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» A Word from the Authors vii

A Word from the Authors

Welcome to Precalculus, Fifth Edition. In this revision we focus on student
success, accessibility, and flexibility.

Student Success: During the past 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. With that in mind, we have restructured
the Fifth Edition to include a thematic study thread in every chapter.

Each chapter begins with a study guide called How to Study This Chapter, which
includes a comprehensive overview of the chapter concepts (The Big Picture), a
list of Important Vocabulary that is integral to learning The Big Picture concepts,
a list of study resources, and a general study tip. The study guide allows students
to get organized and prepare for the chapter.

An old pedagogical recipe goes something like this: “First I'm going to tell you
what I'm going to teach you, then I will teach it to you, and finally I will go over
what I taught you.” Following this recipe, we have also included a set of learning
objectives in every section that outlines what students are expected to learn,
followed by an interesting real-life application that illustrates why it is important
to learn the concepts in that section. Finally, the chapter summary (What did you
learn?), which reinforces the section objectives, and the chapter Review Exercises,
which are correlated to the chapter summary, provide additional study support at
the conclusion of each chapter.

Our new Student Success Organizer supplement takes this study thread one step
further, providing a content-based study aid.

Accessibility: Over the years we have taken care to write our texts for the student.
We have paid careful attention to the presentation, using precise mathematical
language and clear writing, to create an effective learning tool. We believe that
every student can learn mathematics and we are committed to providing a text
that makes the mathematics within it accessible to all students. In the Fifth
Edition, we have revised and improved many text features designed for this
purpose. The Technology, Exploration, and Study Tip features have been
expanded. Chapter Tests, which give students an opportunity for self-assessment,
now follow every chapter in the Fifth Edition. The exercise sets now include both
Synthesis exercises, which check students’ conceptual understanding, and Review
exercises, which reinforce skills learned in previous sections and chapters.
Also, students have access to several media resources that accompany this text—
videotapes, Interactive Precalculus CD-ROM, and a Precalculus website—that
provide additional text-specific support.



A Word from the Authors »

Flexibility: From the time we first began writing in the early 1970s, we have
always viewed part of our authoring role as that of providing instructors with
flexible teaching programs. The optional features within the text allow instructors
with different pedagogical approaches to design their courses to meet both their
instructional needs and the needs of their students. Instructors who stress
applications and problem solving, or exploration and technology, or more
traditional methods, will be able to use this text successfully. In addition, we
provide several print and media resources to support instructors, including a new
Instructor Success Organizer.

We hope you enjoy the Fifth Edition.

b, i

Ron Larson

Lot P Hotcthis

Robert P. Hostetler
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Features Highlights

Student Success Tools

The Big Picture
in this chapter you willlearn the:
following skills and concepts.

Important Vocabulary
As you encounter each new vocabulary term in this chapter,
add the term and its definition to your notebook glossary.

» How to sketch the graphs of
equations

» How to find and use the slopes of

Graph of an equation (p. 100)
Intercepts (p. 102)
Symmetry (p.103)

Vertical Line Test (p. 140)
Zeros of a function (. 141)
Relative minimum (p. 143)

{ines to write and araph linear Circle (p.105) Relative maximum (p. 133)
wallsGans i tyo vansbies Linear equation in two variables Linear function (p. 144)

(p.110) Even function (p. 146)
» How 1o evaluate functions and Stape (p. 110) Odd function (p. 146)
find their domains Slope-intercept form (p.110) Reflection (p. 155)
» How to analyze graphs of Paint-slope form (p.115) Rigid transformation (. 157)
functions Two-point form (p. 115) Nonrigid transformation (p. 157)

General form (p.116) Arithmetic combination of functions
Parallel (5. 117) (p.163)

Perpendicular (5. 117) Composition of functions (p. 165)
Function (p. 125) Inverse (p.171)

Domain (p.125) Horizontal Line Test (. 174)

Range (p 125) Directly proportional (p. 182)
Independent vatiable (p. 126} Constant of varlation (p. 182)
Dependent variable (p. 126} Inversely proportional (p. 184)
Function notation (9. 127) Jointly proportional (p. 185)

implied domain (p 129 Least squares regression fine (p. 186

» How to identify and graph shifts,
reflections, and nonrigid
transformations of functions.

> How to find arithmetic combina-
tions and compositions of functions
» How to find inverses of functions
graphically and algebraically

» How to write algebraic models for
direct, Inverse, and joint variation

Study Tools Additional Resources sTODY T
+ Learning objectives at the

beginning of each section

+ Study and Solutions Guide

Mark Joseph/Tony Stone Images 7 ihternctive Brecaltulis. During class, take notes on defi

car increased from nitions,

; :
$18,064 In 1996 to $18,580in 1997 even though sales
{demand) and production (supply) of new domestic cars
declined. (Source: 5. Bureau of Economic Analysis)

B “How to Study This Chapter”

The new chapter-opening study guide
includes:

» The Big Picture—an objective-based
overview of the main concepts of the
chapter

e Important Vocabulary—mathematical
terms integral to learning The Big
Picture concepts

e Study Tools

* Additional Resources

e Study Tip

p How to Study

The Big Picture

In this chapter you will learn the
following skills and concepts.

» How to sketch the graphs of
equations

» How to find and use the slopes of
lines to write and graph linear
equations in two variables

» How to evaluate functions and
find their domains.

» How to analyze graphs of
functions

» How to identify and graph shifts,
reflections, and nonrigid
transformations of functions

» How to find arithmetic combina-
tions and compositions of functions
» How to find inverses of functions
graphically and algebraically

» How to write algebraic models for
direct, inverse, and joint variation

+ Chapter Summary (p.193)
* Review Exercises (pp. 194-197)
« Chapter Test (p. 199)

This Chapter

+ Videotapes for Chapter 1
+ Precalculus Website
« Student Success Organizer

Important Vocabulary

nples. concepts. and
it is you identify
10 the instructor.
Then, as soon after class as
possible, review your nofes.

As you encounter each new vocabulary term in this chapter,
add the term and its definition to your notebook glossary.

Graph of an equation (p. 100)

Intercepts (p.102)

Symmetry (p.103)

Circle (p.105)

Linear equation in two variables
(p.110)

Slope (p. 110)

Slope-intercept form (p.110)

Point-slope form (p.115)

Two-point form (p.115)

General form (p. 116)

Parallel (p.117)

Perpendicular (p. 117)

Function (p. 125)

Domain (p. 125)

Range (p. 125)

Independent variable (p. 126)

Dependent variable (p. 126)

Function notation (p. 127)

Implied domain (p. 129)

Vertical Line Test (p. 140)

Zeros of a function (p. 141)

Relative minimum (p. 143)

Relative maximum (p. 143)

Linear function (p. 144)

Even function (p. 146)

0Odd function (p. 146)

Reflection (p. 155)

Rigid transformation (p.157)

Nonrigid transformation (p.157)

Arithmetic combination of functions
(p.163)

Composition of functions (p. 165)

Inverse (p.171)

Horizontal Line Test (p. 174)

Directly proportional (p. 182)

Constant of variation (p. 182)

Inversely proportional (p. 184)

Jointly proportional (p. 185)

Least squares regression line (p. 186)

Study Tools

* Learning objectives at the
beginning of each section

+ Chapter Summary (p. 193)

* Review Exercises (pp. 194-197)

+ Chapter Test (p. 199)

Additional Resources

+ Study and Solutions Guide
* Interactive Precalculus

« Videotapes for Chapter 1

* Precalculus Website

+ Student Success Organizer

STUDY TIP

During class, take notes on defi-
nitions, examples, concepts, and
rules—whatever it is you identify
as important to the instructor.
Then, as soon after class as
possible, review your notes.
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New Section Openers include:

P “What you should learn”

110 Chapter1 > Functions and Their Graphs

Objectives outline the main concepts and help
keep students focused on The Big Picture.

i Linear Equations

» What you should learn
* How to use slope to graph

Using Slope

‘N';:;Wﬂ" two The simplest mathematical model for relating two variables is the linear equation
ot in two variables y = mx + b. The equation is called linear because its graph is o 2 1arr
B i v o e B i 2 ey » “Why you should learn it
* How to write linear equations see that the line crosses the y-axis at y = b, as shown in Figure .14, In other
in two variables words, the y-intercept is (0. b). The steepness or slope of the line is m
+ How 1o use siope to identify - -1 <
paall and perpencnta s y=mith A real-life application or a reference to other
+ How to use linear equations in 1 + . -
two variables to model and Stop il branches of mathematics illustrates the relevance
solve sk prociems The slope of a nonvertical line is the number of units the line rises (or falls) .,
» Why you should leam it vertically for each unit of horizontal change from left 1o right. as shown in Of [he section's content.
Linear equations in two variables Fgae .18
can be used to model and soive
real-life problems. For instance, .
Exercise 112 on page 123 shows i ‘ ) unit

T ] s,

1 units, Eeiid

~ _rfmso
| 1 unit
S e,
Positive siope, line rises. Negative slope. line falls.
FIGURE 1,14
A linear equation that is written in the form y = mx + b is said 0 be

written in slope-intercept form.

The Slop: pt Form of the of a Line
The graph of the equation
y=mx+bh

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

Use a graphing utility to compare the slopes of the lines y = mx where
m = 0.5,1,2, and 4, Which line riscs most quickly? Now, let m = —0.5,
—1,—2, and —4. Which line falls most quickly? Use u square setfing to
obtain 5 true geometric perspective. What can you conclude about the slope
and the “rate” at which the line rises or falls?

»  Chapter Summary 193 e i
'} o m
Chapter Summary >
" 2 ”
P “What did you learn?” Summary What did you learn? E’
Section 1.1 Review Exercises %
mm 1 3 1 How to sketch graphs of equations 1-12
The Chapter su a‘l) prOVIdeS a concise, ] How to use intercepts and symmetry to sketch graphs of equations 5-12 wn
section-by-section review of the section Clibow s O e Wt b o e s pot
i ) T How to use graphs of equations in real-life problems 19,20
objectives. These objectives are correlated to Section 1.2 -
£ How to find slopes and use slope to graph linear equations 21-29
the chapter RCVICW EXCI‘C]SCS. 1 How to write linear equations and identify parallel and perpendicular lines 30-39
I How to use linear equations to model and solve real-life problems 40,41
Section 1.3
I How to decide whether relations between two variables are functions 42-45
3 How to use function notation and evaluate functions 46,47
) How to find the domains of functions 48-51
[ How to use functions to model and solve real-life problems 52,53
Section 1.4
1 How to use the Vertical Line Test and find the zeros of functions 54-61
[ How to determine intervals on which functions are increasing or decreasing 62-65
1 How to identify and graph linear and piecewise-defined functions 66-71
[ How to identify even and odd functions 72-75
Section 1.5
[] How to recognize graphs of common functions 76,77
L How to use transformations to sketch graphs of functions 78-83
Section 1.6
) How to add, subtract, multiply, and divide functions 84,85
[J How to find compositions and combinations of functions 86-89
Section 1.7
1 How to find inverse functions informally 90-93
[ How to use graphs of functions to decide whether functions have inverses 94-97
[J How to find inverse functions algebraically 98-103
Section 1.8
1 How to use mathematical models to approximate sets of data points 104
I How to write mathematical models for direct variation, inverse variation, 105-109
and joint variation
I How to use the least squares regression feature of a graphing utility to 110
find mathematical models
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Revised Exercises and Applications

9 —
42. hix) =
=

In Exercises 43-50, find all real values of x such that
fix) = 0.

43. fl) = 15— 3 M) =5+ 1

45. fla) ==

47, f(v)
9. f(x)
50, flx) = «

In Exercises 51-54, find the value(s) of x for which
1) = glx).

51 f(x)

gl =x+2
52 fla) =i+ 204 1, gl =43
S3 fla) = VAR A1 gl =x+ 1

54, flx) = o — 26,

glx) = 2

In Exercises 55-68, find the domain of the function.
S5 fl0) =S¢+ 20— 1 56, glx)

57. (o) = ? 58. s(y) = ——

60. f11) = ¥
62. flx)

64. hix) =

66. flx) =

In Exercises 69-72, assume that the domain of f is
the set A = [—2,—1,0, 1, 2}. Determine the set of ordered
pairs that represents the function f.

5 _
69. flx) = & 0 S =

N flo) = Jx+2 T2 flx) = v+ 1|

Section 13 Functions 135

Exploration  In Exercises 73-76, determine the function
from

1) = &, glx) = o, hlx) = ¢ /T, and rix) = £

and the value of the constant ¢ that will make the function
fit the data in the table.

O In Exercises 77-84, find the difference quotient and
simplify your answer.
f2 + h) - f(2)
T =aioas, E2AENE 12 20
i
15 + k) — f(5)

78, f(x) = Sx — L0
I
9 fo =g, BRI L,
80, flg=2, EFI-SW _,
olx) — 23
g =a—1, 050
-3
0=
82 jy =L AA-SW
' =1
pa - f(5
8. = v S8 s
-5
8. flr) = 2+ 1 ﬂ‘:%’;x’_\,“

85. Geometry Express the area A of a square as a
function of its perimeter P.

86. Geomeiry Express the area A of a circle as a
function of its circumference C.

R,

The symbol &3 indicates an example or cxercise: that highlighis

algebric techniques specifically wsed in calculin

P Exercises

= Each exercise set contains a variety of computa-
tional, conceptual, and applied problems.

» Each exercise set is carefully graded in
difficulty to allow students to gain confidence
as they progress.

* Each exercise set now concludes with two new
types of exercises:

* Synthesis exercises promote further explo-
ration of mathematical concepts, critical
thinking skills, and writing about mathe-
matics. These exercises require students to
synthesize the main concepts presented in the
section and chapter.

* Review exercises reinforce previously learned
skills and concepts.

True or False? In Exercises 93 and 94, determine
whether the statement is true o false. Justify your answer.

93, A fifth-degree polynomial can have five wming

9.

95.

Section2.2 ®  Polynomial Functions of Higher Degree 225
97. Exploration  Explore the transformations of the
form g(x) = alx — hP + k.
= (a) Use a graphing utility to graph the functions
1
W= —3<.- =P
points in its graph

1t is possible for a sixth-degree polynomial to have
only one solution.

Determine whether the graphs are increasing or
decreasing. Explain.

Graphical Analysis  Describe # polynomial func-
tion that could represent the graph. (Indicate the
degree of the function and the sign of its leading

cosficient) (h) Will the graph of g always be increasing or

decreasing? If 50, is this behavior determined
(@) ¢ (b) 2 by a, h, or k? Explain
£ (¢) Use a graphing wtility to graph the function
H) = 3% = 3 + 20 4+ 1.
Use the graph and the result of part (b) to deter-
mine whether H can be written in the form
H(x) = alx = h)* + k. Explain,

In Exercises 98-101, solve the equation by factoring.

98. 20 ~x—28=0 99. 37 -2« - 16=0
100, 12 + 1lx =5 =0 101 &% 4 240 + 144 =0
In Exercises 102-105, solve the equation by completing the
square.

102 =26 -21=0 103 & — 8+
104 26 + 5x—20=0 105 3x- + 4x - 9=0

In Exercises 106-109, factor the expression completely.
106, 547+ T — 24 107, 62" = 6147 + 10x
108, 40 — 7' — IS 109, v+ 216

Graphical Reasoning  Sketch a graph of the func-
tion f(x) = v\, Explain how the graph of g differs (if
it does) from the graph of /. Determine whether g is
odd. even, or neither.

110. Use the graphs of the functions £ and g (o answer

(@ gl = flx) +2 (b glv) = flx + 2) each question.

© gl = fl—x ) gl = —fl

(e) glv) = flix) () gle) = 1) ,

(2) gl = f(x) (h) ¢lo) = (£ fT (0]
L

B

DNo.-1y
&2

(a) Explain why f does not have an inverse.
(b) Find g~'(1).




In Exercises 69-74, use the functions f(x) = 3x — 3 and
g(x) = x* to find the indicated value or function.

69. (== ")) 70. (g7'=f"(=3)

T8 (f )6 72, (g g (=4)

73 fe) ! M. g tef!

In Exercises 75-78, use the functions f(x) = x + 4 and

glx) = 2x — 5 to find the specified function.

75, g Vst 76. f'eg!

77 (fox)! 8. (g+f)!

79. Hourly Wage Your wage is $8.00 per hour plus
§0.75 for each unit produced per hour. So. your
hourly wage v in terms of the number of units
produced is
¥ =8+ 0.75x
(a) Find the inverse of the function.

(b) What does each variable represent in the inverse
function?

(¢) Determine the number of units produced when
your hourly wa 225,

80. Cost Suppose you need a total of S0 pounds of two
commaodities costing $1.25 and $1.60 per pound.
respectively,

(a) Verify that the total cost is
y = 1.25x + 1.60(50 = x)
where v s the number of pounds of the less
expensive commodity.

(b) Find the inverse of the cost function. What does
each variable represent in the inverse function?

(¢) Use the context of the problem to determine the
domain of the inverse function,

(d) Determine the number of pounds of the less
expensive commodity purchased if the total cost
is $73.

. Diesel Mechanics  The function

2

y =003 + 24550, 0 <x<100

approximtes the exhaust temperature y in degrees
Fahrenheit where x is the percent load for a diesel
engine.

(a) Find the inverse of the function. What does each
variable represent in the inverse function?

S () Use a graphing wiility o graph the inverse
function.

z

. If the table in

Section 1.7 »  Inverse Functions 179

(¢) Determine the percent load interval if the exhaust
temperature of the engine must not exceed 500
degrees Fahrenheit.

. New Car Sales The total value of new car sales

f (in billions of dollars) in the United States from
1992 through 1997 is shown in the table. The time
) is given by £, with r = 2 corresponding to
(Source: Natinal Automobile Dealers

4 5 6 |7
3338 | 377.3| 430.6 | 456.2 | 4900 | 5075

(a) Does [ ' exi

(h) If £ ! exists, what does it mean in the context of
the problem?

(¢) If £ " exists, find f~'(456.2)

ercise 82 were extended to 1998 and
if the total value of new car sales for that year was
$430.6 billion, would /' exist? Explain.

Cellular Phones  The average local bill (in dollars)
for cellular phones in the United States from 1990 to
1997 is shown in the table. The time (in years) is
given by 1, with 1 =10 corresponding to 1990,
(Souree: Cellular Telecommunications  Industry

Association)

(a) Find f1(51).
(b) What does /' mean in the context of the
problem?

(¢) Use the regression feature of a graphing utility 10
find & linear model for the data, y = mx + b
Round m and b to two decimal places.

(d) Algebraically find the inverse of the lincar model
in part (¢).

(e) Use the inverse of the linear model you found in
part (d) 1o approximate f'(11).

P Algebra of Calculus

techniques used in calculus.

* Special emphasis is given to the algebraic

¢ Algebra of Calculus examples and exercises are

integrated throughout the text.

* The symbol £ indicates an example or
exercise in which the Algebra of Calculus is

featured.

B Features Highlights X

P> Real-Life Applications

¢ A wide variety of real-life applications,
many using current, real data, are integrated
throughout examples and exercises.

e The icon !;

involves a real-life application.

indicates an example that

Section 13 ®  Functions 131
Example 8 »  Direct Mail Advertising @

The money € (in billions of dollars) spent for direct mail advertising in the United

States increased in a linear pattern from 1990 to 1992, as shown in Figure 1.30.

Then, in 1993, the money spent took a jump and, until 1996, increased in a

different linear pattern. These two patterns can he approximated by the function
W= {:3,40 +101, 0<r<2
1985 + 250, 3<1<6

Direct Mail Advertising

where 1 = 0 represents 1990. Use this function to approximate the total amount
spent for direct mail advertising between 1990 and 1996, (Source: MeCann-
Erickson)

Solution

From 1990 1o 1992, use the formula C(r) = 23.40 + 1011

$23.40, $24.41, S2

42

01 2 1 4 5 &
Year (0« 1990)

10 90| 2
From 1993 to 1996, use the formula C(1) = 19.85 + 2.501.
$27.35, $29.85. $32.35. $34.85

FIGURE 130

v 1904 1995 1t

The total of these seven amounts is $197.63. which implies that the total amount
spent was approximately $197.630.000,000.

One of the basic definitions in calculus employs the ratio
[+ ) —

h :

This ratio is called a difference quotient, as illustrated in Example 9

Example 9 »  Evaluating a Difference Quotiant G

For f(0) = ¢ — dx + 7, fing LIS,
h
Solution
f+ ) =) _ [GC+HMR -3+ +7]- (-2 +7)
h h
AU+ Ay — 4+ T =4 A -7
h

_ b+ —dh

a Ir

2+ =)

B [
=A+h—4 h#0

The symbol & indicates an example or exercise that highlights alyebouic techniques specifically
used in calculus,

-
>
—
c
X
m
wn
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Flexibility and Accessibility

Example 1 & Population Increase

, Popultion Increase

Exponential Growth and Decay

Section3.5 ® Exponential and Logarithmic Models 329

@

Estimates of the world population (in millions) from 1992 through 2000 are
shown in the table. The scatter plot of the data is shown in Figure 323, (Source
LIS, Bureau of the Census, International Data Buse)

i [Ycax

- : @ | Poputation ] 5445 | 5527 [ 607 [ 5688 | 5767

[ 1992 ] 1993 wvw 1995 [ 1996 [ 1997 [ 1998 [ 1999 [zmm
| 5847 | 5926 | 600s | 6083 |

46 8 0

Year (2 e 1992)

P = 53040089 2 <t <0

FiGuRE 3.23

billion?

Solution
, Population Increase
model is shown in Figure 3.24

An exponential growth model that approximates this data is

where P is the population (in millions) and 1 = 2 represents 1992. Campare the
values given by the model with the estimates given by the ULS. Bureau of the
Census. According to this model, when will the world population reach 6.5

The following table compares the two sets of population figures. The graph of the

model and solve for 1.

24 6 8 0
Year (2 &5 1992)

such a graphing utility, try using
itto find a model for the data

530460013819
e 3.2 3
Wk 530400119 = y50)
[ Technology O < | 22549
I # Some graphing utllties In eO0V8I < |n | 22549 sade
have curve-fitting capabilities .
that can be used to find models 0013819 = 0203341 o
that represent data. If you have (= 1471 s oy 013619

: = [ Year 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 [ 2000 ‘
: Population | 5445 | 5527 | 5607 | 5688 | 5767 | 5847 | 5926 | 6005 | 6083
E Model 5453 | 5529 | 5605 | 5683 | 5763 | 5843 | 5924 | 6006 ‘M)‘)ﬂ
£

To find when the world population will reach 6.5 billion, let = 6500 in the

According to the model, the world population will reach 6.5 billion in 2004,

qiven in Example 1. How does
your model compare with the

-

+ Technology
b 4

&

|
=

* Point-of-use instructions for using graphing utili-
ties appear in the margins, encouraging the use
of graphing technology as a tool for visualization
of mathematical concepts, for verification of
other solution methods, and for facilitation of
computations.

* The use of technology is optional in this text.
This feature and related exercises can easily be
omitted without loss of continuity in coverage.
Exercises that require the use of a graphing
utility are identified by the symbol

P> Examples

* Each example was carefully chosen to
illustrate a particular mathematical concept or
problem-solving skill.

* All examples contain step-by-step solutions,
most with side-by-side explanations that lead
students through the solution process.

madel given in Example 17

An exponential model increases (or decreases) by the same percent each

year. What is the annuul percent increase for the model in Example 17

Exploration

Before introduction of selected topics,

Exploration engages students in active discovery
of mathematical concepts and relationships,
often through the power of technology.

Exploration strengthens students’ critical think-

ing skills and helps them develop an intuitive
understanding of theoretical concepts.

Exploration is an optional feature and can be

omitted without loss of continuity in coverage.

P> Additional Features

Carefully crafted learning tools designed to create
a rich learning environment can be found
throughout the text. These learning tools include
Study Tips, Historical Notes, Writing About
Mathematics, Chapter Projects, Chapter Review
Exercises, Chapter Tests, Cumulative Tests, and
an extensive art program.
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Vputer animatior

v Exploration ¥

Graph each of the following
functions with a graphing utility.
Determine whether the function
is even, odd, or neither.

Slx) = — 3t

olx) =20t + 1

hlx) = 2% = 28 + x

=2 a0 —x8

k) =yt =2t +x =2

Pl) = 0+ 35— x4 x

What do you notice about the
equations of functions that are
o0dd? What do you notice about
the equations of functions that
are even? Can you describe a
way to identify a function as
odd or even by inspecting the
equation? Can you describe a
way to identify a function as
neither odd nor even by
inspecting the equation?

Even and 0dd Functions

In Scction 1.1, you studied different types of symmetry of a graph. In the
terminology of functions, a function is said to be even if ts graph is symmetric with
respect 1o the y-axis and to be odd if its graph is symmetric with respect to the
origin. The symmetry tests in Section 1.1 yield the following tests for even and
odd functions.

Tests for Even and Odd Functions

A function y = £(x)is even if, for euch x in the domain of /;
=) = fla).

A function y = f(x) is odd if, for each x in the domain of f,
J=2) = =f(0).

Example 9 »  Even and 0dd Functions

a. The function g(x) = ' — x is odd because g(—1) = —g(x), as follows.
g=0) = (-0 = (=) Subwtitute — for
=—a¥it x Swnpliry.
== =x Distributive Propeny
= —glv) Test function

b. The function hlx) = x + | is even because h(—x) = h(x), as follows.
h=x) = (2P + 1 Subatity tor s

=il

= hlx) Test far even function.

The graphs of these two functions are shown in Figure 1.42.

=y (C0)

AN

iy =a 41
e e
R 23
(@) igin: (b) Axi

FIGURE 1.42
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Supplements

Resources

Website (college.hmco.com)

Many additional text-specific study and interactive features for students and
instructors can be found at the Houghton Mifflin website. These features include,
but are not limited to, the following.

* Glossary

* Video clips

¢ Graphing calculator emulator
» Sample chapters

* Presentation slides

For the Student

Student Success Organizer

Study and Solutions Guide by Dianna L. Zook (Indiana University/Purdue
University—Fort Wayne)

Graphing Technology Guide by Benjamin N. Levy and Laurel Technical
Services

Instructional Videotapes by Dana Mosely
Instructional Videotapes for Graphing Calculators by Dana Mosely

For the Instructor
Instructor’s Annotated Edition
Instructor Success Organizer

Complete Solutions Guide by Dianna L. Zook (Indiana University/Purdue
University—Fort Wayne), Laurel Technical Services, and Mike Jones

Test Item File

Problem Solving, Modeling, and Data Analysis Labs by Wendy Metzger
(Palomar College)

Computerized Testing (Windows, Macintosh)
Instructor’s CD-ROM
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Flokl Flotz Flotz
SY1EIR+S
sNe=

wNa=

“Ny=

“Ne=

“Me=

wMp=

FIGURE 1

An Introduction to Graphing Utilities

Graphing utilities such as graphing calculators and computers with graphing
software are very valuable tools for visualizing mathematical principles,
verifying solutions to equations, exploring mathematical ideas, and developing
mathematical models. Although graphing utilities are extremely helpful in learn-
ing mathematics, their use does not mean that learning algebra is any less
important. In fact, the combination of knowledge of mathematics and the use of
graphing utilities allows you to explore mathematics more easily and to a greater
depth. If you are using a graphing utility in this course, it is up to you to learn
its capabilities and to practice using this tool to enhance your mathematical
learning.

In this text there are many opportunities to use a graphing utility, some of which
are described below.

Some Uses of a Graphing Utility
A graphing utility can be used to

* check or validate answers to problems obtained using algebraic methods.

» discover and explore algebraic properties, rules, and concepts.

» graph functions, and approximate solutions to equations involving func-
tions.

« efficiently perform complicated mathematical procedures such as those
found in many real-life applications.

» find mathematical models for sets of data.

In this introduction, the features of graphing utilities are discussed from a generic
perspective. To learn how to use the features of a specific graphing utility, consult
your user’s manual or the website for this text found at college.hmco.com.
Additionally, keystroke guides are available for most graphing utilities, and your
college library may have a videotape on how to use your graphing utility.

The Equation Editor

Many graphing utilities are designed to act as “function graphers.” In this course,
you will study functions and their graphs in detail. You may recall from previous
courses that a function can be thought of as a rule that describes the relationship
between two variables. These rules are frequently written in terms of x and y. For
example, the equation y = 3x + 5 represents y as a function of x.

Many graphing utilities have an equation editor that requires an equation to be
written in “y =" form in order to be entered, as shown in Figure 1. (You should
note that your equation editor screen may not look like the screen shown in Figure
1.) To determine exactly how to enter an equation into your graphing utility,
consult your user’s manual.
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Flotl Flatz Flokz
i W N The Table Feature
:32: Most graphing utilities are capable of displaying a table of values with x-values
“MNy= and one or more corresponding y-values. These tables can be used to check solu-
:ﬁ : : tions of an equation and to generate ordered pairs to assist in graphing an equation.
sYz= To use the table feature, enter an equation into the equation editor in “y =" form.
FIGURE 2 The table may have a setup screen, which allows you to select the starting
x-value and the table step or x-increment. You may then have the option of
automatically generating values for x and y or building your own table using the
ask mode. In the ask mode, you enter a value for x and the graphing utility displays
the y-value.
o [ For example, enter the equation
F}- g 3
4 | HEE Y= x4z
0 0
% 1_5 into the equation editor, as shown in Figure 2. In the table setup screen, set the
[y table to start at x = —4 and set the table step to 1. When you view the table,
notice that the first x-value is —4 and each value after it increases by 1. Also
FIGURE 3 notice that the Y| column gives the resulting y-value for each x-value, as shown
in Figure 3. The table shows that the y-value when x = —2 is ERROR. This
means that the variable x may not take on the value —2 in this equation.
With the same equation in the equation editor, set the table to ask mode. In this
mode you do not need to set the starting x-value or the table step, because you are
A |

ﬂ 17321

=

FIGURE 4

10

-10

-10

FIGURE 5

10

entering any value you choose for x. You may enter any real value for x—an
integer, fraction, decimal, irrational number, and so forth. If you enter
x = 1 + /3, the graphing utility may rewrite the number as a decimal approxi-
mation, as shown in Figure 4. You can continue to build your own table by
entering additional x-values in order to generate y-values.

If you have several equations in the equation editor, the table may generate
y-values for each equation.

Creating a Viewing Window

A viewing window for a graph is a rectangular portion of the coordinate plane.
A viewing window is determined by the following six values.

Xmin = the smallest value of x

Xmax = the largest value of x

Xscl = the number of units per tick mark on the x-axis
Ymin = the smallest value of y

Ymax = the largest value of y

Yscl = the number of units per tick mark on the y-axis

When you enter these six values into a graphing utility, you are setting the viewing
window. Some graphing utilities have a standard viewing window, as shown in
Figure 5.
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FIGURE 7

4
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FIGURE 8

4

By choosing different viewing windows for a graph, it is possible to obtain very
different impressions of the graph’s shape. For instance, Figure 6 shows four
different viewing windows for the graph of

y =012 — x® + 222

Of these, the view shown in part (a) is the most complete.

8 10
-8 Fa 16
-10 ZAn 10
16 10
(a) (b)
2 11
5 N e
\\ i
=1 10
i [
8 2

(c) (d)
FIGURE 6

On most graphing utilities, the display screen is two-thirds as high as it is wide.
On such screens, you can obtain a graph with a true geometric perspective by
using a square setting—one in which

Ymax — Ymin 2

Xmax — Xmin 3’

One such setting is shown in Figure 7. Notice that the x and y tick marks are
equally spaced on a square setting, but not on a standard setting.

To see how the viewing window affects the geometric perspective, graph the
semicircles y, = V9 — x* and y, = — /9 — x? in a standard viewing window.
Then graph y, and y, in a square window. Note the difference in the shapes of the
circles.

Zoom and Trace Features

When you graph an equation, you can move from point to point along its graph
using the frace feature. As you trace the graph, the coordinates of each point are
displayed, as shown in Figure 8. The ftrace feature combined with the zoom
feature allows you to obtain better and better approximations of desired points on
a graph. For instance, you can use the zoom feature of a graphing utility to
approximate the x-intercept(s) of a graph [the point(s) where the graph crosses the
x-axis]. Suppose you want to approximate the x-intercept(s) of the graph of
y=2x3=3x + 2.
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Begin by graphing the equation, as shown in Figure 9(a). From the viewing
window shown, the graph appears to have only one x-intercept. This intercept lies
between —2 and — 1. By zooming in on the intercept, you can improve the
approximation, as shown in Figure 9(b). To three decimal places, the solution is
x = —1.476.

=93 —923 —
y=2x"=3x+2 4 y=2x"=3x+2 01

-6 6 -1.48 i|-1.47

-4 —0t1
(a) (b)
FIGURE 9

Here are some suggestions for using the zoom feature.

1. With each successive zoom-in, adjust the x-scale so that the viewing window
shows at least one tick mark on each side of the x-intercept.

2. The error in your approximation will be less than the distance between two
scale marks.

3. The trace feature can usually be used to add one more decimal place of
accuracy without changing the viewing window.

Figure 10(a) shows the graph of y = x> — 5x + 3. Figures 10(b) and 10(c) show
“zoom-in views” of the two x-intercepts. From these views, you can approximate
the x-intercepts to be x = 0.697 and x =~ 4.303.

10 0.01 0.01
A
-10 '\__}} 10 0.68 0.71 4.29 4.32
-10 -0.01 -0.01

(a) (b) (c)
FIGURE 10

Zero or Root Feature

Using the zero or root feature, you can find the real zeros of functions of the
various types studied in this text—polynomial, exponential, logarithmic, and
trigonometric functions. To find the zeros of a function such as f(x) = %x = 2,
first enter the function as y, = %x — 2. Then use the zero or root feature, which
may require entering lower and upper bound estimates of the root, as shown in
Figure 11.
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FIGURE 11
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(b)
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(c)

In Figure 11(c), you can see that the zero is x = 2.6666667 =~ 2_%.

Intersect Feature

To find the points of intersection of two graphs, you can use the intersect feature.
For instance, to find the points of intersection of the graphs of y, = —x + 2
and y, = x + 4, enter these two functions and use the intersect feature, as shown
in Figure 12.
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FIGURE 12

From Figure 12(d), you can see that the point of intersection is (— 1, 3).
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