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Welcome to Trigonometry with CalcChat® & CalcView®, Eleventh Edition. I am excited to offer

you a new edition with more resources than ever that will help you understand and master trigonometry.
This text includes features and resources that continue to make Trigonometry a valuable learning tool
for students and a trustworthy teaching tool for instructors.

Trigonometry provides the clear instruction, precise mathematics, and thorough coverage that you expect for
your course. Additionally, this new edition provides you with free access to a variety of digital resources:

GO DIGITAL—direct access to digital content on your mobile device or computer
* CalcView.com—video solutions to selected exercises
¢ CalcChat.com—worked-out solutions to odd-numbered exercises and access to online tutors

* LarsonPrecalculus.com—companion website with resources to supplement your learning

These digital resources will help enhance and reinforce your understanding of the material presented
in this text and prepare you for future mathematics courses. CalcView® and CalcChat® are also
available as free mobile apps.

Features

NEW GO DIGITAL

Scan the QR codes : : on the pages of this text to GO DIGITAL on
your mobile device. This will give you easy access from anywhere to o
instructional videos, solutions to exercises and Checkpoint problems, GO DIGITAL
Skills Refresher videos, Interactive Activities, and many other resources.

UPDATED é CalcView *

The website CalcView.com provides video solutions
of selected exercises. Watch instructors progress
step-by-step through solutions, providing guidance

to help you solve the exercises. The CalcView mobile
app is available for free at the Apple® App Store®

or Google Play™ store. You can access the video
solutions by scanning the QR Code® at the

beginning of the Section exercises, or visiting the
CalcView.com website.

uppaTep [=; CalcChat*®

Solutions to all odd-numbered exercises and tests are provided for free at CalcChat.com. Additionally,
you can chat with a tutor, at no charge, during the hours posted at the site. For many years, millions of
students have visited my site for help. The CalcChat mobile app is also available as a free download
at the Apple® App Store® or Google Play™ store.

App Store is a service mark of Apple Inc. Google Play is a trademark of Google Inc.
QR Code is a registered trademark of Denso Wave Incorporated.
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REVISED LarsonPrecalculus.com

All companion website features have been
updated based on this revision, including

two new features: Skills Refresher and
Review & Refresh. Access to these features

is free. You can 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 Skills Refresher
This feature directs you to an instructional video

where you can review algebra skills needed to master

the current topic. Scan the on-page code
LarsonPrecalculus.com to access the video.

Vidao sofosens 51
LarseaPrecaiculus. com

Review & Refresh »

Evaluating an Expression In Exercises B9-02,
evaluate the expression. (I not passible, stale the reason., )

5=7 16— 6
12— 18 “e—11
3=3 I =i=1)

“. - k ]
"4-1] ” 9=19

Identifying » and y-Intercepts  In Exercises 93 and
M, identify x- and y-intercepis of the graph.

93,

Sketching the Graph of an Equation In Exerciues
D508, test Tor symmelry and graph the equation. Then
identily any intercepts,
95 e+ yw= |
o7, yom 3 4 2

96 x—y=7
08, ym 32—

REVISED Algebra Help

Preface vii

——— —
i ' Ll S-—— WAL

WELCOME T LARSONPRECALCULUS.COM

b SKILLS REFRESHER

For a refresher on finding
the sum, difference,

product, or quotient of two
polynomials, watch the video
at LarsonPrecalculus.com.

NEW Review and Refresh

These exercises will help you to reinforce previously learned
skills and concepts and to prepare for the next section. View and
listen to worked-out solutions of the Review & Refresh exercises
in English or Spanish by scanning the code i : on the first page
of the section exercises or go to LarsonPrecalculus.com.

NEW Vocabulary and Concept Check

The Vocabulary and Concept Check appears at the beginning
of the exercise set for each section. It includes fill-in-the-blank,
matching, or non-computational questions designed to help
you learn mathematical terminology and to test basic
understanding of the concepts of the section.

NEW Summary and Study Strategies

The “What Did You Learn?” feature is a section-by-section
overview that ties the learning objectives from the chapter to the
Review Exercises for extra practice. The Study Strategies give
concrete ways that you can use to help yourself with your

study of mathematics.

These notes 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.
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viii Preface

REVISED Exercise Sets

The exercise sets have been carefully and extensively examined to ensure they are rigorous and
relevant, and include 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, real-life
exercises reinforce problem-solving skills and mastery of concepts by giving you the opportunity
to apply the concepts in real-life situations. Two new sets of exercises, Vocabulary and Concept
Check and Review & Refresh, have been added to help you develop and maintain your skills.

Section Objectives
A bulleted list of learning objectives provides you the opportunity to preview what will be
presented in the upcoming section.

m Solving a Logarithmic Equation

Solve 3 + 2 Inx = 4 and approximate the resslt 10 three decimal places

Side-By-Side Examples
Throughout the text, we present solutions to Algabrakc Bolutian Grapiicel okutiss
many examples from multiple perspectives— S+ 2lns=d .

algebraically, graphically, and numerically. ing = =1
The side-by-side format of this pedagogical Inx

feature helps you to see that a problem can s
be solved in more than one way and to see - o o st e e 00T
that different methods yield the same result. = T o
The side-by-side format also addresses W CROCEDOIAE 1) Audic-video solution in English  Spanish s Larsanbiesaesio cos
many different learning styles. Solve 7+ 3lny = % and apy s the fewsll 10 thiee decimal places | L

Sketch the graph of each linear equation.

a. y =::_r+_% b. y=-3 c :1,1:+__1 =j Checkpoints

y=mx+ b ¥ %’&@ Accompanying every example, the Checkpoint
T : blems encourage immediate practice and
g i origontal pro g p
oL o '“::Irif e 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. Scan the

on-page code i = to access the solutions.

Technology

The technology feature gives suggestions for effectively using tools such as calculators, graphing
utilities, and spreadsheet programs to help deepen your understanding of concepts, ease lengthy
calculations, and provide alternate solution methods for verifying answers obtained by hand.

Historical Notes
These notes provide helpful information regarding famous mathematicians and their work.
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1. Explain how to use transformations to sketch graphs of polynomial functions
(page 252). For an example of sketching transformations of monomial
functions, see Example 1.

2. Explain how to apply the Leading CoefTicient Test (page 233). For an
example of applving the Leading CoefTicient Test, see Example 2.

3. Explain how o find real zeros of polynomial functions and use them as
sketching aids (page 255). For examples involving finding real zeros of
polynomial functions, see Examples 3-5.

4. Explain how (o use the Intermediate Value Theorem to help locate real
Zeros of polynomial functions {page 258). For an example of using the
Intermediate Value Theorem, see Example 6.

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 .

Error Analysis
This exercise presents a sample solution that contains a
common error which you are asked to identify.

How Do You See It?

The How Do You See It? feature in each section presents
a real-life 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.

Project
The projects at the end of selected sections involve in-depth
applied exercises in which you will work with large, real-life

Preface ix

Summarize

The Summarize feature at the end of
each section helps you organize the
lesson’s key concepts into a concise
summary, providing you with a
valuable study tool. Use this feature

to prepare for a homework assignment,
to help you study for an exam, or as a
review for previously covered sections.

Dt?@ HOW DO YOU SEE IT? The graph h

represents the height 4 of a projectile after
t seconds.

Height (in feet)

0510152025
Time (in seconds)

data sets, often creating or analyzing models. These projects
are offered online at LarsonPrecalculus.com.

Collaborative Project

You can find these extended group projects at
LarsonPrecalculus.com. Check your understanding

of the chapter concepts by solving in-depth, real-life
problems. These collaborative projects provide an
interesting and engaging way for you and other students
to work together and investigate ideas.

(a) Explain why £ is a function of .

(b) Approximate the height of the projectile
after 0.5 second and after 1.25 seconds.

(c) Approximate the domain of A.
(d) Is ¢ a function of 4? Explain.
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Instructor Resources

;. # CENGAGE | WEBASSIGN

Built by educators, WebAssign from Cengage is a fully customizable online
solution for STEM disciplines. WebAssign includes the flexibility, tools, and
content you need to create engaging learning experiences for your students. The
patented grading engine provides unparalleled answer evaluation, giving students
instant feedback, and insightful analytics highlight exactly where students are
struggling. For more information, visit cengage.com/webassign.

Complete Solutions Manual

This manual contains solutions to all exercises from the text, including

Chapter Review Exercises and Chapter Tests, and Practice Tests with solutions.
The Complete Solutions Manual is available on the Instructor Companion Site.

Cengage Testing Powered by Cognero®

Cengage Testing, Powered by Cognero®, is a flexible online system that allows

you to author, edit, and manage test bank content online. You can create multiple
versions of your test in an instant and deliver tests from your LMS or exportable PDF
or Word docs you print for in-class assessment. Cengage Testing is available

online via cengage.com.

Instructor Companion Site

Everything you need for your course in one place! Access and download
PowerPoint® presentations, test banks, the solutions manual, and more.
This collection of book-specific lecture and class tools is available
online via cengage.com.

Test Bank
The test bank contains text-specific multiple-choice and free response test forms
and is available online at the Instructor Companion Site.

LarsonPrecalculus.com
In addition to its student resources, LarsonPrecalculus.com also has resources to
help instructors. If you wish to challenge your students with multi-step and group
projects, you can assign the Section Projects and Collaborative Projects. You can
assess the knowledge of your students before and after each chapter using the
pre- and post-tests. You can also give your students experience using an online
graphing calculator with the Interactive Activities. You can access these features
by going to LarsonPrecalculus.com or by scanning the on-page code

MathGraphs.com

For exercises that ask students to draw on the graph, I have provided free,
printable graphs at MathGraphs.com. You can access these features by going to
MathGraphs.com or by scanning the on-page code i at the beginning of the
section exercises, review exercises, or tests.
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Student Resources

;. # CENGAGE | WEBASSIGN

Prepare for class with confidence using WebAssign from Cengage. This online
learning platform, which includes an interactive eBook, fuels practice, so that you
truly absorb what you learn and prepare better for tests. 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 cengage.com/webassign.

Student Study Guide and Solutions Manual

This guide offers step-by-step solutions for all odd-numbered text exercises,
Chapter Tests, and Cumulative Tests. It also contains Practice Tests. For more
information on how to access this digital resource, go to cengage.com

Note-Taking Guide

This is an innovative study aid, in the form of a notebook organizer, that helps
students develop a section-by-section summary of key concepts. For more
information on how to access this digital resource, go to cengage.com

LarsonPrecalculus.com
Of the many features at this website, students have told me that the videos are

the most helpful. You can watch lesson videos by Dana Mosely as he explains
various mathematical concepts. Other helpful features are the data downloads
(editable spreadsheets so you do not have to enter the data), video solutions of the
Checkpoint problems in English or Spanish, and the Student Success Organizer.
The Student Success Organizer will help you organize the important concepts

of each section using chapter outlines. You can access these features by going

to LarsonPrecalculus.com or by scanning the on-page code

CalcChat.com

This website provides free step-by-step solutions to all odd-numbered exercises
and tests. Additionally, you can chat with a tutor, at no charge, during the hours
posted at the site. You can access the solutions by going to CalcChat.com or by
scanning the on-page code . on the first page of the section exercises, review

exercises, or tests.

CalcView.com

This website has video solutions of selected exercises. Watch instructors progress
step-by-step through solutions, providing guidance to help you solve the exercises.
You can access the videos by going to CalcView.com or by scanning the on-page
code n the first page of the section exercises, review exercises, or tests.

MathGraphs.com

For exercises that ask you to draw on the graph, I have provided free, printable
graphs at MathGraphs.com. You can access the printable graphs by going to
MathGraphs.com or by scanning the on-page code i : on the first page of

the section exercises, review exercises, or tests.

xi
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2 Chapter P Prerequisites

P.1 Review of Real Numbers and Their Properties

© Represent and classify real numbers.

© Order real numbers and use inequalities.

© Find the absolute values of real numbers and find the distance
between two real numbers.

© Evaluate algebraic expressions.

© Use the basic rules and properties of algebra.

Real Numbers

Real numbers can describe quantities in everyday life such as age, miles per gallon,
and population. Real numbers are represented by symbols such as

Real numbers can represent 4
many real-life quantities. For -5,9,0,-,0.666. .., 2821, /2, m and 3/—32.
example, in Exercises 47-50 3
on page 13, you will use real Three commonly used subsets of real numbers are listed below. Each member in
numbers to represent the these subsets is also a member of the set of real numbers. (The three dots, called an
federal surplus or deficit. ellipsis, indicate that the pattern continues indefinitely.)
{1, 2,3,4,. . } Set of natural numbers
{0, 1,2,3,4,. . } Set of whole numbers
{. ..,—3,-2,-1,0,1,2,3,. . } Set of integers

A real number is rational when it can be written as the ratio p/q of two integers,
where ¢ # 0. For example, the numbers

Real 1 0.3333. . .=10.3, L 0.125, and Lo 1.126126 . . . = 1.126
numbers 3 8 111
are rational. The decimal form of a rational number either repeats (as in % = 3.15)
or terminates (as in % = 0.5). A real number that cannot be written as the ratio of two
Irrational Rational integers is irrational. The decimal form of an irrational number neither terminates nor
T 5275 numbers repeats. For example, the numbers

V2 =14142135...~ 141 and 7 =3.1415926...~3.14

Integers Noninteger
fractions are irrational. (The symbol =~ means “is approximately equal to.”) Figure P.1 shows
(positive and several common subsets of the real numbers and their relationships to each other.
negative)
EXAMPLE 1 Classifying Real Numbers
Negative Whole {5
integers numbers Determine which numbers in the set {— 13, — \/5, -1, —3,0,%, ﬁ, T, 7} are

(a) natural numbers, (b) whole numbers, (c) integers, (d) rational numbers, and
(e) irrational numbers.

Natural

numbers Solution
Common subsets of the real numbers a. Natural numbers: {7} b. Whole numbers: {0, 7}
Figure P.1 c. Integers: {—13, —1,0,7} d. Rational numbers: { —13,-1,-1%,0,3, 7}

e. Irrational numbers: {— —\/5, \/5, 71}
/ Checkpoint | » Audio-video solution in English & Spanish at LarsonPrecalculus.com

Repeat Example 1 for the set { -1, —i, %, %ﬁ, -7.5,—-1,8, —22}. =

B

mgam . . .
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P.1 Review of Real Numbers and Their Properties 3

Real numbers are represented graphically on the real number line. When you draw

a point on the real number line that corresponds to a real number, you are plotting the
real number. The point representing 0 on the real number line is the origin. Numbers
to the right of O are positive, and numbers to the left of 0 are negative, as shown in
Figure P.2. The term nonnegative describes a number that is either positive or zero.

Origin
Negative Positive

. . T T T T ¢ T . .
direction 4 -3 -2 0 1 2 3 4 direction

The real number line
Figure P.2

As illustrated in Figure P.3, there is a one-to-one correspondence between real numbers
and points on the real number line.

5
3 0.75 T -2.4 V2
———f———e+—+——jo~ ————F—+—+o—+—F—~
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Every real number corresponds to exactly Every point on the real number line
one point on the real number line. corresponds to exactly one real number.
Figure P.3

EXAMPLE 2 Plotting Points on the Real Number Line

Plot the real numbers on the real number line.

7 2
1 b. 2.3 ¢ 3 d. —1.8

Solution The figure below shows all four points.

7 2
-1.8 —~ 5 2.3
4 3
Na”
-2 -1 0 1 2 3

The point representing the real number
——=—1.75 Write in decimal form.

lies between —2 and — 1, but closer to —2, on the real number line.

. The point representing the real number 2.3 lies between 2 and 3, but closer to 2, on

the real number line.

The point representing the real number

2
5 = 0.666. . . Write in decimal form.

lies between O and 1, but closer to 1, on the real number line.

. The point representing the real number — 1.8 lies between —2 and — 1, but closer to

—2, on the real number line. Note that the point representing — 1.8 lies slightly to
the left of the point representing —71.

‘/ Checkpoint | » Audio-video solution in English & Spanish at LarsonPrecalculus.com

Plot the real numbers on the real number line.

= b. —1.6 c. — d. 0.7 o
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4 Chapter P Prerequisites

-1 0 1 2

a < b if and only if a lies to the left
of b.
Figure P.4

—4 -3 -2 -1 0
(b)
11
4 3
e e Y
0 1
(©
Figure P.5
x<2
: : ] % —x
0 1 2 3 4
(a)

-2<x<3
=
-2 -1 0o 1 2 3
(b)

Figure P.6
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Ordering Real Numbers

One important property of real numbers is that they are ordered. If a and b are real
numbers, then a is less than b when b — a is positive. The inequality a < b denotes
the order of a and b. This relationship can also be described by saying that b is greater
than a and writing b > a. The inequality a < b means that a is less than or equal to b,
and the inequality b = a means that b is greater than or equal to a. The symbols <, >,
<, and = are inequality symbols.

Geometrically, this implies that a < b if and only if a lies to the left of b on the
real number line, as shown in Figure P.4.

EXAMPLE 3 Ordering Real Numbers

Place the appropriate inequality symbol (< or >) between the pair of real numbers.

a. —3,0 b. —2, —4 !

11
C. 453
Solution
a. On the real number line, — 3 lies to the left of 0, as shown in Figure P.5(a). So, you
can say that —3 is less than 0, and write —3 < 0.

b. On the real number line, —2 lies to the right of —4, as shown in Figure P.5(b). So,
you can say that —2 is greater than —4, and write —2 > —4.

¢. On the real number line, }1 lies to the left of %, as shown in Figure P.5(c). So, you can
say that i is less than %, and write }1 < %

/ Checkpoint » | Audio-video solution in English & Spanish at LarsonPrecalculus.com

Place the appropriate inequality symbol (< or >) between the pair of real numbers.

a. 1,—5 b. %,7 c. —%, —%

Interpreting Inequalities

) See LarsonPrecalculus.com for an interactive version of this type of example.
Describe the subset of real numbers that the inequality represents.

a. x=s2 b. -2 =x<3

Solution

a. The inequality x < 2 denotes all real numbers less than or equal to 2, as shown in
Figure P.6(a). In the figure, the bracket at 2 indicates 2 is included in the interval.

b. The inequality —2 < x < 3 means thatx = —2 and x < 3. This “double inequality”
denotes all real numbers between —2 and 3, including —2 but not including 3, as
shown in Figure P.6(b). In the figure, the bracket at —2 indicates — 2 is included in
the interval, and the parenthesis at 3 indicates that 3 is not included in the interval.

/ Checkpoint | » Audio-video solution in English & Spanish at LarsonPrecalculus.com

Describe the subset of real numbers that the inequality represents.

a x> —3 b.0<x=<4 =

Inequalities can describe subsets of real numbers called intervals. In the bounded
intervals on the next page, the real numbers a and b are the endpoints of each interval.
The endpoints of a closed interval are included in the interval, whereas the endpoints
of an open interval are not included in the interval.
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Whenever you write an interval
containing 00 or — 00, always

use a parenthesis and never a

bracket next to these symbols.
This is because ©© and — o0 are
never included in the interval.
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Figure P.7

P.1 Review of Real Numbers and Their Properties 5

Bounded Intervals on the Real Number Line w

Let a and b be real numbers such that a < b.

Notation Interval Type Inequality Graph

[a, b] Closed a<x<b {a—l])—wc

(a, b) Open a<x<bh —(—Z—»x
a

[a, b) a<x<b {—zﬂ x
a

(a, b] a<x<bh 3=

The reason that the four types of intervals above are called bounded is that each
has a finite length. An interval that does not have a finite length is unbounded. Note
in the unbounded intervals below that the symbols o0, positive infinity, and — oo,
negative infinity, do not represent real numbers. They are convenient symbols used to
describe the unboundedness of intervals such as (1, o) or (— o0, 3].

Unbounded Intervals on the Real Number Line W

Let a and b be real numbers.

Notation Interval Type Inequality Graph
[a7 OO) X =a 4[—’16
a
(a, ) Open x> a >
a
(_ OO’ b] x<b Hﬁ X
b
(—o0, b) Open x<b ~)
b
(— o0, o0) Entire real line —00 < x < 00 ~x
EXAMPLE 5 Representing Intervals
Verbal Algebraic Graphical
a. All real numbers greater than (-1,3)or—1<x<3 See Figure P.7(a).
—1 and less than 3
b. All real numbers greater than [2,0)orx =2 See Figure P.7(b).
or equal to 2
c. All real numbers less than or (—o0,2]orx <2 See Figure P.7(c).
equal to 2

d. All real numbers greater than (=3,5]or—-3<x=<5 See Figure P.7(d).
—3 and less than or equal to 5

/ Checkpoint ' » Audio-video solution in English & Spanish at LarsonPrecalculus.com

a. Represent the interval [—2, 5) verbally, as an inequality, and as a graph.

b. Represent the statement “x is less than 4 and at least —2” as an interval, an
inequality, and a graph. |
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6 Chapter P Prerequisites

Absolute Value and Distance

The absolute value of a real number is its magnitude, or the distance between the origin
and the point representing the real number on the real number line.

Definition of Absolute Value W

If a is a real number, then the absolute value of a is

|a|={a, az0
—a, a<(

5 Notice in this definition that the absolute value of a real number is never negative.
.- 1 . ., For example, if a = =5, then |[=5| = —(=5) = 5, as shown in Figure P.8. The
_;- _ ;1 _é _é _i 6 absolute value of a real number is either positive or zero. Moreover, 0 is the only real

, number whose absolute value is 0. So, |0] = 0.
Absolute value as the distance from the

origin
Figure P.8 Properties of Absolute Values w
1 |a| 20 2. |—a| = ||
a| _ |al
3. |ab| = b 4. |- =177 b#O0
EXAMPLE 6 Finding Absolute Values
2 2
. |—15] =15 b. |7l =3
a. |-15] 4-3
c. |—-43| =43 d —|-6/=—-(6)=-6

/ Checkpoint (¥ Audio-video solution in English & Spanish at LarsonPrecalculus.com

Evaluate each expression.

a. |1 b. —‘

a7 . —10.7
= e -l

EXAMPLE 7 Evaluating an Absolute Value Expression

X
Evaluate u for (a) x > O and (b) x < 0.
X

Solution
L x| x
a. If x > 0, then x is positive and |x| = x. So, — == = 1.
X X
. . x| —x
b. If x < 0, then x is negative and |x| = —x. So,— = — = —1.
X X

/ Checkpoint | » Audio-video solution in English & Spanish at LarsonPrecalculus.com

lx + 3|
Evaluate ST 3 for (a) x > —3 and (b) x < —3. =2}
X
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The distance between —3 and 4 is 7.
Figure P.9

One application of finding the
distance between two points on
the real number line is finding a
change in temperature.

[EI5HE
L
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P.1 Review of Real Numbers and Their Properties 7

The Law of Trichotomy states that for any two real numbers a and b, precisely
one of three relationships is possible:

a=b, a<b, or a>b. Law of Trichotomy

In words, this property tells you that if a and b are any two real numbers, then a is equal
to b, a is less than b, or a is greater than b.

EXAMPLE 8 Comparing Real Numbers

Place the appropriate symbol (<, >, or =) between the pair of real numbers.

a. |—4| 3] b. |—10] [10] ¢ —|=7| [—=7|
Solution

a. |—4| > |3| because |—4| = 4 and |3| = 3, and 4 is greater than 3.

b. |—-10| = |10] because |—10| = 10 and |10] = 10.

¢. —|=7] < |—7| because —|—7| = =7 and |=7| = 7, and —7 is less than 7.

/ Checkpoint | » Audio-video solution in English & Spanish at LarsonPrecalculus.com

Place the appropriate symbol (<, >, or =) between the pair of real numbers.

=3 4] b. —|—4] — 4] c. |3 —|=3] |

a.

Absolute value can be used to find the distance between two points on the real
number line. For example, the distance between —3 and 4 is

=3 =4 = -7
=7

Distance between —3 and 4

as shown in Figure P.9.

Distance Between Two Points on the Real Number Line w

Let a and b be real numbers. The distance between a and b is

d(a,b) = |b — a| = |a — b|.

EXAMPLE 9 Finding a Distance

Find the distance between —25 and 13.

Solution

The distance between —25 and 13 is
|-25 — 13| = |—38| = 38. Distance between —25 and 13

The distance can also be found as follows.
|13 — (=25)| = [38| = 38 Distance between —25 and 13

/ Checkpoint | » Audio-video solution in English & Spanish at LarsonPrecalculus.com

Find the distance between each pair of real numbers.
a. 35and —23 b. —35and —23 c. 35and 23 |
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8 Chapter P Prerequisites

[=]%k
"I.-
B

E g'rﬂﬁu

GO DIGITAL

Algebraic Expressions

One characteristic of algebra is the use of letters to represent numbers. The letters are
variables, and combinations of letters and numbers are algebraic expressions. Here
are a few examples of algebraic expressions.

5x, 2x — 3, , Ix +y

x2+2

Definition of an Algebraic Expression w

An algebraic expression is a collection of letters (variables) and real
numbers (constants) combined using the operations of addition, subtraction,
multiplication, division, and exponentiation.

The terms of an algebraic expression are those parts that are separated by addition.
For example, x> — 5x + 8 = x> 4+ (—5x) + 8 has three terms: x> and —>5x are the
variable terms and 8 is the constant term. For terms such as x2, —5x, and 8, the
numerical factor is the coefficient. Here, the coefficients are 1, —5, and 8.

DGV IJERIE Identifying Terms and Coefficients

Algebraic Expression Terms Coefficients
1 1 1
a. 5x—7 5x,—7 5,—7
b. 2x2 —6x+ 9 2x2, —6x, 9 2,—6,9
3 .1 31 1
, — 4+ — 4 _ 4 - —
XTIy 2t 3.1

/ Checkpoint | » Audio-video solution in English & Spanish at LarsonPrecalculus.com

Identify the terms and coefficients of —2x + 4. =2}

The Substitution Principle states, “If a = b, then b can replace a in any
expression involving a.” Use the Substitution Principle to evaluate an algebraic
expression by substituting values for each of the variables in the expression. The next
example illustrates this.

DGV IJEREN Evaluating Algebraic Expressions

Value of Value of
Expression Variable Substitution Expression
a. —3x+5 x=3 -3(3) +5 -9+5=—4
b. 3x%2 + 2x — 1 x=—-1 3(—1)2+2(—1)—1 3—-2—-1=0
2x _ 2(*3) ;6 _
“xrl r=3 S =3

Note that you must substitute the value for each occurrence of the variable.
/ Checkpoint » | Audio-video solution in English & Spanish at LarsonPrecalculus.com

Evaluate 4x — 5 when x = 0.
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Basic Rules of Algebra w

P.1 Review of Real Numbers and Their Properties 9

Basic Rules of Algebra

There are four arithmetic operations with real numbers: addition, multiplication,
subtraction, and division, denoted by the symbols +, x or+, —, and + or /,
respectively. Of these, addition and multiplication are the two primary operations.
Subtraction and division are the inverse operations of addition and multiplication,
respectively.

Definitions of Subtraction and Division W

Subtraction: Add the opposite.  Division: Multiply by the reciprocal.

1
a—b= Ifba&o,thena/b:a(—):g.

a+ (—b) b b

In these definitions, — b is the additive inverse (or opposite) of b, and 1/ is the
multiplicative inverse (or reciprocal) of . In the fractional form a/b, a is the
numerator of the fraction and b is the denominator.

The properties of real numbers below are true for variables and algebraic
expressions as well as for real numbers, so they are often called the Basic Rules of
Algebra. Formulate a verbal description of each of these properties. For example, the
first property states that the order in which two real numbers are added does not affect
their sum.

Let a, b, and c be real numbers, variables, or algebraic expressions.

Property

Example

Commutative Property of Addition:
Commutative Property of Multiplication:
Associative Property of Addition:
Associative Property of Multiplication:

Distributive Properties:

Additive Identity Property:
Multiplicative Identity Property:
Additive Inverse Property:

Multiplicative Inverse Property:

at+b=b+a

ab = ba
(@+b)+c=a+(b+c
(ab)c = a(bc)

alb + c¢) =ab + ac
(a + b)c = ac + bc
at+0=a
a*1=a
a+(—a)=0
1
a*—=1, a#0
a

4x + x%2 = x% + 4x

4 —x)x?2=x%(4 — x)

(x+35) +x2=x+(5+x?
(2x * 3y)(8) = (2x)(3y * 8)
3x(5+ 2x) =3x 5+ 3x+ 2x
(y+8y=y-y+8-y

5y2 4 0 = 52

(4x2)(1) = 4x?

5x3 4+ (=5x3) =0

o2 + 4)(}62 1+ 4) _

i
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Subtraction is defined as “adding the opposite,” so the Distributive Properties are
also true for subtraction. For example, the “subtraction form” of a(b + ¢) = ab + ac
isa(b — ¢) = ab — ac. Note that the operations of subtraction and division are neither
commutative nor associative. The examples

7—3#3—-7 and 20+4#4+20
show that subtraction and division are not commutative. Similarly
5-3-2)#(5-3)—2 and 16+ (4+2)# (16 ~4) +~2

demonstrate that subtraction and division are not associative.
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