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A Word from the Authors

Welcome to Precalculus with Limits: A Graphing Approach, Fifth Edition. We are
pleased to present this new edition of our textbook in which we focus on making
the mathematics accessible, supporting student success, and offering teachers
flexible teaching options.

Accessible to Students

We have taken care to write this text with the student in mind. Paying
careful attention to the presentation, we use precise mathematical language and a
clear writing style to develop an effective learning tool. We believe that every
student can learn mathematics, and we are committed to providing a text that
makes the mathematics of the precalculus course accessible to all students.

Throughout the text, solutions to many examples are presented from
multiple perspectives—algebraically, graphically, and numerically. The side-by-
side format of this pedagogical feature helps students to see that a problem can
be solved in more than one way and to see that different methods yield the same
result. The side-by-side format also addresses many different learning styles.

We have found that many precalculus students grasp mathematical
concepts more easily when they work with them in the context of real-life
situations. Students have numerous opportunities to do this throughout this text.
The Make a Decision feature further connects real-life data and applications and
motivates students. It also offers students the opportunity to generate and analyze
mathematical models from large data sets. To reinforce the concept of functions,
we have compiled all the elementary functions as a Library of Parent Functions,
presented in a summary on the endpapers of the text for convenient reference.
Each function is introduced at the first point of use in the text with a definition
and description of basic characteristics.

We have carefully written and designed each page to make the book more
readable and accessible to students. For example, to avoid unnecessary page
turning and disruptions to students’ thought processes, each example and
corresponding solution begins and ends on the same page.

Supports Student Success

During more than 30 years of teaching and writing, we have learned many
things about the teaching and learning of mathematics. We have found that
students are most successful when they know what they are expected to learn and
why it is important to learn the concepts. With that in mind, we have incorporated
a thematic study thread throughout this textbook.

Each chapter begins with a list of applications that are covered in the
chapter and serve as a motivational tool by connecting section content to real-life
situations. Using the same pedagogical theme, each section begins with a set of
section learning objectives—What You Should Learn. These are followed by an
engaging real-life application—Why You Should Learn It—that motivates
students and illustrates an area where the mathematical concepts will be applied
in an example or exercise in the section. The Chapter Summary—What Did You
Learn?—at the end of each chapter includes Key Terms with page references and
Key Concepts, organized by section, that were covered throughout the chapter.
The Chapter Summary serves as a useful study aid for students.

Vii



viii A Word from the Authors

Throughout the text, other features further improve accessibility. Study Tips
are provided throughout the text at point-of-use to reinforce concepts and to help
students learn how to study mathematics. Explorations reinforce mathematical
concepts. Each example with worked-out solution is followed by a Checkpoint,
which directs the student to work a similar exercise from the exercise set. The
Section Exercises begin with a Vocabulary Check, which gives the students an
opportunity to test their understanding of the important terms in the section. A
Prerequisites Skills is offered in margin notes throughout the textbook exposition.
Reviewing the prerequisite skills will enable students to master new concepts
more quickly. Synthesis Exercises check students’ conceptual understanding of
the topics in each section. Skills Review Exercises provide additional practice
with the concepts in the chapter or previous chapters. Review Exercises, Chapter
Tests, and periodic Cumulative Tests offer students frequent opportunities for
self-assessment and to develop strong study and test-taking skills. The
Progressive Summaries and the Study Capsules serve as a quick reference when
working on homework or as a cumulative study aid.

The use of technology also supports students with different learning styles,
and graphing calculators are fully integrated into the text presentation. The
Technology Support Appendix makes it easier for students to use technology.
Technology Support notes are provided throughout the text at point-of-use. These
notes guide students to the Technology Support Appendix, where they can learn
how to use specific graphing calculator features to enhance their understanding of
the concepts presented in the text. These notes also direct students to the
Graphing Technology Guide, in the Online Study Center, for keystroke support
that is available for numerous calculator models. Technology Tips are provided in
the text at point-of-use to call attention to the strengths and weaknesses of
graphing technology, as well as to offer alternative methods for solving or
checking a problem using technology. Because students are often misled by the
limitations of graphing calculators, we have, where appropriate, used color to
enhance the graphing calculator displays in the textbook. This enables students to
visualize the mathematical concepts clearly and accurately and avoid common
misunderstandings.

Numerous additional text-specific resources are available to help students
succeed in the precalculus course. These include “live” online tutoring,
instructional DVDs, and a variety of other resources, such as tutorial support and
self-assessment, which are available on the Web and in Eduspace®. In addition,
the Online Notetaking Guide is a notetaking guide that helps students organize
their class notes and create an effective study and review tool.

Flexible Options for Teachers

From the time we first began writing textbooks in the early 1970s, we have
always considered it a critical part of our role as authors to provide teachers with
flexible programs. In addition to addressing a variety of learning styles, the
optional features within the text allow teachers to design their courses to meet
their instructional needs and the needs of their students. For example, the
Explorations throughout the text can be used as a quick introduction to concepts
or as a way to reinforce student understanding.

Our goal when developing the exercise sets was to address a wide variety of
learning styles and teaching preferences. The Vocabulary Check questions are
provided at the beginning of every exercise set to help students learn proper
mathematical terminology. In each exercise set we have included a variety of
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exercise types, including questions requiring writing and critical thinking, as well
as real-data applications. The problems are carefully graded in difficulty from
mastery of basic skills to more challenging exercises. Some of the more
challenging exercises include the Synthesis Exercises that combine skills and are
used to check for conceptual understanding, and the Make a Decision exercises
that further connect real-life data and applications and motivate students. Skills
Review Exercises, placed at the end of each exercise set, reinforce previously
learned skills. The Proofs in Mathematics, at the end of each chapter, are proofs
of important mathematical properties and theorems and illustrate various proof
techniques. This feature gives the teachers the opportunity to incorporate more
rigor into their course. In addition, Cengage Learning’s Eduspace® website offers
teachers the option to assign homework and tests online—and also includes the
ability to grade these assignments automatically.

Other print and media resources are available to support teachers. The
Teacher’s Edition provides the complete student text plus point-of-use annotations
for teachers in an easy-to-use, wrap-around format. The Complete Solutions Guide
and its online version offer worked-out solutions to every exercise in the text. For
flexibility, the Test Item File is available both in print and via Diploma Testing
provides teachers all the tools they need to create, author/edit, customize, and
deliver multiple types of tests. Teachers can use existing test bank questions, edit
the content, and write new static or algorithmic questions all within Diploma’s
powerful electronic platform. The Electronic Classroom offers customizable
PowerPoint presentations for the classroom. Also included are a variety of
transparency masters—including warm-up, daily homework, and answers to section
exercises. Finally, the Online Teaching Center offers an array of resources provided
conveniently via the Web, and the Online Instructor Success Organizer is an
invaluable aid throughout the year.

Teachers who stress applications and problem-solving, integrating
technology into their course will find this program right for them.

Students find extra support in a number of special supplements that reinforce
concepts and help them organize their study. First, the Study and Solutions Guide
provides step-by-step solutions for all odd-numbered text exercises as well as
chapter and cumulative tests. The manual also provides practice tests accompanied
by a solution key. An invaluable study aid, the Notetaking Guide helps students
prepare for chapter and/or cumulative tests. It features a lesson-by-lesson frame-
work that allows students to take notes on and review key concepts throughout the
text. The Online Study Center provides numerous interactive lessons, simulations,
animations, and applications, as well as a glossary with flash cards and a graphing
calculator program. An abundance of resources are contained in the Online Study
Center, including the Online Notetaking Guide. Finally, Dana Mosely hosts
the Instructional DVDs. They cover every section in the text, providing clear
explanations of key concepts, examples, exercises, and applications in a lecture-
based format. New to the DVDs is captioning for the hearing-impaired.

We hope you enjoy the Fifth Edition.

Ron Larson
Robert Hostetler
Bruce H. Edwards
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Features Highlights

Chapter Opener

Each chapter begins with a comprehensive
overview of the chapter concepts. The photograph
and caption illustrate a real-life application of a
key concept. Section references help students
prepare for the chapter.

Polynomial and
Chapter 2 Rational Functions

Applications List

An abridged list of applications, covered in the
chapter, serve as a motivational tool by connecting
Selected Applications section content to real-life situations.

EE B R B RE

Section 2.2 Palynomial Functions of Higher Degree 103

2.2 Polynomial Functions of Higher Degree
Wha

Graphs of Polynomial Functions t you should leam

w st transhomaans 1 shech geaphs of

You shouk be sble o sketeh accurate graphs of polynomial fanctions of degrees S=aa=
0, 1, and 2. The graphs of palynoenial functions of degree preater than 2 are more | w Liethe Leagiog oefcestfes i
difficult 1o sketch by hand. However, in this section you will learn how Lo recog- tremine the end sebanar st guphs of
nize seene of the basic festures of the graphs of palynomial functions, Using sl tactor

u ] s s s foatuet of (e 3 : : .
What You Should Learn" and e o son wilh ot king gt ymeieyoushd |

3 i ~ti % sallv. thi m Usethe Imermedisre Kalee Thearen
The graph of & polynomial functian is continuous, Essentially, this means e

(1} " that the graph of a polynamial function has no breaks, holes, or gaps, a5 shawn
y Ou ou ea rn in Figure 2.14. Infarmally, you can sy thal a function is continuous if its graph ‘Why you should leam it

can be drawn with a pencil without lifting the pencil from the paper. Sou can ik palpaaTial Ancices tx made

Sections begin with What You Should Learn, b

an outline of the main concepts covered in the . =
section, and Why You Should Learn It, a real-life _/

application or mathematical reference that

illustrates the relevance of the section content. 5 ot e © s g e
Tuncuions.,
Figure 214

Another feature of the graph of a polynamial function is tat it has anly smocth,
rounided turns, us shown in Figare 2.15(a). Tt canmot have a sharp trn such as the
ane shawn in Figare 2.15(h).

[EmTpp——

¥ ¥
Sharp tum
al i i F ith
with smooth, reunded turrs. turns are rot polynomial functions.
Figure 2.15

xii



216 Chapter 3 Expunential and Lagarithmic Functions

Example4 Solving an Exponential Equation
Salve 2(3%°%) = 4 = 11.

Salution
AN =4 =11 Weite oeigizal equsicn
STUDY TIP
HF ) =15
ey Remember that o evaluste a
! logaritam such a3 log, 7.5, you
log, 39 = log, i need 1o use the change-of-base
- formule
s _ .
Tog, 75 = = LEM
il in3

Vs 2 calenlatme

The selutica is ¢ = £ + Llag, 7.5 = 342, Check this in the original equation.

WOREENT N iry Enencise 49,

When an equation involves two or mone exponential expressicas, you can
still use a proceduze similar to that demenstrated in the previous tree examples.
However, the alpebea is 2 bit mare complicated.

Example5 Solving an Exponential Equation in Quadratic Form

Bolve £ = 3% 4 2 = 1.
Algebraic Solution Graphical Solution

Use & graphing wility to graph y = e ~ 3% + 3 Use the
zerp or ot feature or the zoom and troce features of the
praphing utility o sppreximate the values of x for which
¥ = 0 In Figure 3.35, you can see that the reros poeur ol
x =0 and a1 x = 065 So, the solutions are x = 0 and

ERE N
yeet-detr 2

T et 4 2=0
(eF=3+2=0
(e*=2Ye*=1) =0
[
2

-

=il Sel
e 1=0 Set
=1 Add r
z=Ml Trrverse I ty Iﬁmm . -
=0 Sclution
The solutions are x = In 2 = 0.69 and x = 0. Check these Figure 3.35

in the ariginal equation.

vowmrewT  Now toy Exercise 61,

Features Highlights

Examples

Many examples present side-by-side solutions with
multiple approaches—algebraic, graphical, and

numerical. This format addresses a variety of

learning styles and shows students that different

solution methods yield the same result.

Checkpoint

The Checkpoint directs students to work a similar

problem in the exercise set for extra practice.

Study Tips

Study Tips reinforce concepts and help students
learn how to study mathematics.

Library of Parent Functions

The Library of Parent Functions feature defines
each elementary function and its characteristics at
first point of use. The Study Capsules are also
referenced for further review of each elementary
function.

Explorations

The Explorations engage students in active
discovery of mathematical concepts, strengthen
critical thinking skills, and help them to develop
an intuitive understanding of theoretical concepts.

New! Prerequisite Skills

A review of algebra skills needed to complete the
examples is offered to the students at point of use
throughout the text.

104 Chapter 2 Polynomial and Rational Functions

Library of Parent Functions: Polynomial Function

The gragis of pulynamial functions of degree 1 ane lines, and those of

functians of degree 2 are parabalas, The graphs of all polynomial fusctions

are smouth and continous. A pelynamial function of degree n fis the farm
A =gt s a, g b e oay

whene n is & pasitive integer and a, # 0. The polynomisl functicas that have

the simplest graphs ane monomials of the farm fix) = x7, where n is an inte-

e grester than zero. IF n is even, the graph is similar 10 the graph of

Jflx) = o und touches the axis a1 the rintercept. If n is odd, the graph is

similar 10 the graph of f{x) = ' and crosses the axis at the rintercept. The

greater the value of n, the fatter the graph near the origin. The bsic charsc-

teristics of the cubic function f{x) = x* are sammarized below. A review of

palynuenia] functions can be faund in the Stady Caprales.

Giraph of flx) = = 3

Domain: (= a6, oa)

Range: (= oz, o)

Intercept: (0}, 1)

Increasing on | = o2, o)

Ocd funitiva

Origin symmetry

Example 1 Transformations of Monomial Functions

Sketeh the graphs of () flx) = —o°, (B} glx) = 2° + Land (c) bx) = {x + %

Solution

u. Because the degree of flx) = —x° is o, (e gragh is similar o the praph of
¥ = & Moresver, the negative coefficient neflects the gragh in the ©-axis, as
shown in Figure 2,16,

b, The graph of gix) = x* + 1 is an upwand shift of ane unit of the graph of
¥ = &% s shown in Figure 2.17.

c. The graph af k{x) = {x + 1) is & left shift of ane unit of e graph of 5 = &%,
a% shown in Figure 2.18.

Figure 216 Figure 217 Figure 218
wlogmwcer  Now try Exercise .

Exploration
Use 2 graphing utlity lo graph
y=xoforn = 2, 4, and 8.
{Use the viewing windaw
JEFEFET

6.3 Campare the

grapts. In the interval (- 1. 1),

‘which graph is on the batom?
icde the interval (= L 1),

which gragh is o the bottom?
Use u praphing wility 1

orn = 3, 5, and

viewing window

= 1.5 and

) Comyare the

In the intervals

. =10 and (0, 1), which

graph is on the butiem? In the

inservals (= 1, 0) and {1, s,

which gragh is e the batiom?

Prerequisite Seills
IF yau have difficulty with this
example, review shifting ard

refiecting of graphs in Section 14,

i
fest
c
=
m
w
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Moge &= Example & thet there are many polyzomial functions with the =l
cate zercs. b= face, multiplyizg the funceions by any real sumber does 2ot change
the zeros of the func ¢ insaance, muttiply the fusction from pars (h) by 3 1o
ohiz fix) = b’ — & Then find the zeros of e function. You
will ebtmn the zepos 3, and 2 - T, &5 grves in Example 6.

Example7 Sketching the Graph of a Polynomial Function
Siewch the groph of filx} = Sr' — 4x’ by band.

Salution

L. Apply the Leading Coefficient Ter.  Hecowse the leading coefficlers is posi-
tive e=d the degree is even, you know that the greph eventualy rises to e keft
and e the right (see Figurs 2.25)

2. Find the Real Feros of she Polywomial By fecioring

Section 2.2 Pulynomial Furctions of Higher Degree 108

TECHNOLOGY TIP
It s easy o meke mistekes when
exterisg functions l=to o graphisg
utilizy. Se, it & important 1o heve
£= undersizdizg of the basic
shepes of graphs end w be able %o
graph simple polynomisls by
hand For example, suppase you
had ersered the functces =
Example T as y = ¢ — dx, Hy
loaking at the graph, whes mathe.
mescal prizciples woukd alen you
e the fict that you had mede 2
mistake?

Sl = 20t - o

yosu can see that the

Section 2.6 Hational Functions and Asymptotes 151

of o mltiplicity
pounes o your graph)  Example 7 Ultrendnlet Radiation @

A Pl a Few Addiiond g o person with sensitve skin, the amoure of time T (in hows) the persee cen
tional points, a5 showd ke sxposed oo the sun with memal buming can be modeted by
and to the left e o s
re 2R e m
5
where 5 15 the Suzsor Scele reading. The Sunsor Scale ls hased on e bevel of
ssensity of LVE rays. (Source: Sunsor, Inc.}

8. Fizdt the amounss of time o person with sensstive sii= can be expased to the
sun with minimal burning when s = 10, 5 = 25, and 5 = 1K1

4 fowthe Srspk W gf the model wene valld for 25 > 0, whes would be the herizonte! asympiote
Figure 2.3, Hecouss of this fuzction, and what woald & represent?
grupis sheuld crass
shape of & porticn of|  Algebraic Sulution

a Weens = 10,7 = U371 £ 218 'Uu_“"

Graphical Solution

030 + 13K

=
x

values.

Whes ¢ = 25,y

I Because the degrees cf the numerzsor exd
denominator ere the seme for
Fguse 225

0373 + 235
R———— i

has the line ¥ =037 2 2 horizareal
esymptote. Thés line represents the shors-
et possible exposure e with mrimal
burming.

Figure 255

TECHNOLOGY SUPPORT
For Instructicns en how te use the
vealue feoeure. see Appendic A;
for specific keystrokes, go to this
textbock’s Online Sy Center.

& Use o prapiisg utility o graph the fusction

using & viewing window simiar o that shown in Figwe 2.5 Teen
use the trace or value feetire 1o approximese the viles of y, when
=10,x= 2% wnd x = L. You should obesln the following

Whes x = 1L y, = (161 bour.

3 : "
= [ieLan i
the Borizontel asympiote (s given by the
ratic of the leadizg cosficents of the
umerater and dercmizator, S, the graph afmt oo
G

I Contizue 1o wse the fce of value festure o eppramate values of
flx} fioe larger and larger values of x (see Figure 2.
can estmate the horizosnal Evmple @ be y =
reprzsezs che shostest passible xposure time with minimal barning,

S

afisastins Mo try Exercise 43,
P try Exerclse 43, Faue 236

Technology Tip

Technology Tips point out the pros and cons of
technology use in certain mathematical situations.
Technology Tips also provide alternative methods
of solving or checking a problem by the use of a
graphing calculator.

Technology Support

The Technology Support feature guides students to
the Technology Support Appendix if they need to
reference a specific calculator feature. These notes
also direct students to the Graphing Technology
Guide, in the Online Study Center, for keystroke
support that is available for numerous calculator
models.

Real-Life Applications

A wide variety of real-life applications, many
using current real data, are integrated throughout

the examples and exercises. The

indicates an

example that involves a real-life application.

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 .

22 Chagter 1 Functions and Their Graphs
Applications

Example? Cellular Communications Employees

The number N
mmmr,u n-.g i

n thousands) of emgployees in the celluler communications
ted Stoges Increased in o linear pemern fromm 1996 i 2001 (see

Figure n 2002, e sumber dropped, then cassnued to increase thicugh Cotula Comsmnicaion
204 ina .rwvm_ linear pattemn. These twa patiems can be spgroximated by e Empliees
fuzction ¥
L [rms-sis m=r=n o -
M {In..‘GI—IUd. 1251z 12 i =3

where [ represenss the year, with ¢ = & comesponding o 1998 Use this fusction
e approximate the masber of employees for eoch year from 199 1o 2004,
(Source: Celluler Telecommunications & Inemnet Assoclesion}

Salution

From 195 1o 2001, Section 1.2 Functiors 29
1344, 1 X
i g 86 Dais Anelis The £ — g1

1 o e s B2 s

Billicns of dullars) o
From 2002 o 2002, w 3
1912, 2080, ]

ER
2+ 1

o i)

EEE . Synthesis
M— Mo Trur o Falie? 1 Exercies 33 and 54, deterisiee whetber

A T —

Example® The Fa —
R a[ ]
ssoond sed un angle ai .o ]
i = — 000 -
where x and {x} are T I T St S B Libieury of Purcat Funetions Tn Exercius 9599, weite &
L LT N ] —
wocted 300 feet from . piccewiiedefined furetien Tor the graph shume.

Algebraic Solution
‘The height cf the hasel
from home plae. Wh
basshed as follows.
fix) = — 000
fi300) = — 000
=18

where P is the retail
eepreints the ye. W

Cimpicie the ekl i
data in the grigh

l ] I l | ['" "]' ["IHI

Whenx = 300, the kel
will clear 2 Lil-foot fe

s tion| |
1 [m]

he sandel nd the dats

1) e ,;.asu :
P st o e vaility

99, Weiling I yoe cwn wonle explain the messing, of
e and rargr.
108 Think Abost i Dewsibe as wbantuge of fancticn
f 1o Ecrchs 5792, i  simpi netation
your mswee

afthe el

. Skills Review
T e -
© I= Exercines 100- 104, perform the speratios ard simplify.
e, BtHl gl L
R yie) = 3 1, & , h#0
w - e, BERCIE

N A

I P TR e

he st [ e o v o e o gl g e ety st ot




Section 2.1 Quadratic Functions

Vocabulary Check
Fill i the blanks.

1. A polynomial functics of degree a and leading cosfficiess a_is & function of the form
fal=ax g -t 4 b taxta,a #0

where nis & anda,a, .. . ..@ &, 0 rembers.

FA fiezcticn is 2 second degree palynomiel femcticn, and its graph is called &
3. The graph of a quadratic function is symenetric bout its

4. Ifche graph of 2 quadrasic functicn opers upeend, thes, its leading coefficient is and
the veriex of the graph is 2

&, 1fthe grapk: of o quadratic functian opens downward, hen iss leading coefficient is and
the ventex of e graph is 2 .

In Exercises 1-4, maich the quadratic funclion with 1L fixd = (e + 4 - 3

Features Highlights XV

Section Exercises

The section exercise sets consist of a variety of
computational, conceptual, and applied problems.

Vocabulary Check

Section exercises begin with a Vocabulary
Check that serves as a review of the important
mathematical terms in each section.

New! Calec Chat

The worked-out solutions to the odd-numbered text
exercises are now available at www.CalcChat.com.

Its graph. [The graphs are labeled (a), (b}, (c), and (d).] 12 fix) = (x— & + 3
ia} : b
TN A
A e
: iy
SN
L 5
O
5] ) 4
!
' £
AW N
3
L L In Exerclses 21-26, use & graphing wifity to graph the
qundratic function, Idestify the verlex and r-lmterceptis).
L fix) = (x - 3 2. fl) Then check wour results algebraleally by writieg the
A fi =it o 16 qundratic fusction in standard form.

In Exerchies £ and 6, use & graphing utllity o graph each
fanction in the same viewing window. Describe how the
function is related 1o the graph of y = x*

ich ¥

In Exerclscs 7-20, sketch the graph of the quadratic
function. Mdentlfy the vertex amd rinterceptlsh. Use o

N, flg) = —fx* + - 3)
. fix) = — (' + x - 30
2 gix) = + B+ 11

M, g
25, 1l
2. fix) = —act + Bx - 41

I Exercises 27 and 28, write an cquation for the parabola
In stancard form. Use o graphing utllity to graph the
equation and verify your result.

graphing utility to verify your results. n . | 4

=5 0, 3

.S =28 - Bl =t -1 o e , 3
0. i) -t 4 1. fix) = 16 - 42 b v vk 7 _
Y 1 =2, -1f"

Synthesis and Skills
Review Exercises

Each exercise set concludes with three types of
exercises.

Synthesis exercises promote further exploration
of mathematical concepts, critical thinking skills,
and writing about mathematics. The exercises
require students to show their understanding of
the relationships between many concepts in the
section.

Skills Review Exercises reinforce previously
learned skills and concepts.

New! Make a Decision exercises, found in
selected sections, further connect real-life data
and applications and motivate students. They also
offer students the opportunity to generate and
analyze mathematical models from large data sets.

10z Chapter 2 Polynomial and Rational Functions

6L Dara Analyrls The factory sales § of VCRs fin millioas
of collars) in the Usited States from 1990 to 2004 can
be modeled by 5= —2040F + 21815 = 2435, for
02 1= 14, whese ¢ is the year, with comesponding
0 1990 (Source: C er Electromics Association)
(2) Accoeding to the medel, when did the maximum veloe
af factory seles of VORs cocur?

(b} Accandig o the model, what was the valee of the
factory sales in 20047 Explain your result
() Woukd you ese the model to peedict dhe valve of the
factory sales for years beyond 20047 Explain.
Synthesis
True or False?  In Exercises 63 and &4, determine whether
the statenvent is true or false. Justify your answer.
&Y The fisction fix) = — 120 — 1 has ne xintercepis.
B4 The  praphs  of  fld= -4 - 1+ 7 and

glx) = 127 + Mix + | bave the seme axis of symmesry.

Library of Parent Functions I Exerclses &8 and 66, deter
mime which equatiseis) may he represenisd by ihe graph
shown, i There may he more than ome correct answes.)

. () fix) = - K

(eu:r ) x-2F -4
) fix)= - -8

B (e} flx) = ix -2 23

-4 e

i) flx) = o 4 b 2 10

Think About ff  In Exercises 67-70, find the value of b such
that the function has the given maximum or minimsm
value.

L Profit The profic # fin millions of deflers) for o
recreaticeal vehicle retailer is modeled by o quadratic
fiemclion of the form = ar® + br + ¢, where ¢ Tepresesss
the year. If you were presidest cf the company, whick of
the followizg models would you prefer! Explain your
reascming.

{a) a is pasitive and ¢
{k) a is positive and 1

e} @ is negative and 1 )
{d) a is negative and ¢ 12a).

72. Writimg The parabola in the figure helow has an equation
of the famm y = ax + by — 4. Find the equesion af this
peszbola i two different weys, by hend and with technol
ogy (graphing wiility o computer scftwese). Write a para
graph describing the meshods you use and comparing the
results af e two methods.

Skills Review

In Exercises T3-76, determine algebradcally any podntis) of
Intersection of the graphs of the equations. Verify your
results using the imtersect feature of & graphing utllity.

M ox+y=8 Moy =dx— 10
—jrey=6 y=dr+l
Wy=9-2 MWoy=x+ -1
¥y=x+3 ¥= -2+ 15

77. Make @ Decision Ta work an extended agplication
anzlyzing the height cof a baskethall after it ha been
dropped, visit this textbook's Online Study Center,

i
fest
c
=
m
w




Features Highlights

a2 Chagter 1 Functions and Their Graphs
What Did You Learn?

Key Terms
shopep 3 mnge,p. 16 odd fenction, g 36

nig rigid transhoration, o 47
ope n7 o .18 irveerse fonction, g 67
paraliel ines, 0.9 Aunction notation, g 1§ CNE0-00e, B 65
perpendiculs lines p 9 ‘graph of & lunction, p. 30 Haizontal Line Test. .66
function, g 16 Vertical Line Tesy, .31 postive corelation, o 78
domain, . 1§ even function, g 35 nogathr comeation, o 74
Key Concepts
o lopes of lin rite and

3. A rcerigld transformaticn disorts the grap by

1. ‘The slope m of the
and (x,, y:), where

2. The paire-slope forr)
jpasses thecugh the
sy =y, = mlx —

3. The prapk of the o
whase skype Is m e

12 m Evaluate funcg

1. To evaluses o funcrid
varable x with & v

2. The domain of 2 fu
numbers for whick

13 m Analyze grap

1. The prapk of o funcy
which the graph inc{

2. The poists at which
decreasing. or consig
e and relative my

3, Az even funceoe is
yaxis. A cdd fuecg
the crigin.

1.4 m identify and gf
nnrigid trans

1. Vemkal end horzzard
transformations =
dorwn, and left or rig

2. A reflection wanstod
prupk ina lize.

el Exervises ]

1.1 In Exercises Land 2, sketch the lines with the indicsted  Rate of Cheage = Eaerdises 2136 you are given the
slepes thrisgh e peint on e sme set of the cosedingte dullar value of 2 grodect in 1008 and the rate st which the
s, alue of the item s expected b change during the nexl

5 pesrs. L this infurssatie b write s lneer eqeatios Bal

Fitan Sepe wives the dullar valus ¥ of the prodsct in terms of the year
L) w0z 00 LiLeLt = B pepeesent 2003}
-1 il Usdeised e
2i-3-3 C] s~ n SASD iscreaie per year
4 o S 5113 decreas per year

25, 5605.50
I Exereives 1-8, glet the two poists and find the sope of 3¢, 5
e line passieg thrvasgh the goints.

4270 inureane per pear

205 5515 decresie per year

20, Seles  During the secoead asd thied qasrters of the year, a1
s el sl 185,000,

160000 and SIS

e The gruwth of sales Tellows 4 lisear pters.
:-. duting the South yasster

25, Depreciativon The dellar valu of 4 DVID plipes i 2006
5. T cercaie i valus al an expestal

N

L Exnercines 9- 18, {x) use the painl o the Eee s the shape
of the line to fnd e pereral form of the equation of the
line, and (b} find ieee sdditional points ievgh which the
line prasses, (There are many correet ammers)

e

I Exercises 20-32, write the slope-istercept foems of the
exjustions af the lines threugh e gven painl {u)
e given Ko arad (b perpendicular b the given line. Verify
uue resl with & graphissg ulility (s 3 sguare seing).

7. i1 -6
14, (5,4)

Ln Exerrises 19-22 fisd the slupe-istercept form af the
equation of the lise tat passes thrusgh the puints. Use o
prapbinsg utility 1o gragh the line.

Chapter Summary

The Chapter Summary “What Did You Learn?”

includes Key Terms with page references and
Key Concepts, organized by section, that were
covered throughout the chapter.

Review Exercises

The chapter Review Exercises provide
additional practice with the concepts covered
in the chapter.

Chapter Tests and

Cumulative Tests

Chapter Tests, at the end of each chapter,
and periodic Cumulative Tests offer students
frequent opportunities for self-assessment and

to develop

strong study and test-taking skills.

2] Chapeer 1

1 Chapter Test B w26 I w1 60 A brcines
Pioaed
work sgaiest U answers in the hack of the book. fr——

Teke this vt o yins weuld take a fesl e elass. Afler v sre Mnidbel, chock your

Fumetions and Their Graphs

L. Fira the exquaticn the poion (0, 4) el are (4} perallelm A N
and i} perpendiclar )

2 hrorsgh e puists i

ES Foun o)

4

I Exereises T and K, &
neitlser.

T fle) = 2t - 3

In Exercies 9 and 19, &
ing, decresing, or con
9 bix) = et - 2t

In Faercies 11 and 1
spprnimabe (o tee d
walues of the fenetion.
1L fle) = —2* 4

I Exervises 13-15, (a)
transarmations frem

13, gieh = —2e - 5)°

I Exereises 17-19,
s Tind the izvers: fusc)

17 fls =2 8

0. The tabie shirws the

Cumulative Test for Chapters 1-3

253

1-3 Cumulative Test e o CacC e b b ks b cab e enties

Take this test b review the saterial in Chapters 13, Afler yos are Buished, check
s wark against the ssswers gives in the hack of the ook,

Usat atiifies thse
b whick the line passes

(=1, 4)

Figare tr &

I Exnercines $-12, evaluste the indcated fenction for.

Sep= A - 10 and glr) =41 L
90+ g4 10, (g — it} 1 g -2
13, Dets e whether Alx) = Sz — 2 has e fenction. I o, fisd i

I Enercines 14-06, sketeh the gragh of the funclive. Use 4 graphinsg utility 1o verify
the graph.

B4, fle) = —4ie + da)
T =’ + 27— 18

1. f12) = dle - 22




Proofs in Mathematics 255

Esch of the following three properies of logarithms can be groved by using
praperties of exponential functions.

Properties of Lagarithms  [p. 208} Slide Rules

‘The slide rule wis invented by

William Crughired {1574-1660)

Logaritim with Base a Natural Logaritim in 1625. The slide rule is 2

1. Product Property: log(w) = log,u + log,v  Infuv) = Inu + Inv camgutational device wilh
e " o sliding portion and 2 fixed

portion. A slide rule ensbles

you to perform mulsiplication

Let a be a positive sumber such that @ # 1, and ket m be & real number. 1 i
and v are positive real surhers, the following properties are true.

2. Quotient Property: log, > = log,u ~ log, v In> = lnu~Inv
v v
by using the Product Praperty

3. Puwer Properly:  log,uw® = nlog u lnu® = mlnu R B A T i
slide nules that allow for the
calculation of roots and trigono-

Proof =

metric functions. Slide rules
Let wene used by mathematicians
and engineers until the invention
af the hand-beld calculstor in
The cormesponding exponential forms of these two eguations are 1972

cmuoand &=

r=log,u and y=log, v

To prove the Product Property, nultiply w and v 1o chizin
wy = a'e = attr,
The comesponding logarithmic farm of v = a++> is Jog,{uv) = x + y. So,
log (wv) = log, u + bg, v.
To prove the Quatient Praperty, divide i by v to abtsin
LI
v af

“The cormesponding logaritmic form of ufy = a* 7 i log (/v) = x ~ 3. So,
log, & = log, u = log, v.
v

To prove the Power Property, substitute a* for u in the expression log, %, a

fallaws.
lag, & = g, la’} Subsatitate o' for u.
= Jog, a= Praperty of eapeneres
= nx Inverac Property of logarithm
= nlog, u Subatitaie Ing, u for z.

So, log, u® = nlog, u.

Features Highlights Xvii

Proofs in Mathematics

At the end of every chapter, proofs of important
mathematical properties and theorems are
presented as well as discussions of various proof
techniques.

New! Progressive Summaries

The Progressive Summaries are a series of charts
that are usually placed at the end of every third
chapter. Each Progressive Summary is completed
in a gradual manner as new concepts are covered.
Students can use the Progressive Summaries as

a cumulative study aid and to see the connection
between concepts and skills.

New! Study Capsules

Each Study Capsule in Appendix G summarizes
many of the key concepts covered in previous
chapters. A Study Capsule provides definitions,
examples, and procedures for solving, simplifying,
and graphing functions. Students can use this
appendix as a quick reference when working on
homework or studying for a test.

256 Chapter 3 Exponential and Logarithmic Functions

Progressive Summary (Chapters 1-3)

This chart autlines the topics that have been covened so Far in this lext.
Progressive Sumenary charts appear afier Chapters Z, 3, 6, 9, 2nd 11. In each
ive smamary, new wyic: for the first time appesr in red.

Folyromial, Aaticnal, Radical Expanential, Logarithmic

B Rewriting o Rewriting B Hewriting
Polyaomial foem «» Foctored form Exponential form 4+ Logarichmic form

Operations with palynomials Condensa/expand logesithmic

Rationalize denaminzsors expressions

Simplify rational expressions

Operations with complex sumbers

u Solving = Sohving  Sohving
Fguation Saraegr Equation Srategy
Lizear . . .. Isolute vesizhle Exponential ... .. Teke logerithes of
Quadratic .. Facwoe, sex sa zera each wde
Extract square roots  Logarithmic . ... Exponeniote
Camplene the square each sde
Quadratic For=ula
Polyaomial ... Factor, sex s 2era

Ratinal Zero Tes:

Rational Multiply by LCD
Radical Isolate, reise to power
Absalute Isolate, form vwe

equations
B Analyzing = Anslyzing u Analyzing
Giraphically Algebraically Graphically Alpebroically
Inteecepts Domain, Range Insercepts Domaia, Rmge
Symemesry Trarsfoemations Asympiotes Transformaticas
Slope Compasition Compesition
Asymptotes Stendard foems Srwerse peoperties
End behavior of equations Namericafly
Maimum valves  Leading Coefficienc  Tuble of values
Mavmum valuss Test

Syathecic divisicn

Descames's Rele of

Sigas
Numerically
Table of velues

Appendix G: Study Capsules

Study Capsule 1 Algebraic Expressions and Functions

Properties of Exponents
= (I |
] 1. otoatm o 2.:—_—..'*‘ Lfg=a™ dat=—-——=a' Kda=lazl

aa
B Properties of Raticals

E Lo b=a-vE 2 ‘/%—1* 3 V@=ld 4da=at S YTF=ov=(¥Tas0

Factaring (uadratics

Lat+brte=(x+ x + 1 H-Trdid=ix+ He + ]
Fil blasks with factors of ¢ that add up o b = fx— 3ix—4)
Factora cf 4

Laotthrte=( 1x+ N x+ 1]

Fill hlasics wih factors of a ane of ¢, so that the
binamisl product hes 2 middle factor of br.

4t +dr—15=( x+ N ox+ 1

Facter 4 aa (2)(2].

= [2x — Ui + &
R+ D) o s -5

Factoring Polynomials
Factor o polynomisl ax' + be® + cx # o by grouping. a4+ 1 -x -3

=4 + 127 - (x + 3) Gecarp by pain.

Palynomials and Factoring

=dad(x+3) — (x +3) Factor ol monomial

= {x + i — 1} Factor ot inmmial.

={x+3)x+ I}f2r— 1) Difermce of guaes

Simplifying Expressions
L Rationelize denominesor. {Nese: Recicels in the semerainr
can be rationalized in 2 similar )
Muliply by
conjage.

. Differezce
x cquaddaticn e

é L. Foctor completely and sineplify.

e Simplty

A1zs

i
fest
c
=
m
w




Additional Resources—Get the Most Out of Your Textbook!

Supplements for the Teacher Supplements for the Student
Teacher’s Annotated Edition Study and Solutions Guide

Complete Solutions Guide Written by the author, this manual offers step-by-
Online Complete Solutions Guide step solutions for all odd-numbered text exercises

as well as Chapter and Cumulative Tests. The manual

Electronic Classroom also provides practice tests that are accompanied

Online Instructor Success Organizer by a solution key. In addition, these worked-out
S, ] Notetaking Guide solutions are available at
343? line Teaching Center www. CalcChat.com.

This free companion website contains an abundance

of teacher resources. Visit

www.cengage.com/math/larson/precalclim_agaSe This free companion website contains an abundance

and click on the Online Teaching Center icon. of student resources including the Online Student

) ) Notetaking Guide. Visit the website

‘? lplo-ma Testing . www.cengage.com/math/larson/precalclim_agaSe
Testing the way you want it’ and click on the Online Study Center icon.

Diploma Testing provides instructors all the tools they .

netr:d to create, all:thorfedit, customize, and deliver Instructional DVDs *’

Online Study Center

multiple types of tests. Teachers can use existing test Hosted by Dana Mosely, these text-specific DVDs
bank content, edit the content, and author new static cover all sections of the text and provide key

or algorithmic questions—all within Diploma’s explanations of key concepts, examples, exercises,
powerful electronic platform. and applications in a lecture-based format. New to

this edition, the DVDs will now include Captioning
for the Hearing Impaired.

Eduspace®: Cengage Learning’s Online Learning Tool (Powered by Blackboard™)

Eduspace is a web-based learning system that provides instructors and students with powerful course
management tools and text-specific content to support all of their online teaching and learning needs.

By pairing the widely recognized tools of Blackboard with customizable content from Cengage Learning,
Eduspace makes it easy to deliver all or part of a course online. Teachers can use Eduspace to offer

a combination of ready-to-use resources to students. This online learning tool contains ready-to-use resources
such as algorithmic and non-algorithmic homework, quizzes, tests, tutorials, instructional videos, interactive
textbooks, live online tutoring with SMARTHINKING®, and additional study materials. Teachers can choose
to use the content as is, modify it, or even add their own content. Visit www.eduspace.com for more information.

Online Course Content for Blackboard™, WebCT®, and eCollege®

Deliver program or text-specific Cengage Learning content online using your institution’s local course
management system. Cengage Learning offers homework, tutorials, videos, and other resources formatted
for Blackboard™, WebCT®, eCollege®, and other course management systems. Add to an existing online
course or create a new one by selecting from a wide range of powerful learning and instructional materials.
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