), line
3 2 —1 5 ==
. (-1,0) N
0
0 o A
x-intercep
FIGURE 8 FIGURE 9

(b) x + 1 =0 (This equation can be written as x = —l or x + Oy = —1.)

Because x always equals —1, there is no value of y that makes x = 0, and the graph
has no y-intercept. One value where x = —1 is on the x-axis, so the x-intercept is (—1, 0).
Plot any two other points with x-coordinate —1, such as (—1, —4) and (—1, 5).

The graph is shown in FIGURE 9. It is a vertical line. NOW TRY
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0 CAUTION A linear equation that has only one variable x or y will have a vertical or hori-
zontal line as its graph.

1. An equation with only the variable x will always intersect the x-axis and thus will be vertical.
It has the form x = a. The vertical line with equation x = 0 is the y-axis.

2. An equation with only the variable y will always intersect the y-axis and thus will be horizontal.
It has the form y = b. The horizontal line with equation y = 0 is the x-axis.

OBJECTIVE 7 Find the midpoint of a line segment.

If the coordinates of the endpoints of a line segment are known, then the coordinates
of the midpoint of the segment can be found.

FIGURE 10 shows a line segment PQ with endpoints P(—8,4) and Q(3, —2).
R is the point with the same x-coordinate as P and the same y-coordinate as Q. So the
coordinates of R are (—8, —2).

FIGURE 10

The x-coordinate of the midpoint M of PQ is the same as the x-coordinate of the
midpoint of RQ. Because RQ is horizontal, the x-coordinate of its midpoint is the
average (or mean) of the x-coordinates of its endpoints.

1 5
~(-8+3)=-=
2 )=

The y-coordinate of M is the average (or mean) of the y-coordinates of the midpoint
of PR.

@+ (=2) =1

The midpoint of PQ is M(—2, 1).

This discussion leads to the midpoint formula.

Midpoint Formula
The midpoint M of a line segment PQ with endpoints P(x;, y;) and Q(x,, y,) is

found as follows.
+ +
M = (xl X2 N J’2>

2 02

The two nonspecific points (x;, y;) and (x,, y,) use subscript notation. Read (x;, y;)
as “x-sub-one, y-sub-one.”



G NOW TRY
EXERCISE 5
Find the midpoint of line

segment PQ with endpoints
P(2,—5) and Q(—4,7).

NOW TRY ANSWER
5. (—1,1)

. FO
2.1 Exercises

© Video solutions for select
problems available in MyLab
Math

STUDY SKILLS REMINDER
Are you fully utilizing the
features of your text? Review
Study Skill 1, Using Your
Math Text.
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D OI48W Finding the Coordinates of a Midpoint
Find the midpoint of line segment PQ with endpoints P(4, —3) and Q(6, —1).
(1, »1) (X2 ¥o)

b b

P(4,-3) and Q(6,—1)  Label the points.

x; +x +
M= <12, y1y2> Midpoint formula
2 2
We are finding the average o o
of the x-coordinates _ 4+6 3+ ( 1) :
and the average of the = y B Substitute.
y-coordinates.
< 1 _4> Add in th t
=\ — in the numerators.
22
= (5, —2) <— Midpoint of segment PQ NOW TRY 9

When graphing with a graphing calculator, we “set up” a rectangular coordinate
system. The screen in FIGURE 11 shows the standard viewing window. Minimum x- and
y-values are —10, and maximum x- and y-values are 10. The scale on each axis, here 1,
determines the distance between the tick marks.

HORMAL FLOAT AUTOD REAL RADIAN HF n HORMAL FLOAT AUTO REAL RADIAN HF n

10 Yi=4H+3 10

/.

-10
Y=o

-10
H="-75

Standard viewing window
FIGURE 11 FIGURE 12

To graph an equation such as 4x — y = —3, we use the intercepts (—0.75, 0) and
(0, 3) to determine an appropriate window. Here, we choose the standard viewing window.
We solve the equation for y to obtain y = 4x + 3 and enter it into the calculator. The graph
in FIGURE 12 also gives the coordinates of the x-intercept at the bottom of the screen.

R
e @ MyLab Math

Concept Check Fill in each blank with the correct response.

1. The point with coordinates (0, 0) is the of a rectangular coordinate system.

2. For any value of x, the point (x, 0) lies on the
(0, y) lies on the -axis.

-axis. For any value of y, the point

3. To find the x-intercept of a line, we let . To find the

y-intercept, we let equal 0 and solve for

equal 0 and solve for

4. The equation y = 4 has a line as its graph, and x = 4 has a line as its graph.
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5. To graph a straight line, we must find a minimum of

6. The equation of the x-axis is

points. The points (3, )

and (—, 4) lie on the graph of 2x — 3y = 0.

. The equation of the y-axis is

Concept Check Solve each problem by locating ordered pairs on the graphs.

7. The graph indicates personal spending in billions of dollars on medical care in the

8. The graph shows the percentage of Americans

United States.

[Personal Spending on Medical Care

2900
w 2800 A~
<
= = 2600 = d
o 4 /{
£ S 2500 |R o
o A
23 2400 —/“,
T B 2300 >
g 2200 =
@ 2100 e —

0
2010 2011 2012 2013 2014 2015 2016
Year

Data from Centers for Medicare & Medicaid Services.
(a) If (x, y) represents a point on the graph, what does x represent? What does y represent?
(b) Estimate spending in 2016.
(c) Write an ordered pair (x, y) that represents approximate spending in 2016.

(d) In what year was spending about $2200 billion?

who moved in selected years. ILess Mobile Americans
o

(a) If the ordered pair (x,y) represents a g 25

point on the graph, what does x repre- % 20

sent? What does y represent? £ 5 “‘\‘\
(b) Estimate the percentage of Americans % \.\.

who moved in 2017. £ 10 i

Q ®

(c) Write an ordered pair (x, y) that gives the § 1 |

approximate percentage of Americans 1960 1970 1980* 1990 2000 2010 }
. Year 2017
who moved in 2017.

(d) What does the ordered pair (1960, 20)
mean in the context of this graph?

Data from U.S. Census Bureau.
* Data not collected for 1980.

Name the quadrant, if any, in which each point is located. See Objective 2.

9.

11.

12.

@ (1.6) (b) (—4,-2) 10. (a) (—2,—10) () (4.8)
(©) (—3.6) @) (7.-5) © (—9.12) @ (3.-9)
(©) (—3.0) (®) (0,-0.5) (e (0.—8) () (25.0)

Concept Check Use the given information to determine the quadrants in which the
point (x, y) must lie. (Hinz: Consider the signs of the coordinates in each quadrant, and
the signs of their product and quotient.)

@ x>0 (b) xy<0 (c)§<0 (d)’yi>0

Concept Check What must be true about the value of at least one of the coordinates of
any point that lies along an axis?
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13. Concept Check A student plotted the point with coordinates (—4, 2) incorrectly by mov-
ing 2 units from 0 to the right along the x-axis and then 4 units down parallel to the y-axis.

WHAT WENT WRONG?

14. Concept Check A student incorrectly claimed that the point (0, —4) lies on the x-axis
because the x-coordinate is 0. WHAT WENT WRONG?

Plot each point in a rectangular coordinate system. See Objective 2.
15. (2,3) 16. (—1,2) 17. (=3, -2) 18. (1, —4) 19. (0,5)
20. (=2, —4) 21. (—2,4) 22. (3,0) 23. (=2,0) 24. (3, -3)

Complete the given table for each equation and then graph the equation. See Example 1 and
FIGURE 4.

25.y=x—4 26. y=x+3 27.x—y=3 28. x—y=5
x y X y X y x y
0 0 0 0
1 1 0 0
2 2 1
3 3 3
4 4
29. x+2y=5 30. x +3y=-5 31. 4x — 5y =20 32. 6x — 5y =30
X y X y X y X y
0 0 0 0
0 0 0 0
2 1 2 3
2 -1 -3 -2

33. Concept Check Match each equation in parts (a)-(d) with its graph in choices A-D.
(Coordinates of the points shown are integers.)

@ x+3y=3 (b) x—3y=-3 () x—3y=3 d x+3y=-3
A. y B. y C. y D. y

4 4 4 4

\'\ . 7 . .0/"“42 \(;\'is * /“/()"/4
\ /‘

34. Concept Check Which of the following equations have a graph that is a horizontal line?
A vertical line?

A.x—6=0 B.x+y=0 C.y+3=0 D. y=-10 E.x+1=5

Find the x- and y-intercepts. Then graph each equation. See Examples 2—4.

35. 2x + 3y =12 36. 5x +2y =10 37.x—3y=6

38. x —2y=—4 39. 5x + 6y =—10 40. 3x — 7y =9
2 5 6

41.§x—3y=7 42.;x+;y=—2 43. x +5y=0
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44. x — 3y =0 45.2x +y=0 46. 4x —y =20
2
47. 2x =3y 48. 4y = 3x 49. Ty =ux
3
50. —Zyzx 51.y=5 52. y=-3
53. x=2 54. x=-3 55.x+4=0
56. x—4=0 57.y+2=0 58.y—5=0

Each table of values gives several points that lie on a line.
(a) What is the x-intercept of the line? The y-intercept?
(b) Which equation in choices A—D corresponds to the given table of values?

(¢) Graph the equation.

59. «x y A. 3x+2y=6 60. x y A 2x—y=4
4] -3 B. 3x —2y=—6 -1 6 B. 2x+y=—4
-2 C.3x+2y=-6 :’ ‘2‘ C.2x+y=4
D.3x—2y=6 T D. 2x—y=—4
6. x | y A y=—1 62. x |y A x=—6
-2 | B.y=1 6 | 1 B.y=0
0| -1 C.x=1 6 | O C.y=6
2 -1 6 1
D. x=-1 D. x=6
4 -1 6 2

Find the midpoint of each segment with the given endpoints. See Example 5.

63. (—8,4) and (—2, —6) 64. (5.2) and (—1,8)
65. (3, —6) and (6, 3) 66. (—10,4) and (7, 1)
67. (—9,3) and (9, 8) 68. (4,—3)and (—1,3)
9. (2.5,3.1) and (1.7, —1.3) 70. (6.2,5.8) and (1.4, —0.6)

Extending Skills  Find the midpoint of each segment with the given endpoints.

11 35 21 2 73

71. <2, 3) and (2, 3) 72. (4, 5) and <4, 5)
A e
37/ T2 “\5 73N\ 2

Extending SKills Segment PQ has the given coordinates for one endpoint P and for its mid-
point M. Find the coordinates of the other endpoint Q. (Hint: Represent Q by (x, y) and write
two equations using the midpoint formula, one involving x and the other involving y. Then
solve for x and y.)

75. P(5.8), M(8,2) 76. P(7,10), M(5, 3)

77. P(1.5,1.25), M(3, 1) 78. P(2.5,1.75), M(3,2)
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OBJECTIVES

1 Find the slope of a line
given two points on
the line.

2 Find the slope of a line
given an equation of
the line.

3 Graph a line given its
slope and a point on
the line.

4 Determine whether
two lines are parallel,
perpendicular, or neither
using slope.

5 Solve problems involving
average rate of change.

VOCABULARY

O rise
O run
O slope

STUDY SKILLS REMINDER
Are you getting the most out
of your class time? Review
Study Skill 3, Taking Lecture
Notes.

The Slope of a Line

Slope (steepness) is used in many practical ways. The slope (or grade) of a highway

. . 10 1
is often given as a percent. For example, a 10% (or 100 = 10

highway rises 1 unit for every 10 horizontal units. Stairs and roofs have slopes too,
as shown in FIGURE 13.

) slope means that the

(not to scale)

s ,7 j =
T 7z | = = =
27 —3—
Slope —J J
§ 7 Slope (or
("Esgfde) Slope is . D pitch) is 5. —
10°
FIGURE 13

Slope is the ratio of vertical change, or rise, to horizontal change, or run. A simple
way to remember this is to think, “Slope is rise over run.”

OBJECTIVE 1 Find the slope of a line given two points on the line.

To obtain a formal definition of the slope of a line, we designate two different points
on the line as (x;, y;) and (x,, y,). See FIGURE 14.

y

xXy—x; =Ax
Change in x (run)

Y2=y =Ay -t
Change in :
y (rise) !
]

(1 y1)

FIGURE 14

As we move along the line in FIGURE 14 from (x;, y;) to (x,, ¥,), the y-value changes
(vertically) from y, to y,, an amount equal to y, — y;. As y changes from y, to y,, the
value of x changes (horizontally) from x, to x, by the amount x, — x;.

W[IA The Greek letter delta, A, is used in mathematics to denote “change in,” so Ay
and Ax represent the change in y and the change in x, respectively.

The ratio of the change in y to the change in x (“rise over run,” or ;%f) is the slope
of the line, with the letter m traditionally used for slope.

Slope Formula

The slope m of the line passing through the distinct points (x;, y;) and (x,, y,) is
defined as follows.
rise _ changeiny _ ﬁ Y2 — W

= = : = ——— (wherex; # x,
run  changeinx Ax x;, —x; ( )
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G NOW TRY

EXERCISE 1

Find the slope of the line
passing through the points

(2,—6) and (—3,5).

NOW TRY ANSWER

11
L -3

|48/l Finding the Slope of a Line
Find the slope of the line passing through the points (2, —1) and (=5, 3).
Label the points, and then apply the slope formula.

(x1, y1) (X1 ¥o)

Vo v

(2,—1) and (-5,3)

AR _3_(_1)
slope m = =
X T X —5-2

4 4 .

. a —
Subtract; 5= b

Substitute.

|
N
~ |

The slope is —;1.
The same slope is obtained if we label the points in reverse order. It makes no
difference which point is identified as (x,, y,) and which as (x,, y,).

(X200 ¥a) (X1, ¥1)

Vo Vo

_ _ y-values are in the
(2’ I ) and ( 5’ 3) numerator, x-values
_ in the denominator.
=y 1 =3 }
slope m = = Substitute.

X —x 2= (=5)

= o o Subtract; 7~ = — &

To confirm this slope, see FIGURE 15. Using the geometric interpretation of slope
(as ?u%f) and beginning at the point (2, —1), we move up 4 units and to the /ef? 7 units

to reach the point (=5, 3).

change in y(rise) 4 4
slope m = - =—, or ——
change in x (run)  —7 7
y
44
O et 7| M=5577
NG A
Down4: :Up4
Y 0SS *
Right7 (2 71)
4y
ms==-3

Moves down or to the left are denoted as
negative numbers.

FIGURE 15

The same slope results if we begin at the point (=5, 3) and move down 4 units and to
the right 7 units to reach the point (2, —1). See FIGURE 15.
change in y (rise) —4 4
=— or —=
change in x(run) 7 7 NOW TRY 9

slope m =



NOW TRY
EXERCISE 2

Find the slope of the line
3x — 7y =21.

FIGURE 16

NOW TRY ANSWER
3

2.5
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Example 1 suggests the following important ideas regarding slope.
1. The slope is the same no matter which point we consider first.

2. Using similar triangles from geometry, we can show that the slope is the same no
matter which two different points on the line we choose.

0 CAUTION When calculating slope, remember that the change in y (rise) is the
numerator and the change in x (run) is the denominator.

Correct Incorrect
Yo = W1
Xo — Xq X1 — Xo

Be careful to subtract the y-values and the x-values in the same order.

OBJECTIVE 2 Find the slope of a line given an equation of the line.

When an equation of a line is given, one way to find its slope is to use the definition
of slope with two different points on the line.

D \IYN3PN Finding the Slope of a Line

Find the slope of the line 3x — y = —6.
The intercepts can be used as the two points needed to find the slope.

Let y = 0 to find that the x-intercept is (—2, 0).
Let x = 0 to find that the y-intercept is (0, 6).
Use these two points in the slope formula.

Y2 ™ 0N 6—-0 (X1, ¥1) = (=2, 0)

slope m = =
PR R0 T 0 (72)  (ey)=(0,6)
6
=— Subtract.
2
=3 Divide.
The graph of 3x — y = —6 in FIGURE 16 confirms that the slope of the line is 3.

NOW TRY g

D NHNSEN Applying the Slope Concept to Horizontal and Vertical Lines

Find the slope of each line. ¥
(@) y=2
The graph of y = 2 is a horizontal line. See FIGURE 17. y=2
To find the slope, select two points on the line, such as “1.2)| (3.2
(3,2) and (—1, 2), and apply the slope formula. O/ Horizontal line
Slope 0
_2-2 0 _ (x4, 1) = (3,2)
m = = =0
-1-3 -4 (X, y2) = (=1, 2)

In this case, the rise is 0, so the slope is 0. FIGURE 17
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GNOW TRY

b)x+1=0
EXERCISE 3
Find the slope of each line.

y
The graph of x+1 =0, or x=—1, is a vertical
line. See FIGURE 18. Two points that satisfy the equation cL3)
@ x=4 (b)y-6=0 x=—1lare (—1,5) and (—1, —4). Use these two points T
and the slope formula. Vertical Tine
__=4-=-5 _ =9 () =(-15) (-1, -4) Unﬁﬁg?ed
TS 0 e = (-1-9)
Here the run is 0. Because division by 0 is undefined, the FIGURE 18
slope is undefined. This is why the definition of slope
includes the restriction that x; # x,.

NOW TRY 9
Horizontal and Vertical Lines

* An equation of the form y = b always intersects the y-axis at the point (0, b).
A line with this equation is horizontal and has slope 0.

* An equation of the form x = a always intersects the x-axis at the point (a, 0).
A line with this equation is vertical and has undefined slope.

The slope of a line can also be found directly from its equation. Consider the
equation 3x — y = —6 from Example 2. Solve this equation for y.
3x—y=-6 Equation from Example 2

—y=—-6—3x

Subtract 3x.
y=3x+6

Multiply by —1; Commutative property
The slope, 3, found using the slope formula in Example 2, is the same number as the

coefficient of x in the equation y = 3x + 6. We will see in the next section that this is
true in general, as long as the equation is solved for y.
NOW TRY

EXERCISE 4

DNIYNN Finding the Slope from an Equation
Find the slope of the graph of Find the slope of the graph of 3x — 5y = 8.
S5x —4y="1.

Many of the ordered-pair solutions of this equation have coordinates that are
y

fractions, including the intercepts (g, 0) and (0, —%) See FIGURE 19. This makes
calculations using the slope formula more difficult.

Instead, we solve the equation for y as discussed above.
Ix-5y=8

e | eniee

3x = 5y = 8 = Sdefory

-5y =8 —3x Subtract 3x.
8)

> 5)
P 4

\, O
—_—
(] oo
[e]
N—

=

Commutative property;
Divide each side by —5.

ath
FIGURE 19

+
c

(SRR
o|T

. . .3
The slope, given by the coefficient of x, is -.
We can confirm this slope using the intercepts and the slope formula, which
NOW TRY ANSWERS involves simplifying a complex fraction.
3. (a) undefined (b) O
43

g o)

_8.
5

| W

The same slope results.

NOW TRY 9



GNOW TRY
EXERCISE 5

Graph the line passing
through (—4, 1) that has

lope — 2
slope —3.
NOW TRY ANSWER
5.
\‘_:\4’ n -

SECTION 2.2 The Slope of a Line
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We can solve the standard form of a linear equation Ax + By = C (where B # 0)

for y to show that, in general, the slope of a line in this form is —

Ax+By=C Standard form
By = C — Ax Subtract Ax.

B

By =—-Ax+C Commutative property

A

C
V==X —= Divide each term by B.

B B

The slope is given by the coefficient of x, —g. In the equation 3x — 5y = 8 from Example 4,

A =3 and B = —5, so the slope is

3
= e 5 The same slope results.

OBJECTIVE 3 Graph a line given its slope and a point on the line.

D IHNFN Using the Slope and a Point to Graph Lines

Graph each line passing through the given point having the given slope.

(a) (0, —4); slope%

Begin by plotting the point P(0, —4), as shown in
FIGURE 20. Then use the geometric interpretation of slope
to find a second point.

_ changeiny 2 <—rise

changeinx 3 <—run

We move up 2 units from (0, —4) and to the right 3
units to locate a second point on the graph, R(3, —2).
The line through P(0, —4) and R is the required graph.

(b) (3, 1); slope —4
Start by plotting the point P(3, 1). See FIGURE 21.
Find a second point R on the line by writing the slope

—4 : . .
—4 as | and using the geometric interpretation of slope.
changeiny —4 <—rise
m = — [ — R
change in x I < run

We move down 4 units from (3, 1) and to the right 1
unit to locate a second point, R(4, —3). The line through
P(3, 1) and R is the required graph.

The slope —4 also could be written as
_ changeiny 4

m= - .
changeinx —1

AN

FIGURE 20

~
—"

D

FIGURE 21

In this case, the second point R is located up 4 units and to the /eff 1 unit. Verify that
NOW TRY g

this approach also produces the line in FIGURE 21.
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G NOW TRY

EXERCISE 6

Determine whether the line
passing through (2, 5) and
(4, 8) and the line passing
through (2, 0) and (—1, —2)
are parallel.

NOW TRY ANSWER
6. not parallel

The line in Example 5(a) has positive slope % The graph of the line in FIGURE 20

slants up (rises) from left to right. The line in Example 5(b) has negative slope —4. As
FIGURE 21 shows, its graph slants down (falls) from left to right. These facts illustrate
the following generalization.

Orientation of a Line in the Plane

A positive slope indicates that the line slants up (rises) from left to right.

A negative slope indicates that the line slants down (falls) from left to right.

FIGURE 22 summarizes the four cases for slopes of lines.

y y y
%l(())pc Undefined
Negative slope
slope . N
0 0 0
Positive
slope

Slopes of lines
FIGURE 22

OBJECTIVE 4 Determine whether two lines are parallel, perpendicular, or neither
using slope.

The slope of a line measures its steepness, and parallel lines have equal steepness.

Slopes of Parallel Lines
Two nonvertical lines with the same slope are parallel.

Two nonvertical parallel lines have the same slope.

DN NN Determining Whether Two Lines Are Parallel

Determine whether the lines L,, passing through (=2, 1) and (4, 5), and L,, passing

through (3, 0) and (0, —2), are parallel.

Slope of L;: y Slope of L,:
by L
B A Right 677 _0-(=2)
mp = : my, =
4-(-2) cod by 3-0
4 Rulny L
= 2 DA% Right 3,7 _2
6 U2 A5G0 3
2 - A0 22) i
= >
FIGURE 23

2 .
The slopes are the same, both 3, so the two lines are parallel. See FIGURE 23.
NOW TRY
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To see how the slopes of perpendicular lines are related, y
consider a nonvertical line with slope g. If this line is rotated
90°, the vertical change and the horizontal change are inter-
changed, and the slope is — Z because the horizontal change
is now negative. See FIGURE 24. Thus, the slopes of perpen-
dicular lines have product —1 and are negative reciprocals
of each other.

For example, if the slopes of two lines are ‘31 and —;*L, 0 :
then the lines are perpendicular because

FIGURE 24

b b

Slope is =T

a’

Slopes of Perpendicular Lines

If neither is vertical, perpendicular lines have slopes that are negative reciprocals—
that is, their product is —1. Also, lines with slopes that are negative reciprocals are

perpendicular.
A line with slope 0 is perpendicular to a line with undefined slope.

DN YRS A Determining Whether Two Lines Are Parallel, Perpendicular, or Neither
Determine whether each pair of lines is parallel, perpendicular, or neither.

(@) 2y=3x—6and2x + 3y = —6
Find the slope of each line by solving each equation for y.

2y=3x—06 2x +3y=—6

3 o 3y=—2x—06 Subtract 2x.
y=—x—3 Divide by 2.

2 2
0 y= —gx — 2  Divide by 3.
Slope ¢
Slope

. . . .3 2
The slopes are negative reciprocals because their product is 5(— 5) = —1. The two

lines are perpendicular. See FIGURE 25.

S

2y=3x—(y
/.

/ m=32
\73’ 0) /

—_2 0 *
m=-1 \\ 5(2,0)
©,-2 ;< 90° (right) angle
N

\\
(0, -3)"™

FIGURE 25
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2x+5y =8
~ (0 8)
m__;\ (O,g)
=-3 = o
>‘<\ *
_2 (4, 0) T
m=2 o
5 (0,-8)
-~ \">75)
2x_5y =8
FIGURE 26

G NOW TRY

EXERCISE 7

Determine whether each

pair of lines is parallel,
perpendicular, or neither.

@ x+2y=7and2x=y—4
(b) 2x —y=4and2x +y=6

NOW TRY ANSWERS
7. (a) perpendicular
(b) neither

(b) 2x — 5y = 8 and 2x + 5y = 8

2x — 5y =38 2x + 5y =38
—5y=—2x+8  Subtract 2x. Sy=—2x+8 Subtract 2x.
2 8 2 8
y= gx - g Divide by —5. y= - gx + g Divide by 5.
| )
Slope Slope

2 . .
—5, are not the same. They are not negative reciprocals because

. . 4 . . .
their product is — 5, not —1. The two lines are neither parallel nor perpendicular.
See FIGURE 26. NOW TRY g

The slopes, % and

In Example 7(a), we could have found the slope of each line using intercepts and
the slope formula. The graph of 2y = 3x — 6 has intercepts (2, 0) and (0, —3).
~0-(=3) 8  The same slope found in
m= 2_0 2 Example 7(a) results.

Find the intercepts of the graph of 2x + 3y = —6 and use them to confirm the slope — %
Because the slopes are negative reciprocals, the lines are perpendicular.

To avoid fractions when using the slope formula in Example 7(b), we suggest identifying
points with integer coordinates, such as (4, 0) and (—1, —2) for the equation 2x — 5y = 8.

OBJECTIVE 5 Solve problems involving average rate of change.

The slope formula applied to any two points on a line gives the average rate of
change in y per unit change in x.

For example, suppose the height of a boy increased from 60 to 68 in. between the
ages of 12 and 16, as shown in FIGURE 27.

Growth Rate

(o |
AN o O

[oN]
%)

Height (in inches)
(=)
B

2in.
——
1yr

[=)]
(=N

X

12 13 14 15 16
Age (in years)

FIGURE 27

Change in heighty — 68 — 60 8 )
_ ————=—=21n. per yr

Changeinagex —= 16 — 12 4
The boy may actually have grown more (or less) than 2 in. during some years. If we
plotted ordered pairs (age, height) for those years and drew a line connecting any two
of the points, the average rate of change would likely be slightly different. However,
using the data for ages 12 and 16, the boy’s average change in height was 2 in. per
year over these years.
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EXERCISE 8

There were approximately

84 million high-speed Internet
subscribers in 2013. Using
this number for 2013 and

the number for 2017 from

the graph in FIGURE 28, find
the average rate of change
per year from 2013 to 2017.
How does it compare with the
average rate of change found
in Example 8?

G NOW TRY

EXERCISE 9

In 2011, global sales of
digital cameras totaled

33 billion euros. In 2016,
sales totaled 17 billion
euros. Find the average rate
of change in sales of digital
cameras per year. (Data from
Photoindustrie—Verband.)

NOW TRY ANSWERS

8. 2.75 million subscribers per year;
It is less than the average rate of
change per year from 2012
to 2017.

9. —3.2 billion euros per year

SECTION 2.2 The Slope ofaLine 169

DCVIHEFN Interpreting Slope as Average Rate of Change

The graph in FIGURE 28 shows the number of high-speed Internet subscribers in the
United States from 2012 to 2017. Find the average rate of change in number of sub-
scribers per year.

High-Speed Internet Subscribers
100
95 (2017, 95)
90

—

80%72012, 81)

2012 2013 2014 2015 2016 2017
Year

Subscribers (in millions) “%

Data from Leichtman Research Group.

FIGURE 28

To find the average rate of change, we need two pairs of data. From the graph, we
have the ordered pairs (2012, 81) and (2017, 95). We use the slope formula.

95—81 14
2017 2012 5

A positive slope
2.8 indicates an
increase.

average rate of change =

This means that the number of high-speed Internet subscribers increased by an average
of 2.8 million subscribers per year from 2012 to 2017. NOW TRY 9

D GVIHECN Interpreting Slope as Average Rate of Change

In 2011, there were 105 million households with cable TV in the United States. There
were 96 million such households in 2017. Find the average rate of change in the num-
ber of households per year. (Data from Nielson Media Research.)

We must write two ordered pairs of the form (year, number of households) to use to
find the average rate of change. From the problem, we have (2011, 105) and (2017, 96).
We substitute these values in the slope formula.

96 — 105 -9 lA”f?ggﬂV?
average rate of change = 2017 — 2011 = e =—-1.5 sope indicates

The graph in FIGURE 29 confirms that the line through Households with Cable TV
the ordered pairs falls from left to right and therefore "

has negative slope. Thus, the number of households % 110}
with cable TV decreased by an average of 1.5 mil- é 105§+
lion households per year from 2011 to 2017. £ 100
The negative sign in —1.5 denotes the decrease. % 95
(We say “The number of customers decreased by g %
1.5 million per year.” It is incorrect to say “The 2 I
number of customers decreased by —1.5 million 20011 o013 2015 2007
per year.”) Year

FIGURE 29

NOW TRY g
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0 FOR
2.2 Exercises

EXTRA ° MyLab Math

HELP

© Video solutions for select
problems available in MyLab
Math

STUDY SKILLS REMINDER
Be sure to read and work
through the section material
before working the exercises.
Review Study Skill 2,
Reading Your Math Text.

Concept Check Answer each question.

1. A hill rises 30 ft for every horizontal 100 ft.
Which of the following express its slope (or

grade)? (There are several correct choices.) é
3 1 ~
A. 0.3 B. — C. 3—- I
1 0 3 / | 30 ft

30 10 - _ J
D. — E. — F. 30% T T T o T
100 3 0 100 ft
2. If a walkway rises 2 ft for every 24 ft on the horizontal,
which of the following express its slope (or grade)?
(There are several correct choices.)

A. 12% B 2z C L
Cer " 24 12
_ 24 24 ft
D. 12 E.83% F (not o scale
3. Aladder leaning against a wall has slope 3. 4. A hill has slope 0.05. How many feet in
How many feet in the horizontal direction the vertical direction correspond to a run
correspond to a rise of 15 ft? of 50 ft?

/A

15 ft . _ __ J
- 50 ft

(not to scale)
?
5. Concept Check Match each situation in parts (a)—(d) with the most appropriate graph in
choices A-D.

(a) Sales rose sharply during the first quarter, leveled off during the second quarter, and
then rose slowly for the rest of the year.

(b) Sales fell sharply during the first quarter and then rose slowly during the second and
third quarters before leveling off for the rest of the year.

(c) Sales rose sharply during the first quarter and then fell to the original level during the
second quarter before rising steadily for the rest of the year.

(d) Sales fell during the first two quarters of the year, leveled off during the third quarter,
and rose during the fourth quarter.

A. y B. C. D.
*é 25 é 25 é 25 L é 25
s 15 = 15 = 15 s 15
s s g s g s g s
5] < < <
e 1234 i 1234 i 1234 @ 1234
Quarter Quarter Quarter Quarter
6. Concept Check Using the given axes, draw a graph that Y
illustrates the following description. s 95
E
Profits for a business were $10 million in 2013. They E A fg
rose sharply from 2013 through 2015, remained constant g E 10
from 2015 through 2017, and then fell slowly from 2017 b= B 5
) oL—— -~ -~ >«
through 2018. ~ 013 BT

Year
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Concept Check Determine the slope of each line segment in the y
given figure.
7. AB 8. BC 9. CD CootB
10. DE 11. EF 12. FG A'[ N
13. If A and F were joined by a line segment in the figure, what r
would be its slope? DA B\
14. If B and D were joined by a line segment in the figure, what
would be its slope?
15. Concept Check Refer to the figure shown here and determine > p
which line satisfies the given description. B
(a) The line has positive slope. / A
) ] —t
(b) The line has negative slope.

0 X
(c) The line has slope 0. / \

(d) The line has undefined slope. \

16. Concept Check Which forms of the slope formula are correct? Explain.

_ _ X — x _
A.m:)ﬁ 2 B.m:yl Y2 C.om= 2 1 D.m=y2 V1
Xo 7 X X — X =N Xy T X

17. Concept Check A student found the slope of the line through the points (—4, 5) and
(2,7) as follows.
7-5 2

m=

_ 1
—4-2 -6 3
This is incorrect. WHAT WENT WRONG? Give the correct slope.

18. Concept Check A student found the slope of the line through the points (=3, 4) and
(=5, —1) as follows.
—-3-(-5) 2
m=—— =

4—(=1) 5
This is incorrect. WHAT WENT WRONG? Give the correct slope.

Evaluate each expression for m, applying the slope formula. See Example 1.

6—2 6—0 -5— (-5
19.m=_—— 20. m=——- Mom= 9
5-3 0-3 3-2
-2—(-2) 3-8 5-6
2.m=—"7"—" 2.m=———- 24.m=————
a3 T2 () T8 (-)

In the following exercises, (a) find the slope of the line passing through each pair of points, if
possible, and (b) based on the slope, indicate whether the line rises from left to right, falls from
left to right, is horizontal, or is vertical. See Examples 1 and 3 and FIGURE 22.

25. (=2, —3)and (—1,5)  26. (—4,1) and (=3, 4) 27. (—4,1) and (2, 6)
28. (=3, —3) and (5, 6) 29. (2,4) and (—4,4) 30. (—6,3) and (2, 3)
31. (—2,2) and (4, —1) 32. (—3,1)and (6, —2) 33. (5, —3) and (5,2)

34. (4, —1) and (4,3) 35. (1.5,2.6) and (0.5,3.6)  36. (3.4,4.2) and (1.4,10.2)
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Extending Skills Find the slope of the line passing through the given pair of points.

11 1 1
37. <> and <5,9> 38. (3> and (5,0>
62 62 43 43
25 15 4 9 31
(-2 -2 40. (-2 2 2
3 ( 9’18> and (18’ 9) 0 ( 5’10) a"d< 10’5)

Each table of values gives several points that lie on a line. Find the slope of the line.

41. «x y 42. x y 43. «x y 4. x y
-1 8 -3 6 -6 | —4 -5 | -4
6 -1 0 -3 0 0| -2
2 -3
0 -9 3 8 10

Use the geometric interpretation of slope (“rise over run”) to find the slope of each line.
(Coordinates of the points shown are integers.)

45. y 46. y 47. y 48. y

U VAN S I
N

|
|

Find the slope of each line in three ways by doing the following.

(a) Give any two points that lie on the line, and use them to determine the slope. See
Example 2.

(b) Solve the equation for y, and identify the slope from the equation. See Example 4.
(c) For the form Ax + By = C, calculate —%. See the Note following Example 4.

49. 2x —y =28 50.3x —y=-6 51. 3x + 4y =12
52. 6x + 5y =30 3. x+y=-3 54. x—y=4

Find the slope of each line, and sketch its graph. See Examples 1-4.

55. x +2y=4 56. x + 3y = -6 57.5x — 2y =10
58. 4x —y=4 59. y=4x 60. y = —3x
61.x—3=0 62. x+2=0 63. y=-5
64. y=—4 65. 2y =3 66. 3x =4

Graph each line passing through the given point and having the given slope. See Example 5.

67. (—4,2);m =5 68. (=2, —3);m=> 69. (0, —2);m=—>

70. (0, —4);m=—3 71 (=1, =2);m =3 72 (=2, —4);m = 4

73. (0,0);m = ; 74. (0,0);m =3 75. (2, =5);m =0

76. (5,3);m=20 77. (=3, 1); undefined slope ~ 78. (—4, 1);undefined slope



SECTION 2.2 The Slope ofaline 173

79. Concept Check If a line has slope —g, then any line parallel to it has slope

and any line perpendicular to it has slope

80. Concept Check If a line has slope 0.2, then any line parallel to it has slope , and

any line perpendicular to it has slope

Determine whether each pair of lines is parallel, perpendicular, or neither. See Examples 6
and 7.

81. The line passing through (15, 9) and  82. The line passing through (4, 6) and

(12, —7) and the line passing through (—8,7) and the line passing through
(8, —4) and (5, —20) (=5,5) and (7, 4)
83. x+4y=Tand4x —y=3 84. 2x + 5y =—T7and5x — 2y =1
85.4x —3y=6and3x —4y =2 86. 2x +y=6andx —y=4
87.x=6and6 —x =8 88. 3x=yand2y —6x =15
89. 4x + y=0and 5x — 8 =2y 90. 2x + 5y = —8 and 6 + 2x = S5y
91. 4x —3y=8and 4y + 3x = 12 92. 2x=y+3and2y +x=3
93. x=6andy =4 9. x+1=0andy—2=0

Extending Skills  Solve each problem.

95. The upper deck at Guaranteed Rate Field in Chicago has
produced, among other complaints, displeasure with its
steepness. It is 160 ft from home plate to the front of the
upper deck and 250 ft from home plate to the back. The top
of the upper deck is 63 ft above the bottom. What is its slope?

96. When designing the TD Garden in Boston, architects
designed the ramps leading up to the entrances so that
circus elephants would be able to walk up the ramps. The
maximum grade (or slope) that an elephant will walk on
is 13%. Suppose that such a ramp was constructed with a
horizontal run of 150 ft. What would be the maximum
vertical rise the architects could use?

Find and interpret the average rate of change illustrated in each graph. See Objective 5 and
FIGURE 27.

97. v 98. y 99.
2 204 400 » 8
o S g
g = =
2% 16 S~ 300 26
£3 12 I &
=z =% 200 =4
TE 3 g7 2 o
L g £ 2 S
;gé 4 2% 100 g 2
E . x ™
-~ 0 1 2 3 4 0 1 2 3 4 0o 1 2 3 4
Year Month Year

100. Concept Check If the graph of a linear equation rises from left to right, then the average
rate of change is (positive / negative). If the graph of a linear equation falls from left to
right, then the average rate of change is (positive / negative).
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Solve each problem. See Examples 8 and 9.

101. The graph shows the number of wireless sub- Wireless Subscriber Connections
scriber connections (that is, active devices, y

including smartphones, feature phones, tablets, 400 (2016, 396)
etc.) in millions in the United States for the g
years 2011 to 2016. g 3
5 350

(a) In the context of this graph, what does the SE

ordered pair (2016, 396) mean? s 5 s

. . . 5<  {eo11,316)

(b) Use the given ordered pairs to find the £ 300

slope of the line. ? oL .

. . 2011 2016

(c) Interpret the slope in the context of this —_

problem.

Data from CTIA.

102. The graph shows the percent of households in the United States that were wireless-only
households for the years 2011 to 2016.

Wireless-Only Households
y

60

(2016, 51)
50

40

Percent

30 (2011, 32)

oL
2011 2016
Year

Data from CTIA.

(a) In the context of this graph, what does the ordered pair (2016, 51) mean?
(b) Use the given ordered pairs to find the slope of the line.
(c) Interpret the slope in the context of this problem.

103. The graph shows the number of drive-in movie theaters in the United States from 2010
through 2017.

| Drive-In Movie Theaters

450
(4
Q 2010, 387)
= 400'( )
[ \\
£ 350
2 >
Eg 300 (2017, 322)

oL
2010 2012 2014 2016

Year

Data from www.drive-ins.com

(a) Use the given ordered pairs to find the average rate of change in the number of

drive-in theaters per year during this period. Round the answer to the nearest whole
number.

(b) Explain how a negative slope is interpreted in this situation.


http://www.drive-ins.com
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104. The graph shows the number of U.S. travelers to Canada (in thousands) from 2000
through 2016.

l U.S. Travelers to Canada

16
- (2000, 15,189)
T 15~
¢ c
2 g \\
o5 14 :
[ _8 (2016, 13,895)
F< 13
S
ol
2000 2006 2012 2018

Year

Data from U.S. Department of Commerce.

(a) Use the given ordered pairs to find the average rate of change in the number of
U.S. travelers to Canada per year during this period. Round the answer to the nearest
thousand.

(b) Explain how a negative slope is interpreted in this situation.

105. The average price of a gallon of unleaded gasoline in 2000 was $1.51. In 2016, the average
price was $2.14. Find and interpret the average rate of change in the price of a gallon of
gasoline per year to the nearest cent. (Data from Energy Information Administration.)

106. The average price of a movie ticket in 2004 was $6.21. In 2016, the average price was
$8.65. Find and interpret the average rate of change in the price of a movie ticket per year
to the nearest cent. (Data from Motion Picture Association of America.)

107. In 2010, the number of digital cameras shipped worldwide totaled 122 million. There were
24 million shipped in 2016. Find and interpret the average rate of change in the number
of digital cameras shipped worldwide per year to the nearest million. (Data from CIPA.)

108. In 2010, worldwide shipments of desktop computers totaled 157 million units. In 2016,
103 million units were shipped. Find and interpret the average rate of change in world-
wide shipments of desktop computers per year. (Data from IDC.)

Extending Skills  Use your knowledge of the slopes of parallel and perpendicular lines.

109. Show that (—13, —=9), (=11, —1), (2, —2), and (4, 6) are the vertices of a parallelogram.
(Hint: A parallelogram is a four-sided figure with opposite sides parallel.)

110. Is the figure with vertices at (—11, —=5), (=2, —19), (12, —10), and (3, 4) a parallelo-

gram? Isitarectangle? (Hint: A rectangle is a parallelogram with a right angle.)

LAWY N3 For Individual or Group Work (Exercises 111-116)

Three points that lie on the same straight line are said to be collinear. Consider the
points A(3, 1), B(6, 2), and C(9, 3). Work Exercises 111-116 in order.

111. Find the slope of segment AB.
112. Find the slope of segment BC.
113. Find the slope of segment AC.

114. If slope of segment AB = slope of segment BC = slope of segment AC, then A, B,
and C are collinear. Use the results of Exercises 111-113 to show that this state-
ment is satisfied.

115. Use the slope formula to determine whether the points (1, —2), (3, —1), and
(5, 0) are collinear.

116. Repeat Exercise 115 for the points (0, 6), (4, =5), and (=2, 12).
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m Writing Equations of Lines

OBJECTIVES

1 Write an equation of a
line given its slope and
y-intercept.

2 Graph a line using its
slope and y-intercept.

3 Write an equation of a
line given its slope and
a point on the line.

4 Write an equation of a
line given two points
on the line.

5 Write equations of
horizontal and vertical
lines.

6 Write an equation of a line
parallel or perpendicular
to a given line.

7 Write an equation of a line
that models real data.

VOCABULARY

O scatter diagram

NOW TRY
EXERCISE 1
Write an equation of the line

with slope % and y-intercept
(0, 1).

NOW TRY ANSWER
1. y= %x + 1

OBJECTIVE 1 Write an equation of a line given its slope and y-intercept.

Recall that we can find the slope of a line from its equation by solving the equation
for y. For example, the slope of the line with equation

y=3x+6

is 3, the coefficient of x. What does the number 6 represent?

To answer this question, suppose a line has slope m and y-intercept (0, ). We can
find an equation of this line by choosing another point (x, y) on the line, as shown in
FIGURE 30, and applying the slope formula.

y — b <— Changeiny

m =
x — 0 <— Change in x
—b
m = A Subtract.
mx=y—b Multiply by x. /
mx+b=y Add b. 0 *

y = mx + b Interchange sides. FIGURE 30

The last equation is the slope-intercept form of the equation of a line, because we
can identify the slope m and y-intercept (0, b) at a glance. In the line with equation
y = 3x + 6, the number 6 indicates that the y-intercept is (0, 6).

Slope-Intercept Form

The slope-intercept form of the equation of a line with slope m and y-intercept
(0,b) is

y = mx + b.
Slope ) L (0, b) is the y-intercept.

DCVIHN3RN Writing an Equation of a Line

Write an equation of the line with slope —;.1 and y-intercept (0, —2).

4 . . .
Here, m = —5 and b = —2. Substitute these values into the slope-intercept form.

y=mx+b Slope-intercept form

4
y= —gx-l- (—2)

: NOW TRY 9

Letm = fgandb= —2.

y=——x—2 Definition of subtraction

Every linear equation (of a nonvertical line) has a unique (one and only one)
slope-intercept form. Linear functions are defined using slope-intercept form. Also, this
form is used in graphing a line with a graphing calculator.




G NOW TRY
EXERCISE 2
Graph the line using its
slope and y-intercept.

dx +3y=26

NOW TRY ANSWER

2. y
N, 2)
\ X
0.2\
4x+3y=6 3,-2)

y=—§x+2\
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OBJECTIVE 2 Graph a line using its slope and y-intercept.

We first saw this approach in the previous section.

D \IHN3N Graphing Lines Using Slope and y-Intercept
Graph each line using its slope and y-intercept.

(@) y=3x—6 (In slope-intercept form)
Here, m = 3 and b = —6. Plot the y-intercept (0, —6). The slope 3 can be inter-
preted geometrically as follows.
_rise

m= = -
run  changeinx 1

changeiny 3

From (0, —6), move up 3 units and to the right 1 unit, and plot a second point at
(1, —3). Join the two points with a straight line. See FIGURE 31.

y

0

Right |1 (1.-3)

Up3
$0.-6)

FIGURE 31

(b) 3y + 2x =9 (Not in slope-intercept form)
Write the equation in slope-intercept form by solving for y.
3y+2x=9

3y=—-2x+9 Subtract 2x.

2
Slope-intercept form — y = — ;x +3 Divide by 3.
Slope A Ly-intercept is (0, 3).

To graph this equation, plot the y-intercept (0, 3). The slope can be interpreted as
either %2 or % Using %2, begin at (0, 3) and move down 2 units and to the right 3 units
to locate the point (3, 1). The line through these two points is the required graph. See
FIGURE 32. (Verify that the point obtained using _% as the slope is also on this line.)

y

©,3)
Down 2 3, 1)
rRight X

Jy+2x=9
5
y=-3x+3

FIGURE 32 NOW TRY 9
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NOW TRY
EXERCISE 3
Write an equation of the

line with slope —é passing
through the point (5, —3).

NOW TRY ANSWER

3. y:—éx—Z

OBJECTIVE 3 Write an equation of a line given its slope and a point on the line.

Let m represent the slope of a line and (x;, y;) represent a given point on the line. Let

(x, y) represent any other point on the line. See FIGURE 33.

m= Ym0 Slope formula
X — X
m(x—x)=y—y Multiply each side by x — x;.
y —y1 =m(x —x;) Interchange sides.

This is the point-slope form of the equation of a line.

Any other
point (x, y)

Slope is m.

()Ifl’y1) ___

FIGURE 33

Point-Slope Form

The point-slope form of the equation of a line with slope m passing through the

point (x;, y;) is
Slope
V
y =y = m(x — xy).
r Given point A

D CVIHNFEN Writing an Equation of a Line Given Its Slope and a Point

Write an equation of the line with slope % passing through the point (-2, 5).

Method 1 Use point-slope form. Let (x;,y,) = (—=2,5) and m = %

y =y =m(x —xy) Point-slope form

1
y—5=*[x—(—2)] Lety; =5,m=3,and x; = —2.
as variables. 3
1
y—5= g(x +2) Definition of subtraction
1 2
y—5= gx + 3 (*) Distributive property
1 2 15 15
y=—x+_-+ = Add 5 = 7.
3 3 3
1 17
Slope-intercept form — y = gx + ? g + ? = g

Method 2 Use slope-intercept form. Let (x,y) = (=2, 5)

y=mx+b Slope-intercept form
5=%(—2)+b Lety=5,m=3,and x = -2
‘
5= —i +b Multiply.
17

17 _
3

17 2 15 2
b, or b:? Addg,?+§:?

. 1 17 . 1 17
Substitute m = 3 and b = 5 to obtain y = X+ 5 as above.

NOW TRY 9
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EXERCISE 4

Write an equation of the line
passing through the points
(3, —4) and (-2, —1). Give
the final answer in standard
form.

NOW TRY ANSWER
4. 3x+5y=—-11
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Previously we defined standard form for a linear equation.
Ax + By = C  Standard form

Here A, B, and C are real numbers and A and B are not both 0. For consistency, we give
A, B, and C as integers with greatest common factor 1, and A = 0. (If A = 0, then
we give B > 0.) The equation in Example 3 is written in standard form as follows.

1 2
y—5= gx + 3 Equation (*) from Example 3
3y—15=x+2 Multiply each term by 3.
—x+3y=17 Subtract x. Add 15.
Standard form — x — 3y = —17 Multiply by —1.

“Standard form” is not standard among texts. A linear equation can be written
correctly in many different ways.

Example:
2x + 3y = 8§, 2x=8—3y, 3y=8-2x, X+gy=4, dx + 6y = 16
—_
Standard form Equivalent forms of 2x + 3y = 8

as described above

OBJECTIVE 4 Write an equation of a line given two points on the line.

DN NN Writing an Equation of a Line Given Two Points

Write an equation of the line passing through the points (—4, 3) and (5, —7). Give
the final answer in standard form.

First find the slope using the slope formula.

-7-3 _ 10

m

T5—(—4) 9

Use either (—4, 3) or (5, —7) as (x;, ;) in the point-slope form of the equation of a
line. We choose (—4, 3), so —4 = x; and 3 = y,.

y—y =m(x—x) Point-slope form
10 .
y—3=—3[x—(—4)] Lety; =3,m=—3,and x; = —4.
10
y—3= _?(X +4) Definition of subtraction
10 40
y—3=——"x—— Distributive property
9 9
9y — 27 = —10x — 40 Multiply each term by 9.
Standard form — 10x + 9y = —13 Add 10x. Add 27.

Verify that if (5, —7) were used, the same equation would result. NOW TRY 9
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G NOW TRY

EXERCISE 5

Write an equation of the line

passing through the point

(4, —4) and satisfying the

given condition.

(a) The line has undefined
slope.

(b) The line has slope 0.

NOW TRY ANSWERS
5. (@ x=4 (b) y=—4

A Once the slope is found in Example 4, the equation of the line could also be
determined using slope-intercept form.

OBJECTIVE 5 Write equations of horizontal and vertical lines.

A horizontal line has slope 0. Using point-slope form, we can find the equation of a
horizontal line through the point (a, b).

y—yi= m(x - xl) Point-slope form

y—b=0(x—a) y1=b,m=0,x=a

y—b=0 Multiplication property of 0
Horizontal line —y = b Add b.

Point-slope form does not apply to a vertical line because the slope of a vertical line
is undefined. A vertical line through the point (a, b) has equation x = a.

Equations of Horizontal and Vertical Lines

A horizontal line through the point (a, b) has equation y = b.

A vertical line through the point (a, b) has equation x = a.

D NIZNW Writing Equations of Horizontal and Vertical Lines

Write an equation of the line passing through the point (—3, 3) and satisfying the
given condition.

(a) The line has slope 0. Y
Because the slope is 0, this is a horizontal line. A hor- 3 3\/
. . . . YD)
izontal line through the point (a, b) has equation y = b. >3
In (—3, 3), the y-coordinate is 3, so the equation is y = 3.
(b) The line has undefined slope. 0 ?
This is a vertical line because the slope is undefined. A ,-_3 3
vertical line through the point (a, b) has equation x = a. In A
(—3, 3), the x-coordinate is —3, so the equation is x = —3. FIGURE 34
Both lines are graphed in FIGURE 34. NOW TRY 9

OBJECTIVE 6 Write an equation of a line parallel or perpendicular to a given line.

D ONHNN Writing Equations of Parallel or Perpendicular Lines

Write an equation of the line passing through the point (—3, 6) and satisfying the
given condition. Give final answers in slope-intercept form.

(a) The line is parallel to the line 2x + 3y = 6.
We can find the slope of the given line by solving for y.

2x +3y=6
3y=—"2x+6 Subtract 2x.
2
y=- gx +2  Divide by 3.
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EXERCISE 6

Write an equation of the line
passing through the point
(6, —1) and satisfying the
given condition. Give final

answers in slope-intercept
form.

(a) The line is parallel to the
line 3x — Sy =7.

(b) The line is perpendicular
to the line 3x — S5y = 7.

NOW TRY ANSWERS
_z
5

(b)y=—§x+9

3
6. (a) y=3x
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The slope of the line is given by the coefficient of x, y
2
som = —3. See FIGURE 35.

The required equation of the line through (—3, 6)
and parallel to 2x + 3y = 6 must have the same slope

5 2x+3y=6 M3
—3- To find this equation, we use the point-slope form o \ o
) — _ 2 4 0 3
with (x;, y;) = (=3,6) and m = -5 \
— =m(x—x Point-slope form » . -
Yoo ( ) P FIGURE 35
2
2 y1=6,m=— 3
y=6=[x=(-3)] L~ y
6= _%(X 1 3) Definition of
Y 3 subtraction
2 Distributive
y=6= _5" —2 property x
2
y=—=x+4 Add 6. , ,
3 Both lines have slope —z.
The lines are parallel.
We did not clear the fraction because we want the final FIGURE 36

equation in slope-intercept form—that is, solved for y.
Both lines are shown in FIGURE 36.

(b) The line is perpendicular to the line 2x + 3y = 6.
In part (a), we wrote the equation of the given line in slope-intercept form.

2x +3y=6

Slope-intercept form

To be perpendicular to the line 2x + 3y = 6, a line must have slope %, the negative

. 2
reciprocal of —3.

We use (—3, 6) and slope % in the point-slope form to find the equation of the

perpendicular line shown in FIGURE 37.

y—y =m(x — x)) Point-slope form y
3 ;
y—6=5[x—(—3)] yi=6,m=35,x=-3
6= 3 Definition of
y—0= E(X +3) subtraction x
3 9 o
y—6= Ex + > Distributive property The slopes are negative
reciprocals, —g(g) = —1. The lines
3 9 12 12 are perpendicular.
=x+-+ Add 6 = 2. '
Y7o ) 2 FIGURE 37
3 21 9 12 21
yESET S 2t2 =32 NOWTRY@
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V¥ Summary of Forms of Linear Equations

Equation
y=mx+b

Y=y =m(x —x)

Description
Slope-Intercept Form
Slope is m.
y-intercept is (0, b).

Point-Slope Form
Slope is m.
Line passes through (x;, y4).

Slope is undefined.
x-intercept is (a, 0).

When to Use

The slope and y-intercept can be easily
identified and used to quickly graph the
equation.

This form is ideal for finding the equation of a
line if the slope and a point on the line or two
points on the line are known.

Ax + By =C Standard Form The x- and y-intercepts can be found quickly
(A, B, and C integers, A = 0) and used to graph the equation. The slope
Slope is 7,% (B # 0). must be calculated.
x-intercept is (% O) (A #0).
y-intercept is (O, %) (B # 0).

y=>b Horizontal Line If the graph intersects only the y-axis,
Slope is 0. then y is the only variable in the equation.
y-intercept is (0, b).

X=a Vertical Line If the graph intersects only the x-axis,

then x is the only variable in the equation.

OBJECTIVE 7 Write an equation of a line that models real data.

If a given set of data changes at a fairly constant rate, the data may fit a linear pattern,

where the rate of change is the slope of the line.

D C\IHNA Writing a Linear Equation to Describe Real Data

A local gasoline station is selling 89-octane gas for $3.50 per gal.

(a) Write an equation that describes the cost y to buy x gallons of gas.

The total cost is determined by the number of gallons multiplied by the price per
gallon (in this case, $3.50). As the gas is pumped, two sets of numbers spin by:
the number of gallons pumped and the cost of that number of gallons.

The table illustrates this situation.

Number of Cost of This
Gallons Pumped | Number of Gallons
0 0($3.50) = $ 0.00
1 1($3.50) = $ 3.50
2 2($3.50) =$ 7.00
3 3($3.50) = $10.50
4 4($3.50) = $14.00

If we let x denote the number of gallons pumped, then the total cost y in dollars
can be found using the following linear equation.

Total cost - v Number of gallons
y = 3.50x

Theoretically, there are infinitely many ordered pairs (x, y) that satisfy this equation,
but here we are limited to nonnegative values for x because we cannot have a negative
number of gallons. In this situation, there is also a practical maximum value for x,
which varies from one car to another—the size of the gas tank.
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EXERCISE 7

A cell phone plan costs $100
for the telephone plus $85 per
month for service. Write an
equation that gives the cost y

in dollars for x months of cell
phone service using this plan.

NOW TRY ANSWER
7. y=85x + 100
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(b) A car wash at this gas station costs an additional $3.00. Write an equation that
defines the cost of gas and a car wash.

The cost will be 3.50x + 3.00 dollars for x gallons of gas and a car wash.
y=3.5x+3  Final 0’s need not be included.

(c) Interpret the ordered pairs (5, 20.5) and (10, 38) in the context of the equation from
part (b).

(5,20.5) indicates that 5 gal of gas and a car wash cost $20.50.

(10, 38) indicates that 10 gal of gas and a car wash cost $38.00.
NOW TRY

In Example 7(a), the ordered pair (0, 0) satisfied the equation y = 3.50x, so the
linear equation has the form

y = mx, whereb = 0.

If a realistic situation involves an initial charge b plus a charge per unit m, as in the
equation y = 3.5x + 3 in Example 7(b), then the equation has the form

y =mx + b, whereb # 0.

DN HNSN Writing an Equation of a Line That Models Data

Average annual tuition and fees for in-state students at public two-year colleges are
shown in the table for selected years and graphed as ordered pairs of points in the
scatter diagram in FIGURE 38, where x = O represents 2012, x = 1 represents 2013,
and so on, and y represents the cost in dollars.

Tuition and Fees at
Two-Year Colleges

Year Cost (in dollars) Y
2012 (x = 0) 3216 3600 T
= 3347 = ®
2014 (x = 2) = 3400
2015 (x = 3) 3435 = ®
2016 (x = 4) 3520 z 3300 2
2017 (x = 5) 3570 © 320090, 3216)
Data from The College Board. T x
o 1 2 3 4 5
Year
FIGURE 38

(a) Write an equation that models the data.

Because the points in FIGURE 38 lie approximately on a straight line, we can write
a linear equation that models the relationship between year x and cost y. We choose
two data points, (0, 3216) and (5, 3570), to find the slope of the line.
_ 3570 — 3216 354

- =70.8
" 5-0 5

The slope 70.8 indicates that the cost of tuition and fees increased by about $71 per
year from 2012 to 2017. We use this slope and the y-intercept (0, 3216) to write an
equation of the line in slope-intercept form.

y = 70.8x + 3216
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G NOW TRY (b) Use the equation from part (a) to approximate the cost of tuition and fees in 2018.
Refer EzE];f;?E;e 8. The value x = 6 corresponds to the year 2018.
(a) Using the data values for y = 70.8x + 3216 Equation from part (a)

the years 2012 and 2016,

write an equation that y=70.8(6) + 3216  Substitute 6 for x.

models the data. y = 3640.8 Multiply, and then add.

(b) Use the equation from . " . .
part (a) to approximate According to the model, average tuition and fees for in-state students at public two-year
the cost of tuition and colleges in 2018 were about $3641. NOW TRY@
fees in 2015.

Choosing different data points in Example 8 would result in a slightly different line
(particularly in regard to its slope) and, hence, a slightly different equation. However, all
such equations should yield similar results. See Now Try Exercise 8.

DN [HNN Writing an Equation of a Line That Models Data

Hospital expenditures (in billions of dollars) in the United States are shown in the
graph in FIGURE 39.

[Hospital Expenditures

, 1100 1082
§ 1050

S 1000

£8

>0 950

23

TS 900

8

& 850

0
2011 2012 2013 2014 2015 2016
Year

Data from Centers for Medicare & Medicaid Services.

FIGURE 39
(a) Write an equation that models the data.

The data increase linearly—that is, a straight line through the tops of any two bars
in the graph would be close to the top of each bar. To model the relationship between
year x and hospital expenditures y, we let x = 1 represent 2011, x = 2 represent 2012,
and so on. The given data for 2011 and 2016 can be written as the ordered pairs
(1,852) and (6, 1082).

1082 — 852 230 46 Find the slope of the line
M=""c_17 ~— 5 — through (1, 852) and (6, 1082).

Thus, hospital expenditures increased by $46 billion per year. To write an equation,
we substitute this slope and the point (1, 852) into the point-slope form.

y—mn-= m(x — xl) Point-slope form

0 s s Either point can be used y — 852 = 46(x N ]) (X1, y1) = (1, 852); m = 46
NOW TRY ANSWER here. (6, 1082) provides _ _ _ T
8. (@) y=76¢ + 3216 the same answer y — 852 = 46x — 46 Distributive property

(b) $3444 y=46x + 806  Add852.
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G NOW TRY (b) Use the equation from part (a) to estimate hospital expenditures in the United States
EXERCISE 9 in 2019. (Assume a constant rate of change.)
Refer to Example 9.

(a) Use the ordered pairs Because we let x = 1 represent 2011, x = 9 represents 2019.

(4, 97.8) and (6, .1082) y = 46x + 806 Equation from part (a)
to write an equation that
models the data. y=46(9) + 806  Substitute 9 for x.
(b) Use the equation from y = 1220 Multiply, and then add.
part (a) to estimate hospital
expenditures in 2019. Hospital expenditures in the United States in 2019 were about $1220 billion.
NOW TRY
NOW TRY ANSWERS 9

9. (a) y=52x+ 770
(b) $1238 billion

. FOR
2.3 Exercises e (@ MyLab Math

© Video solutions for select Concept Check Provide the appropriate response.
Zzi)hlems available in MyLab 1. The following equations all represent the same line. Which one is in standard form as
specified in this section?
3 5 3 2
STUDY SKILLS REMINDER A.3x—2y=5 B. y= 75 C. SXTYT 1 D. 3x=2y+5
How are you doing on your
homework? Review Study 2. Which equation is in point-slope form?
Skill 4, Completing Your A y=6x+2 B.dx+y=9 C.y—3=2(x—1) D.2y=3x—7
Homework.

3. Which equation in Exercise 2 is in slope-intercept form?

4. Write the equation y + 2 = —3(x — 4) in slope-intercept form.
5. Write the equation y + 2 = —3(x — 4) in standard form.

6. Write the equation 10x — 7y = 70 in slope-intercept form.

Concept Check Match each equation with the graph that it most closely resembles. (Hint:
Determining the signs of m and b will help in each case.)

7. y=2x+ 3 A. y B. y C. y
/ —
8.y=—2x+3 0_»)( 5 > x 0 X
9. y=—-2x—3
D. y E y F y
10. y=2x—3 \
11. y = 2x 0 ) 0 ! 0 )
—
12. y = —2x
G. y H. y L y
13. y=3 S {
0 * 0 ! 0 *
14. y=-3
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Write an equation in slope-intercept form of the line that satisfies the given conditions. See
Example 1.

15. m=5b=15 16. m=2;b =12
17.m=-3b="1 18.m=—321b=—13

19. Slope 1; y-intercept (0, —1) 20. Slope —1; y-intercept (0, —3)
21. Slope %; y-intercept (0, 5) 22. Slope —%; y-intercept (0, 7)

Write an equation in slope-intercept form of the line shown in each graph. (Coordinates of the
points shown are integers.)

23. y 24. y 25. y 26. y
3 1
/ 2
p / ! 3
37 0.3 " 2 0/2 * 3 N0 * o N
) 2

Each table of values gives several points that lie on a line. Write an equation in slope-intercept
form of the line.

27. x |y 28. x |y 29. x |y 30 x |y
-2 -8 -2 -3 -5 -4

0 -4 0 3 0 3 -2 0

1 -2 2 9 5 0 0 -5

3 2 3 12 10 -3 2 | —-10

For each equation, (a) write it in slope-intercept form, (b) give the slope of the line, (c) give
the y-intercept, and (d) graph the line. See Example 2.

3. xt+y=4 32. x+y=6
33. 6x + 5y =30 34. 3x + 4y =12
35. 4x — 5y =20 36. 7x — 3y =3
37. x + 2y = —4 38. x+3y=-9

Write an equation of the line passing through the given point and having the given slope. Give
the equation (a) in slope-intercept form and (b) in standard form. See Example 3 and the
discussion on standard form.

39. (5, 8); slope —2 40. (12, 10); slope 1
41. (—2,4); slope—% 42. (—1,6); slope—§
43. (=5,4); slopel 4. (7, -2); slopef
45. (3,0); slope 4 46. (—2,0); slope —5
47. (2, 6.8); slope 1.4 48. (6, —1.2); slope 0.8

Write an equation of the line passing through the given points. Give the final answer in stan-
dard form. See Example 4.

49. (3,4) and (5, 8) 50. (5, —2) and (-3, 14)
51. (6,1) and (—2,5) 52. (—2,5)and (=8, 1)
53. (2,5)and (1,5) 54. (—2,2)and (4,2)
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55. (7,6) and (7, —8) 56. (13,5) and (13, 1)
57. <1, —3) and <—2, —3) 58. (—4, —6) and <12, —6)
2 3 9 7
a3 alm(
\Tss5)MN\ 33 "\23)"N\ 53

Write an equation of the line passing through the given point and satisfying the given con-
dition. See Example 5.

61. (9, 5); slope 0 62. (—4, —2); slope 0 63. (9, 10); undefined slope
64. (—2, 8); undefined slope 65. (—%, —%); slope 0 66. (—g, —g); slope 0

67. (—7, 8); horizontal 68. (2, —7); horizontal 69. (0.5,0.2); vertical

70. (0.1, 0.4); vertical 71. (0, 0); horizontal 72. (0, 0); vertical

Write an equation of the line passing through the given point and satisfying the given
condition. Give the equation (a) in slope-intercept form and (b) in standard form. See
Example 6.

73. (7,2); parallel to 3x —y = 8 74. (4, 1); parallel to 2x + 5y = 10

75. (=2, —2); parallel to —x + 2y = 10 76. (—1, 3); parallel to —x + 3y = 12

77. (8,5); perpendicular to 2x —y = 7 78. (2, —7); perpendicular to 5x + 2y = 18
79. (=2, 7); perpendicular to x = 9 80. (8, 4); perpendicular to x = —3

Write an equation in the form y = mx for each situation. Then give the three ordered pairs
associated with the equation for x-values 0, 5, and 10. See Example 7(a).

81. x represents the number of hours traveling at 45 mph, and y represents the distance traveled
(in miles).

82. x represents the number of caps sold at $26 each, and y represents
the total cost of the caps (in dollars).

83. x represents the number of gallons of gas sold at $3.75 per gal, and y represents the total
cost of the gasoline (in dollars).

84. x represents the number of hours a bicycle is rented at $7.50 per hour, and y represents the
total charge for the rental (in dollars).

85. x represents the number of credit hours taken at a community college
at $150 per credit hour, and y represents the total tuition paid for the
credit hours (in dollars).

86. x represents the number of tickets to a performance of Hamilton purchased at $250 per
ticket, and y represents the total paid for the tickets (in dollars).
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For each situation, do the following.

(a) Write an equation in the formy = mx + b.

(b) Find and interpret the ordered pair associated with the equation for x = 5.

(c) Answer the question posed in the problem.

See Examples 7(b) and 7(c).

87.

88.

89.

90.

91.

92,

93.

9.

A ticket for Taylor Swift’s Reputation Stadium Tour costs $140. There is a ticket order
delivery fee of $18.50. Let x represent the number of tickets and y represent the cost in
dollars. How much does it cost to purchase 2 tickets and have them delivered? (Data from
Ticketmaster.)

Resident tuition at North Shore Community College is $206 per credit hour. There is also
a $300 program fee for physical therapy. Let x represent the number of credit hours and
y represent the cost in dollars. How much does it cost for a student in physical therapy
to take 15 credit hours? (Data from www.northshore.edu)

A health club membership costs $99, plus $41 per month. Let x represent the number
of months and y represent the cost in dollars. How much does the first year’s member-
ship cost? (Data from Midwest Athletic Club.)

An Executive VIP/Gold membership to a health club costs $159, plus $57 per month. Let
x represent the number of months and y represent the cost in dollars. How much does a
one-year membership cost? (Data from Midwest Athletic Club.)

A wireless plan includes unlimited talk, text, and data for $90
per month. There is a $25 activation fee. Let x represent the
number of months and y represent the cost in dollars. Over
two years, how much will this plan cost?

A wireless plan includes unlimited talk, text, and data for $75
per month. There is a $350 charge for a phone. Let x represent
the number of months and y represent the cost in dollars. Over
two years, how much will this plan cost?

There is a $30 fee to rent a chain saw, plus $6 per day. Let x represent the number of days

the saw is rented and y represent the charge to the user in dollars. If the total charge is $138,
for how many days is the saw rented?

A rental car costs $99, plus $0.50 per mile. Let x represent the number of miles driven and
y represent the total charge to the renter in dollars. How many miles was the car driven if
the renter paid $174.00?


www.northshore.edu
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Solve each problem. Give equations in slope-intercept form. E-Reader Sales
See Examples 8 and 9. . y
95. Total sales of e-readers in the United States (in millions of = 750 (0.716)
dollars) are shown in the graph, where the year 2013 cor- & :; 650
responds to x = 0. 3 é 550 3
(a) Use the ordered pairs from the graph to write an F 450 (. 477)
equation that models the data. (Round the slope to g s
the nearest tenth.) Interpret the slope in the context Year

of this problem. “Data for this year are unavailable.

(b) Use the equation from part (a) to approximate sales of ~ Data from Consumer Technology
e-readers in the United States in 2014, the year data ~ Association.
was unavailable.

96. Total sales of smartphones in the United States (in billions of dollars) are shown in the
graph, where the year 2013 corresponds to x = 0.

Smartphone Sales

Sales
(in billions of dollars)

Year

“Data for this year are unavailable.

Data from Consumer Technology
Association.

(a) Use the ordered pairs from the graph to write an equation that models the data. (Round
the slope to the nearest tenth.) Interpret the slope in the context of this problem.

(b) Use the equation from part (a) to approximate smartphone sales in the United States
in 2014, the year data was unavailable.

97. Expenditures for home health care in the United States are shown in the graph.

lSpending on Home Health Care

-
® © © O
a o o0 O

Billions of Dollars
[0
o

~
o o,

2012 2013 2014 2015 2016
Year

Data from Centers for Medicare & Medicaid Services.

(a) If a straight line were drawn through the tops of the bars for 2012 and 2016, would
this line have positive or negative slope? Explain.

(b) Use the information given for the years 2012 and 2016, letting x = 12 represent 2012
and x = 16 represent 2016, and letting y represent spending (in billions of dollars), to
write an equation that models the data.

(¢) Use the equation from part (b) to approximate the amount spent on home health care
in 2015. How does the result compare with the actual value, $89 billion?
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98. The number of pieces of first-class mail

delivered in the United States is shown lFlrst-CIass Mail

in the graph. 751725 oA

(a) Ifastraight line were drawn through 7 __ 0 “
the tops of the bars for 2011 and ~ Z g ©° 61.2
2016, would this line have positive g % 60
or negative slope? Explain. § € 55

(b) Use the information given for & 50

the years 2011 and 2016, letting
x = 11 represent 2011 and x = 16
represent 2016, and letting y repre-
sent the number of pieces of mail  Data from U.S. Postal Service.
(in billions), to write an equation

that models the data.

2011 2012 2013 2014 2015 2016
Year

(c) Use the equation from part (b) to approximate the number of pieces of first-class mail
delivered in 2015 to the nearest tenth. How does this result compare to the actual
value, 62.6 billion?

AN I MH] [H A For Individual or Group Work (Exercises 99-106)

To see how the formula that relates Celsius and Fahrenheit temperatures is derived,
work Exercises 99-106 in order.

99. There is a linear relationship between Celsius and ’
Fahrenheit temperatures. ]
WhenC=0°F=___°. -
When C =100°, F = ___°. " J

100. Think of ordered pairs of temperatures (C, F),
where C and F represent corresponding Celsius
and Fahrenheit temperatures. The equation that
relates the two scales has a straight-line graph
that contains the two points determined in
Exercise 99.

(a) What are these two points?
(b) Find the slope of the line passing through these two points.

101. Use the slope found in Exercise 100(b) and one of the two points determined
earlier, and write an equation that gives F in terms of C. (Hint: Use the point-slope
form, where C replaces x and F replaces y.)

102. Use the equation found in Exercise 101 and solve for C in terms of F. For what
temperature does F = C? (Use the photo to confirm this temperature.)

103. A quick way to estimate Fahrenheit temperature for a given Celsius temperature is
to double C and add 30. Use this method to estimate F'if C = 15.

104. Use the equation found in Exercise 101 to find F if C = 15. How does the answer
compare with the answer to Exercise 103?

105. Use the method given in Exercise 103 to estimate the Fahrenheit temperature given
C = 30. Then use the equation from Exercise 101 to find 7 when C = 30. How do
the temperatures compare?

106. Explain why the method given in Exercise 103 to estimate Fahrenheit temperature

gives a good approximation of F = gC + 32.
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SUMMARY EXERCISES Finding Slopes and Equations of Lines

Find the slope of each line passing through the given points or having the given equation.

1. (3, —3) and (8, —6) 2. (4, =5) and (—1, —5) 3.y=x—-5
4. 3x — Ty =21 5.x—4=0 6. 4x+7y=3
7. Concept Check Match the description in Column I with its equation in Column II.

I I
(a) Slope —0.5,b = —2

(b) x-intercept (4, 0), y-intercept (0, 2)

(c) Passes through (4, —2) and (0, 0)

S o F »
=
|
©
Il
[\o]

d) m= %, passes through (—2, —2)

(e) m= %, passes through the origin

g
=

I
&

(f) Slope2,b =0 F. x+2y=4

Concept Check Which equation is written in standard form as specified in the text?
A. y=—4x—7 B. 3x+4y=12 C.x—6y=3

1
D.Ex+y=0 E. 6x —2y =10 F. 3y —5x=—15

Write the equations not written in standard form in that form.

Write an equation of the line passing through the given point(s) and satisfying the given con-
dition. Give the equation (a) in slope-intercept form and (b) in standard form.

9.
10.
11.
12.
13.
14.
15.

16.

17.

18.
19.

20.

(4, =2); slope —3
3,6); slope =

4, -8

)
);

2,6) and (4, 1)
) and (—4, 12)
)

(=
(-
(
(—2,5)and (1, 14)
Origin; slope —%

5, —8); parallel to y = 4

37 Ferl _2
1 o ); perpendicular to x = 3

4, 2); parallel to the line passing through (3, 9) and (6, 11)

(5. -8)
(4, —2); perpendicular to the line passing through (3, 7) and (5, 6)
(=4, 2);
(2, -1);

parallel to y = %x 4 ‘7,‘

(0, —6); perpendicular to y = %x + %
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m Linear Inequalities in Two Variables

OBJECTIVES

1 Graph linear inequalities
in two variables.

2 Graph the intersection of
two linear inequalities.

3 Graph the union of two
linear inequalities.

VOCABULARY

O linear inequality in two variables
O boundary line

OBJECTIVE 1 Graph linear inequalities in two variables.

Earlier we graphed linear inequalities in one variable on a number line. In this section,
we graph linear inequalities in two variables on a rectangular coordinate system.

Linear Inequality in Two Variables

A linear inequality in two variables (here x and y) is an inequality that can be

written in the form

Ax + By < (C, Ax + By =C, Ax + By > C,

where A, B, and C are real numbers and A and B are not both 0.

Examples:

2x+5y <10, x—y>0, y=1(hereA =0),

or Ax + By = C,

x = —6 (here B=0)

Consider the graph in FIGURE 40. The graph of the line x + y = 5 divides the points

in the rectangular coordinate system into three sets of points.

1. Those points that lie on the line itself and satisfy
the equationx + y = 5,suchas (0,5), (2, 3), and
(5.0)

2. Those points that lie in the region above the line
and satisfy the inequality x + y > 5, such as
(5,3) and (2, 4)

3. Those points that lie in the region below the line
and satisfy the inequality x + y < 5, such as
(0,0) and (=3, —1)

The graph of the line x + y = 5 is the boundary line
for the two inequalities

x+y>5 and x+y<S5.

y

LN

xX+y>5

29
(]
5,3)
X

)
(=3,-1)

xX+y<5

(0, 0) \

FIGURE 40

A graph of a linear inequality in two variables is a region in the real number plane

that may or may not include the boundary line.

To graph a linear inequality in two variables, follow these steps.

Graphing a Linear Inequality in Two Variables

Step 1 Draw the graph of the straight line that is the boundary.

* Make the line solid if the inequality involves = or =.

* Make the line dashed if the inequality involves << or >.

Step 2 Choose a test point. Choose any point not on the line, and substitute the

coordinates of that point in the inequality.

Step 3 Shade the appropriate region. Shade the region that includes the test
point if it satisfies the original inequality. Otherwise, shade the region

on the other side of the boundary line.



NOW TRY ANSWER
1.

G

NOW TRY
EXERCISE 1

Graph —x + 2y = 4.

AY

-x+2y=4

4

0
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D \IYN3uN Graphing a Linear Inequality
Graph 3x + 2y = 6.

Step 1 First graph the boundary line 3x + 2y = 6, which has intercepts (2, 0) and
(0, 3), as shown in FIGURE 41.

Y
,\3 3+ 2= 6
Boundary
line
o 2 *
FIGURE 41

Step 2 The graph of the inequality 3x + 2y = 6 includes the points of the bound-
ary line 3x + 2y = 6 (because the inequality symbol = includes equality)
and either the points above that line or the points below it. To decide
which, select any point not on the boundary line to use as a test point.
Substitute the values from the test point, here (0, 0), for x and y in the

inequality.
We are testing
3+ 2> 6
0,0)isa ?
gonve?ﬂent 3(0) +2(0) >6 Letx=0and y =0.
test point.

0>6 False

Step 3 Because the result is false, (0, 0) does not satisfy the inequality. The solution
set includes all points in the region on the other side of the line. This region
is shaded in FIGURE 42.

As a further check, select a test point in the

shaded region, say (3, 0). A
3x+2y>6 Test the region. 3x+2y= 6\3kx +2 26
3(3)+2(0)>6 :j;xy:jo_ o, NGO
9+0 < 6 Multiply. Test
9>6 vV  True peint

The check confirms that the correct region
is graphed in FIGURE 42. FIGURE 42

NOW TRY g

0 CAUTION When drawing the boundary line in Step 1, be careful to draw a solid line if
the inequality includes equality (=, =) or a dashed line if equality is not included (<, >).
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NOW TRY
EXERCISE 2

Graph 3x — 2y < 0.

GNOW TRY
EXERCISE 3

Graph x + 2 > 0.

NOW TRY ANSWERS
2. ¥ 3. Jy
4 x+2>0,
‘:] orx>-2
a,;f 2 —24-0) X
A
43x -2y <

If an inequality is written in the form y > mx + b or y < mx + b, then the
inequality symbol indicates which region to shade.

If y > mx + b, then shade above the boundary line.
If y < mx + b, then shade below the boundary line.

This method works only if the inequality is solved for y.

S VNIZ83H Graphing a Linear Inequality with Boundary Passing through the Origin

Graph 3x — 4y > 0.

Graph the boundary line. The x- and y-intercepts are the same point, (0, 0), so this
line passes through the origin. Two other points on the line are (4, 3) and (—4, —3).
The points of the boundary line do not belong to the inequality 3x — 4y > 0 (because
the inequality symbol is >, not =). For this reason, the line is dashed.

To use the method explained above, we solve the inequality for y.

3x—4y>0 Original inequality

—4y > —3x  Subtract 3x.
Use this equivalent
inequality to 3
decide which region >
to shade. y <

Divide by —4.
X Change > to <.
Because the is less than symbol occurs when the original inequality is solved for y,
shade the region below the boundary line. See FIGURE 43.

CHECK Choose a test point not on the line, which rules out y
the origin. We choose (2, —1).
3x—4y >0 Original inequality 3 P
3(2) —4(—-1)>0 Letx=2andy=-1 ———Qet x
9 pleit (2, =1)ii--
6+4>0 Multiply. Lt 3
L

10>0 v True

) ) o FIGURE 43
This result agrees with the decision to shade below the
line. The solution set, graphed in FIGURE 43, includes only those
points in the shaded region (and not those on the line). NOW TRY g
D VNIZNEN Graphing a Linear Inequality
Graphx — 3 < 1. y
We graph x — 3 = 1, which is equivalent to x = 4, as
a dashed vertical line passing through the point (4, 0). To
determine which region to shade, we choose (0, 0) as a
test point. 0,0 .
4
x—3<1 Original inequality
9 x-3<1,
0—-3<1 Let x = 0. “orx <4 7
—3<1 True FIGURE 44

Because a true statement results, we shade the region con-
taining (0, 0). See FIGURE 44. NOW TRY 9



G
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4.

NOW TRY
EXERCISE 4

Graph x + y <3 andy = 2.
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OBJECTIVE 2 Graph the intersection of two linear inequalities.

A pair of inequalities joined with the word and is interpreted as the infersection of the
solution sets of the inequalities.

The graph of the intersection of two or more inequalities is the region of
the plane where all points satisfy all of the inequalities at the same time.

D \IHNFN Graphing the Intersection of Two Inequalities

Graph 2x + 4y =5and x = 1.
To begin, we graph the solid boundary line 2x + 4y = 5 through the intercepts

( g, ()) and (0, %) Using (0, 0) as a test point in 2x + 4y > 5 produces a false statement,

so we shade the region that does not include(0, 0). See FIGURE 45(a).

For the inequality x = 1, we graph the solid boundary line x = 1. Again, using
(0, 0) as a test point produces a false statement, so we shade the region to the right of
the boundary line. See FIGURE 45(b).

We use purple shading to identify the intersection of the graphs in FIGURE 45(c).

y y y
2x +4y =5

\ 2x+dy =5 5 ©0.2)§ and x = 1

s SN 02, D)

4 \ X X 4 \ x

0 ;‘\ 2 0] 1 0,0)] 1 %‘\

) °
x=1 (2’ _2)

This is the final graph.
(a) (b) (c)
FIGURE 45

In practice, the graphs in FIGURES 45(a) and (b) are graphed on the same axes.

CHECK Using FIGURE 45(c), we can choose a test point from each of the four regions
formed by the intersection of the boundary lines.

(2, 1), (0,2), (0,0), and (2, —2)  Possible test points

! ! ! [

Purple Blue Unshaded Red shaded
shaded shaded region region
region region

Verify that only ordered pairs in the purple shaded region satisfy both inequalities.
Ordered pairs in the other regions satisfy only one of the inequalities or neither of

them. v/ NOW TRY 9

OBJECTIVE 3 Graph the union of two linear inequalities.
When two inequalities are joined by the word or, we must find the union of the graphs
of the inequalities.

The graph of the union of two inequalities includes all of the points that
satisfy either inequality.
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G NOW TRY D OIEN Graphing the Union of Two Inequalities
EXERCISE 5
Graph 3x — 5y < 15 or x > 4. Graph 2x + 4y =Sorx = 1.

The graphs of the two inequalities are shown in FIGURES 45(a) and (b) in Example 4 on
the preceding page. The graph of the union includes all points in either inequality, as
shown in FIGURE 46.

y

n .
1%\

2x +4y =5
orx=1

o »m/

FIGURE 46

CHECK Using FIGURE 46, we can choose a test point from each of the four regions
formed by the intersection of the boundary lines.

gow TRY ANSWER (2,1), (0,2), (0,0), and (2,-2) Possible test points
Y o e Verify that ordered pairs from the shaded region satisfy either inequality—that is, they
_?‘“‘1 ¥ satisfy one or the other or both. (Note also that (0, 0) satisfies neither inequality.) v/
z° : NOW TRY g

5 FOR
2.4 Exercises eara @ MyLab Math

© Video solutions for select Concept Check Determine whether each ordered pair is a solution of the given inequality.
problems available in MyLab Lx—2y=4 2. x+y>0
Math

(a) (0,0) () (2,-1) (a) (0,0) (b) (=2,1)
STUDY SKILLS REMINDER (© (7,1) @ (0,2) (© (2.-1) (d) (—4.6)

Study cards are a great

way to learn vocabulary, 3x-5>0 4. y=1
procedures, and so on. (a) (0,0) (b) (5,0) (a) (0,0) (M) (3,1)
Review Study Skill 5, © (~1,3) @ (6,2) © (2.-1) @ (-3.3)

Using Study Cards.
Concept Check In each statement, fill in the first blank with either solid or dashed. Fill in the
second blank with either above or below.

5. The boundary of the graph of y = —x + 2 will be a
_ theline.

line, and the shading will be

6. The boundary of the graph of y < —x + 2 will be a
the line.

line, and the shading will be

7. The boundary of the graph of y > —x + 2 will be a
_ theline.

line, and the shading will be

8. The boundary of the graph of y = —x + 2 will be a
the line.

line, and the shading will be
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Concept Check Refer to the given graph, and complete each statement with the correct
inequality symbol <, =, >, or =.

9. x 4 10.y -3 11. y 3x—2 12. y —x+3
y y y y
f X
1 M3
12 N
) ) L ) g
0 4 0 0f, 0 N
12
3 'l
Graph each inequality. See Examples 1-3.
13.x+y=2 14. x+y=-3 15. 4x —y <4
16. 3x —y <3 17. x + 3y = -2 18. x +4y= -3
1 1 2
19. y<—x+3 20, y<—-x—2 2. y=——x+2
2 3 5
3
22.y2—5x+3 23. 2x+3y=6 24. 3x +4y =12
25. 5x — 3y > 15 26. 4x — 5y > 20 27. x+y>0
28. x +2y>0 29. x —3y=0 30. x—5y=0
3. y<ux 32. y =4x 33.x+3=0
4. x—1=0 3[.oy+5<2 36. y—1>3

Extending Skills Complete each of the following to write an inequality for the graph shown.
37. Determine the following for the boundary line.

Slope: y

y-intercept:

Equation: y=
The boundary line here is (solid / dashed), and the region 0. /2
(above [ below) it is shaded.
The inequality symbol to indicate thisis (< / = /> / =). RN gt
Inequality for the graph: y
38. Determine the following for the boundary line.
Slope: 3
y-intercept: ______ B 5
Equation: y= __ > 2\\5..,
0 s *

L’

The boundary line here is (solid / dashed), and the region
(above [ below) it is shaded.

The inequality symbol to indicate thisis (< / = / > / =).

Inequality for the graph: y



198  CHAPTER 2 Linear Equations, Graphs, and Functions

Graph the intersection of each pair of inequalities. See Example 4.

39.x+ty=1 and x=1 40. x —y=2 and x=3
41.2x—y=2 and y<4 42.3x —y=3 and y<3
3. x +ty>-5 and y< -2 44. 6x —4y <10 and y>2

Extending Skills  Use the definition of absolute value to write each inequality as a compound
inequality, and graph its solution set in the rectangular coordinate plane.

45. |x| <3 46. |y| <5 47. |x+1] <2 48. |y —3| <2

Graph the union of each pair of inequalities. See Example 5.

49.x—y=1 or y=2 50. x+y=2 or y=3
5l.x—2>y or x<I1 52.x+3<y or x>3
53.3x+2y<6 or x—2y>2 5. x—y=1 or x+ty=4

I[N (3] For Individual or Group Work (Exercises 55-60)

Linear programming is a method for finding the optimal (best possible) solution that
meets all the conditions for a problem such as the following.

A factory can have no more than 200 workers on a shift, but must have at least 100 and
must manufacture at least 3000 units at minimum cost. How many workers should be
on a shift in order to produce the required units at minimal cost?

Let x represent the number of workers and y represent the number of units manufactured.
Work Exercises 55-60 in order.

55. Write three inequalities expressing the problem conditions.

56. Graph the inequalities from Exercise 55 using the axes below, and shade the
intersection.

5000

3000

0100300 500

57. The cost per worker is $50 per day and the cost to manufacture 1 unit is $100. Write
an equation in x, y, and C representing the total daily cost C.

58. Find values of x and y for several points in or on the boundary of the shaded region.
Include any “corner points,” where C is maximized or minimized.

59. Of the values of x and y found in Exercise 58, which ones give the least value when
substituted in the cost equation from Exercise 57?

60. What does the answer in Exercise 59 mean in terms of the given problem?
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OBJECTIVES

1 Define and identify
relations and functions.

2 Find the domain and
range.

3 Identify functions defined

by graphs and equations.

VOCABULARY

O relation

O function

O dependent variable
O independent variable
0 domain

[0 range

G NOW TRY

EXERCISE 1

Werite the relation as a set of
ordered pairs.

Year Average Gas Price per
Gallon (in dollars)

2010 2.79

2012 3.64

2014 3.37

2016 214

Data from Energy Information
Administration.

NOW TRY ANSWER
1. {(2010,2.79), (2012, 3.64),

(2014, 3.37), (2016, 2.14) }

Introduction to Relations and Functions

OBJECTIVE 1 Define and identify relations and functions.

Consider the relationship illustrated in the following table between number of hours
worked and paycheck amount for an hourly worker.

Number of Paycheck Amount
Hours Worked (in dollars) Ordered pairs
5 50 —— (5, 50)
10 100 —> (10, 100)
20 200 —> (20, 200)
40 400 ——> (40, 400)

The data from the table can be represented by a set of ordered pairs.

{(5,50), (10, 100), (20, 200), (40, 400) }

Number of J 1" Paycheck amount
hours worked in dollars

Each first component of the ordered pairs represents a number of hours worked, and
each second component represents the corresponding paycheck amount. Such a set of
ordered pairs is a relation.

A relation is any set of ordered pairs.

D ONHNSRN Writing Ordered Pairs for a Relation

Write the relation as a set of ordered pairs.

Number of Cost
Gallons of Gas (in dollars)
0 0
1 3.50
2 7.00
3 10.50
4 14.00

The data in the table defines a relation between number of gallons of gas and cost and
can be written as the following set of ordered pairs.

{(0,0), (1, 3.50), (2,7.00), (3, 10.50), (4, 14.00) }
Number of

Cost in dollars
gallons of gas

NOW TRY 9

A function is a special kind of relation.
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G NOW TRY

EXERCISE 2
Determine whether each
relation defines a function.

@ {(1,5),(3,5).(5.5)}
(b) {(—1,-3),(0,2), (~1,6)}

NOW TRY ANSWERS
2. (a) function
(b) not a function

A function is a relation in which, for each distinct value of the first component of
the ordered pairs, there is exactly one value of the second component.

D OIHNN Determining Whether Relations Are Functions

Determine whether each relation defines a function.

@ F={(1.2), (-2.4), (3, ~1)}
Look at the ordered pairs that define this relation. For each distinct x-value, there
is exactly one y-value. We can show this correspondence as follows.
{1, =2, 3}  x-valuesof F

Vol

{2, 4, —1}  y-valuesof F

Therefore, relation F is a function.

(b) G ={(-2,—-1),(-1,0),(0,1),(1,2),(2,2) }

Relation G is also a function. Although the last two ordered pairs have the same
y-value (1 is paired with 2, and 2 is paired with 2), this does not violate the definition
of a function.

’ s 2

I, 2}  x-valuesof G
W

, 2} y-values of G

{ -1
!
{-1 0o

The first components (x-values) are distinct, and each is paired with only one second
component (y-value).

(© H={(-41),(-2,1),(-2,0)}

In relation H, the last two ordered pairs have the same x-value paired with two
different y-values (—2 is paired with both 1 and 0). H is a relation, but not a function.

{—-4, -2} x-values of H

yE'

{I, 0}  y-valuesofH

-2 0
| !
-1 1

In a function, no two ordered pairs have the same first component and different
second components.

Different y-values

Relation H = {(—4,1),(-2,1),(—2,0)}  Nota function

{

Same x-value NOW TRY 9

Relations may be defined in several different ways.
* A relation may be defined as a set of ordered pairs.
Relation F = {(1,2), (=2,4), (3, —1)} Function (Example 2(a))
Relation H = {(—4,1),(—2,1),(—2,0)}  Not a function (Example 2(c))
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* A relation may be defined as a correspondence or mapping.

See FIGURE 47. In the mapping for relation F, the arrow from | to 2 indicates that
the ordered pair (1, 2) belongs to F. Also, —2 is mapped to 4, and 3 is mapped to
—1. Thus, F is a function—each first component is paired with exactly one second
component.

In the mapping for relation H, which is not a function, the first component —2
is paired with two different second components, 1 and 0.

Relation F Relation H
F is a function. H is not a function.
(Example 2(a)) (Example 2(c))
FIGURE 47

* A relation may be defined as a table.
* A relation may be defined as a graph.

FIGURE 48 includes a table and graph for relation F, which is a function.
y

X y R
1] 2 29
2 2 a{, 2)
3| —1 0 o@D
Table for relation F
(Example 2(a))
Graph of relation F
(Example (2a))
FIGURE 48
* A relation may be defined as a rule. y
The rule may be given in words, such as “y is twice x.” : PR
Usually the rule is an equation, such as 4 /y= 2x
y = 2x. oy’ .
o . . LD 2
The infinite number of ordered-pair solutions (x, y) can
be represented by the graph in FIGURE 49.

In the equation y = 2x, the value of y depends on
the value of x. Thus, the variable y is the dependent Graph of the relation y = 2x
variable. The variable x is the independent variable. FIGURE 49

Dependent variable — y = 2x <— Independent variable

An equation tells how to determine the value of the dependent variable for a specific
value of the independent variable.

N4 An equation that describes the relationship given at the beginning of this section
between number of hours worked and paycheck amount is

y =10x. 10 represents the hourly rate, $10.

Paycheck amount y depends on number of hours worked x. Thus, paycheck amount is
the dependent variable, and number of hours worked is the independent variable.
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NOW TRY

EXERCISE 3
Give the domain and range
of each relation. Determine

whether the relation defines a
function.

@ {(2,2),(2,5).4.8)}
(b) The table from Objective 1

Number Paycheck
of Hours Amount
Worked (in dollars)

5 50
10 100
20 200
40 400
NOW TRY ANSWERS

3. (a) domain: {2,4};
range: {2, 5, 8};
not a function
(b) domain: {5, 10, 20, 40};
range: {50, 100, 200, 400};
function

In a function, there is exactly one value of the dependent variable, the second
component, for each value of the independent variable, the first component.

Another way to think of a function relationship 5
is to visualize the independent variable as an input and
the dependent variable as an output. This input-output
(function) machine illustrates the relationship between
number of hours worked and paycheck amount.

50
(Output y)

Function machine

OBJECTIVE 2 Find the domain and range.

Domain and Range

For every relation defined by a set of ordered pairs (x, y), there are two important
sets of elements.

* The set of all values of the independent variable (x) is the domain.

* The set of all values of the dependent variable (y) is the range.

D NIZNEN Finding Domains and Ranges of Relations

Give the domain and range of each relation. Determine whether the relation defines
a function.

@ {(3, —1), (4,2), (+5), (6,8)}

Domain: {3,4,6} Set of x-values
Range: {—1,2,5,8}  Setof y-values

This relation is not a function because the same x-value 4 is paired with two
different y-values, 2 and 5.

(b)

The components
in a relation do

not need to be
numerical.

This mapping represents the following set of ordered pairs.
{(95,A),(89,B), (83,B), (78,C) }
Domain: {95, 89, 88,78}  Set of first components
Range: {A,B,C} Set of second components

The mapping defines a function—each domain value corresponds to exactly one
range value.

) x | vy This table represents the following set of ordered pairs.
-5 | 2
1 {(=5.2),(0,2),(5.2)}
5| o Domain: {—5,0,5}  Set of x-values
Range: {2} Set of y-values

The table defines a function—each distinct x-value corresponds to exactly one
y-value (even though it is the same y-value). NOW TRY g
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EXERCISE 4
Give the domain and range of
the relation.

A\
)
1

NOW TRY ANSWER
4. domain: (—o, ©);

range: [ —2, ®)

SECTION 2.5
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A graph gives a “picture” of a relation and can be used to determine its domain

and range.

Pay particular attention to the use of color to interpret domain and range in

Example 4 —blue for domain and red for range.

D \IHNN Finding Domains and Ranges
Give the domain and range of each relation.

(a) ¥

LD e e
.

j i i

0 T

{ ] !
0,-1) i
|

This relation includes the five ordered
pairs that are graphed.

{(=1,1),(0, =1),(1,2), (4, —3),(5.2)}

Domain: {—1,0,1,4,5}  Set of x-values
{1,-1,2,-3}

List 2 only once.

Range: Set of y-values

The arrowheads on the graphed line
indicate that the line extends indefinitely
left and right, as well as up and down.
Therefore, both the domain (set of x-
values), shown in blue, and the range
(set of y-values), shown in red, include
all real numbers.

Domain: (—OO, 00) Range: (—oo, oo)

OBJECTIVE 3 Identify functions defined by

from Graphs

(b) Domain

[
|
|
6
\
\

ey
I
| |
z
(WA

The x-values of the ordered pairs
that form the graph include all numbers
between —4 and 4, inclusive, as shown
in blue. The y-values include all numbers
between —6 and 6, inclusive, as shown
in red.

Domain: [ —4, 4]
Range: [—6,6

(d)

Use interval notation.

The graphed curve extends indefi-
nitely left and right, as well as upward.
The domain, shown in blue, includes all
real numbers. Because there is a least
y-value, —3, the range, shown in red,
includes all numbers greater than or
equal to —3.

Domain: (—o0, o) Range: [ —3, =)

NOW TRY 9

graphs and equations.

Because each value of x in a function corresponds to only one value of y, any vertical

line drawn through the graph of a function

must intersect the graph in at most one

point. This is the vertical line test for a function.
FIGURE 50 on the next page illustrates this test with the graphs of two relations.
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NOW TRY
EXERCISE 5
Use the vertical line test

to determine whether the
relation is a function.

6

3
3

NOW TRY ANSWER

5. not a function

A vertical line Any vertical line

intersects the graph X intersects the graph x

more than once. 0 \ ’ at most once. 0

Not a function Function
The same x-value corresponds Each x-value corresponds
to two different y-values. to only one y-value.
FIGURE 50

Vertical Line Test

If every vertical line intersects the graph of a relation in no more than one point,
then the relation represents a function.

S NIZNEN Using the Vertical Line Test

Use the vertical line test to determine whether each relation graphed in Example 4 is
a function. (We repeat the graphs here.)

(a) y (b) y () v d v
6
(1,2) l
L1 5,2) x I\ x
. IO \ 0
0, — 0 . _
. -\1)“ ! j4 3
F ti Functi
(4, 23) > unction unction
Function

Not a function

The graphs in (a), (c), and (d) satisfy the vertical line test because every vertical line
intersects each graph no more than once. These graphs represent functions.

The graph in (b) fails the vertical line test because a vertical line intersects the graph
more than once—that is, the same x-value corresponds to two different y-values. This
is not the graph of a function. NOW TRY 9

(i Graphs that do not represent functions are still relations. All equations and
graphs represent relations, and all relations have a domain and range.

If a relation is defined by an equation involving a fraction or a radical, apply these
guidelines when finding its domain.

1. Exclude from the domain any values that make the denominator of a fraction
equal to 0.

Example: The function y = )lfchas all real numbers except O as its domain because
division by 0 is undefined.

2. Exclude from the domain any values that result in an even root of a negative
number.

Example: The function y = \V/x has all nonnegative real numbers as its domain
because the square root of a negative number is not real.



FIGURE 54
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Agreement on Domain

Unless specified otherwise, the domain of a relation is assumed to be all real
numbers that produce real numbers when substituted for the independent variable.

VNN Identifying Functions and Domains from Equations
Determine whether each relation defines y as a function of x. Give the domain.
@ y=x+4
In this equation, y is found by adding 4 to x. Thus, each value of x corresponds

to just one value of y, and the relation defines a function. Because x can be any real
number, the domain is (—, ). The graph in FIGURE 51 confirms this reasoning.

FIGURE 51 FIGURE 52

(b) y=V2x—1

For any choice of x in the domain, there is exactly one corresponding value for y.
(The radical is a single nonnegative number.) This equation defines a function. The
quantity under the radical symbol cannot be negative—that is, 2x — 1 must be greater
than or equal to 0.

2x—1=0
2x =1 Add 1.

X = Divide by 2.

i
2
The domain of the function is [% OO). The graph in FIGURE 52 confirms our work.

() y*=x y

The ordered pairs (4, 2) and (4, —2) both satisfy this
equation. One value of x, 4, corresponds to two values
of y, 2 and —2, so this equation does not define a func-
tion. Because x is equal to the square of y, the values of x
must always be nonnegative. The domain of the relation is
[0, ). See FIGURE 53.

FIGURE 53

dy=x—1

By definition, y is a function of x if every value of x leads to exactly one value
of y. Here, a particular value of x, such as 1, corresponds to many values of y. The
ordered pairs

(1,0), (1,-1), (1,-2), (1,-3), andsoon

all satisfy the inequality. This relation does not define a function. Any number can be
used for x, so the domain is the set of all real numbers, (—%, ). See FIGURE 54.
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GNOW TRY 5
EXERCISE 6 (e y=——

) x— 1
Determine whether each

relation defines y as a Given any value of x in the domain, we find y by subtracting 1 and then dividing

function of x. Give the the result into 5. This process produces exactly one value of y for each value in the
domain. domain, so the given equation defines a function. s
(a) y=dx—3 The domain includes all real numbers except those
which make the denominator 0.
b)) y=V2x—4
1 x—1=0 Set the denominator equal to 0.
© y=—">%
YT i x=1 Add1.
d y<3x+1 .. .
@y The domain includes all real numbers except 1, written
(—o0, 1)U (1, o). In FIGURE 55, the open circle on the graph
indicates that 1 is excluded from the domain. FIGURE 55
NOW TRY 9
In summary, we give three variations of the definition of a function.
Variations of the Definition of a Function
1. A function is a relation in which, for each distinct value of the first
component of the ordered pairs, there is exactly one value of the second
component.
NOW TRY ANSWERS 2. A function is a set of distinct ordered pairs in which no first component is
6. (a) function; (—o, ») repeated.
(b) function; [2, ) 3. A function is a correspondence (mapping) or an equation (rule) that assigns
(¢) function; (=<, 2) U (2, =) exactly one range value to each distinct domain value.

(d) not a function; (—oo, )

. FOR
2.5 Exercises extea @ MmyLab Math

© Video solutions for select Concept Check Complete each statement. Choices may be used more than once.
problems available in MyLab

‘Voath function  independent variable  vertical line test relation
ar,

domain ordered pairs dependent variable  range
1. Am)___ isanysetof ___ {(x,y)}.

2. A(n) ________ is arelation in which, for each distinct value of the first component of
the | there is exactly one value of the second component.

3. In arelation {(x,y)},the ______is the set of x-values, and the ________is the set of
y-values.

4. The relation { (0, —2), (2, —1), (2, —=4), (5, 3) } (does / does not) define a function. The
set {0,2,5}isits____ ,andtheset {—2,—1,—4,3}isits .
5. Consider the function d = 50z, where d represents distance and ¢ represents time. The value

of d depends on the value of 7, so the variable risthe _____ | and the variable d is
the

6. The ____ isused to determine whether a graph is that of a function. It says that any
vertical line can intersect the graph of a(n) ________ in no more than (zero / one / two)
point(s).



SECTION 2.5

Write each relation as a set of ordered pairs. See Example 1.

7. x y 8. «x y
2 -2 1 -1
2 o0 0 | -1
2 | 1 1 -1
10. Average ACT
Year Composite
Score
2010 21.0
2012 211
2014 21.0
2016 20.8
Data from ACT.
Concept Check

Introduction to Relations and Functions

207

Year

1960
1980
2000
2016

Average Movie
Ticket Price
(in dollars)

0.76
2.69
5.39
8.65

Data from Motion Picture
Association of America.

Express each relation using a different form. (For example, if the given form

is a set of ordered pairs, use a graph.) There is more than one correct way to do this. See

Objective 1.
13. {(0,2), (2.4), (4,6)}

15. x y
1 |3
0 -1
1
3 | 3
18.

function? Explain.

14. y is half of x.

16.

17.

¥

Concept Check Which of the relations represented in Exercises 13-17 does not define a

Determine whether each relation defines a function, and give the domain and range. See

Examples 2-5.

19. {(5.1),(3,2),(4,9),(7,6)}

21. {(2,4),(0,2),(2,5)}

23 {(=3,1), (4, 1), (=2,7)}

25. {(1,1),(1,—1),(0,0), (2,4), (2, —4)} 26.

27. x y 28.
1| 5
1 2
1
14

22,

24,

X y 29. «x
-4 T 4
-4 0 2
4 4 o0 |
4| 8 2 |

20. {(8,0), (5,4),(9,3),(3.8)}
10

{(—12,5),(—10,3),(8,3)}

=2),(=3,5).(9,2)}

{(2,5).(3,7), (4.9). (5, 11) }

30. «x y

-3 | -6

-1 -6
1 -6

3 -6




CHAPTER 2 Linear Equations, Graphs, and Functions

31.
34. y
4,0
5 .
(-1,-3)e|-o(1,-3)
37. y
=210
40. y
3
0

43.

32.

35. y

38. y

41. y

44. y

47. y

33.

36.

(-2,2)®

0(0’ 3

(3,2

39.

42.

45.

48.
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Determine whether each relation defines y as a function of x. (Solve fory first if necessary.)
Give the domain. See Example 6.

49. y = —6x 50. y = —9x 5. y=2x—6
52. y=6x+38 53. y=x2 54. y=x3
55. x =y° 56. x = y* 57. x+y<4
58. x—y<3 59. y= Vx 60. y = —\/x
61l. y=Vx—3 62. y=Vx—17 63. y=Viax+2
+4 -3
64. y=\2x+9 65.y=x5 66.y=x2
67 _ 2 68 __° 69. v = 2
VTR VTR YT s
7
70. y = 71. xy =1 72. xy =13
x—=2

Solve each problem.

73. The table shows the percentage of students at 4-year colleges who graduated within 5 years.

Year Percentage

2013 52.8

2014 52.6

2015 52.6

2016 53.2

2017 53.7
Data from ACT.

(a) Does the table define a function?
(b) What are the domain and range?

(c) What is the range element that corresponds to 2015? The domain element that
corresponds to 53.7?

(d) Call this function f. Give two ordered pairs that belong to f.

74. The table shows the percentage of persons age 12 or older who smoked cigarettes.

Year Percentage
1985 38.7
2000 24.9
2005 24.9
2010 23.0
2015 19.4

Data from National Survey on
Drug Use and Health.

(a) Does the table define a function?

(b) What are the domain and range?

(¢) What is the range element that corresponds to 2015? The domain element that
corresponds to 23.0?

(d) Call this function g. Give two ordered pairs that belong to g.
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m Function Notation and Linear Functions

OBJECTIVES OBJECTIVE 1 Use function notation.
1 Use function notation. When a function f is defined with a rule or an equation using x and y for the independent
2 Graph linear and and dependent variables, we say, “y is a function of X" to emphasize that y depends
constant functions. on x. We use the notation
The parentheses
y = f(x), here do not indicate

multiplication.

called function notation, to express this and read f(x) as “f of x,” or “f at x.” The
letter f is a name for this particular function. For example, if y = 3x — 5, we can name
this function f and write the following.

Name of the function

VOCABULARY Defining expression
O linear function —
O constant function y\} = 3x -5
Value of the function Value of the independent variable

§(x) is just another name for the dependent variable y.
We evaluate a function at different values of x by substituting x-values from the
domain into the function.

G NOW TRY D \IYN3J W Evaluating a Function

EXERCISE 1
Let f(x) = 4x + 3. Find the Let f(x) = 3x — 5. Find the value of function f for each value of x.
value of function f for each (@ x=2
value of x.
@ x=-2 (b) x=0 fle) =335
Read(){(?}:?;{“" f(2)=3-2—5 Replace x with 2.
f(2)=6-5 Multiply.
f(2)=1 Subtract.

For x = 2, the corresponding function value (or y-value) is 1. f(2) = 1 symbolizes
the statement

“If x = 2 in the function f, then y = 1”
and is represented by the ordered pair (2, 1).

(b) x=-1
f(x)=3x— 5
f(—=1)=3(—1)—5 Replace x with —1.
f(-1)=-3-5 Multiply.
f(—1)=-8 Subtract.
?'Ov(va)TRjSAN(st)VE;s Thus, f(—1) = —8 and the ordered pair (—1, —8) belongs to f. NOW TRY 9



GNOW TRY
EXERCISE 2
Let f(x) = 2x* — 4x + 1. Find

the following.
@ f(=2) (b) f(a)

Gnow TRY

EXERCISE 3

Let g(x) = 8x — 5. Find and
simplify g(a — 2).

NOW TRY ANSWERS
2. (a) 17 (b) 2a> —4a+1
3. 8a —21
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0 CAUTION The symbol f(x) does not indicate “f times x,” but represents the y-value
associated with the indicated x-value. As shown in Example 1(a), f(2) is the y-value that
corresponds to the x-value 2 in f.

In the function f(x) = 3x — 5 in Example 1, y
f(2)=1and f(—1) = —8 correspond to the ordered

pairs (2, 1) and (=1, —8). Because the domain of f

is (—o, )—that is, x can be any real number—this 1

function defines an infinite set of ordered pairs whose
graph is a line with slope 3 and y-intercept (0, —5). See
FIGURE 56. This makes sense because f(x) is another ) = 3 =%

name for y, and =5 i
f is alinear (-1,-8) y=3x-5

f(x)=3x—5 lisequivalentto y=3x—5. " f,ction.

FIGURE 56

DI85 Evaluating a Function
Let f(x) = —x> + 5x — 3. Find the following.
(a) f(4)

A —— The base in —x2 is x, not (—x).
“f times 4" Read it as )
“fof4) or“fatd’ . Replace x with 4.

Apply the exponent. Multiply.

Add and subtract.
Thus, f(4) = 1, and the ordered pair (4, 1) belongs to f.
(b) f(q)

f(x)=—=x*+5x—3

f(q) = —¢* +59—3  Replace x with q.

The replacement of one variable with another is important in later courses.

NOW TRY 9

Sometimes letters other than f, such as g, A, or capital letters F, G, and H are used
to name functions.

Evaluating a Function
Let g(x) = 2x + 3. Find and simplify g(a + 1).
g(x)=2x+3
gla+1)=2(a+1)+3 Replacex witha + 1.
glat1)=2a+2+3 Distributive property
)

gla+1)=2a+5 Add. NOW TRY 9
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GNOW TRY
EXERCISE 4

For each function, find f(—1).

(a) .f = {(_5’ _1)’ (_3» 2)»
(—1.4)}
(b) f(x) =x>—12

y =f(x)

FIGURE 57

G NOW TRY

EXERCISE 5

Refer to the function graphed
in FIGURE 57.

(a) Find f(—1).

(b) For what value of x is

f(x) =22

NOW TRY ANSWERS
4. (a) 4 (b) —11
5.(@0 ()1

D148 N Evaluating Functions
For each function, find f(3).

@) f(x)=3x—7 (b) x | y=f()
. 6 —-12
f(3) = 3( ) Replace x with 3. s —Here £(3) - 6.
f(3) = Multiply. “ol o
f(3) = Subtract. -3

(© f={(-3,5),(0,3),(3,1), (6, -1)}

We want f(3), the y-value of the ordered pair whose first component is x = 3. As
indicated by the ordered pair (3, 1), for x = 3, y = 1. Thus, f(3) = 1

(d) Domain f Range

= £(3) =5.

The domain element 3 is paired with 5 in the range, so

NOW TRY 9

I8N Finding Function Values from a Graph
Refer to the function graphed in FIGURE 57.
(a) Find f(3).
Locate 3 on the x-axis. See FIGURE 58. Moving up to the graph of f and over to the

y-axis gives 4 for the corresponding y-value. Thus, f(3) = 4, which corresponds to
the ordered pair (3, 4).

(b) Find £(0).
Refer to FIGURE 58 to see that f(0) = 1.

y y
5
A=Ay =fx 4
2 A 2 Y =4
1
/] . /] .
/0 234 L0 2 4
FIGURE 58 FIGURE 59

(c) For what value of xis f(x) = 5?

Because f(x) = y, we want the value of x that corresponds to y = 5. See FIGURE 59,
and locate 5 on the y-axis. Moving across to the graph of f and down to the x-axis gives
x = 4. Thus, f(4) = 5, which corresponds to the ordered pair (4,5).  now TRy 9

If a function f is defined by an equation in x and y instead of function notation,
use the following steps to find f(x).

Writing an Equation Using Function Notation

Step 1 Solve the equation for y if it is not given in that form.

Step 2 Replace y with f(x).



G NOW TRY
EXERCISE 6
Write the equation using

function notation f(x). Then
find £(—3).

—4x?+y=5

NOW TRY ANSWER
6. f(x)=4x*+5;
£(=3) =41

SECTION 2.6 Function Notation and Linear Functions

D CVIHERN Writing Equations Using Function Notation

Write each equation using function notation f(x). Then find f(—2).

(a) y= x>+ 1<—This equation is already solved for y. (Step 1)
flx)=x*+1 Replace y with f(x). (Step 2)
To find f(—2), let x = —2.
fx)=x2+1
F(=2)=(-2)2+1 Letx= 2
f(=2)=4+1 (—2)2 = (-2)(-2)
f(=2)=5 Add.
(b) x—4y=5
Step 1 —4y=—x+5  Subtract x.
1
y = Zx - — Divide by —4.
1 5
Step 2 f(x) = Zx 3 Replace y with f(x).
Now find f(—2).
1 5 7
f2)=4(2) ==y letx--2

OBJECTIVE 2 Graph linear and constant functions.

213

NOW TRY 9

Linear equations (except for vertical lines with equations of the form x = a) define

linear functions.

Linear Function

A function f that can be written in the form

f(x) = ax + b,

where a and b are real numbers, is a linear function. The value of a is the
slope m of the graph of the function. The domain of a linear function is (—o°, %),

unless specified otherwise.

Examples:

F) =2 +4, f(x)=—5x, f(x)= —%x - % £(x) = 0.75x + 10

A linear function whose graph is a horizontal line has the form

f(x) =b

Constant function

and is a constant function. The range of any nonconstant linear function is (—, ),

but the range of a constant function f(x) = bis {b}.
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G NOW TRY D483 A Graphing Linear and Constant Functions
EXERCISE 7 } _ _
Graph each function. Give the Graph each function. Give the domain and range.

domain and range.

1
(@ f(x)= e % (from Example 6(b))

1
@ f(x)=-x—-2
3 Slope J Ly-interoept is (O, —g).

(b) f(x)=-3
. . . 5 . ..
To graph this function, plot the y-intercept (0, _Z)' Use the geometric defini-
. i . . . .1
tion of slope as == to find a second point on the line. The slope is 7, so we move up
run 4
. 5 . . . 1 . .
1 unit from (0, — Z) and to the right 4 units to the point (4, — Z)' Draw the straight line
through these points. See FIGURE 60. The domain and range are both (—o, ).
y y
NOW TRY ANSWERS
f(x)=4
7. (a) y 4
i § Constant
0 x J) = x -4 function
= et 4 0,/'/7 * 420 2 4 )
= f;\f)=%x—2 7/‘7% m:% e
domain: (—oo, »); ~*" Linear
range: (—oo, ) function
(b) )
3 FIGURE 60 FIGURE 61
Sihi BN (b) f(x) =4
LR The graph of this constant function is the horizontal line containing all points
domain: (—c,%); with y-coordinate 4. See FIGURE 61. The domain is (—, ). The value of f(x)—that
range: {—3} is, y—is 4 for every value of x, so the range is {4 }. NOW TRY 9
2.6 Exerci extea @ MyLab Math
.6 Exercises EXTR yLab Mat
© Video solutions for select Concept Check  Work each problem.
problems available in MyLab . . . . . . .
Math 1. To emphasize that “y is a function of x” for a given function f, we use function notation
andwritey= ___ . Here, fisthenameofthe | xisa value from the s
STUDY SKILLS REMINDER and f(x) is the function value (or y-value) that correspondsto . We read f(x) as

113 2

Time management can be
a challenge for students. 2. Choose the correct response.
Review Study Skill 6,

. . For a function f, the notation f(3) means
Managing Your Time.

A. the variable f times 3, or 3f.
B. the value of the dependent variable when the independent variable is 3.
C. the value of the independent variable when the dependent variable is 3.

D. fequals 3.

3. Fill in each blank with the correct response.

The equation 2x + y = 4 has a straight ________ as its graph. One point that lies on the
graph is (3, ___). If we solve the equation for y and use function notation, we have a(n)

function f(x) = _____ . For this function, f(3) = _, meaning that the
point (___, ) lies on the graph of the function.
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4. Which of the following defines y as a linear function of x?

1

A y=—x—-—

4

Let f(x) = —3x + 4 and g(x) = —x* + 4x + 1. Find the following. See Examples 1-3.
6.

13. £(100)

17. g(0.5)
21. f(—x)
25. f(2t + 1)

29. f(x + h)

5
4

B

10.

14.

18.
22,
26.

30.

1

sy ==

X

2(0)
g(—=1)

£(—100)

g(1.5)
g(—x)
f(3t=2)

f(a+D)

7. f(=3)
11. g(3)

15 (1)
i3
19. f

(
23, f(x +2)
(

27. g(m)

(2

C. y=x? D.y=\/;c

8. f(=5)
12. (10)

(k)
flx=2)
28. g(1)

)

16. f

W=

[\
<
oQ

24

For each function, find (a) f(2) and (b) f(—1). See Examples 4, 5(a), and 5(b).
M. f={(-1,-5),(0,5),(2,-5)}
36. f=1{(2,5),(3,9),(—1,11),(5,3)}

33 f={(-2,2),(—1,—1),(2,—1)}
35. f={(-1,3),(4,7).(0,6),(2,2)}

37. f
| |
[
39. x |y=fx)
2 4
1 1
0 0
-1 1
-2 4
41. y
2 /
2 o) 2
Yy =[f(x)
43. y

y=f(x)

38. f
|\
4. x |y=fx
8 6
5 3
2 0
-1 -3
-4 -6
42. y
2
0 / 2
/y=ﬂm
44. y
\Y = f(x)
-2 0 2
-2

215
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Refer to the given graph. Find the value of x for each value of f(x). See Example 5(c).

45. (a) f(x) =3 y 46. (a) f(x) =4 y
(b) f(x)=-1 (b) f(x) = -2
(© f(x)=-3 ? / © f(x)=0 ’
2 of 2 * 0l/ 2 )
y=f(x) / y =[fx)

An equation that defines y as a function f of x is given. (a) Solve for y in terms of x, and write
each equation using function notation f(x). (b) Find f(3). See Example 6.

47. x+3y=12 48. x — 4y =38 49. y + 2x* =
50. y —3x*=2 51. 4x — 3y =38 52. —2x+5y=9

Graph each linear or constant function. Give the domain and range. See Example 7.

53. f(x)=—2x+5 54. g(x) =4x—1 55. h(x) = %x +2
56. F(x) = —ix +1 57. f(x) =x 58. f(x) = —x

59. H(x) = —3x 60. G(x) = 2x 61. g(x) = —4
62. f(x) =5 63. f(x) =0 64. f(x) = —2.5

65. Concept Check What is the name that is usually given to the graph of f(x) = 0?
66. Concept Check Can the graph of a linear function have an undefined slope? Explain.

Solve each problem