Intermediate Algebra|2e

Connecting Concepts
Through Applications .

.....

\\\\\

Mark Clark
Cynthia Anfinson



Second Edition

Intermediate
Algebr

Mark Clark

PALOMAR COLLEGE

Cynthia Anfinson

PALOMAR COLLEGE

/. » CENGAGE

Australia « Brazil « Mexico * Singapore * United Kingdom « United States

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



This is an electronic version of the print textbook. Due to electronic rights restrictions,
some third party content may be suppressed. Editorial review has deemed that any suppressed
content does not materially affect the overall learning experience. The publisher reserves the right
to remove content from this title at any time if subsequent rights restrictions require it. For
valuable information on pricing, previous editions, changes to current editions, and alternate
formats, please visit www.cengage.com/highered to search by ISBN#, author, title, or keyword for
materials in your areas of interest.

Important Notice: Media content referenced within the product description or the product
text may not be available in the eBook version.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



To my wife Christine for her love and support throughout

our lives together. And to our children Will and Rosemary.

To my husband Fred and son Sean, thank you for your love

and support.

Extra thanks go to Jim and Mary Eninger for opening up their
family cabin for me to spend many a day and night writing.

Also to Dedad and Mimi, who built the cabin in the 1940s.

/. » CENGAGE

MC

CA

MC

Intermediate Algebra: Connecting Concepts
Through Applications

Second Edition

Mark Clark, Cynthia Anfinson

Product Director: Mark Santee
Product Manager: Frank Snyder

Content Developers: Samantha Gomez, Alison
Duncan

Product Assistant: Jaime Manz
Marketing Manager: Pamela Polk

Senior Content Project Manager:
Michael Lepera

Manufacturing Planner: Becky Cross
IP Analyst: Reba Frederics
IP Project Manager: Sarah Shainwald

Production Service and Compositor:
Lumina Datamatics, Inc.

Senior Art Director: Vernon Boes
Text Designer: Diane Beasley
Cover Designer: Irene Morris

Cover Image: WAYHOME Studio/Creative Market

Printed in the United States of America
Print Number: 01 Print Year: 2017

© 2019, 2012 Cengage Learning, Inc.

WCN: 02-300

Unless otherwise noted, all content is © Cengage

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein
may be reproduced or distributed in any form or by any means, except as

permitted by U.S. copyright law, without the prior written permission of the
copyright owner.

For product information and technology assistance,
contact us at Cengage Customer & Sales Support, 1-800-354-9706.

For permission to use material from this text or product,
submit all requests online at www.cengage.com/permissions.
Further permissions questions can be emailed to
permissionrequest@cengage.com.

Library of Congress Control Number: 2017951382
Student Edition:

ISBN: 978-1-337-61558-7

Loose-leaf Edition:

ISBN: 978-1-337-61563-1

Cengage

20 Channel Center Street

Boston, MA 02210
USA

Cengage is a leading provider of customized learning solutions with employees
residing in nearly 40 different countries and sales in more than 125 countries
around the world. Find your local representative at www.cengage.com.
Cengage products are represented in Canada by Nelson Education, Ltd.

To learn more about Cengage platforms and services, visit www.cengage.com.

Purchase any of our products at your local college store or at our preferred
online store www.cengagebrain.com.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Brief Contents

Index I-1

LINEAR FUNCTIONS 1

SYSTEMS OF LINEAR EQUATIONS AND
INEQUALITIES 149

EXPONENTS, POLYNOMIALS, AND FUNCTIONS 253

QUADRATIC FUNCTIONS 331

EXPONENTIAL FUNCTIONS 469
LOGARITHMIC FUNCTIONS 547

RATIONAL FUNCTIONS 621

RADICAL FUNCTIONS 691

CONIC SECTIONS 769

SEQUENCES AND SERIES (ONLINE ONLY) 815
BASIC ALGEBRA REVIEW  A-1

MATRICES B-1

USING THE GRAPHING CALCULATOR C-1
ANSWERS TO PRACTICE PROBLEMS D-1

ANSWERS TO SELECTED EXERCISES  E-1

Unit Conversions REF-2

Geometric Formulas REF-3

Equation Solving Toolbox REF-4

Expression Simplifying Toolbox REF-5
Modeling Toolbox REF-6
Factoring Toolbox REF-6

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scan:
Editorial review has deemed that any suppressed content does not materially affect the ove

rall learning experience. Cengage Learning reserves the right to remove additional content at ai

ned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
ubsequent rights restrictions require it.



Contents

1.1

1.2

1.3

1.4

1.5

1.6

1.7

2.1

2.2

23

Linear Functions 1

Solving Linear Equations 2
Linear equations e Applications e Literal equations

Fundamentals of Graphing and Slope 19
Introduction to Graphing Equations e Linear Equations in Two Variables ¢ The Meaning of Slope
in an Application e Graphing Lines Using Slope and Intercept

Intercepts and Graphing 41
The General Form of Lines ¢ Intercepts and Their Meaning ¢ Graphing Lines Using
Intercepts ¢ Horizontal and Vertical Lines

Finding Equations of Lines 58
Equations of Lines e Parallel and Perpendicular Lines ¢ Interpreting the Characteristics of
a Line: A Review

Functions and Function Notation 74
Relations and Functions e Vertical line test ¢ Function Notation ¢ Domain and Range of Functions

Using Data to Create Scatterplots 95
Using Data to Create Scatterplots  Adjusting Data ¢ Graphical Models ¢ Domain and Range of a
Model ¢ Applications

Finding Linear Models 114

Using a Calculator to Create Scatterplots ¢ Linear Models  Applications

Chapter1 Summary 133
Chapter1 Review Exercises 142
Chapter1 Test 145
Chapter1 Projects 146

Systems of Linear Equations and
Inequalities 149

Systems of Linear Equations 150
Definition of Systems e Graphical and Numerical Solutions ¢ Types of Systems ¢ Applications

Solving Systems of Equations Using the Substitution Method 166

Substitution Method ¢ Consistent and Inconsistent Systems e Applications

Solving Systems of Equations Using the Elimination Method 179
Elimination Method e Applications of Systems

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



CONTENTS \")

24 Solving Linear Inequalities 189
Introduction to Inequalities ¢ Solving Inequalities ¢ Systems as Inequalities ¢ Solving
Inequalities Numerically and Graphically  Solving Compound Inequalities ¢ Applications

2.5 Absolute Value Equations and Inequalities 205
Absolute Value Equations ¢ Absolute Value Inequalities Involving “Less Than”
or “Less Than or Equal To” e Absolute Value Inequalities Involving “Greater Than”
or “Greater Than or Equal To” « Applications

2.6  Solving Systems of Linear Inequalities 220
Graphing Linear Inequalities with Two Variables ¢ Solving Systems of Linear
Inequalities ¢ Applications

Chapter 2 Summary 235

Chapter 2 Review Exercises 243
Chapter2 Test 246

Chapter 2 Projects 248
Cumulative Review Chapters1-2 250

Exponents, Polynomials, and

Functions 253

3.1 Rules for Exponents 254
Rules for Exponents ¢ Negative Exponents and Zero as an Exponent e Using Scientific
Notation e Rational exponents ¢ Applications

3.2 Combining Functions 270
The Terminology of Polynomials ¢ Degree  Adding and Subtracting Functions ¢ Multiplying
and Dividing Functions ¢ Applications

3.3 Composing Functions 288

Combining functions using composition e Applications

3.4 Factoring Polynomials 299
Factoring Out the GCF e Factoring by Grouping ¢ Factoring Using the AC Method ¢ Factoring
Using Trial and Error e Prime Polynomials

3.5 Special Factoring Techniques 312
Perfect Square Trinomials ¢ Difference of Squares ¢ Difference and Sum of Cubes « Multistep
Factorizations e Trinomials in Quadratic Form

Chapter3 Summary 320
Chapter 3 Review Exercises 325
Chapter3 Test 328

Chapter 3 Projects 330

Quadratic Functions 331

4.1 Quadratic Functions and Parabolas 332
Introduction to Quadratic Functions and Identifying the Vertex e Identifying
a Quadratic Function e Recognizing Graphs of Quadratic Functions and Identifying the
Vertex ¢ Applications

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



vi

CONTENTS

4.2 Graphing Quadratic Functions from Vertex Form 345
Axis of Symmetry e Vertex Form e Graphing Quadratic Functions from Vertex Form ¢ Domain
and Range e Applications

4.3 Finding Quadratic Models 363
Quadratic Models ¢ Domain and Range ¢ Applications

4.4  Solving Quadratic Equations by the Square Root Property and
Completing the Square 378
Solving from Vertex Form e Square Root Property ¢ Using the Pythagorean Theorem ¢ The
Distance Formula ¢ Completing the Square ¢ Converting to Vertex Form ¢ Graphing from
Vertex Form with x-Intercepts ¢ Applications

4.5  Solving Equations by Factoring 399
The Product Property of Zero ¢ Solving by Factoring e Finding a Quadratic Function from the
Graph e Solving Nonlinear Polynomial Inequalities in One Variable « Applications

4.6  Solving Quadratic Equations by Using the Quadratic Formula 417
Solving by the Quadratic Formula ¢ Determining Which Algebraic Method to Use When Solving
a Quadratic Equation ¢ Solving Systems of Equations Involving Quadratic Functions

4.7 Graphing Quadratic Functions from Standard Form 430

5.1

5.2

5.3

5.4

5.5

Graphing from Standard Form ¢ Graphing Quadratic Inequalities in Two Variables ¢ Applications

Chapter 4 Summary 444

Chapter 4 Review Exercises 457
Chapter 4 Test 461

Chapter 4 Projects 462
Cumulative Review Chapters 1-4 465

Exponential Functions 469

Exponential Functions: Patterns of Growth and Decay 470
Exploring Exponential Growth and Decay ¢ Recognizing Exponential Patterns ¢ Applications

Solving Equations Using Exponent Rules 489
Recap of the Rules for Exponents ¢ Solving Power Equations ¢ Solving Exponential Equations
by Inspection e Identifying Exponential Equations and Power Equations ¢ Applications

Graphing Exponential Functions 498
Exploring Graphs of Exponentials ¢ Domain and Range of Exponential
Functions ¢ Exponentials of the Form f(x) = a-b*+ ¢

Finding Exponential Models 510
Exponential Functions ¢ Exponential Models ¢ Domain and Range for Exponential
Models ¢ Applications

Exponential Growth and Decay Rates and Compounding Interest 523
Exponential Growth and Decay Rates ¢ Compounding Interest ¢ Growth Rates and
Exponential Functions ¢ Applications

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



6.1

6.2

6.3

6.4

6.5

6.6

7.1

7.2

7.3

7.4

P~
-

CONTENTS \'J

Chapter 5 Summary 534
Chapter 5 Review Exercises 539
Chapter5 Test 541

Chapter 5 Projects 543

Logarithmic Functions 547

Functions and Their Inverses 548
Introduction to Inverse Functions ¢ One-to-One Functions e Applications

Logarithmic Functions 561
Definition of Logarithms e Properties of Logarithms ¢ Change of Base Formula ¢ Inverses e
Equivalent Logarithm and Exponential Forms e Solving Logarithmic Equations

Graphing Logarithmic Functions 570

Graphing Logarithmic Functions ¢ Domain and Range of Logarithmic Functions

Properties of Logarithms 578

Properties of Logarithms e Simplifying and Expanding Logarithm Expressions

Solving Exponential Equations 584

Solving Exponential Equations ¢ Compounding Interest  Applications

Solving Logarithmic Equations 596

Solving Logarithmic Equations ¢ Applications

Chapter 6 Summary 605

Chapter 6 Review Exercises 611
Chapter 6 Test 613

Chapter 6 Projects 614
Cumulative Review Chapters 1-6 616

Rational Functions 621

Rational Functions and Variation 622
Rational Functions e Direct and Inverse Variation ¢ Domain of a Rational
Function e Applications e Vertical Asymptotes and Holes in Graphs

Simplifying Rational Expressions 638
Simplifying Rational Expressions e Long Division of Polynomials ¢ Synthetic
Division ¢ Relationship between Division and Factoring

Multiplying and Dividing Rational Expressions 651

Multiplying Rational Expressions e Dividing Rational Expressions

Adding and Subtracting Rational Expressions 657
Least Common Denominator ¢ Adding Rational Expressions ¢ Subtracting Rational
Expressions ¢ Simplifying Complex Fractions

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



viii CONTENTS

7.5

8.1

8.2

8.3

8.4

8.5

8.6

9.1

9.2

Solving Rational Equations 668
Solving Rational Equations ¢ Applications

Chapter7 Summary 679
Chapter 7 Review Exercises 684
Chapter7 Test 687

Chapter7 Projects 688

Radical Functions 691

Radical Functions 692
Relationships between Radicals and Rational Exponents e Radical Functions
That Model Data ¢ Square Roots and Higher Roots ¢ Simplifying Radicals ¢ Applications

Graphing Radical Functions 705

Domain and Range of Radical Functions e Graphing Radical Functions ¢ Odd and Even Indexes

Adding and Subtracting Radicals 715
Adding and Subtracting Radicals

Multiplying and Dividing Radicals 718

Multiplying Radicals ¢ Dividing Radicals and Rationalizing the Denominator e Conjugates

Solving Radical Equations 729

Solving Radical Equations e Solving Radical Equations Involving More Than One Square
Root e Extraneous Solution(s) ¢ Solving Radical Equations Involving Higher-Order
Roots e Applications

Complex Numbers 741
Definition of Imaginary and Complex Numbers ¢ Operations with Complex Numbers ¢ Solving
Equations with Complex Solutions

Chapter 8 Summary 751

Chapter 8 Review Exercises 756
Chapter 8 Test 759

Chapter 8 Projects 760
Cumulative Review Chapters 1-8 763

Conic Sections 769

Parabolas and Circles 770
Introduction to Conic Sections ¢ Revisiting Parabolas ¢ A Geometric
Approach to Parabolas e Circles ¢ Applications

Ellipses and Hyperbolas 791

Ellipses ¢ Hyperbolas ¢ Recognizing the Equations for Conic Sections e Applications

Chapterg Summary 805
Chapter 9 Review Exercises 809
Chapterg Test 8n

Chapter 9 Projects 812



10.2

10.3

CONTENTS ix

Sequences and Series

(Online Only) 815

Arithmetic Sequences 816
Introduction to Sequences ¢ Graphing Sequences ¢ Arithmetic Sequences ¢ Applications

Geometric Sequences 829
Geometric Sequences o Applications

Series 840

Introduction to Series ¢ Arithmetic Series ¢ Geometric Series ¢ Applications
Chapter1o Summary 850

Chapter 10 Review Exercises 853

Chapter1o Test 855
Chapter1o Projects 855

Basic Algebra Review A-1
Number Systems e Rectangular Coordinate System e Operations with Integers ¢ Operations
with Rational Numbers ¢ Order of Operations e Unit Conversions e Basic Solving

Techniques ¢ Simplifying Square Roots e Interval Notation

Matrices B-1
Solving Systems of Three Equations ¢ Matrices ¢ Matrix Row Reduction e Solving Systems with
Matrices ¢ Solving Systems of Three Equations to Model Quadratics

Using the Graphing Calculator C-1

Basic Keys and Calculations ¢ Long Calculations ¢ Converting Decimals to Fractions e Entering

Large Fractions e Absolute Values ¢ Entering Logarithms with Different Bases ¢ Entering

Radicals with Higher Indexes ¢ Complex Number Calculations e Entering an Equation ¢ Using

the Table Feature ¢ Setting the Window ¢ Graphing a Function e Tracing a Graph ¢ Graphing a
Scatterplot ¢ Graphing an Inequality with Shading ¢ Error Messages ¢ Additional Features ¢ Zooming

to an Appropriate Window ¢ Zero, Minimum, Maximum, and Intersect Features ¢ Regression
Answers to Practice Problems D-1

Answers to Selected Exercises E-1

Index I-1

Unit Conversions REF-2

Geometric Formulas REF-3

Equation Solving Toolbox REF-4
Expression Simplifying Toolbox REF-5
Modeling Toolbox REF-6

Factoring Toolbox REF-6



Preface

In teaching the Intermediate Algebra course, we wanted to help our students apply
traditional mathematical skills in real-world contexts. This text is our attempt to address
the challenge of supplying applications that students relate to and lay a strong math
foundation. This text is the result of many years of using this approach in our class-
rooms, refined with the help of many of you who shared your thoughtful feedback with
us throughout our extensive revision process.

Our application-driven approach is designed to engage students while they master
algebraic concepts, critical thinking, and communication skills. Our goal is simple:
to present mathematics as concepts in action rather than as a series of techniques to
memorize and to have students understand and connect with mathematics—what it
means in real-world contexts—while developing a solid foundation in algebra.
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PREFACE xi

New to This Edition

Four Toolboxes are included throughout the new edition: the Equations Solving Tool-
box, the Factoring Toolbox, the Expression Simplifying Toolbox, and the Modeling
Toolbox. These Toolboxes are integrated throughout the text with visual icons so that
students receive just-in-time help connecting them to the solving techniques and tools
used for different types of problems. Each Toolbox emphasizes how these fundamental
tools are used throughout the course. A quick reference of all four Toolboxes as well as
the Geometric Formulas and Unit Conversions appears at the back of the text. The text
highlights the importance of using these from the start of the course.

There is an increased emphasis on students identifying equation and function types
within solving, graphing, and modeling problems. This helps students to review previ-
ous material and connect it to the current topics.

Students are asked to provide reasons for each step they took in selected Solving
exercises. This helps students to think critically about and explain the Solving process,
and it connects with the Toolboxes that have been integrated throughout the text.

Vocabulary short-answer exercises have been added at the start of each exercise set.
These help students learn the vocabulary of algebra and improve their communication
skills.

The Exercise Sets have been updated with new data and current applications to help
students see connections between mathematics and the world in which they live.

Within WebAssign, there is expanded problem coverage with an emphasis on conceptual
problems, full “Watchlt” coverage with closed-captioning, and expanded ‘“MasterIt”
and “Expanded Problem” coverage with emphasis on conceptual problems.

The Annotated Instructor’s Edition has been replaced with a comprehensive Instruc-
tor’s Manual. Practical tips and classroom examples are provided on how to approach
and pace chapters as well as integrate features such as Concept Investigations into the
classroom. For every student example in the student text, there is a different instructor
classroom example with accompanying answers that can be used for additional in-class
practice and/or homework.

Activities that are hand-selected by the authors provide additional opportunities
for Instructors to get their students involved using active learning in the classroom.
WebAssign suggestions integrated throughout the Instructor Manual also tie in the
digital aspects of the course so that no matter how instructors approach their class, they
feel supported.
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For the Student

Ancillaries

For the Instructor

Online Student Solutions Manual
(ISBN: 978-1-337-61561-7)
Author: Scott Barnett

The Student Solutions Manual provides worked-out
solutions to all of the odd-numbered exercises in the text.

Online Complete Solutions Manual
(ISBN: 978-1-337-61560-0)
Author: Scott Barnett

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

Instructor’s Companion Website

Everything you need for your course in one place! Access
and download a comprehensive Instructor’s Manual that
paces the chapters, includes WebAssign suggestions, and
provides additional opportunities for in-class practice,
homework, and activities. In addition, you can find the
online chapter, PowerPoint presentations, and more on the
companion site. This collection of book-specific lecture and
class tools is available online via www.cengage.com/login.

STUDENT
e WEBASSIGN

From Cengage

www.webassign.com

(Printed Access Card ISBN: 978-1-337-61566-2,
Online Access Code ISBN: 978-1-337-61565-5)

Prepare for class with confidence using WebAssign from
Cengage for Intermediate Algebra: Connecting Concepts
through Applications, 2e. This online learning platform,
which includes an interactive ebook, fuels practice, so you
truly absorb what you learn—and are better prepared come
test time. Videos and tutorials walk you through concepts
and deliver instant feedback and grading, so you always
know where you stand in class. Focus your study time and
get extra practice where you need it most. Study smarter
with WebAssign!

Ask your instructor today how you can get access
to WebAssign, or learn about self-study options at
www.webassign.com.

INSTRUCTOR
o ' WEBASSIGN

& From Cengage www.webassign.com/cengage

(Printed Access Card ISBN: 978-1-337-61566-2,
Online Access Code ISBN: 978-1-337-61565-5)

WebAssign from Cengage for Intermediate Algebra: Con-
necting Concepts through Applications, 2e is a fully custom-
izable online solution, including an interactive ebook, for
STEM disciplines that empowers you to help your students
learn, not just do homework. Insightful tools save you time
and highlight exactly where your students are struggling.
Decide when and what type of help students can access
while working on assignments—and incentivize indepen-
dent work so help features aren’t abused. Meanwhile, your
students get an engaging experience, instant feedback and
better outcomes. A total win-win!

To try a sample assignment, learn about LMS integra-
tion or connect with our digital course support visit
www.webassign.com/cengage.
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Linear Functions

m Solving Linear Equations

m Fundamentals of
Graphing and Slope

m Intercepts and Graphing

m Finding Equations of
Lines

m Functions and Function
Notation

m Using Data to Create
Scatterplots

Finding Linear Models

The U.S. Census Bureau found that the average number of square
feet of floor area in new one-family houses in 1980 was 1740 square
feet. In 2015, the average number of square feet of floor area increased
to 2687 square feet. In this chapter, we will discuss how to use linear
models to analyze trends in real-life data. One of the chapter projects
will ask you to investigate the costs associated with installing new
flooring in a home.



2 CHAPTER 1 Linear Functions

BED Solving Linear Equations

LEARNING OBJECTIVES

@ Solve linear equations.

@ Write complete answers to application problems.

@ Determine whether a solution is reasonable.

@ Solve literal equations.

Variables are used to represent quantities that can change or are unknown. In application
problems, it is important to define variables so the reader knows what the variables
represent. In traditional algebra problems, it is common to use the variables x and y. In
application problems, variables often are given a letter that closely matches what the
variable represents. For example, if a problem is discussing the weekly pay of a student
tutor, then the variable P can represent the weekly pay in dollars.

Variables are also identified as input or output variables. The input variable can be
thought of as the information that is being entered into the problem. The output variable
is the information that results, or is produced by, the problem. The input variable is
also called the independent variable. The output variable is also called the dependent
variable. In traditional algebra problems, x is typically the input (or independent)
variable. The variable y is the output (or dependent) variable. In application problems,
we need to think about the effect of the variable to determine whether it is the input
or output variable. For example, suppose a student tutor is paid $10.00 per hour. An
equation that computes the tutor’s weekly pay is

P =10h

where 4 = the number of hours worked per week and P = the weekly pay in dollars.
Here £ is the input variable, as it is the information that must be entered into the problem
in order to compute the weekly pay. P is the output variable, as it is the information that
is produced by the problem (that is, it is the output).

Equations can be used to represent many real-life situations. One of the uses of
algebra is to solve equations for an unknown quantity, or variable. In this section,
you will learn how to solve linear equations for a missing variable and how to write a
complete solution. A complete solution includes a sentence that gives the units (how
a quantity is measured, such as in dollars) and the meaning of the solution in that
situation. Providing these details demonstrates a clear understanding of the solution.

'EToJIIN Bl Solving applications and providing complete solutions

U-Haul charges $19.95 for the day and $0.79 per mile driven to rent a 10-foot truck.
The total cost to rent a 10-foot truck for the day can be represented by the equation

U=19.95 + 0.79m

where U is the total cost in dollars to rent a 10-foot truck from U-Haul for the day and
m is the number of miles the truck is driven.

a. State the given variables and their definitions.

b. Determine how much it will cost to rent a 10-foot truck from U-Haul and drive it
75 miles.

¢. Determine the number of miles you can travel for a total cost of $175.00.



SECTION 1.1

SOLUTION

a.

b.

m = the number of miles driven
U = the total cost in dollars to rent a 10-foot truck from U-Haul for the day

Because the number of miles driven was given, replace the variable m in the
equation with the number 75 and solve for the missing variable U as follows:

U=19.95 + 0.79m
U =19.95 + 0.79(75)
U=1995 + 59.25

U =179.20

This answer indicates that renting a 10-foot truck from U-Haul for the day and
driving it 75 miles will cost $79.20.

. Because the total cost of $175.00 is given in the statement, substitute 175.00 for the

variable U and solve for the missing variable m.

U=19.95 + 0.79m
175.00 = 19.95 + 0.79m

—19.95 —19.95 Subtract 19.95 from both sides.
155.05 = 0.79m
155.05 0.79m
= Divide both sides by 0.79.
0.79 0.79
196.266 = m

Since U-Haul would charge for a full mile for the 0.266, round down to 196 miles to stay
within the budget of $175. Check this answer by substituting m = 196 to be sure U will
equal $175.

U =19.95 + 0.79(196)
U=19.95 + 154.84
U= 17479

This answer indicates that for a cost of $175.00, you can rent a 10-foot truck from U-Haul
for a day and drive it 196 miles.

PRACTICE PROBLEM FOR EXAMPLE 1

While you are on spring break in Fort Lauderdale, Florida, the cost, C, in dollars of
your taxi ride from the airport to your hotel can be represented by the equation

C =210 + 2.40m

when the ride is m miles long.

a.
b.

C.

Define the variables.
What will an 8-mile taxi ride cost?

How many miles can you ride if you budget $35 for the taxi?

(Note: The answers to the Practice Problems are in Appendix D.)

Many problems in this book will investigate applications that involve money and

business. Defining some business terms will help in understanding the problems
and explaining the solutions. Three main concepts in business are revenue, cost,
and profit.

Revenue is the total amount of money that is brought into a business through

sales. For example, if a pizza place sells 10 pizzas for $12 each, the revenue would

Solving Linear Equations

B Connecting the Concepts

What is the difference between
the equal (=) symbol and the
approximation (=) symbol?

In mathematics, we use these
symbols and others to show

a relationship between two
quantities or between two
expressions.

The equal sign (=) is
used when two quantities or
expressions are equal and exactly
the same.

The approximation symbol
(=) is used to show that two
quantities or expressions are
approximately the same. The
approximation symbol will be
used whenever a quantity is
rounded.

B Connecting the Concepts

How are we going to round?

In general, we will round values
to at least one more decimal place
than the given numbers in the
problem.

In some applications, rounding
will be determined by what makes
sense in the situation.

When a specific rounding rule
is given in a problem, we will
follow that rule.

© Courtesy of Debbie Hickman
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@ What’s That Mean?

Mathematical Verbs

Simplify: Use arithmetic and
basic algebra rules to make an
expression simpler. We simplify
expressions.

Evaluate: Substitute any given
values for variables and simplify
the resulting expression or
equation.

Solve: Isolate the given variable
in an equation on one side of the
equal sign using the properties of
equality. This will result in a value
that the isolated variable is equal
to. We solve equations.

Linear Functions

be 10 pizzas - $12 per pizza = $120. Revenue is often calculated as price times the
quantity sold. The revenue for a business cannot be a negative number.

Cost is defined as the amount of money paid out for expenses. Expenses often are
categorized in two ways: fixed costs and variable costs. The same pizza place might
have fixed costs such as rent, utilities, and salaries. It would have variable costs of
supplies and food ingredients depending on the number of pizzas made. The cost for
the business would be the fixed costs and the variable costs added together.

The profit for a business is the revenue minus the cost. If this pizza place had a cost
of $100 when making the 10 pizzas, they would have a profit of $120 — $100 = $20.
Although a business cannot have a negative revenue, profit can be negative. When
profit is negative, it is sometimes called a loss.

The break-even point of a business is the point at which the revenue from a product
is the same as the cost. The break-even point also occurs when the profit is zero. For
a company that is considering a new product and wants to know how many should
be produced or sold to start making a profit, the point at which profit changes from
negative to positive is important to know.

DEFINITIONS

Revenue The amount of money brought into a business through sales.
Revenue is often calculated as

revenue = price * quantity sold

Cost The amount of money spent by a business to create and/or sell a product.
Cost usually includes both fixed costs and variable costs. Fixed costs are the
same each month or year, and variable costs change depending on the number of
items produced and/or sold.

cost = fixed cost + variable cost
or
cost = fixed cost + cost per item * quantity sold
Profit The amount of money left after all costs.
profit = revenue — cost

Break-even point A company breaks even when their revenue equals their
cost or when their profit is zero.

revenue = cost

profit = 0

ET]s][JV Al Revenue, cost, and profit

I |

A small bicycle company produces high-tech bikes for international race teams. The
company has fixed costs of $54,500 per month for rent, salaries, and utilities. For
every bike they produce, it costs them $5750 in materials and other expenses related
to that bike. The company can sell each bike for an average price of $13,995, but it can
produce a maximum of only 20 bikes per month.

a. Write an equation for the monthly cost of producing b bikes.
b. How much does it cost the bicycle company to produce 20 bikes in a month?
c. Write an equation for the monthly revenue from selling b bikes.

d. How much revenue will the bicycle company make if they sell 10 bikes in a month?



. Write an equation for the monthly profit

. What is the profit of producing and

. How many bikes does the company have

SECTION 1.1

the company makes if they produce and
sell b bikes. (You can assume that they
will sell all the bikes they make.)

selling 15 bikes in a month?

to produce and sell in a month to make
$45,000 profit?

© Reinhold Foeger, 2009. Shutterstock.com

. How many bikes does the company have

to produce and sell in a month to make
$150,000 profit?

SOLUTION

a.

Define the variables for the problem.

b = The number of bikes produced each month. (Remember that a maximum of
20 bikes can be produced each month.)

C = The monthly cost, in dollars, to produce b bikes.

Each bike cost $5750 for materials and other expenses, so multiply b by 5750, and
then add on the fixed costs, to get the total monthly cost. This gives the following
equation.

C = 5750b + 54500

. The number of bikes produced is given. Substitute 20 for b and simplify the right

side to find C.

C = 5750b + 54500
C = 5750(20) + 54500
C = 169500

A monthly production of 20 bikes will result in a total monthly cost of $169,500.

. Define the variables for the problem. Recall that b was already defined in part a.

b = The number of bikes produced each month.

R = The monthly revenue, in dollars, from selling b bikes.

The bicycle company can sell each bike for an average price of $13,995, so the
revenue can be calculated by using the equation

R =13995b

. The number of bikes is given, so substitute 10 for b.

R = 13995h
R = 13995(10)
R = 139950

The total monthly revenue from selling 10 bikes is $139,950.

. Profit is calculated by taking the revenue and subtracting any business costs.

b = The number of bikes produced each month.
P = The monthly profit, in dollars, from producing and selling b bikes.

Use the equations for revenue and cost written earlier.

P=R-C

Solving Linear Equations

P = (13995b) — (5750b + 54500) Substitute for Rand C



6 CHAPTER 1

@ Skill Connection

Using the Distributive Property
in Subtraction

When subtracting an expression
in parentheses, remember that
subtraction can be represented as
adding the opposite.

a—b=a+ (—1b

Since subtraction is defined as
adding the opposite, we see that
we use the distributive property
first to distribute the factor of

—1. This will ensure that we
subtract all the terms of the second
expression.

25x — (5x + 30)

=25x + (—1)(5x + 30)

=25x — 5x — 30

=20x — 30
Often, we do this without writing
the —1. We will say to distribute
the negative sign, implying the
—1 that is not seen in the original
expression or equation.

Linear Functions

Simplify by distributing the sign and combining like terms.

P = (13995b) — (57506 + 54500)
P =13995b — 5750b — 54500
P = 8245b — 54500

Distribute the negative sign.

Combine like terms.
f. The number of bikes is given, so substitute 15 for b.

P = 8245(15) — 54500
P = 69175

The monthly profit from producing and selling 15 bikes is $69,175.
g. The amount of profit desired is given. Substitute 45,000 for P and solve for b.

P = 8245b — 54500
45000 = 8245b — 54500

+54500 +54500 Add 54,500 to both sides.
99500 = 8245b
99500  8245b
—_— = Divide both sides by £245.
8245 8245
12.068 = b

As there cannot be 12.068 bikes, let’s compare profits for 12 bikes and 13 bikes.

P = 8245(12) — 54500 P = 8245(13) — 54500
P = 44440 P = 52685

To make at least $45,000 profit for the month, the company will need to produce at
least 13 bikes.

Since producing 12 bikes does not quite make $45,000 profit, round up to the next
whole number quantity of bikes.

h. The amount of profit desired is given. Substitute 150,000 for P and solve for b.

P = 8245b — 54500
150000 = 8245b — 54500

+ 54500 + 54500 Add 54500 to both sides.
204500 = 8245b
204500 — w Divide both sides by £245.
8245 8245
24803 = b

Check this answer by substituting in 24.803 for b and confirming that it gives a
profit of $150,000.
P = 8245(24.803) — 54500
P =204500.735 — 54500
P = 150000.735

The answer was rounded, so the check
is not exact, but it is close enough.

Again, there is a decimal answer, so round to the whole number of bikes that

will produce the desired profit. That would give 25 bikes produced in a month.
However, this level of production is not possible, since the problem stated that the
company could produce a maximum of 20 bikes per month.

Therefore, the correct answer is that the company cannot make $150,000 profit in a
month with its current production capacity.
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PRACTICE PROBLEM FOR EXAMPLE 2

A local chiropractor has a small office where she cares for patients. She has $8000 in
fixed costs each month that cover her rent, basic salaries, equipment, and utilities. For
each patient she sees, she has an average additional cost of about $15. The chiropractor
charges her patients or their insurance company $80 for a visit.

a. Write an equation for the total monthly cost when v patient visits are done in a month.
b. What is the total monthly cost if the chiropractor has 100 patients visit during a month?

c. Write an equation for the monthly revenue when v patients visit a month.

(=3

. Write an equation for the monthly profit the chiropractor makes if she has v patient
visits in a month.

e. What is the monthly profit when 150 patients visit in a month?

f. How many patient visits does this chiropractor need to have in a month for her
profit to be $5000.00?

Example 2 shows that you should check each answer to determine whether or not
it is a reasonable answer. Sometimes this requires some common sense; other times, a
restriction that is stated in the problem should be considered.

In both of the previous examples, it is important to pay attention to the definition of each
variable. The definitions of the variables helps to determine which variable value was given
and which variable is to be solved for. Often, you will have to define the variables. Use
meaningful variable names to make it easy to remember what they represent. For example,

t = time in years

h = hours after 12 noon

p = population of San Diego (in thousands)
P = profit of IBM (in millions of dollars)

S = Salary (in dollars per hour)

Units, or how a quantity is measured, are very important in communicating what
a variable represents. The meaning of P = 100 is very different if profit for IBM is
measured in dollars and not millions of dollars. The meaning of S = 6.5 is different
if S represents your salary for your first job out of college; it would be great if S were
measured in millions of dollars per year and not dollars per hour. Units can make a large
difference in the meaning of a quantity. When defining variables, always include units.

When solving an equation that represents something in an application, always
check that the answer found is reasonable for the situation. Use the following Concept
Investigation to practice determining which answers might be reasonable and which
would not make sense in the situation given.

CONCEPT INVESTIGATION

Is that a reasonable solution?

In each part, choose the value that seems the most reasonable for the given situation.
Explain why the other given value(s) do not make sense in that situation.

1. If P is the population of the United States in millions of people, which of the
following is a reasonable value for P?
a. P=—120
b. P =300
c. P =5,248,000,000

Solving Linear Equations
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Linear Equations Ea

Distributive Property

contains grouping symbols.
2(x +4)=3x—5
2x +8=3x-5

Use to simplify when an equation

Addition and Subtraction
Property of Equality

3x+7=20
-7 -7
3x =13

Use to isolate a variable term.

Multiplication and Division
Property of Equality
Use to isolate a variable.

5x =170
5x 70
55
x=14

2. If H is the height of an airplane’s flight path in feet, which of the following is a
reasonable value for H?

a. H= —2000
b. H = 3,500,000
c. H=125,000

3. If P is the annual profit in dollars of a new flower shop the first year it opens,
which of the following is a reasonable value for P?

a. P = —40,000
b. P = 50,000
c¢. P = 3,000,000

.
Steps to Solving Linear Equations

1. Simplify each side of the equation independently by performing any
arithmetic and combining any like terms.

2. Move the variable terms to one side of the equation by using the addition or
subtraction property of equality. Combine like terms.

3. Isolate the variable term by using the addition or subtraction property of
equality.

4. Isolate the variable by using the multiplication or division property of
equality.

5. Check the answer in the original problem.

From these steps, you can see that we use several properties to help us solve
equations. We will refer to these properties as equation solving tools. These tools,
along with many others we will work with throughout the book, make up the Equation
Solving Toolboxes found at the back of the book. In Example 3, watch for how these
tools are used throughout the solving process.

When solving equations that involve fractions, you can either work with the
fractions throughout the solving process or eliminate the fractions during the first step.
To clear the fractions during the first step, multiply both sides of the equation by the
least common denominator and simplify. Then finish solving the equation as you would
any other linear equation.

SEIIIE NN Solving equations

Solve each equation. Check the answer.

2 5
a. 3x 6

1 1
b. - x+5=—-x—-6
4 2
c. 4t —2B4t+T7)=5t—-173

3
SOLUTION

a. To eliminate the fractions, multiply both sides of the equation by the least common
denominator 6 and then continue solving.




SECTION 1.1 Solving Linear Equations

Step 1 Simplify each side of the equation independently by performing any arithmetic
and combining like terms.

%x + %: 7 Simplify by clearing the fractions.
6(§x " 2) =6)  ommdenonnera
?@x) n ?(2) — 6(7)
?(ix) + ?(z) =6(7) Reduce to eliminate the fractions.
A+ 5=42

Step 2 Move the variable terms to one side of the equation by using the addition or
subtraction property of equality. Combine like terms.

This step is already complete since there are no variable terms on the right side
of the equation.

Step 3 Isolate the variable term by using the addition or subtraction property of equality.

dx +5=42 Subtract 5 from both sides to
-5 —5 isolate the variable term.
4x = 37
Step 4 Isolate the variable by using the multiplication and division property of equality.
4x 37 Divide both sides by 4 to isolate
Z - Z the variable.
37
xX=—
4
Step 5 Check the answer in the original problem. @ Skill Connection
2(37 5 37
( ) + =27 Substitute — into x. Answer Format
3\ 4 6 4 In standard algebra problems,
R /37 5, the convention is to answer
3 g + g 7 with improper fractions if the
original problem is given with
ﬂ + 2 27 improper fractions unless told
6 6 otherwise. Likewise, if the original
4 problem is given with decimals,
— 27 answer with decimals unless told
6 otherwise.
7=17 The answer checks.

) 37 . . .
Therefore, the answer is x = T = 90.25. This answer can be written as an improper

fraction or a decimal as shown.

1
b. For this equation, distribute the 1 first and then eliminate the fractions by

multiplying both sides of the equation by the least common denominator 4.

1 1
Step 1 Z(x+5)=5x—6
1
Zx + 2(5) = Ex -6 Distribute the%to simplify the

left side.





