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Precalculus Functions and Graphs: A Graphing Approach, Second Edition, is
the premier text for a reform-oriented course. Designed to build a strong foun-
dation in precalculus, the text encourages students to develop a firm grasp of
the underlying mathematical concepts while using algebra as a tool for solving
real-life problems. The comprehensive text presentation invites discovery and
exploration, while the integrated technology and consistent problem-solving
strategies help the student develop strong precalculus skills.

Precalculus Reform

The precalculus course has changed over the past few years in response to the
growing discussion of reform in mathematics education. Generally speaking,
these changes have focused on the following areas: technology, real-life appli-
cations, problem-solving, and communicating about mathematics. The Second
Edition embodies the spirit of these reform ideals without compromising the
mathematical integrity of the course presentation. All text elements from the
previous edition were considered for revision and many new examples, exer-
cises, and applications were added.

Technology  Graphing technology is consistently incorporated throughout the
Second Edition. The visualization and exploration capabilities of technology
encourage the student to participate actively in the learning process, to develop
their intuitive understanding of mathematical concepts, and to solve problems
using actual data. Thus, students learn how algebra functions as a modeling lan-
guage for real-life problems. Technology is used as a tool, drawn into the dis-
cussion whenever it offers a useful perspective on the topic at hand. For exam-
ple, the power of graphing technology may be used to guide the students
through thought-provoking explorations or to show alternative problem-solv-
ing techniques. Where appropriate, situations in which the results obtained
through the use of technology may be misleading are also noted.

The Second Edition assumes that the student will use a graphing calculator
on a daily basis in the course. Integrated throughout the text at point of use are
many opportunities for investigation using technology (e.g., see page 103) and
exercises that require the use of a graphing utility (e.g., see page 227). The text
also carefully shows how to use graphing technology to best advantage (e.g.,
see page 217).

Whenever possible, references to graphing technology are generic. In a few
cases, however, the text includes programs that will enable the student to inves-
tigate particular mathematical concepts (e.g., see page 115). Comparable pro-
grams for a wide variety of Texas Instruments, Casio, Sharp, and Hewlett-
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Packard graphing calculators—including the most current models—are given
in the appendix.

To accommodate a variety of teaching and learning styles, Precalculus
Functions and Graphs: A Graphing Approach, Second Edition, is also avail-
able in a multimedia, CD-ROM format. Interactive Precalculus Functions and
Graphs: A Graphing Approach; A Self-Guided Study Companion offers
students a variety of additional tutorial assistance, including examples and
exercises with detailed solutions; pre-, post-, and self-tests with answers; and
TI-82 and TI-83 graphing calculator emulators. (See pages xviii—xx for more
detailed information.)

Real-Life Applications  To emphasize for students the connection between math-
ematical concepts and real-world situations, up-to-date, real-life applications
are integrated throughout the text. These applications appear as chapter intro-
ductions with related exercises (e.g., see pages 237 and 280), examples (e.g.,
see page 5), exercises (e.g., see page 293), Group Activities (e.g., see page 276),
and Chapter Projects (e.g., see page 307).

Students have many opportunities to collect and interpret data, to make
conjectures, and to construct mathematical models in the examples, exercises,
Group Activities, and Chapter Projects. Students work on modeling problems
with experimental and theoretical probabilities (e.g., see page 723), use mathe-
matical models to make predictions or draw conclusions from real data (e.g.,
see page 149), compare models (e.g., see page 230), and apply curve-fitting
techniques to create their own models from data (e.g., see page 144). In the
process, the Second Edition gives students many more opportunities to use
charts, tables, scatter plots, and graphs to summarize, analyze, and inter-
pret data.

Problem Solving  The primary goal of any mathematics textbook is to encour-
age students to become competent and confident problem solvers. Many
aspects of this revision focused on this goal—including the addition of new fea-
tures such as Chapter Projects, Explorations, and Group Activities, as well as
extensive and careful revision of the examples and exercise sets. Students are
asked to use numerical, graphical, and algebraic techniques, and the use of
graphing technology as a problem-solving tool is encouraged as appropriate
(e.g., see page 155). Throughout, students are encouraged to follow a consis-
tent approach to solving applied problems: Construct a verbal model, label
terms, construct an algebraic model, solve the problem using the model, and
check the answer in the original statement of the problem.

Like the previous edition, the Second Edition has an abundance of exer-
cises that are designed to develop skills. The text also includes many other
types of exercises that offer students the opportunity to refine their problem-
solving skills, such as exercises that require interpretations (e.g., see page 251),
those having many correct answers (e.g., see page 210), and multipart exer-
cises designed to lead the student through problem-solving strategies (e.g., see
page 230).
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Communicating about Mathematics Each section in the Second Edition ends
with a Group Activity. Designed to be completed in class or as home-
work assignments, the Group Activities give students the opportunity to work
cooperatively as they think, talk, and write about mathematics. Students’
understanding is reinforced through interpretation of mathematical concepts
and results (e.g., see page 226), problem posing and error analysis (e.g., see
page 201), and constructing mathematical models, tables and graphs (e.g., see
page 258).

Making connections between algebra and real-world situations also helps
students understand the underlying theory. Other connections are emphasized
in this text as well, including those to probability (e.g., see Chapter 9), geome-
try (e.g., see page 397), and statistics (see Chapter 9).

Improved Coverage

As a result of user requests Chapter P, Prerequisites, now begins with an intro-
duction to the Cartesian plane and covers solving equations and inequalities
both algebraically and graphically. All or part of this review material may
be covered or omitted, offering greater flexibility in designing the course
syllabus.

Occurring one chapter earlier are Polynomials and Rational Functions in
Chapter 3 and Exponential and Logarithmic Functions in Chapter 4. The chap-
ters covering trigonometry have been expanded to three chapters. Chapter 6
now includes Vectors in the Plane and Vectors and Dot Products previously
covered in Chapter 11 of the first edition.

In keeping with the emphasis on real-life applications, sections titled
Exploring Data are found throughout the text and include Representing Data
Graphically, Linear Models and Scatter Plots, Nonlinear Models, Measures of
Central Tendency, and Measures of Dispersion.
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Features of the Second Edition

Chapter Opener Each chapter opens with Funtl'm"s ﬂ"[l
a look at a real-life application. Real data

is presented using graphical, numerical, "]E" ﬁfﬂl]hs
and algebraic techniques.

any wildlife populations follow a cyclical “predator-prey” pattern. One
lexample is the populations of snowshoe hare and lynx in the Yukon
Territory. The researchers shown in the photo kept track of the lynx and

Theorems, Definitions, and Guidelines
. hare populations from 1988 through 1995. Lynx numbers in a 350-square-
S kilometer region of the Yukon are shown below.
All of the important rules, formulas,
theorems, guldel]nes, prOpertles, deﬁnl- 1988 (10) 1991 (60) 1994 (9)
1989 (16) 1992 (28) 1995 (8)

tions, and summaries are highlighted for 10 0 esa (5
emphasis. Each is also titled for easy 7 The hare population was low in 1986, increased to a high

in 1990, and then decreased to a low again in 1992,

reference. The number of lynx is a function of the year. You can use a graphing utility to
create a scatter plot that depicts the lynx population as a function of the year,
as shown above. Use the trace feature to identify the coordinates of each point.
The data was supplied by Mark O'Donoghue, as part of the Kluane Boreal

Forest Ecosystem Project. (See Exercise 87 on page 96.)
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11 Functions

Introduction to Functions /  Function Notation /
The Domain of a Function ! Applications

Section Outline  Each section begins with
a list of the major topics covered in the

section. These topics are also the subsec-
‘ P odeon e functions tion titles and can be used for easy refer-

Many everyday phenomena involve pairs of quantities that are related 10 cach

:meumm;im. other by some rule of correspondence, Here are some examples ence and reVieW by Students. In uddition,

matical formulas but are

ife L. The simple interest 7 eamed on S1000 for | vear is related w the annual . . . .
s g iy e e by bl = O an exercise application that uses a skill or
wmdmurm&l the \(I":\' the formula = \1.-‘ ¢ B e " . .
B s e N TEIR 3 Thoaread of acirlo i etaied fo s il by the fornila A = w7 illustrates a concept covered in the sec-
Gpprenimale the dex Raing & Notall corresy between have simple mathematical for

mathematcal modefor formula, LT people commianly mutch up NFL wting quarcrbacke tion is highlighted to emphasize the con-

with touchdown pisses. and hours of the day with temperature, In each of these

o o et a5t o el of o nection between mathematical concepts
and real-life situations.

spondence s called o funetion.

Figure 1.1 & 1 of a Fun A

c Celsius A function f from a set A to a set B is a rule of comespondence that
\ermperature assigns 10 each element x in the set A exactly one element y in the set 8.
o The set A is the domain (or set of inputs) of the function £, and the set 8
L@ contains the range (or set of outputs). ) )
s Library of Functions  The concept of the
gt ()
27 R s b function is introduced in Chapter 1. In
e L9002, 137, (3,157, (4, 1570, (5, 129, 46, 1071

1
T @

P’
In each ordered panr, the first coordinate i the mput and the second coordinite @ 2 s 1
T8 Binsl 13 Wi R ke 9 Tllowing eRASSIERATS O o et the material that follows, the icon l
le 16"
@!. 1. Each clement in A must be matched with an element of 8.
S 2. Some elements in B may not be matched with any lement in A

Soas S 3 or o clemcot of A oy he machel i he e et of appears each time a new type of function

Taputs 1.2 Outputs &1 The converse of the third statement is not true. That is. an element of A (the

24 13515 domutm camnot be matchod wilh s diffeent clmenty of is described in detail.




Intuitive Foundation for Calculus  Special
emphasis is given to the algebraic skills
that are needed in calculus. Many exam-
ples in the Second Edition discuss alge-
braic techniques or graphically show con-
cepts that are used in calculus, providing
an intuitive foundation for future work.

Notes Notes anticipate students’ needs
by offering additional insights, pointing
out common errors, and describing gener-
alizations.

Preface ix
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Figure 1.9

Figure 1.10
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Relative Minimum and Maximum Values

“The points at which a function changes its increasing, decreasing, or constant
behavior are helpful in determining the relative muximum or relative mininum
values of the function

A function value f(a) is called a relative minimum of /if there exisis an
interval (x,, x,) that contains @ such that
n<x<x, implies fla)sf(x).

A function value f(a) is called a relative maximum of /if there exists an
interval (x,, x,) that contains a such that

Xy <x<x, implies fla)= fx).

Frgure 1.9 shows several different examples of relative minimurs nd relative
maximums. Tn Section 2.1, you wil que for finding the exacr
points it which i second-degree polynomal function has a refative minimum
— orrelative maximum. For the time being. however, you can use i graphing uiil-
ity 10 find reasonable approximations of these points.

EXAMPLE4 @  Approximating a Relative Minimum

Use a graphing utility to approximate the relative minimum of the function
fla) = 3 = 4y 2

Solution

iph of £ s shown in Figure 1110, By using the zoom and trace features
aphing utility. you can estimate that the function has i relative minimum
at the point

\

(0.67. - 3.33). Relative minimur

Section 2.1, you will be able to determine that the exact point it which
i -

e minimum oceurs is (1.~ ).

Note When you use a graphing wiility 10 estimate © and y-values of o

255 / The Fundamental Theorem of Algebra

h Think About the Proof EXAMPLE 1 &5  Zeros of Polynomial Functions

To prove the Linear Factori @ The T
ation

¢ polynomial /(v = v = 2 )

ol can use the

JR =07 = by + 9 = (= 3 - 3
o Ty exictly o zcros v = 3and = 3
FL. and by the Factor Theorem, N
it follows that
A= = i)

€ The third-degree polynomial function

has exactly three zecost v = Oy = 27 and © =

d. The founth-degree polynomial function

fI0h =2t 4 Ay = At )= = 2000+ 20

Iy o =1 DO+ D = il + 1)
e detuils of s exactly four zerosi v = 1oy = =14 = Land ¢
the proat are i the appendix
(WEN  EEEE GRS CREERER S Em
SR D
3 e o A T R R O A O

Look at the graphs below and match thein wi
in Example 1. Which zeros appear on the graphs?

(@ i ()

~ exactly one zero; x = 2

e ol b. Counting multipheity. the second-degree polynomal function

i

the four polynomial functions

U

\/

(© 1 (el

o

Think About the Proof Located in the
margin adjacent to the corresponding
theorem, each Think About the Proof
feature offers strategies for proving the
theorem. Detailed proofs for all theorems
are given in Appendix A.
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Technology Technology is integrated
throughout the text at point of use as a tool
for visualization, investigation, and verifi-
cation. Instructions for using graphing
utilities are given as necessary.

Study Tips ~ Study Tips appear in the
margin at point of use and offer students
specific suggestions for studying algebra.

Exploration  Throughout the text, the
Exploration features encourage active
participation by students, strengthening
their intuition and critical thinking skills
by exploring mathematical concepts and
discovering mathematical relationships.
Using a variety of approaches—including
visualization, verification, use of graph-
ing utilities, pattern recognition, and
modeling—students are encouraged to
develop a conceptual understanding of
theoretical topics.

410 5 / Analytic Trigonometry

“The identity in Example 4 can be

confirmed using the table feature

of a graphing utility
__sinx_ cosx

M7 T cosx T sinx

Notice how the identity in
Example 4 is verified. You start
with the left side of the equation
(the more complicated side) and
use the fundamental trigonomet-
ric identities to simplify it until
you obtain the right side.

EXAMPLE3 & Verifying Trigonometric Identities Graphically
Use a graphing uiility to determine which of the following is an identity

a cos3x . dcos'x—3cosx b, cosdx ‘sm(lt— ',')

a. Using a graphing utility. you can sce that the graphs of y = cos 3x and
¥ =4cos'x = Jcos.x appear (0 coincide, as shown in Figure 5.1(a).
Therefore. this appears to be an identity.

b. From the graphs shown in Figure S.1(b). you can see that this is not an
identity.

Figure 5.1
@ [

v=cos 3

EXAMPLE4 £  Verifying a Trigonometric Identity Algebraically

’ sing _ cos

e b

Verify the identity | o+ O
sin®  cos8 _ (sin 6)sin 6) + (cos )1 + cos §)

1+cos6 sinf (1 + cos 6)(sin 6)

_ Sin? 0+ cos’ B + cos 6

(1'+ cos B)(sin 6)

_ d+cosh
(1 + cos Bsin 6)
et
Tsing
=csch
=
1.4 / Combinations of Functions 125

EXAMPLE9 £ Bacteria Count
The number of bacteria in a refrigerated food is given by
MT) = 2077 — 80T + 500, 25Ts 14
where 7 is the Celsius temperature of the food. When the food is removed from
refrigeration, the temperature is given by
TN =4+ 2, 0srs3
where 1 is the time in hours. Find the following.
a. The composite N(71)). What does this function represent?
b. The number of bacteria in the food when ¢ = 2 hours
. The time when the bacteria count reaches 2000

& M(TU) = 20(dr + 2 — 80(4r + 2) + 500
= 20(16r + 161 + 4) — 3200 — 160 + S00
= 32007 + 320 + 80 — 3200 — 160 + 500
= 3200 + 420
‘This composite function represents the number of bacteria as a function of
the amount of time the food has been out of refrigeration.
b. When r = 2, the number of bacteria is
N=320()* + 420 = 1280 + 420 = 1700.
€. The bacteria count will reach N = 2000 when 320* + 420 = 2000. You
can solve this equation for r algebraically as follows.
3200% + 420 = 2000
3200 = 1580

Or you can use a graphing utility to approximate the solution, as shown in
Figure 1.31. -




Historical Notes  To help students under-
stand that algebra has a past, historical
notes featuring mathematicians and their
work and mathematical artifacts are
included in each chapter.

Graphics  Visualization is a critical prob-
lem-solving skill. To encourage the
development of this ability, the text has
nearly 2300 figures in examples,
exercises, and answers to exercises.
Included are graphs of equations and
functions, geometric figures, displays of
statistical information, scatter plots, and
numerous screen outputs from graphing
technology. All graphs of equations and
functions are computer- or calculator-
generated for accuracy, and they are
designed to resemble students’ actual
screen outputs as closely as possible.
Graphics are also used to emphasize
graphical interpretation, comparison,
and estimation.

Preface X1

Note Be sure you see that the range
of a function is not the same as the
use of range relating to the viewing
rectangle,

konhald Euler (1707-1783), 2
Swiss mathematician,

, e

0 e s s et :,t Representing functions by sets of ordered pairs is common in discrete mathe-
lific and ‘mathemati- ‘matics. In algebra, however, it is more common to represent functions by equa-
cian in history. One of his greatest tions or formulas involving two variables. For instance, the equation
infiuences on mathematics was 3
his use of symbols, or notation. y=x
‘The function notation y = f(x) repre«gnl\ the variable y as a function of the variable x. In this equation. x is

Euler variable and y is the dependent variable. The domain of the

1.1 / Functions 85

In the following example. you are asked to decide whether different correspon-
dences are functions. To do this, you must decide whether each element in the
domain A is matched with exactly one element in the range . If any element
in A is matched with two or more elements in B, the correspondence is not a
function.

EXAMPLE 1 &%  Testing for Functions

Let A= {a.b.c} and B = [1.2.3,4,5). Which of the following sets of
ordered pairs o figures represent functions from set A o set 87

a {(a.2), (b.3). (e, 9}

b. [(a.4). (.5}

a. This collection of ordered pairs does represent a function from A to B, Each
clement of A is matched with exictly one element of B.

b. This collectian of ordered pairs does not represent  function from A 0 B,
Not every element of A is matched with an element of 8.

€. This figure does represent a function from A to B. It does not matter that
each element of A is matched with the same element of B.

d. This figure does not represent a function from A to B, The element  in A is
matched with rwo elements, | and 2, of B. This is also true of the element b.

=

tumlmn s the set of all values taken on by the independent variable x, and
the range of the function is the set of all values taken on by the dependent
variuble y.

142 1/ Functions and Their Graphs
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Linear Models and Scatter Plofs

Scatter Plots and Correlation /

stter Plot rela

Fitting a Line to Data

real-life situations involve finding relationships between two variabley
such as the year and the number of people in the labor force. In a typical situa-
tion. data is collected and written as 4 set of ordered pairs. We discussed the
graph of such a se1, a scatter plot, briefly in Section P.1.

AN ST
Year (3 & 1983)

and refatively accurate.

. . —eee i
-l T EXAMPLE1 &5 Constructing a Scatter Plot
o~ The data in the table shows the number of people 7 (in millions) in the United
Most ghaghing ubiiies have States who were part of the labor force from 1983 through 1993, In the table,
built-in statistical programs that  represents the year, with 1 = 3 corresponding to 1983. Sketch & scatter plot
can create scatter plots. Use your of the data.
graphing uiliy to plot the points
given in the table at the right. N | 1| 4 s |6 ‘ 7 s 9 ‘ 0 ‘ " 1 2 |
[P ] s a0 [ a2 i3 [ize [as [ 127 [i2e 130 |
Begin by representing the data with & set of ordered pairs.
(3, 113), (4, 115), (5, 117). (6, 120). (7, 122). (8. 123).
9,126, (10, 126), (1. 127), (12, 129), (13, 130)
“Then plot each point in a coordinate planc. as shown in Figure 138, &5
Figure 1.38
o From the scatter plot in Figure 1.38, it appears that the points describe a rela-
o] tionship that s nearly lincar. The relationship is not exactly lincar because the
E b, labor force did not increase by precisely the same amount each year.
¢ .
g’é :z o A equation that the between 7 and P is
£ o} called a mathematical model. When developing 4 mathematical model, you

strive for two (often conflicting) goals—accuracy and simplicity. For the data
above. a linear model of the form P = ar + b appears to be best. It is simple

Applications Real-life applications are
integrated throughout the text in exam-
ples and exercises. These applications
offer students constant review of prob-
lem-solving skills, and they emphasize
the relevance of the mathematics. Many
of the applications use recent, real data,
and all are titled for easy reference.
Photographs with captions in the intro-
duction to the chapter also encourage stu-
dents to see the link between mathematics
and real life.
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Examples Each of the more than 500 text examples

was carefully chosen to illustrate a particular mathemati-
cal concept, problem-solving approach, or computational

technique, and to enhance students’ understanding. The
examples in the text cover a wide variety of problem
types, including theoretical problems, real-life applica-
tions (many with real data), and problems requiring the
use of graphing technology. Each example is titled for
easy reference, and real-life applications are labeled.
Many examples include side comments in color that
clarify the steps of the solution.

Problem Solving The text provides ample opportunity for
students to hone their problem-solving skills. In both the

exercises and the examples in the Second Edition, stu-

dents are asked to apply verbal, analytical, graphical, and

numerical approaches to problem solving. Students are
also encouraged to use a graphing utility as a tool for
solving problems. Students are taught the following
approach to solving applied problems: (1) construct a
verbal model; (2) label variable and constant terms; (3)
construct an algebraic model; (4) using the model, solve
the problem; and (5) check the answer in the original
statement of the problem.

522 7 7 Systems of Equations and Inequalities
e Rty —
EXAMPLE2 /&9  Solving a System by Substitution

Atotal of $12.000 is invested in two funds paying 9% and 11% simple interest
The yearly interest is $1180. How much is invested at each rate”?

Salution

Verbal - 9% % Total

Model:  fund fund investment
9% -, n%  _ Toul
interest interest interest

Labels: Amount in 9% fund = x
Interest for 9% fund = 0.09x
Amount in 115 fund = y
Interest for 11 fund = 0.11y
Total investment = $12.000
Total interest = $1180

Svstem. X+ ¥ = 12000
‘)HWIXWMIM-IBW 0.09¢ + 0.1y = 1180 Equa 2
you obtain in this scction is 10 use
 graphing witiy. For instance, To begin, it is convenient to multiply both sides of Equation 2 by 10010 obtain
ener the two equations in 94+ 11y = 118,000, This eliminates the need to work with decimals.
Example 2
9+ 11y = 118,000 Revwed Equat
Yo = 12000 — x
TS Ohae To solve this system. you can solve for x in Equation |
n= L0
2 o1t = 12000 -y Revised Equat
2ol (i 8 Mppeopeiane viawlng Next. substitute this expression for x into Revised Equation 2 and solve the

rectangle that shows where the
lines intersect. Then use the zoom
and trace features to find their 9x 4 1y = LIR000

resulting equation for y.

point agree with the solution 9 12.000 )+ 1y = 118,000

obtained at the right? 108,000 — 9y 4 11y = 118000
2 = 10,000
¥ = 5000

Finally, back-substitute the value y = 5000 1o solve for ¢
€= 12000 - y
£ = 12000 — S0
¥ = 7000

“The solution is(7000, S000). Check this in the original problem. =

Figure 3.39
00

Group Retivity

36 / Exploring Data: Nonlinear Models 297

Application

Rt 4o —
EXAMPLE4 @  Finding an Exponential Model
The total amounts A (in billions of dollars) spent on health care in the United
States in the years 1970 through 1991, arc shown below. Find a model for the
data, and use the model 1o predict the amount spent in 1998. In the list of data
paints (1, A).  represents the year, with £ = ) corresponding to 1970
(0.74.4), (1. 82.3), ( 1025), (4. 116.1). (5. 1329), (6. 152.2),
(7. 172,00, (8, 193.7), (9. 217.2), (10, 250.1), (11, 290.2), (12, 326.1),
(13.358.6). (14, 389.6), (15. 422.6), (16, 454.9), (17. 494.2), (I8, $36.1),
(19, 604.3), (20, 675.0), (21, 751.8)

by entering the data into i computer or calculator that has least squares.
tegression programs. Then plot the data. as shown in Figure 3.39. From the
scatter plot. it appears that an exponential model is  good fit. After running the
exponential regression program, you should obtain

A=TI2NLIYY  or  A=T12700
(The correlation coefficient is 7 = 0.997, which implics that the model is &
good fit 1o the data.) From the model, you can see that the amount spent on
health care from 1970 through 1991 had an average annual increase of 12%

From this model. you can predict the 1998 amount to be
A= 77270112 ~ 1845.5 billion dollars

which 15 more than twice the amount spent 1n 1991 =

Fitting a Model to Data

which type of model best fits this data. Then find the model.

(5, 257.0), (6. 273.0), (7, 344.0). (8, 341.3). (9, 3183), (10, 32238),
(11,295.2), (12, 243.9), (13, 209.6). (14, 204.6), (15, 167.0), (16, 125.2),
(17. 107.0), (18, 72.4), (19, 34.6), (20, 11.7). (21, 4.8), (22, 2.3)

CD-ROM  The icon refers to additional features
of Precalculus Functions and Graphs: A Graphing
Approach; A Self-Guided Study Companion that
enhance the text presentation, such as exercises,
computer animations, examples, tests, and 7/-82 and
TI-83 graphing calculator emulators.

Group Activities The Group Activities that appear at
the ends of sections reinforce students’ understanding
by studying mathematical concepts in a variety of
ways, including talking and writing about mathemat-
ics, creating and solving problems, analyzing errors,
and developing and using mathematical models.
Designed to be completed as group projects in class
or as homework assignments, the Group Activities
give students opportunities to do interactive learning
and to think, talk, and write about mathematics.




Exercises

The exercise sets were completely

revised for the Second Edition. More than
5200 exercises with a broad range of conceptu-
al, computational, and applied problems
accommodate a variety of teaching and learn-
ing styles. Included in the section and review
exercise sets are multipart, writing, and more
challenging problems with extensive graphics
that encourage exploration and discovery,
enhance students’ skills in mathematical mod-
eling, estimation, and data interpretation and
analysis, and encourage the use of graphing
technology for conceptual understanding.
Applications are labeled for easy reference.
The exercise sets are designed to build compe-
tence, skill, and understanding; each exercise
set is graded in difficulty to allow students to
gain confidence as they progress. Detailed
solutions to all odd-numbered exercises are
given in the Study and Solutions Guide;
answers to all odd-numbered exercises appear
in the back of the text.

Preface
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1L f() =2v gl = ;
12. (0 =x =5 g =x+5

13, f00) = Sx+ 1 glx) =

3—
M0 =3 45 g ="

e wtidity o graph the
Test 1 determine

In Faercises S-10,

iy thit

22, hlx) = J16 — &

2L /(0 =3 v

2
2

62.

64.

Investment Portfolio A total of $25.000 is invested

in two funds paying 6% and 8.5% simple interest.

The 6% investment has a lower risk. The investor

wants o yearly interest income of $2000 from the

two investments

(@) Write a system of cquations in which one equa-
tion represents the total amount invested and the
other equation represents the $2000 required in
interest, Let xand y represent the amounts invest-
ed ut 6% and 8.5%, respectively.

(b) Use a graphing utility 10 graph the two equations.
As the amount invested at 6% increases, how
does the amount invested at 8.5% change and
how does the amount of interest change? Explain.

(¢) What is the most that can be invested at 6% to
meet the requirement of $2000 per year in interest?

. Chaice of Two Jobs  You are offered two different

jobs selling dental supplies.

+ One company offers a straight commission of 6%
of sales.

« The other company offers a salary of 5250 per
week plus 3% of sales.

How much would you have 1o sell in a week in order

1o make the straight commission offer better?

Choice of Two Jobs You are offered two different

jobs selling college textbooks.

= One company offers an annual salary of $20.000
plus a year-end bonus of 1% of your otal sales.

* The other company offers an annual salary of
$15,000 plus a year-end bonus of 2% of your total
sales.

Determine the annual sales that make the second
offer better.

. Market Equilibrium  The supply and demand curves

for 4 business dealing with wheat are given by
Supply: p = 145 + 0.00014¢*

Demand; p = (2.388 — 0.007x)°

where p is the price in dollars per bushel and x is the
quantity in bushels per day. Use a graphing utility to
graph the supply and demand equations and find the
market equilibrium. (The market equilibrium is the
point of intersection of the graphs for x> 0.)

66.

7.1/ Solving Systems of Equations 529

Log Volume You are offered two different rules for
estimating the number of board feet in a log that is 16
feet long. One is the Doyle Log Rule and is modeled
by

V=(D-4F. S<Ds40

and the other is the Scribmer Log Rule and is modeled

by

V=079D% - 20 -4, S<D<40

where D is the diameter of the log and V is its volume

in board feet

(a) Use a graphing utility to graph the log rules in the
same viewing rectangle.

(b) For what diameter do the two rules agree?

(©) 1f you were selling large logs, which rule would
you use? Explain your reasoning.

I Exercise I, i the dtim
vetingle meeting the speeificd condition

Perimeter Condition

67. 30 meters The length is 3 meters greater
than the width.

68. 280 centimeters  The width is 20 centimeters
less than the length

69. 42 inches The width is three-fourths the
length.

70. 210 feet The length is one and one-half
times the width.

1. Geometry What are the dimensions of a rectangular

tract of fand if its perimeter is 40 miles and its area is
96 square miles?

. Geometry What are the dimensions of an isosceles

right triangle with 4 2-inch hypotenuse and an area of
1 square inch?

. Exploration Find an equation of a line whose graph

intersects the graph of the parabola y = % at the fol-
lowing numbers of points. (There is more than one
correct answer.)

(a) Twa points
(b) One point
(©) No points

5. f(x) = 8x 6. f(x) = :'.r - o
= 23. h(x) = - 4. flo=J-2
7./(“:‘1‘ 10 8 flx)=x—-5 x40
9. f(0) = Vx 10. f(x) = &* 2. 49 = a ; x o
Geometry Geometric formulas and con-

cepts are reviewed throughout the text in
examples, Group Activities, and exercises.
For reference, common formulas are listed

inside the back cover of this text.



Xiv Preface

Focwe on Concepte

n this chapte you that are related and

functions. 1o check your t
several of these basic concepts.The answers to these questions are given in the back of
the book.

Focus on Concepts Each Focus on

1. Comparing Graphs The graphs of y = & are 3. Investing Money You are investing P dollars at an

Concepts feature is a set of exercises that N Wit . i vk ve ot s
Which are positive? eous? Expliis your reasosiag.

test students’ understanding of the basic

(a) Double the amount you invest.

. (b) Double your interest rate.
concepts covered in the chapter. Answers (©) Doublethe umber ofyears.
. . . 4. Identify the model as linear, logarithmic, exponen-
to all questions are given in the back of i, o oo e s Bl o o
the text. o &
2 0. 2 .'.
Tl T Y I e
© @

Then
o false. If it is false, give an example that shows it is.
false.

(@) The logarithm of the product of two numbers is
equal 0 the sum of the logarithms of the num-
bers,

(b) The logarithm of the sum of two numbers is
equal 1o the product of the logarithms of the
numbers (© ()

(€) The logarithm of the difference of two numbers
is equal to the difference of the logarithms of the B .
numbers.

(d) The logarithm of the quotient of two numbers is . . o .
equal to the difference of the logarithms of the 5 (o 2 .
numbers. .

Chapter Projects  Chapter Projects are
extended applications that use real data,
graphs, and modeling to enhance stu-
dents’ understanding of mathematical
concepts. Designed as individual or group
projects, they offer additional opportuni-
ties to think, discuss, and write about
mathematics. Many projects give students

the opportunity to collect, analyze, and
3603 D st lo o i o Do he a1 o bt interpret data.

modeled with a linear, quadratic. or exponential model?

CHAPTER PROJECT Firting a Model to Data

In this project. you will find and use models relating to the carbon dioxide
level of earth’s atmosphere.

Since 1958, the Mauna Loa Climate Observatory in Hawaii has been col-
lecting data on the carbon dioxide level of earth's atmosphere. The table
shows the average monthly readings for January of each year from 1959
through 1994, The readings measure the carbon dioxide concentration in
parts per million.

[(1s0 [ ros0 [ 1961 [ 1062 [ 1063 [ 1964 [ 1965 | 1966 [ 1967 | 1968 [ 1969 [ 1970
[Brsa [ 3163 | 3107 [ 3178 [ 3w | 3ioa | 10 | w20 | 222 | 322 [ s | a2 |

[Crom T woma T voms T aone [ rons T iors [vomr [ vos [ aono [ oo [ ot [ iom
[3260 | 3266 | 3284 [ 3292 [ 3302 | 33t | 3328 | 3348 | s [ 307 [ 3300 [ 3400 |

[T1oms [ roms [ rows [ rows [ 107 [ voms [ 1m0 [ 1990 [ iowr [ sz [ 1093 [ iows |

EBEE RN EENEENEDEDED

(b) Find the linear. quadratic. or exponential model that you think best fits

the data

Questions for Further Exploration

1. The data in the table represents the carbon dioxide 2. Use 4 graphing utility (0 sketch the graph of the
levels for January of each year. Throughout each revised model

year, the level oscillated as follows.

« In April, the average reading was about 2.5 parts
per million higher than the average reading given
by the model in part (b) above.

« In July, the average reading was the same as the
averuge reading given by the model in part (b)
above.

* In October. the average reading was about 2.5
parts per million lower than the average reading
given by the model in part (b) above.

Use a sine function 1o rewrite the model found in part

(b) above so that the model incorporates the

described oscillations.

3. Make a careful sketch of the model for | year.
What physical factors on earth would contribute
10 the oscillation in the carbon dioxide level dur-
ing the year?
. Is the model you found periodic? Explain your
reasoning.

Use the model to predict the level of carbon diox-

ide in carth’s atmosphere in the following years.
(a) 2000
b) 2010
(© 2020
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2 /// REVIEW EXERCISES

s utility ¢ ph i (a) Complete six rows of a table like the one below.
ertex and the inte (The first two rows are shown.)

In Fxervises 1-4

s ¥ ¥ Area (xy)
LA=(+) 41 2/ =(-4-4 - - .
3 =0t se -4 il L0 w4 -] -1
4. /) t— e+ 11 2 4402 s -i@)=6

(b Use a graphing utility to generate additional rows

I Evrcises 5 and 0, find the quin wetion able in part (1), Use the table to estimate
hu W surtes i whose graph the dimensions that will produce the maximum

W oot arca,
5. Vertex: (1, ~4); Point: (2, ~3) (¢) Write the area A as a function of x. Determine the
6. Vertex: (2, 3); Point: (=1, 6) domain of the function in the context of the

problem.

(d) Use a graphing wiility 1o graph the area function.
Use the graph to approximate the dimensions that
will produce the maximum area

(e} Write the function in standard form o find ana-
Iytically the dimensions that will produce the
maximum arca,

©y ==

Preface XV

Review Exercises The Review Exercises
at the end of each chapter offer students
an opportunity for additional practice.
Answers to odd-numbered review exer-
cises are given in the back of the text.

In Bsercises 910, find the maximum or minimum
il swidvatic finction
9. g0 = ¥* = 2 10, /() = 2% + 8c + 10 !
1) = 60— x 1250 = 3+ dx -
13,/ = =27+ a0+ 1
S S 18. Maximum Profit Let s be the amount (in hundreds
ARV A A of dollars) a company spends on advertising. and let
15 00 = 7+ S =4 16 f(0) = 427 +4u+ S P be the profit, where
p = 152
17. Numerical, Graphical, and Analytical Analysis A P =230+ 208 - 3y
MImh i inscribed in the region bounded by the How much advertising will yield a maximum profit?
. the y-axis, and the graph of x + 2y — 8 = 0
:M figure) Int U fetermine the vight-fun I
anel belirsior of the graph of the pol nomeal
19, () = =+ 6x+9 200 f(x) = '+ 20
308 / Cumulative Test for Chapters P-3

P=3 ///_CUMULATIVE TEST

vurk against e Vs given in the )

I xervises 16, shoretya graph of the fanction. Use  raphing utiit t
erify your resnlt g !

N 1 whis
L) =~ 44 Zy=Jh-u = T i 1

4glo) = 5. fl) =62 1) 6. g(x) = log, x

7. Find an equation for the line passing through the points (— 1, 1) and (3, 8).

8. Explain why the graph at the right does not represent y as & function of x

9. Describe how the graph of each function differs from the graph of y = V.
Itis not necessary 10 sketch the graphs.

(@) i) = L ¥x by hlx) = Y+ 2 (© gl = Yx+2
10. Determine whether the function #(x) = Sx — 2 is one-to-one. If so, find its inverse.

I Exercises H=1h solve i pe

26— 3 —4) =5 12, 5
-5+ 6

133+ oy +2=0 14, i 10=x—
15, 6¢* = 72 16. log, x + log, 5 = 6

17. Let.x be the amount (in hundreds of dollars) that a company spends on advertising. and
let P be the profit (in thousands of dollars), where P = 230 + 205 — bx%. What
amount will yield o maximum profit?

18. Find all the zeros of f(x) = ¥ + 20 + 4x + §

19. u«: 2 gmphlm. utility to approximate the real zero of the function g(x) =

= 610 the nearest hundredih

20, Write 2Inx — L In(x + 5)asa Ingl\mhln of a single quantity.

21. The numbers of cellular telephone subscribers v Gin millions) for the years 1990
through 1993 are given by (0, 5.3), (1,7.6), (2. 11.0), and (3, 16.0) where x is the time
in years, with x = 0 corresponding 1o 1990, Use a graphing utility 1o fit an exponential
model (o the duia. Create 4 scatter plot of the data and graph the model in the same
viewing rectangle.

406 4 / Trigonometric Functions

4 /11 CHAPTER TEST

this test s you would fake @ test in class. After you are done. check your

work apainst the answers givon in the ack of the bk

1. Consider the angle of magnitude $7/4 radians.
(a) Sketch the angle in standard position. i ”H; Al
(b) Determine two coterminal angles (one positive and one negative). vious dhapters)ond v: x‘v‘ -“_
(¢) Convert the angle 10 degree measure. anidéenly BanoIato

2. Atsuck is moving at a rate of 90 kilometers per hour, and the diameter of its wheels is 11 #1300751 apabi
| meter. Find the angular speed of the wheels in radians per minute.

3. Find the exact values of the six trigonometric functions of the angle ¢ shown in the Figure for 3
fgure.

4. Given that tan 6 = 3, find the other five trigonometric functions of 6. !

(=1.4y

5. Determine the reference angle 6 of the angle 8 = 290° and sketch 6 and §” in stan-
dard position.

6. Determine the quadrant in which 4 lies if sec # <0 and tan 8> 0.

7. Find two values of @ in degrees (0 #<360°) if cos# = —/3/2. (Do not use a
caleulator.)

8. Use a caleulator to approximate two values of 6 in radians (0 A<2m) if
cse = 1.030. Round the result to two decimal places.

T Eoaerines s 10, wraph e fimetion themgh (e Bl periods withont e aid of
caphing utiits
9. glx) = —2sinflx ~ J) 10. f(e) = ! tan 2a

I Exercises T and 12, use o graphing utility to graph the function. 7 the function is
perindic, find its peviod

1L, y = sin 2mx + 2 cos mx 12, y = 66 "' cos(0.251), 0S <32

13. Find a. b, and ¢ for the function f(x) = a sin(bx + ¢) 5o that the graph of f matches the Figure for 13
figure.

14. Find the exact value of tan(arccos 3) without the aid of u calculator.
15. Graph the function f(x) = 2 arcsin( bx).
. \ . ; ool e
16. A ship leaves port at noon and sails at a speed of 18 knots. Its bearing is N 16° W. If Ny
the port is positioned at the origin, determine the coordinates of the position of the ship MM

at3em

Chapter Tests  Each chapter that is not
followed by a Cumulative Test ends with
a Chapter Test, an effective tool for
student self-assessment.

Cumulative Tests  The Cumulative Tests
that follow Chapters 3, 6, and 10 help
students judge their mastery of previously
covered material as well as reinforce the
knowledge they have been accumulating
throughout the text—preparing them for
other exams and for future courses.



supplements

Precalculus Functions and Graphs: A Graphing Approach, Second Edition, by
Larson, Hostetler, and Edwards is accompanied by a comprehensive supple-
ments package. Most items are keyed to the text.

Printed Resources
For the student

Study and Solutions Guide by Bruce Edwards, University of Florida, and
Dianna L. Zook, Indiana University—Purdue University at Fort Wayne

« Section summaries of key concepts

« Detailed, step-by-step solutions to all odd-numbered exercises
- Key solution steps for Chapter Tests and Cumulative Tests

« Practice tests with solutions

« Study strategies

Graphing Technology Guide

« Keystroke instructions for a wide variety of Texas Instruments, Casio, Sharp,
and Hewlett-Packard graphing calculators—including the most current
models.

- Examples with step-by-step solutions

- Extensive graphics screen output

- Technology tips

For the instructor
Instructor’s Annotated Edition

« Includes the entire student edition of the text, with the student answers section
« Instructor’s Answers section: Answers to all even-numbered exercises, and
answers to all Explorations, Technology exercises, Group Activities, and
Chapter Project exercises

Annotations at point of use offer specific teaching strategies and suggestions
for implementing Group Activities, point out common student errors, and give
additional examples, exercises, class activities, and group activities.

Solutions to Even-Numbered Exercises

« Detailed, step-by-step solutions to even-numbered exercises

Test Item File and Instructor’s Resource Guide

- Printed test bank with approximately 2000 test items (multiple-choice, open-
ended, and writing) coded by level of difficulty

« Technology-required test items coded for easy reference

« Bank of chapter test forms with answer keys



Supplements Xvii

+ Two final exam test forms
» Notes to the instructor, including materials for alternative assessment and
managing the multicultural and cooperative-learning classrooms

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

 Multipart, guided discovery activities and applications

» Keystroke instructions for Derive and 77-82

- Keyed to the text by topic

 Funded in part by NSF (National Science Foundation, Instrumentation and
Laboratory Improvement) and California Community College Fund for
Instructional Improvement

Media Resources
For the student

Interactive Precalculus Functions and Graphs: A Graphing
Approach; A Self-Guided Study Companion (See pages xviii—xx for
a description, or visit the Houghton Mifflin home page at http://www.hmco.com
for a preview.)

« Interactive, multimedia CD-ROM format
« IBM-PC for Windows

Tutor software

- Interactive tutorial software keyed to the text by section
» Diagnostic feedback

+ Chapter self-tests

» Guided exercises with step-by-step solutions

« Glossary

Videotapes by Dana Mosely

- Comprehensive, text-specific coverage keyed to the text by section

- Real-life application vignettes introduced where appropriate

» Computer-generated animation

» For media/resource centers

- Additional explanation of concepts, sample problems, and applications
« Instructional graphing calculator videotape also available

For the instructor
Computerized Testing (IBM, Macintosh, Windows)

« New on-line testing

» New grade-management capabilities

« Algorithmic test-generating software provides an unlimited number of tests
« Approximately 2000 test items

» Also available as a printed test bank

Transparency Package

= 70 color transparencies color-coded by topic



Xviii Supplements

Interactive Precalculus Functions and Graphs: A Graphing Approach

To accommodate a variety of teaching and learning + TI-82 and TI-83 emulators.

styles, Precalculus Functions and Graphs: A Graphing + Guided examples with step-by-step solutions.
Approach; A Self-Guided Study Companion is also avail- - Editable graphs.

able in a multimedia, CD-ROM format. In this interactive » Animations of mathematical concepts.
format, the text offers the student additional tutorial assis- « Section and tutorial exercises.

tance with

« Complete solutions to all odd-numbered text exercises.

« Chapter pre-tests, self-tests, and post-tests.

+ Glossary of key terms.

These and other pedagogical features of the CD-ROM are
illustrated by the screen dumps shown below.

Chapter Topics  Each chapter begins with an

@ Study Aids for this Chapter
1 @ Functions
2 ’ Graphs of Functions
3 @ Shifting, Reflecting, and Stretching Graphs
4 ﬂ Combinations of Functions
5 ﬁ Inverse Functions

’ QuIT } CONT.

PREY.

Click photo for more info.
6 O Exploring Data: Linear Models and Scatter Plots

’ Chapter Project

outline of the topics to be covered. Using the
buttons at the bottom of the screen, the student
can quickly move to the appropriate section.

Introductory Chapter Application  Each chapter
opens with a real-data application that illus-
trates the key concepts and techniques to be
covered. Clicking on the photo, the student can
access additional data and background infor-
mation that frames the real-world context for a
mathematical concept.

Chapter Project  Each chapter is accompanied
by a Chapter Project. This offers the student the
opportunity to synthesize the algebraic tech-
niques and concepts studied in the chapter.
Many projects use real data and emphasize data

Study Aids  Each section offers the student an
array of additional study aids, including
Chapter Pre-, Post-, and Self-Tests, Review
Exercises, and Focus on Concepts. With diag-
nostics, complete solutions, or answers, these
helpful features promote the focused practice
needed to master mathematical concepts. Short,
informative video segments are also included.

analysis and mathematical modeling.

Chapter Pre-Test

Chapter Post-Test

® 20 questions

® Randomly Generated  ® Randomly Generated
® Multiple Choice @ Multiple Choice

® Diagnostics ® Diagnostics

Chapter Self-Test
® Open Ended
® Answers Available

® 20 questions

Click Photo For Sample Video|

Focus on Coneepts

@ Thought Provoking
Questions that Cover
Concept Understanding

€ Answers Available

Review Exercises

® Covers All Chapter
Skills and Concepts

® Step-by-Step
Solutions to Odds

PREY.




