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( Library of Parent Functions Summary )

Linear Function (p. 6)

f) = x

0,0

Domain: (—oo, o)
Range: (— oo, oo)
Intercept: (0, 0)
Increasing

Greatest Integer Function (p. 34)

f@x) = [x]
y

—t—x

T T T D
1

-3 -2 -1 2 3
—0
—o0 -+
—o0 -3+

Domain: (—o0, c0)
Range: the set of integers
x-intercepts: in the interval [0, 1)
y-intercept: (0, 0)
Constant between each pair of
consecutive integers
Jumps vertically one unit at
each integer value

Absolute Value Function (p. 19)

70 =1l = {*

x=0
x <0

Domain: (—oo, o)
Range: [0, co)
Intercept: (0, 0)
Decreasing on (— oo, 0)
Increasing on (0, co)
Even function

y-axis symmetry

Quadratic Function (p. 92)

flx) = x

y

4__

3__

27k
U

-1+(0,0)

-2+

Domain: (—o0, c0)

Range: [0, oo)

Intercept: (0, 0)

Decreasing on (— o0, 0)

Increasing on (0, co)

Even function

Axis of symmetry: x = 0

Relative minimum or vertex: (0, 0)

Square Root Function (p. 20)

) = Vx

Domain: [0, oo)
Range: [0, oo)
Intercept: (0, 0)
Increasing on (0, co)

Cubic Function (p. 101)
fl) =%

Domain: (—oo, c0)
Range: (— oo, co)
Intercept: (0, 0)
Increasing on (— oo, c0)
Odd function

Origin symmetry




Rational Function (p. 152)

W=+

Domain: (—oo, 0) U (0, o0)
Range: (—oo, 0) U (0, co)

No intercepts

Decreasing on (— oo, 0) and (0, co)
Odd function

Origin symmetry

Vertical asymptote: y-axis
Horizontal asymptote: x-axis

Sine Function (p. 293)
f(x) = sinx

Domain: (—oo, c0)
Range: [—1, 1]
Period: 27
x-intercepts: (nm, 0)
y-intercept: (0, 0)
Odd function

Origin symmetry

Exponential Function (p. 182)

fx) =a*a>1

Domain: (— oo, c0)
Range: (0, o)
Intercept: (0, 1)
Increasing on (— oo, oo)

for f(x) = a*
Decreasing on (— o0, c0)
for f(x) = a*

x-axis is a horizontal asymptote
Continuous

Cosine Function (p. 293)

f(x) = cos x

Domain: (—oo, c0)
Range: [—1, 1]
Period: 27

. i3
Xx-intercepts: (E + nm, O>

y-intercept: (0, 1)
Even function
y-axis symmetry

Logarithmic Function (p. 195)

fx) = log,x,a > 1

Domain: (0, co)

Range: (— oo, o0)

Intercept: (1, 0)

Increasing on (0, co)

y-axis is a vertical asymptote

Continuous

Reflection of graph of f(x) = a*
in the line y = x

Tangent Function (p. 304)

f(x) = tan x
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Domain: x # 5 + nmw

Range: (— oo, co)
Period: 7
x-intercepts: (nm, 0)
y-intercept: (0, 0)

. s
Vertical asymptotes: x = 5 + nn

Odd function
Origin symmetry




Cosecant Function (p. 307)

f(x) = cscx

N[x

Domain: x # nn

Range: (—oo, —1]U[1, o0)
Period: 27

No intercepts

Vertical asymptotes: x = nn
Odd function

Origin symmetry

Inverse Sine Function (p. 319)

f(x) = arcsin x

Domain: [—1, 1]

T
Range: [—2, 2]
Intercept: (0, 0)
Odd function
Origin symmetry

Secant Function (p. 307)

f(x) = secx
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Domain: x # 5 + nm

Range: (—oo, —1]U[1, o0)
Period: 2m
y-intercept: (0, 1)
Vertical asymptotes:
o

X = 5 + nm
Even function
y-axis symmetry

Inverse Cosine Function (p. 319)

f(x) = arccos x

Domain: [—1, 1]
Range: [0, ]

. s
y-intercept: (O, 5)

Cotangent Function (p. 306)

f(x) = cot x

. 1
y | f(x) =cotx = o x

Domain: x # nn
Range: (— oo, c0)
Period: =

. s
Xx-intercepts: (5 + nmn, 0)

Vertical asymptotes: x = nm
Odd function
Origin symmetry

Inverse Tangent Function (p. 319)

f(x) = arctan x

Domain: (—oo, c0)

o
Range: ( 2,2>

Intercept: (0, 0)
Horizontal asymptotes: y = +

Odd function
Origin symmetry

SRR




Precalculus
Real Mathematics, Real People
Seventh Edition

Ron Larson

The Pennsylvania State University
The Behrend College

With the assistance of David C. Falvo

The Pennsylvania State University
The Behrend College

~ » CENGAGE
'~ Learning

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



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.



»~ » CENGAGE
%~ Learning

Precalculus: Real Mathematics, Real People
Seventh Edition

Ron Larson

Senior Product Director: Richard Stratton

Product Manager: Gary Whalen

Senior Content Developer: Stacy Green

Associate Content Developer: Samantha Lugtu

Product Assistant: Katharine Werring

Media Developer: Lynh Pham

Senior Marketing Manager: Mark Linton

Content Project Manager: Jill Quinn

Manufacturing Planner: Doug Bertke

IP Analyst: Christina Ciaramella

IP Project Manager: John Sarantakis

Compositor: Larson Texts, Inc.

Text and Cover Designer: Larson Texts, Inc.

Cover Images: kentoh/Shutterstock.com;
ecco/Shutterstock.com; Georgios Kollidas/Shutterstock.com;
PureSolution/Shutterstock.com; mtkang/Shutterstock.com

Printed in the United States of America

Print Number: 01 Print Year: 2014

© 2016, 2012, 2008 Cengage Learning
WCN: 02-200-203

ALL RIGHTS RESERVED. No part of this work covered by the copyright
herein may be reproduced, transmitted, stored, or used in any form or by
any means graphic, electronic, or mechanical, including but not limited
to photocopying, recording, scanning, digitizing, taping, web distribution,
information networks, or information storage and retrieval systems,
except as permitted under Section 107 or 108 of the 1976 United States
Copyright Act, without the prior written permission of the publisher.

For product information and technology assistance, contact us at
Cengage Learning 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: 2014947834

Student Edition:
ISBN-13: 978-1-305-07170-4

Cengage Learning

20 Channel Center Street
Boston, MA 02210

USA

Cengage Learning is a leading provider of customized learning
solutions with office locations around the globe, including Singapore,
the United Kingdom, Australia, Mexico, Brazil, and Japan. Locate your
local office at www.cengage.com/global.

Cengage Learning products are represented in Canada by
Nelson Education, Ltd.

To learn more about Cengage Learning Solutions, visit www.cengage.com.

To find online supplements and other instructional support, please visit
www.cengagebrain.com.

Instructors: Please visit login.cengage.com and log in to access
instructor-specific resources.



1 > Functions and Their Graphs 1

Introduction to Library of Parent Functions 2
1.1 Lines in the Plane 3
1.2 Functions 16
1.3 Graphs of Functions 29
1.4  Shifting, Reflecting, and Stretching Graphs 41
1.5 Combinations of Functions 50
1.6 Inverse Functions 60
1.7 Linear Models and Scatter Plots 71
Chapter Summary 80
Review Exercises 82
Chapter Test 86
Proofs in Mathematics 87

2 [> Polynomial and Rational Functions 89

2.1 Quadratic Functions 90
2.2 Polynomial Functions of Higher Degree 100
2.3 Real Zeros of Polynomial Functions 113
24  Complex Numbers 128
2.5  The Fundamental Theorem of Algebra 135
2.6  Rational Functions and Asymptotes 142
2.7  Graphs of Rational Functions 151
2.8  Quadratic Models 161

Chapter Summary 168

Review Exercises 170

Chapter Test 175

Proofs in Mathematics 176

Progressive Summary (Chapters 1-2) 178

3 [> Exponential and Logarithmic Functions 179

3.1 Exponential Functions and Their Graphs 180
3.2 Logarithmic Functions and Their Graphs 192
3.3  Properties of Logarithms 203
3.4  Solving Exponential and Logarithmic Equations 210
3.5  Exponential and Logarithmic Models 221
3.6  Nonlinear Models 233

Chapter Summary 242

Review Exercises 244

Chapter Test 248

Cumulative Test: Chapters 1-3 249

Proofs in Mathematics 251

Progressive Summary (Chapters 1-3) 252



iv Contents

4 [> Trigonometric Functions 253
4.1 Radian and Degree Measure 254
4.2  Trigonometric Functions: The Unit Circle 265
4.3  Right Triangle Trigonometry 273
4.4  Trigonometric Functions of Any Angle 284
4.5  Graphs of Sine and Cosine Functions 292
4.6  Graphs of Other Trigonometric Functions 304
4.7 Inverse Trigonometric Functions 315
4.8  Applications and Models 326
Chapter Summary 338
Review Exercises 340
Chapter Test 345
Library of Parent Functions Review 346
Proofs in Mathematics 348
5 [> Analytic Trigonometry 349
5.1 Using Fundamental Identities 350
5.2 Verifying Trigonometric Identities 357
53 Solving Trigonometric Equations 365
5.4  Sum and Difference Formulas 377
5.5  Multiple-Angle and Product-to-Sum Formulas 384
Chapter Summary 394
Review Exercises 396
Chapter Test 399
Proofs in Mathematics 400
6 [> Additional Topics in Trigonometry 403
6.1 Law of Sines 404
6.2  Law of Cosines 413
6.3  Vectorsin the Plane 420
6.4  Vectors and Dot Products 434
6.5  Trigonometric Form of a Complex Number 443

Chapter Summary 456

Review Exercises 458

Chapter Test 461

Cumulative Test: Chapters 4-6 462
Proofs in Mathematics 464

Progressive Summary (Chapters 1-6) 468



Contents

7 > Linear Systems and Matrices

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8

Solving Systems of Equations 470

Systems of Linear Equations in Two Variables 480
Multivariable Linear Systems 489

Matrices and Systems of Equations 504
Operations with Matrices 518

The Inverse of a Square Matrix 532

The Determinant of a Square Matrix 541
Applications of Matrices and Determinants 548
Chapter Summary 558

Review Exercises 560

Chapter Test 566

Proofs in Mathematics 567

8 > Sequences, Series, and Probability

8.1
8.2
8.3
8.4
8.5
8.6

Sequences and Series 570

Arithmetic Sequences and Partial Sums 581
Geometric Sequences and Series 589

The Binomial Theorem 599

Counting Principles 607

Probability 616

Chapter Summary 626

Review Exercises 628

Chapter Test 631

Proofs in Mathematics 632

9 > Topics in Analytic Geometry

9.1
9.2
9.3
9.4
9.5
9.6
9.7

Circles and Parabolas 636

Ellipses 647

Hyperbolas and Rotation of Conics 656
Parametric Equations 669

Polar Coordinates 677

Graphs of Polar Equations 683

Polar Equations of Conics 691

Chapter Summary 698

Review Exercises 700

Chapter Test 704

Cumulative Test: Chapters 7-9 705
Proofs in Mathematics 707
Progressive Summary (Chapters 3-9) 710

469

569

635



Vi Contents

10 > Analytic Geometry in Three Dimensions 711
10.1 The Three-Dimensional Coordinate System 712
10.2 Vectorsin Space 719
10.3 The Cross Product of Two Vectors 726
10.4 Lines and Planes in Space 733
Chapter Summary 742
Review Exercises 744
Chapter Test 746
Proofs in Mathematics 747
Appendices
Appendix A Technology Support Guide A1
Appendix B Review of Graphs, Equations, and Inequalities (web)

B.1 The Cartesian Plane

B.2 Graphs of Equations

B.3 Solving Equations Algebraically and Graphically
B.4 Solving Inequalities Algebraically and Graphically
B.5 Representing Data Graphically

Appendix C Concepts in Statistics (web)

C.1  Measures of Central Tendency and Dispersion
C.2 Least Squares Regression

Appendix D Variation (web)
Appendix E Solving Linear Equations and Inequalities (web)
Appendix F Systems of Inequalities (web)

F.1 Solving Systems of Inequalities
F.2 Linear Programming

Appendix G Mathematical Induction (web)

Answers to Odd-Numbered Exercises and Tests A25
Index of Selected Applications A127
Index A129



Welcome to Precalculus: Real Mathematics, Real People, Seventh Edition. I am proud to present to you this
new edition. As with all editions, I have been able to incorporate many useful comments from you, our user. And
while much has changed in this revision, you will still find what you expect—a pedagogically sound, mathematically
precise, and comprehensive textbook. While we need the mathematics of precalculus to master calculus, precalculus is
not simply preliminary material for calculus. It stands alone as “real mathematics” in itself. In this book you will
see how precalculus is used by real people to solve real-life problems and make real-life decisions.

In addition to providing real and relevant mathematics, I am pleased and excited to offer you something brand
new—a companion website at LarsonPrecalculus.com. My goal is to provide students with the tools they need

to master precalculus.

New To This Edition

NEW LarsonPrecalculus.com

This companion website offers multiple tools and resources
to supplement your learning. Access to these features is free.
View and listen to worked-out solutions of Checkpoint
problems in English or Spanish, explore examples, download
data sets, watch lesson videos, and much more.

NEW Checkpoints

Accompanying every example, the Checkpoint problems
encourage immediate practice and check your understanding
of the concepts presented in the example. View and listen to
worked-out solutions of the Checkpoint problems in English
or Spanish at LarsonPrecalculus.com.

% HOW DO YOU SEEIT? Decide whether the two

functions shown in each graph appear to be inverse
functions of each other. Explain your reasoning.

(b) Y

LARSON T

Precalculus RMRP Te Easy Access Study Guide
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Erecakubus Real hiath Real Pecole Ta by Ron
Larson

' Worked-Out Solufions

Easy Access Study Guide

This 100% free easy access study guide requires.
NG Usemame of passwON 10 access the
Tesources

it Interactive Activities

. Using the Site
His Printable Graphs iy . P
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ek el S 7 on Larson S
.i, Data Downloads
{&° Chapter Projects
+/ Pre-and Post- Tesis
Credts  Prvocy  Terms of Use
Copyright © Larson Teats inc. ANl Rights Reserved

NEW How Do You See It?

The How Do You See It? feature in each section presents
an exercise that you will solve by visual inspection

using the concepts learned in the lesson. This exercise is
excellent for classroom discussion or test preparation.

NEW Data Spreadsheets

Download these editable spreadsheets from
LarsonPrecalculus.com and use the data to solve exercises.

REVISED Exercise Sets

The exercise sets have been carefully and extensively
examined to ensure they are rigorous and relevant and to
include all topics our users have suggested. The exercises
have been reorganized and titled so you can better

see the connections between examples and exercises.
Multi-step exercises reinforce problem-solving skills and
mastery of concepts by giving you the opportunity to apply
the concepts in real-life situations.

Vi
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REVISED Remarks

These hints and tips reinforce or expand upon concepts, help you learn how to study mathematics,
address special cases, or show alternative or additional steps to a solution of an example.

Trusted Features

Calc Chat

For the past several years, an independent website—CalcChat.com—has provided free solutions to all
odd-numbered problems in the text. Thousands of students have visited the site for practice and help
with their homework.

Side-By-Side Examples

E.ﬁ!f..&!g‘fmt i Throughout the text, we present solutions to examples
Ay from multiple perspectives—algebraically, graphically, and
LI Ao a okl Mpatr Applied Series . : . . :
25 numerically. The side-by-side format of this pedagogical
Q e © N = @ @ feature helps you to see that a problem can be solved in more
' : m than one way and to see that different methods yield the same
Dot atmtbonk | Detect atmtenk St result. The side-by-side format also addresses different
learning styles.

Oowniload the Calc Chat App

Why You Should Learn It Exercise

An engaging real-life application of the concepts in the
section. This application exercise is typically described in
the section opener as a motivator for the section.

Library of Parent Functions

To facilitate familiarity with the basic functions, several elementary and nonelementary functions have
been compiled as a Library of Parent Functions. Each function is introduced at its first appearance in the
text with a definition and description of basic characteristics. The Library of Parent Functions Examples
are identified in the title of the example and there is a Review of Library of Parent Functions after
Chapter 4. A summary of functions is presented on the inside cover of this text.

Make a Decision Exercises

The Make a Decision exercises at the end of selected sections
involve in-depth applied exercises in which you will work with Explore the Conce pt
large, real-life data sets, often creating or analyzing models.

These exercises are offered online at LarsonPrecalculus.com. Complete the following:

=1 17 =
- -1 i
—1i

1 i

Chapter Openers

Each Chapter Opener highlights a real-life modeling problem,
showing a graph of the data, a section reference, and a short
description of the data.

_N.
[=TN=]
(Il

1
2
3

4
5
6

~ o~ L N L~

= i

What pattern do you see?

Explore the Concept Write a brief description of
Each Explore the Concept engages you in active discovery of how you would find i raised to
mathematical concepts, strengthens critical thinking skills, and any positive integer power.

helps build intuition.



Technology Tip
Although a graphing utility can
be useful in helping to verify an
identity, you must use algebraic
techniques to produce a valid
proof. For example, graph the
two functions y, = sin 50x and
¥, = sin 2x in a trigonometric
viewing window. On some
graphing utilities the graphs
appear to be identical.
However, sin 50x # sin 2x.

l:

<

avf\ Vf\

What you should learn/Why you should learn it

These summarize important topics in the section and why they are important

in math and in life.

Chapter Summaries

The Chapter Summary includes explanations and examples of the objectives

taught in the chapter.

i

Error Analysis Exercises

This exercise presents a sample solution that contains a common error which

you are asked to identify.

REnHANCEDd
WebAssign

Enhanced WebAssign combines exceptional Precalculus content with the
most powerful online homework solution, WebAssign. Enhanced WebAssign
engages you with immediate feedback, rich tutorial content and interactive,
fully customizable eBooks (YouBook) helping you to develop a deeper
conceptual understanding of the subject matter.

stockyimages/Shutterstock.com

Diego Barbieri/Shutterstock.com
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What's Wrong?

Each What’s Wrong? points out common errors made using graphing utilities.

Technology Tip

Technology Tips provide graphing calculator tips or provide alternative methods
of solving a problem using a graphing utility.

Algebra of Calculus

Throughout the text, special emphasis is given to the algebraic techniques used in
calculus. Algebra of Calculus examples and exercises are integrated throughout the
text and are identified by the symbol f .

Algebraic-Graphical-Numerical Exercises

These exercises allow you to solve a problem using multiple approaches—
algebraic, graphical, and numerical. This helps you to see that a problem can be
solved in more than one way and to see that different methods yield the same result.

Modeling Data Exercises

These multi-part applications that involve real-life data offer you the opportunity to
generate and analyze mathematical models.

Vocabulary and
Concept Check

The Vocabulary and Concept Check
appears at the beginning of the
exercise set for each section. Each of
these checks asks fill-in-the-blank,
matching, and non-computational
questions designed to help you learn
mathematical terminology and to test
basic understanding of that section’s
concepts.

What you should learn

> Describe angles.

» Use radian measure.

P Use degree measure and convert
between degrees and radians.

»  Use angles to model and solve
real-life problems.

Why you should learn it

Radian measures of angles are
involved in numerous aspects of our
daily lives. For instance, in Exercise
110 on page 263, you are asked to
determine the measure of the angle
generated as a skater performs an
axel jump.




Instructor Resources

Complete Solutions Manual
* [SBN-13: 9781305117648

This manual contains solutions to all exercises from the text, including Chapter Review
Exercises and Chapter Tests. This manual is found on the Instructors Companion Site.

Test Bank
¢ ISBN-13: 9781305117525

This supplement includes test forms for every chapter of the text, and is found on the
instructor companion site.

Text-Specific DVDs
* [SBN-13: 9781305117143

These text-specific DVDs cover all sections of the text—providing explanations of key
concepts as well as examples, exercises, and applications in a lecture-based format.

Enhanced WebAssign

Printed Access Card: 9781285858333
Instant Access Code: 9781285858319

Enhanced WebAssign combines exceptional mathematics content with the most powerful
online homework solution, WebAssign. Enhanced WebAssign engages your students with
immediate feedback, rich tutorial content, and an interactive, fully customizable eBook,
Cengage YouBook helping students to develop a deeper conceptual understanding of the
subject matter.

Instructor Companion Site

Everything you need for your course in one place! This collection of book-specific
lecture and class tools is available online via www.cengage.com/login. Access and
download PowerPoint presentations, images, instructor’s manual, and more.

Cengage Learning Testing Powered by Cognero
* [SBN-13: 9781305257115
CLT is a flexible online system that allows you to author, edit, and manage test bank

content; create multiple test versions in an instant; and deliver tests from your LMS, your
classroom, or wherever you want. This is available online via www.cengage.com/login.



Student Resources

Student Solutions Manual
¢ ISBN-13: 9781305117112

Contains fully worked-out solutions to all of the odd-numbered exercises in the text,
giving you a way to check your answers and ensure that you took the correct steps to
arrive at an answer.

Enhanced WebAssign

Printed Access Card: 9781285858333
Instant Access Code: 9781285858319

Enhanced WebAssign combines exceptional mathematics content with the most
powerful online homework solution, WebAssign. Enhanced WebAssign engages you
with immediate feedback, rich tutorial content, and an interactive, fully customizable
eBook, Cengage YouBook helping you to develop a deeper conceptual understanding
of the subject matter.

CengageBrain.com

To access additional course materials, please visit www.cengagebrain.com. At the
CengageBrain.com home page, search for the ISBN of your title (from the back cover
of your book) using the search box at the top of the page. This will take you to the
product page where these resources can be found.
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2 Chapter 1 Functions and Their Graphs

Introduction to Library of Parent Functions

In Chapter 1, you will be introduced to the concept of a function. As you proceed
through the text, you will see that functions play a primary role in modeling real-life
situations.

There are three basic types of functions that have proven to be the most important
in modeling real-life situations. These functions are algebraic functions, exponential
and logarithmic functions, and trigonometric and inverse trigonometric functions.
These three types of functions are referred to as the elementary functions, though
they are often placed in the two categories of algebraic functions and transcendental
functions. Each time a new type of function is studied in detail in this text, it will be
highlighted in a box similar to those shown below. The graphs of these functions are
shown on the inside covers of this text.

- Algebraic Functions
These functions are formed by applying algebraic operations to the linear function f(x) = x.
Name Function Location
Linear flx) =x Section 1.1
Quadratic flx) = 2 Section 2.1
Cubic flx) =% Section 2.2
1
Rational flx) = T Section 2.7
Square root flx) = Ux Section 1.2
\
p Transcendental Functions
These functions cannot be formed from the linear function by using algebraic operations.
Name Function Location
Exponential fx)=a*a > 0,a# 1 Section 3.1
Logarithmic f&x) =log,x,x > 0,a > 0,a # 1 Section 3.2
Trigonometric f(x) = sinx Section 4.5
f(x) = cos x Section 4.5
f(x) = tan x Section 4.6
f(x) = cscx Section 4.6
f(x) = secx Section 4.6
flx) = cotx Section 4.6
Inverse trigonometric f(x) = arcsin x Section 4.7
f(x) = arccos x Section 4.7
f(x) = arctan x Section 4.7
\
- Nonelementary Functions
Some useful nonelementary functions include the following.
Name Function Location
Absolute value Fx) = |« Section 1.2
Greatest integer fx) =[] Section 1.3




Section 1.1

1.1 Lines in the Plane

Lines in the Plane

The Slope of a Line

In this section, you will study lines and their equations. The slope of a nonvertical line

What you should learn

»  Find the slopes of lines.

» Write linear equations given
points on lines and their slopes.
» Use slope-intercept forms of
linear equations to sketch lines.
P Use slope to identify
parallel and perpendicular lines.

represents the number of units the line rises or falls vertically for each unit of horizontal
change from left to right. For instance, consider the two points

(-x]’ )’1) and (-x2, )’2)

on the line shown in Figure 1.1.

y Why you should learn it

The slope of a line can be used

to solve real-life problems. For
instance, in Exercise 97 on page 14,
you will use a linear equation to
model student enrollment at Penn
State University.

(x2 s )’2)

—_

Figure 1.1

As you move from left to right along this line, a change of
(y, — y,) units in the vertical direction corresponds to a change
of (x, — x,;) units in the horizontal direction. That is,

Yy, — y; = the change in y
and
= the change in x.

Xy T X4

The slope of the line is given by the ratio of these two changes.

-
Definition of the Slope of a Line

The slope m of the nonvertical line through (x,, y,) and (x,, y,) is

Y2 — Y1 _ changeiny
change in x

m:
Xy T X

where x; # x,.

g J

When this formula for slope is used, the order of subtraction is important. Given
two points on a line, you are free to label either one of them as (xl, yl) and the other
as (x2, yz). Once you have done this, however, you must form the numerator and
denominator using the same order of subtraction.

TN Yi ™ ~ V2 N
X T X X T X X1
Correct Correct Incorrect

Throughout this text, the term line always means a straight line.

©Kurhan/Shutterstock.com



4 Chapter 1

OSSN Finding the Slope of a Line

Find the slope of the line passing through each pair of points.
a. (—2,0)and (3, 1) b. (—1,2) and (2, 2) c. (0,4)and (1, —1)

Functions and Their Graphs

Solution
Difference in y-values
—
o Tn o 1-0 1 1
) xn—x 3—-(-2) 3+2 5
H_J
Difference in x-values
2-2 0
b.m=—"——"-=-=0
TS 3
-1-4_ -5
€m=——g=7=-5

Explore the Concept
Use a graphing utility to
compare the slopes of the lines
y=0.5x,y =x,y=2x,and
y = 4x. What do you observe
about these lines? Compare the
slopes of the lines y = —0.5x,
y=—x,y = —2x,and

y = —4x. What do you observe
about these lines? (Hint: Use a
square setting to obtain a true
geometric perspective.)

The graphs of the three lines are shown in Figure 1.2. Note that the square setting gives

the correct “steepness” of the lines.

4 4

-12) | 2,2)

@G, 1)

-4 5 R S S -

=2,0) I o

(@) (b) (c)
Figure 1.2

v/ Checkpoint <4

Find the slope of the line passing through each pair of points.
a. (—5,—6)and (2,8) b. (4,2) and (2, 5)

The definition of slope does not apply to vertical

c. (0,—1)and (3, —1)

on the vertical line shown in Figure 1.3. Applying the
formula for slope, you obtain

5
lines. For instance, consider the points (3, 4) and (3, 1) [
L
”

-1
m = x. Undefined
3-3 %

Because division by zero is undefined, the slope of a Figure 1.3

vertical line is undefined.
From the lines shown in Figures 1.2 and 1.3, you can
make the following generalizations about the slope of a line.

rﬂﬁe Slope of a Line

1. A line with positive slope (m > 0) rises from left to right.
2. A line with negative slope (m < 0) falls from left to right.
3. A line with zero slope (m = 0) is horizontal.

4. A line with undefined slope is vertical.




Section 1.1 Lines in the Plane

The Point-Slope Form of the Equation of a Line

When you know the slope of a line and you y
also know the coordinates of one point on

the line, you can find an equation of the line.
For instance, in Figure 1.4, let (x,, y,) be a
point on the line whose slope is m. When (x, y)

is any other point on the line, it follows that

(x, y)

/ X—X 1

Y =N

— =m.

X —x

. . . . X

This equation in the variables x and y can
be rewritten in the point-slope form of the
equation of a line. Figure 1.4

Point-Slope Form of the Equation of a Line

The point-slope form of the equation of the line that passes through the point
(x,, y,) and has a slope of m is

y =y =mx - x).

DENUANIPA  The Point-Slope Form of the Equation of a Line

Find an equation of the line that passes through the point
(17 - 2)

and has a slope of 3.

Solution aly=3x-5

y—y = m(x — xl) Point-slope form IE /

I 10
y — (—2) = 3()6 - 1) Substitute for y,, m, and x,.
(1,-2)
y+2=3x—-3 Simplify.
y=3x — 5 Solve for y. —7

The line is shown in Figure 1.5. Figure 1.5

v/ Checkpoint _ )

Find an equation of the line that passes through the point (3, —7) and has a slope of 2.

The point-slope form can be used to find an equation of a nonvertical line passing <[

through two points Remark

(x5 vy) and (235 ¥5)-

When you find an equation of

First, find the slope of the line.

Y2 ™ N
Xy T X

, X F X,

Then use the point-slope form to obtain the equation

Y2 ™ 0N
Xy T X

yon= (x = x)).

This is sometimes called the two-point form of the equation of a line.

the line that passes through
two given points, you need to
substitute the coordinates of
only one of the points into the
point-slope form. It does not
matter which point you choose
because both points will yield
the same result.
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EXAMPLE 3 A Linear Model for Profits Prediction

In 2011, Tyson Foods had sales of $32.266 billion, and in 2012, sales were $33.278
billion. Write a linear equation giving the sales y in terms of the year x. Then use the
equation to predict the sales for 2013. (Source: Tyson Foods, Inc.)

Solution y

Let x = 0 represent 2000. In Figure 1.6, let
(11, 32.266) and (12, 33.278) be two points 20
on the line representing the sales. The slope
of this line is

20F
’ (11, 32.266) (13, 34.290)

30+ (12, 33.278)
y=1012x+21.134

_ 33.278 — 32.266

o = Lo

m

20

Next, use the point-slope form to find the
equation of the line.

y — 32.266 = 1.012(x — 11) R R T

y = 1.012x + 21.134 12314 s
Year (11 < 2011)

10

Sales (in billions of dollars)

Now, using this equation, you can predict the  Figyre 1.6
2013 sales (x = 13) to be

y = 1.012(13) + 21.134 = 13.156 + 21.134 = $34.290 billion.

(In this case, the prediction is quite good—the actual sales in 2013 were $34.374 billion.)

\/ Checkpoint \) )

In 2012, Apple had sales of $156.508 billion, and in 2013, sales were $170.910 billion.
Write a linear equation giving the sales y in terms of the year x. Then use the equation
to predict the sales for 2014. (Source: Apple, Inc.) |

~——— Library of Parent Functions: Linear Function ———

In the next section, you will be introduced to the precise meaning of the term
function. The simplest type of function is the parent linear function

flx) = x.

As its name implies, the graph of the parent linear function is a line. The basic
characteristics of the parent linear function are summarized below and on the
inside cover of this text. (Note that some of the terms below will be defined later
in the text.)

Graph of f(x) = x y

Domain: (— oo, o)

Range: (— oo, c0)
Intercept: (0, 0) m
X

Increasing (0.0)

The function f(x) = x is also referred to as the identity function. Later in this
text, you will learn that the graph of the linear function f(x) = mx + b is a line
with slope m and y-intercept (0, b). When m = 0, f(x) = b is called a constant
Jfunction and its graph is a horizontal line.

\ 7

Rob Byron/Fotolia




Sketching Graphs of Lines

Section 1.1 Lines in the Plane

Many problems in coordinate geometry can be classified in two categories.

1. Given a graph (or parts of it), find its equation.

2. Given an equation, sketch its graph.

For lines, the first problem can be solved by using the point-slope form. This formula,
however, is not particularly useful for solving the second type of problem. The form
that is better suited to graphing linear equations is the slope-intercept form of the

equation of a line, y = mx + b.

-
Slope-Intercept Form of the Equation of a Line
The graph of the equation

y=mx+b

is a line whose slope is m and whose y-intercept is (0, b).
.

DENISNR  Using the Slope-Intercept Form

See LarsonPrecalculus.com for an interactive version of this type of example.

Determine the slope and y-intercept of each linear equation. Then describe its graph.

axty=2 b. y=2

Algebraic Solution
a. Begin by writing the equation in slope-intercept form.

x+y=2 Write original equation.
y=2—x Subtract x from each side.
y=-—-x+2 Write in slope-intercept form.

From the slope-intercept form of the equation, the slope
is —1 and the y-intercept is

(0,2).

Because the slope is negative, you know that the graph of
the equation is a line that falls one unit for every unit it
moves to the right.

b. By writing the equation y = 2 in slope-intercept form
y=(0)x+2
you can see that the slope is 0 and the y-intercept is
(0, 2).

A zero slope implies that the line is horizontal.

\/ Checkpoint i)))

Graphical Solution

a.
Y
O :
NI y—lntercept isd
T y=E-x+4a
S x
EENEE RN
M I
Lt |
|| Linehasa
T slope of -1
b.
Y
5__
T :
Nl y—mtercept isd
yTd
| | Line has a slope of 0
—t——+—+ —t—t+—+—> %
432l | [ a3
_a_-
_37_

Determine the slope and y-intercept of x — 2y = 4. Then describe its graph. |



8 Chapter 1 Functions and Their Graphs

From the slope-intercept form of the equation of a line, you can see that a horizontal
line (m = 0) has an equation of the form y = b. This is consistent with the fact that
each point on a horizontal line through (0, b) has a y-coordinate of b. Similarly, each
point on a vertical line through (a, 0) has an x-coordinate of a. So, a vertical line has
an equation of the form x = a. This equation cannot be written in slope-intercept form
because the slope of a vertical line is undefined. However, every line has an equation
that can be written in the general form

Ax + By + C =0 General form of the equation of a line

where A and B are not both zero.

(Summary of Equations of Lines )
1. General form: Ax+ By +C=0
2. Vertical line: xX=a
3. Horizontal line: y=2>
4. Slope-intercept form: y = mx + b
5. Point-slope form: y =y, = mlx — x,)
|\ /

DONIANICN Different Viewing Windows

When a graphing utility is used to graph a line, it is important to realize that the line
may not visually appear to have the slope indicated by its equation. This occurs because
of the viewing window used for the graph. For instance, Figure 1.7 shows graphs of
y = 2x + 1 produced on a graphing utility using three different viewing windows.
Notice that the slopes in Figures 1.7(a) and (b) do not visually appear to be equal to 2.
When you use a square setting, as in Figure 1.7(c), the slope visually appears to be 2.

10 20

Using a nonsquare setting, you
do not obtain a graph with a true
----------------- geometric perspective. So, the

slope does not visually appear
to be 2.

—~10 -20
(a) Nonsquare setting (b) Nonsquare setting
10
E/ Using a square setting, you
5 |w ] 45 can Obtain agraph Wlth atrue
geometric perspective. So, the
slope visually appears to be 2.

-10

(c) Square setting
Figure 1.7

\/ Checkpoint i)

Use a graphing utility to graph y = 0.5x — 3 using each viewing window. Describe the
difference in the graphs.

a. Xmin = -5, Xmax = 10, Xscl =1, Ymin = -1, Ymax = 10, Yscl =1

b. Xmin =-2, Xmax = 10, Xscl=1, Ymin=-4, Ymax =1, Yscl =1

c¢. Xmin =-5, Xmax =10, Xscl=1, Ymin =-7, Ymax =3, Yscl =1 [ |
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Parallel and Perpendicular Lines
o . . , Explore the Concept
The slope of a line is a convenient tool for determining whether two lines are parallel . o
or perpendicular. Graph the lines y, =X +1
and y, = —2x + 1 in the same

Parallel Lines

Two distinct nonvertical lines are parallel if and only if their slopes are equal.
That is, m; = m,.

DCVISNNN Equations of Parallel Lines

Find the slope-intercept form of the equation of the line that passes through the point
(2, —1) and is parallel to the line 2x — 3y = 5.

Solution

Begin by writing the equation of the line in slope-intercept form.

2x — 3y =15 Write original equation.
—2x +3y=-5 Multiply by — 1.
3y=2x—15 Add 2x to each side.
2 5 o _
y = gx - g Write in slope-intercept form.

Therefore, the given line has a slope of
_2
m=3.

Any line parallel to the given line must also have a slope of % So, the line through
(2, — 1) has the following equation.

Point-slope form

y—y1=m(x—x1)

Y- (D =26-2)

Substitute for y,, m, and x,.

3
2 4
y+1= gx - g Simplify.
2 7 o )
y = g - g Write in slope-intercept form.

Notice the similarity between the slope-intercept form of the original equation and the
slope-intercept form of the parallel equation. The graphs of both equations are shown
in Figure 1.8.

v/ Checkpoint _ )

Find the slope-intercept form of the equation of the line that passes through the point
(—4, 1) and is parallel to the line 5x — 3y = 8.

~
Perpendicular Lines
Two nonvertical lines are perpendicular if and only if their slopes are negative

reciprocals of each other. That is,

m = ——-.
m,

viewing window. What do you
observe?

Graph the lines y, = 2x + 1,
¥, =2x,and y; = 2x — lin
the same viewing window.
What do you observe?

Figure 1.8
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SECNILNIAN Equations of Perpendicular Lines

Find the slope-intercept form of the equation of the line that passes through the point
(2, —1) and is perpendicular to the line 2x — 3y = 5.

Solution

From Example 6, you know that the equation can be written in the slope-intercept form
y= %x - % You can see that the line has a slope of % So, any line perpendicular to this
line must have a slope of —% (because —% is the negative reciprocal of %) So, the line

through the point (2, — 1) has the following equation.

y — (* 1) = *%(x - 2) Write in point-slope form.
y+1=-3%+3 Simplify.
y = —%x + 2 Write in slope-intercept form.

The graphs of both equations are shown in the figure.

What’s Wrong?
You use a graphing utility
\/ Checkpoint \) ) to graph y, = 1.5x and
' ¥y, = —1.5x + 5, as shown in
Find the slope-intercept form of the equation of the line that passes through the point the figure. You use the graph
(—4, 1) and is perpendicular to the line 5x — 3y = 8. to conclude that the lines are

perpendicular. What’s wrong?

EXAMPLE 8 Graphs of Perpendicular Lines 10

Use a graphing utility to graph the lines y =x + 1 and y = —x + 3 in the same
viewing window. The lines are perpendicular (they have slopes of m, = 1 and
m, = —1). Do they appear to be perpendicular on the display?

-10 10

Solution

L . . - . . =i
When the viewing window is nonsquare, as in Figure 1.9, the two lines will not appear 0

perpendicular. When, however, the viewing window is square, as in Figure 1.10, the
lines will appear perpendicular.

[y:—x+?j10Q=x+l]
V Ny

-15 15
-10
Figure 1.9 Figure 1.10
\/ Checkpoint \) ))
Identify any relationships that exist among the lines y = 2x, y = —2x, and y = %x.

Then use a graphing utility to graph the three equations in the same viewing window.
Adjust the viewing window so that each slope appears visually correct. Use the slopes
of the lines to verify your results. o
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See CalcChat.com for tutorial help and worked-out solutions to odd-numbered exercises.

1.1 Exercises For instructions on how to use a graphing utility, see Appendix A.

Vocabulary and Concept Check

1. Match each equation with its form.

(@ Ax + By+C=0 (1) vertical line

(b) x=a (i1) slope-intercept form
© y=b>b (iii) general form

d y=mx+b (iv) point-slope form
(e y—y =mx—x) (v) horizontal line

In Exercises 2 and 3, fill in the blank.

2. For a line, the ratio of the change in y to the change in x is called the of the line.
3. Two lines are if and only if their slopes are equal.
4. What is the relationship between two lines whose slopes are —3 and %?

W

. What is the slope of a line that is perpendicular to the line represented by x = 3?
6. Give the coordinates of a point on the line whose equation in point-slope formisy — (—1) = i x — 8).

Procedures and Problem Solving

Using Slope In Exercises 7 and 8, identify the line that Sketching Lines In Exercises 11 and 12, sketch the lines
has the indicated slope. through the point with the indicated slopes on the same

7.@ m=%  (b) misundefined.  (c) m= —2 set of coordinate axes.

y Point Slopes

11. (2,3) @0 M1 (2 @ -3
)(/|/L2 12. (=4,1) (@ 4 (b) =2 (¢) & (d) Undefined
N\

Finding the Slope of aLine In Exercises 13-16, find the
slope of the line passing through the pair of points. Then

\ Ly use a graphing utility to plot the points and use the draw
feature to graph the line segment connecting the two
8. (@ m=0 (b)y m = —% ) m=1 points. (Use a square setting.)
7 13. (0, —10), (—4,0) 14. (2,4), (4, —4)

15. (=6, —1),(—6,4) 16. (4,9), (6, 12)

L T
3
\ x Using Slope In Exercises 17-24, use the point on the

N Ly line and the slope of the line to find three additional
\ points through which the line passes. (There are many
correct answers.)
Point Slope
Estimating Slope In Exercises 9 and 10, estimate the _
. 17. (2,1) m=0
slope of the line.
s 18. (3, —2) m=10
y
9 ¢ 10. g 19. (1, 5) m is undefined.
6 6 20. (—4,1) m is undefined.
4 4 21. (0, —9) m= -2
2 2 22. (—5,4) m=4
2468x 468x 23. (7, —2) m=%

24. (—1,—-6) m=—3



