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¢ A Word from the Authors  Vii

Welcome to Precalculus Functions and Graphs: A Graphing Approach, Third
Edition. In this revision we have focused on student success, accessibility, and
flexibility.

Accessibility: Over the years we have taken care to write a text for the
student. We have paid careful attention to the presentation, using precise mathe-
matical 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 Third Edition, we have revised and improved upon many text features
designed for this purpose. Our pedagogical approach includes presenting solutions
to examples from multiple perspectives—algebraic, graphic, and numeric. The
side-by-side format allows students to see that a problem can be solved in more
than one way, and to compare the accuracy of the solution methods.

Technology has been fully integrated into the text presentation. Also, the
Exploration and Study Tip features have been expanded. Chapter Tests, which
give students an opportunity for self-assessment, now follow every chapter in the
Third Edition. The exercise sets now contain both Synthesis exercises, which
check students’ conceptual understanding, and Review exercises, which reinforce
skills learned in previous sections and chapters. Students also have access to
several media resources—videotapes, Interactive Precalculus Functions and
Graphs: A Graphing Approach CD-ROM, and a Precalculus Functions and
Graphs: A Graphing Approach website—that provide additional text-specific
support.

Student Success: During our 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 it. With that in mind, we have
restructured the Third 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 g0 over
what I taught you.” Following this recipe, we have included a set of learning objec-
tives 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.



vii A Word from the Authors ®

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

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. In addition, we provide several
print and media resources to support instructors, including a new Instructor
Success Organizer.

We hope you enjoy the Third Edition.

for Lrion,

Ron Larson

s 7 Fhthn

Robert P. Hostetler

Bowe Y huonds

Bruce H. Edwards
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Student Success Tools

Trigonometric Functions

41 Radian and Degree Measure 45  Graphs of Sine and Cosine Functions
4.2 Trigonometric Functions: The Unit Circle 48  Graphs of Other Trigonometric Functions
43 Right Triangle Triganometry A7  Inverse Trigonometric Functions

44 Trigonometric Functions of Any Angle 48  Applications and Models

| The Bu; Picture :

The Mauna Lea Dbservatory in Haball conduets research to understand the global carbon cycl. It i
Jocatad far from polition sources that wouk affct the gases being measured. (Source: NOAA/Dimate
Montorng and Diagnosto Laboratory)

* positive wm.
-mmvuwup am | * cosine (pp. 296, 303) . vphsseshift(p.327)

* coterminal angles * secant (pp. 296, 303) = damping factor (p. 339)
»emmmwmm | * tangeet (pp. 296, 303) i -mﬁmmmmm
* radian (p. 28 * cotangent (pp. 296, 303) * inverse cosine function (p, 347)

i mmu (p. 287) b (p. 2 -'mmmmm
mme&mmwuw.m) © period (pp. 298, 326)

Addttionn! Resources Tex(-specific additional resources are available to help you do well in this course. See page xvi for details.

e Features Highlights  Xi

New Chapter Openers include:
P The Big Picture

An objective-based overview of the main concepts
of the chapter.

B> Important Vocabulary

Mathematical terms integral to learning The Big
Picture concepts.

New Section Openers include:

B “What you should learn”

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

B> “Why you should learn it”

A real-life application or a reference to other
branches of mathematics illustrates the relevance
of the section’s content.

284 Chapter 4 » Trigonometric Functions

Angles

As derived from the Greek language. the word trigonometry means
“measurement of triangles.” nitially, trigonometry deall with relationships
among the sides and angles of triangles and was used in the development of
astronomy, navigation, and surveying. With the development of calculus and the
physical sciences in the 17th century. a different perspective arose—one tha
viewed the classic trigonometric relationships as functions with the set of real
numbers as their domains. Ct the of

expanded 10 include a vast number of physical phenomena involving rotations
and vibrations, including sound waves, light rays. planctary orbits, vibrating
strings. pendulums, and orbits of atomic particles. The approach in this text incor-
porates hoth perspectives, starting with angles and their measure.

Initial side

) )

An angle i determined by rotating a ray (half-line) abou its endpoint, The starting
position of the ray is the initial side of the angle, and the position afier rotation is
th terminal ide s shown in Figae 414, The endpoin ofthe ray s the vrtex
of the angle. This perception of an angle fits a coording
gin s the vertex and the inital side coincides with the positive x-axi
is in standard position, as shown in Figure 4.1(b). Positive angl
by counterclockwise rotation, and negative angles by clockwise rotation, as shown

in Figure 4.2. Angles are labeled with Greek leters a (alpha, 8 (beta), and 6

(theta), as well as uppercase letters A, B, and C. In Figure 4.3, note that angles =
and 8 hase the same initial and terminal sides. Such angles are coferminal,

Bob Manin/Allspor

4 § '

a (alpha)
Positive angle

(counterclockwise) /_ —x
- , n | Btbetay

{ Negative angle
(clockwise)
Figure AJ

Figure 42




X Features Highlights ®

* Chapter Summary ~ 367

What did you learn?
Section 4.1 Review Exercises
[ How to describe angles 1-4
[ How 10 use radian and degree measure 5-36
[ How to use angles o model and solve real-life problems 37-42
Section 4.2
[] How to identify a unit circle and its relationship to real numbers 4346
[ How to evaluate trigonometric functions using the unit circle 47-50
[ How o use the domain and period to evaluate sine and cosine functions 51-54
[l How to use a caleulator 10 evaluate trigonometric functions 55-58
Section 4.3
[ How to evaluate trigonometric functions of acute angles 59-62
I How to use the fundamental trigonometric identities 63,64
[ How to use a calculator to evaluate trigonometric functions 65-68
{1 How to use trigonometric functions to model and solve real-life problems 69,70
Section 4.4
[1 How to evaluate trigonometric functions of any angle 71-90
[0 How 1o use reference angles to evaluate trigonometric functions 91-102
[ How to evaluate trigonometric functions of real numbers 103-106
Section 4.5
£ How to use amplitude and period to sketch the graphs of sine and

cosine functions 107-120
£ How 1o sketch translations of graphs of sine and cosine functions 121-130
[ How to use sine and cosine functions to model real-life data 131,132
Section 4.6
[ How to sketch the graphs of tangent and cotangent functions 133-144
[ How to skeich the graphs of secant and cosecant functions, 145-154
[ How 10 sketch the graphs of damped trigonometric functions 155-158
Section 4.7
[ How 10 evaluate inverse trigonometric functions 159168
I How to evaluate compositions of trigonometric functions 169-172
Section 4.8
[ How 1o solve real-life problems involving right triangles 173,174
[ How 10 solve real-life problems involying directional bearings 175,176
) How to solve real-life problems involving harmenic motion 177

P “What did you learn?” Chapter Summary

This chapter summary provides a concise,

section-by-secti

on review of the section

objectives. These objectives are correlated to

the chapter Rev

iew Exercises.

Flexibility and Accessibility

P Algebraic, Graphical, and Numerical
Approach

* Many examples present solutions from multiple
approaches—algebraic, graphical, and numerical.

e Solutions are displayed side-by-side.

* The multiple-approach format shows students

different solution methods that can be used to
reach the same answer.

* The solution format helps students expand their
problem-solving abilities.

208 Chapter 3 + Exponential and Logarithmic Functions
Solving Exponential Equations
EXAMPLE 2  Solving Exponential Equations
Solve cach equation. &, ¢' =72 b, 3(29) = 42
Algebraic Solution Graphical Solution
a =72 \ a. Use a graphing utility to graph the lefi- and right-
TN » hand sides of the equation as y, = ¢* and y = 72
in the same viewing window. Use the intersect fea-
x=1In72 tre or the z0om and trace features of the graphing
he 45 uility to approximate the intersection point. as

The solution is In 72 = 4.277, Check this soluti
original equation
b 329 =42

=14

log, 14

x=

log, 14 e P
4

In2

x = 3.807

The solution is log, 14 = 3.807. Check this solution in

the original equation.

shown in Figure 3.24. So. the approximate solution

jon in the is 4.277.

b. Use a graphing wiility 10 graph y, = 3(2) and
¥» = 421in the same viewing window. Use the iner-
sect feawre or the zoom and trace features t©
approximate the intersection point, as shown in
Figure 3.25. So, the approximate solution is 3.807.

md 74

=9
¥ =320

insersectTen
B tra—

Figure 324 Figure 3.25

EXAMPLE 3  Solving an Exponential Equation
s.

Solve

Algebraic Solution

4

x=0.112

The solution is 3In3 = 0.112. Check this
solution in the original equation.

Graphical Solution

Rather than graph both sides of the equation you are solving s sep-
arate graphs, as you did in Example 2, another way to graphically
solve the equation is to first rewrite the equation as 4€* — 5 = 0,
then use a graphing utility (o graph y = de* — 5. Use the zero or
raot feature or the zoom and trace features of the graphing utility to
approximate the value of x for which y = 0. From Figure 3.26, you
can see that the zero occurs when x = 0.112. So. the approximate
solution is 0.112

i

Figure 3.26




2.2 » Polynomial Functions of Higher Degree 143

The Leading Coefficient Test

In Example 1. note that all three graphs eventually rise or fall without bound as x
moves to the right. Whether the graph of & polynomial eventually rises or alls can
he determined by the function’s degree (even or odd) and by its leading coeffi-
cient, as indicated in the Leading Coefficient Test.

Leading Coefficient Yest

As x moves without bound o the left or to the right. the graph of the polyno-

mial function f(x) = a,x" + - * - + a,x + a, eventually rises or falls in the
following manner,
1. When 7 is odd:
v y
Sx) 3w “ fix)—oa iy
asx o [lasxos—= /4
i I ! Fe
Pt ¥ R
fl s et 5 R
(] P bt A
‘ S VA e
Jfx) o= 1 astoye 4
[t et l |
If the leading coefficient is 1If the leading coefficient is
positive (, > 0), the graph falls negative (a, < 0), the graph rises
to the left and rises to the right. 10 the left and falls to the right.
2. When n is even:
Litrary of Functions
i 5 The graphs of polynomials of
flx)y = degree | are lines, and those of
05§ —p w50 fUX) P00 degree 2 are parabolas. The
AR graphs of polynomials of higher
\ T ST RN degree are smooth and continu-
S v . S ous, The graphs eventually rise or
] o e LTINGE fall without bound as x moves to
N Sgam SO the right (or feft).
/ | wxse 4
g [ g Consult the Library of Functions
Summary inside the front cover
for a description of the polyno-
If the leading coefficient is 1f the leading coefficient is mial function.
positive (, > 0), the graph negative (, < 0), the graph falls
ises to the Jeft and right. to the left and right.

Note that the dashed portions of the graphs indicate that the test determines
only the right and left behayior of the graph.

e Features Highlights

 Before introducing selected topics, Exploration
engages students in active discovery of mathe-
matical concepts and relationships, often through
the power of technology.

e 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.

B Examples

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

* Every example contains step-by-step solutions,
most with side-by-side explanations that lead
students through the solution process.

* Many examples provide side-by-side solutions
utilizing two separate approaches.

3.4 * Solving Exponential and Logarithmic Fquations 251

EXAMPLE 8  Solving a Logarithmic Equation
Solve 2log, 3y = 4
Solution

Zloggdx =4

loge 3v = 2

2
Figure 328

The solution is % Check this in the original equation. Or. perform a graphical
check by graphing

log,, 3
gad) oy

¥, = 2logedx = :( e
T

in the same viewing window. The two graphs should intersect when + = £ and
v = 4. as shown in Figure 3,29,

Because the domain of a logarithmic function generally does not include all real
numbers, you should be sure 10 check for extrancous solutions of logarithmic
equations. as shown in the next example

EXAMPLE 9 Checking for Extraneous Solutions

Solve for x in the equation In(x — 2) + In(2x = 3) = 2Inx

Algebraic Solution Graphical Solution

First rewrite the original equation as
In(x = 2) + In(2x = 3) = 2Inx = 0. Then
use a graphing utility to graph y =
In(x = 2) + In(2x - 3) = 2Inx, as shown
in Figure 3.30. Use the zero or oot feature or

In(x = 2) + Inf2x = 3) = 2Inx

In[(x = 2)2¢ = 3)] = Ins®

In(2v? = 7x + 6) = Inx? the z00m and frace features of the graphing
utility to determine that 6 is an approximate
20 - Tk b=t ; solution. You can verify that 6 is an exact
A solution by substituting x = 6 in the original
C-Tx+6=0 equati
quation.
=6r=1N=0 ——
YEIn(x=2)+In(2r-3)~2In ¢
r=6=0 x=6 - B | S—
\
r=1=0 =1
+ by checking these two “solutions™ in the original equation, oo
can conclude that 5 = 1 is not valid. This is because when x = 1. =

)+ In(2¢ = 3) = In(=1) + In(= 1), which is invalid be-

3
- - % Figure 3.30
cause = | is not in the domain of the natural log function. So. the only

solution is 6,




Xiv  Features Highlights ¢

Revised Exercises and Applications

P> Exercises

400 Chapter 5 * Analytic Trigonometry

¢ Exercise sets consist of a variety of computa-
tional, conceptual, and applied problems.

In Exercises 1-6, verify that the x-values are solutions 1n Exercises 11-24, solve the equation for 0 < x < 27

o the cquation. 6 « Exercise sets carefully graded in difficulty

1L 2cosx = 1 =0
' (.: R e E: 7;" o allow students to gain confidence as they
220 i GO 150 R NGRS 10 progress.
N : , ; =0 N ;:E "“““ 3 T * Each exercise set now concludes with two new
W= m =i In Exercises 25-42, find all solutions of the equation types of exercises:

4 deoste - 2=0 in the interval [0,27) algebraically. Use the fable
- -7 feature of a graphing utility to confirm your answers

o W= mumericaly » Synthesis exercises promote further explo-

1

" 25, cos'x = cosx 26. tanx — | =0 . . .ye
5 Bet et 1= 0 27, Juan's = una B AT ration of mathematical concepts, critical
an p ’
) v = *1 thy x =7 29, secty - secx =2 30, sec vese

g2 P a0 thinking skills, and writing about mathe-

w =2 =T Wimes sl 3l matics. These exercises require students to
I Excrciss 7-10,fnd the s-interepts f the graph, g de=3 synthesize the main concepts presented in the
Use a graphing utility to check your solutions, i j%:\: . Section and chapter'

38, 25’y = sina 1 =0

o Dl i * Review exercises reinforce previously learned

A0 cosy +sinxany = 2

4L st + piny =3 skills and concepts.

42,087 = 4oty = =2

35, con s

m
7oy =sin 40 By = sinmy v eos e

In Exercises 43-48, use a graphing utility to approxi-
mate the solutions of the equation in the interval
[0, 277) by setting the equation equal to 0, graphing
the new equation, and using the zero or root feature to
a the x-i pts of the graph.
1 \ / 43, 9cosx +2=3 44 dsiny = cosn -2
3 \\—/ 45 4sin7y = 2cova 1 46 Jesea +4
47, dsin' o+ 28Ty = 2sing ¢ |

1 + sinx Cos ¥

48.

Cos A U siny

344 Chapter 4 » Trigonometric Functions

78. Numerical and Graphical Reasoning A crossed 82 Writing Descri
belt connects @ 10-centimeter pulley on an electric + approaches /2 from the left and from the right
motor with a 20-cenumeter pulley on a saw arbor. g3 Wriging Describe the hehavior of /(1) = esc vas v

The electric motor runs at 1700 revolutions. per proaciéd 7 fFomthe lefEard fromm thé ighl
minute

the behavior of f(x) = tan x as

84. Graphical Reasoning Consider the two funciions

f(x) = 2sinx and gly) = Fescx on the interval
o the saw (. m.

(@) Determine the pumber of revolutions per minute

(b) How does crossing the belt affect the saw in rela-

(@) Use a graphing uility 10 graph / and ¢ in the
tion 1o the motor?

same viewing window
(©) Let L be the total length of the belt. Write £ as a
function of &. where d is measured in radians.
What is the domain of the function? (Hint: Add
the lengths of the straight sections of the belt and
the length of belt around each pulley.)

(b) Approximate the interval where f > g

(¢) Describe the behavior of each of the functions as
x upproaches . How is the behavior of g related
to the behavior of f as x approaches 7

(d) Usea graphing utility to-complete the table. 85. Pattern Recognision

() Use a graphing urility 0 graph each function

[ 06 0912 15]
i | |

Ai(, Leina )
—{sin e + sin 3me

(e) As dhincreases, do the lengths of the straight sec-
tions of the belt change faster or slower than the
lengths of the belt around each pulley?

4( n Lein3 L ns ]
hd (8 Fsin 3 + = sinS
S Zsin 3mx 4 2 sin Smx

(b) Identify the pattern in part (a) and fin
X ¥, that continues the pattemn one more term. Use
(f) Use a graphing utility to graph the function over a graphing wility o graph v,.

the appropriate domain.

a function

(¢) The graphs of parts () and (b) approximate the
periodic function in the figure. Find & function v,

10em 20em
that is a better approximation,

Synthesis Review
In Exercises 8689, determine whether the function is

True or False? 1In Exercises 79-81, def =
one-to-one. If it is, find its inverse.

whether the statement is true or false. Just

answer, 86. flx) = —10 87 flr= (k= 7P + 3
88, f(x) = 3x - 14 9. =¥%=3

79, The graph of y = 7;'<mn(§ + ) has an asymprote fbs R=H 8% =3

atx = —3m - In Exercises 90 and 91, find the exact values of the six

» trigonometric functions of the angle 6.,
80. The graph of v = ~2ese(x + 7| has an asymprote
- 3 90. 2/TE 9.

ax = 3 —T0 14 9

81, In the graph of v = 2" sin v, as x upproaches — =, y (] |

approaches () [E]




3.5 Exponential and Logarithmic Models 253

@

Exponential Growth and Decay

EXAMPLE 1 Population Growth

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 3,35, 5001
Bugputs afih gforarg) , Population Increase
Year “I‘IAI'."L 1993 [ 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000
Population | 5445 | 5527 | 5607 | 508 | 5707 | 5847 | 5926 | 6005 | 6083
An growth model that app this duta is
P= 5303 2 <10
where 2 is the population (in millions) and 1 = 2 represents 1992, Compare the L I
values given by the model with the estimates given by the US. Bureau of he Year (2 ¢ 1992)

Censuy. According to this model. what year corresponds 10 4 world population of — Figure 3.35
0.5 billion?

Algebraic Solution

“The following table compires the twa sets of population figures

Graphical Solution

aphing utility to graph the
303791 and the data
in the same viewing window, You can
see i Figure 336 that the model

LY-ur 1992 1993 |})94J 1995] 1996 1997 | 1998 | 19992000 [Tt Clonely fit the data
| Population | 5445 | 5527 5607| 568% 5767 5847|5926 | 6005 | 6083 |
| Model | 5452 5528|5605 | 5683 5762 5842|5924 | 6006 | 6090 sono |3 = SHRSITER

“To find the year for which the world population is 6.3 billion, let 2 = 6500
in the model and solve for /.

olx=14.680851. v=6497. 5576415

Figure 336

53030008 % — p ALKl e

S303NIE = (50

= 12257 ol a1 Use the zoom and trace features of the
graphing utility o find that the
approximate value of v for which
0013838 =~ 0.2035 N | ¥ = 6500 is 1+ = 1471, So, according
s lAT e 1o the model. the year 2004 corre
sponds to a world population of 6.5

According to the model. the year 2004 corresponds 1o a population of | billion
6.5 billion.

In D01 1y | 2257

A exponential model inereases (or decreases) by the same percent each year,
What is the annual percent increase for the model above?

P~ Algebra of Calculus

Special emphasis is given to the algebraic
techniques used in calculus.

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.

e Features Highlights

P> Real-Life Applications

* A wide variety of real-life applications, many

using current, real data, are integrated through-

out the examples and exercises.

e The icon indicates an example that

involves a real-life application.

p» Additional Features

Carefully crafted learning tools designed to create
a rich learning environment can be found
throughout the text. These learning tools include
a Library of Functions, Study Tips, Historical
Notes, Writing About Math, Chapter Projects,
Chapter Review Exercises, Chapter Tests,
Cumulative Tests, and an extensive

art program.

382 Chapter 5  Analytic Trigonometry

sin? 6
49,1 - = = —cos 0
T-cos
wn o | sect
50. = =2cscd
I fsech o
m
ese 5 n)
o~ 0) (2
s, = —cos 6 S2 = —cse )
esc ¢ tan(— 6 o

In Exercises 53-62, verify the identity algebraically.
Then use the able feature of a graphing utility to
check your result numerically.
53. sin # + cos Beot § = cse
54, (sec # — tan f)lesc #+ 1) = cot 8
cos B
55 sec B+ 1a
S. | Sing sec ¢ tan ¢
|+ esed
56. - = sec B
cotfteostt €

sin 6 cos #
g7, 00l cos8_
csc i sec

{bicoug
58, "L — cot = cos 0
sec
1 +cosf  sinf
SRy YRS 2esc
sind Treomg o
sin # + cos ¢ cos 0 — 3
60, TS0 Lo WNE L o hesc
sin cos
61. Injesc 6] Insin 4]

62. In[1 + cos 0f + In[1 — cos 6] = 2 In|sin 6]

In Exercises 63-70, factor the expression and use the
fundamental identities to simplify. Use a graphing
utility to check your result graphically.
63. ¢
64, see? vtan’ v + sec v

X~ Col X cos®

65, sin® v sec® ¥ — sin® y

6, oEx -1

esex = |
67, tan'y + 2tan’y + |
68. 1 — 2sin®x + sin® v

69. sin* v~ coxtx

70, sec'x = seety — seex + 1

In Exercises 71~74, perform the multiplication and
use the fundamental identities to simplify.

71. (sinx + cos x)*

72. (cot x + esc x)lcot x — escx)

73, (sec x + Isecx — 1)

74. (3 - 3sina)3 + 3sina)

In Exercises 75-78, perform the addition or subtrac-
tion and use the fundamental identities to simplify.

secx + 1 secx— 1
cos v 1+ siny

I+ sy cos s

78. tanx — ——

O In Exercises 79-82, rewrite the expression so that it is
not in fractional form.

sin’ v 5
79. — 80. 3_
1= cosy tan ¥ + sec x
3 tan? x
sec.x — tan v " esex + 1

Numerical and Graphical Analysis In Exercises 83—

86, use a graphing utility to complete the table and
graph the functions. Make a conjecture about y, and
I

x 02040608 12]14]
|

= ] O T

2 ) SO (S | S

v

s
vy =cos{ S — x| vy =siny

¥ = Cosx + sinxtanx.
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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.

For the Student

Student Success Organizer

Study and Solutions Guide by Bruce H. Edwards (University of Florida)

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 Bruce H. Edwards (University of Florida)
Test Item File

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

Computerized Testing (Windows, Macintosh)
HM(ClassPrep Instructor’s CD-ROM
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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.

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

e graph functions, and approximate solutions to equations involving functions.

« 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.

Plot1 Plot2 Plot3

The Equation Editor ol g
Many graphing utilities are designed to act as “function graphers.” In this course, {ﬁ:
you will study functions and their graphs in detail. You may recall from previous \Ys5=
courses that a function can be thought of as a rule that describes the relationship \Ye=

. oo \Y7=
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. Figure 1

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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The Table Feature

Most graphing utilities are capable of displaying a table of values with x-values
and one or more corresponding y-values. These tables can be used to check solu-
tions of an equation and to generate ordered pairs to assist in graphing an equa-
tion.

To use the table feature, enter an equation into the equation editor in “y =" form.
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.

For example, enter the equation

3x
y=—
x+2

into the equation editor, as shown in Figure 2. In the table setup screen, set the
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
notice that the Y1 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
entering any value you choose for x. You may enter any real value for x—integers,
fractions, decimals, irrational numbers, and so forth. If you enter x = 1 + V3.
the graphing utility may rewrite the number as a decimal approximation, as
shown in Figure 4. You can continue to build your own table by entering addi-
tional 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.

PlotT IPLot2 PlLot3

\Y1E3x/ (X+2)H
\Yz2=
\Y3=
\Ys4=
\Y5=
\Yé6=
\Yz=

Figure 2
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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 = 0.1x* — x3 + 2x2

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

8 10
_8 L 1 1 1 P 1 1 1 1 L L 1 16 E
: _1olllllllll:llllll|10
16 10
(a) (b)
2 11
6 |- I 1 1 1 # Il Il 1 L 5 :
e _1 » L 1 \ 1 1 1 l, 1 1 '10
-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 trace 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=2x—3x+ 2.

4
-6 A I VT o0 e | i Qe g o
-4
Figure 7
4
Y1=2x3-3X+2\_
-6 RS S RN o wohigh £

lY=.60088805

X=.76595745

Figure 8

4
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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.

y=2%-3x+2|, y=2x3-3x+2

o

A

e
—
»

Y E—— -1.48 -1.47
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|
i
|
£y

(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
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-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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10 10 10
Y1=(3/4)X-2 | Y1=(3/4)X-2 | " c
;]011!!1!11!1?/*%10 10""""";‘/'-“/"‘10 10||x|)2}/10
Left Bound? § Right Bound? § Zero §
X=2.1276596 |Y=—.4042553 X=2.9787234 |Y=.23404255 X=2.6666667 1Y=0
-10 -10 -10
(a) (b) ()
Figure 11

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.

6 6
Y1=-X+2 / Y2=X+4 /
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X=-1.87234 Y=3.8723404. X=—1.87234 Y=2.1276596.\

2 -2

(a) (b)

6 6
Y2=X+4 / /

_8 L 1 1 1 1 1 1 \ 1 J| 4 _.8 IL 1 1 1 v 4 1 1 1 \ 1 J| 4
Guess? i Intersection L
X=—.9787234 Y=3.0212766, X==1 Y=3

2 -2
(c) (d)
Figure 12

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