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Preface

Although much attention has been paid since 1990 to reforming calculus courses, precal-
culus textbooks have remained surprisingly traditional. Now that the College Board’s AP*
Calculus curriculum has been accepted as a model fro a twenty-first-century calculus
course, the path has been cleared for a new precalculus course to match the AP* goals and
objectives. With this edition of Precalculus: Graphical, Numerical, Algebraic the authors
of Calculus: Graphical, Numerical, Algebraic, the best-selling textbook in the AP*
Calculus market, have designed such a precalculus course. For those students continuing
on in a calculus course, this precalculus textbook concludes with a chapter that prepares
students for the two central themes of calculus: instantaneous rate of change and continu-
ous accumulation. This intuitively appealing preview of calculus is both more useful and
more reasonable than the traditional, unmotivated foray into the computation of limits, and
it is more in keeping with the stated goals and objectives of the AP* courses.

Recognizing that precalculus could be a capstone course for many students, the authors
also include quantitative literacy topics such as probability, statistics, and the mathemat-
ics of finance. Their goal is to provide students with the good critical-thinking skills need-
ed to succeed in any endeavor.

Continuing in the spirit of two earlier editions, the authors have integrated graphing tech-
nology throughout the course, not as an additional topic but as an essential tool for both
mathematical discovery and effective problem solving. Graphing technology enables stu-
dents to study a full catalog of basic functions at the beginning of the course, thereby giv-
ing them insights into function properties that are not seen in many books until later chap-
ters. By connecting the algebra of functions to the visualization of their graphs, the authors
are even able to introduce students to parametric equations, piecewise-defined functions,
limit notation, and an intuitive understanding of continuity as early as Chapter 1.

Once students are comfortable with the language of functions, the authors guide them
through a more traditional exploration of twelve basic functions and their algebraic prop-
erties, always reinforcing the connections among their algebraic, graphical, and numerical
representations. The book uses a consistent approach to modeling, emphasizing in every
chapter the use of particular types of functions to model behavior in the real world.

Finally, this textbook has faithfully incorporated not only the teaching strategies that have
made Calculus: Graphical, Numerical, Algebraic so popular, but also some of the strate-
gies from the popular Prentice Hall high-school algebra series, and thus has produced a
seamless pedagogical transition from prealgebra through calculus for students. Although
this book can certainly be appreciated on its own merits, teachers who seek continuity in
their mathematics sequence might consider this deliberate alignment of pedagogy to be an
additional asset of Precalculus: Graphical, Numerical, Algebraic.

Our Approach
The Rule of Four—A Balanced Approach

A principal feature of this edition is the balance among the algebraic, numerical, graphi-
cal, and verbal methods of representing problems: the rule of four. For instance, we obtain
solutions algebraically when that is the most appropriate technique to use, and we obtain
solutions graphically or numerically when algebra is difficult to use. We urge students to
solve problems by one method and then support or confirm their solutions by using another
method. We believe that students must learn the value of each of these methods or represen-

*AP is a registered trademark of the College Board, which was not involved in the production of, and does
not endorse, this product.



Twelve Basic Functions

The Identity Function

nteresting fact: This is the only function that acts on every real

leaving it alone.

FIGURE 1.36

‘The Squaring Function

FIGURE 1.37

) =x
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tations and must learn to choose the one most appropriate for solving the particular problem
under consideration. This approach reinforces the idea that to understand a problem fully,
students need to understand it algebraically as well as graphically and numerically.

Problem-Solving Approach

Systematic problem solving is emphasized in the examples throughout the text, using the
following variation of Polya’s problem-solving process:

* understand the problem,

e develop a mathematical model,

* solve the mathematical model and support or confirm the solutions, and

* interpret the solution.

Students are encouraged to use this process throughout the text.

Twelve Basic Functions
Twelve Basic Functions are emphasized throughout the book as a major theme and focus.
These functions are:

* The Identity Function

* The Squaring Function

* The Cubing Function

* The Reciprocal Function

* The Square Root Function

* The Exponential Function

e The Natural Logarithm Function
* The Sine Function

* The Cosine Function

* The Absolute Value Function

* The Greatest Integer Function

* The Logistic Function

One of the most distinctive features of this textbook is that it introduces students to the full
vocabulary of functions early in the course. Students meet the twelve basic functions graphi-
cally in Chapter 1 and are able to compare and contrast them as they learn about concepts like
domain, range, symmetry, continuity, end behavior, asymptotes, extrema, and even periodici-
ty—concepts that are difficult to appreciate when the only examples a teacher can refer to are
polynomials. With this book, students are able to characterize functions by their behavior with-
in the first month of classes. (For example, thanks to graphing technology, it is no longer nec-
essary to understand radians

before one can learn that the sine
function is bounded, periodic,
odd, and continuous, with
domain (—o0, o) and range [-1,
1].) Once students have a com-
fortable understanding of func-
tions in general, the rest of the
course consists of studying the
various types of functions in
greater depth, particularly with
respect to their algebraic proper-
ties and modeling applications.

Exponential Functions f(x) = b*

Domain: All reals
Range: (0, %)

Continuous

No symmetry: neither even nor odd
Bounded below, but not above

No local extrema

Horizontal asymptote: y = 0

No vertical asymptotes

If b > 1 (see Figure 3.3a), then

@

FIGURE 3.3 Graphs of f(x) = b*for (2) b > 1 and ()) 0 < b < 1.

(€31

FIGURE 320 £ = byt > 1

« fis an increasing function,
« lim_f(x) = 0 and lim f(x) = .
® I£0 < b < 1 (see Figure 3.3b), then

+ fis a decreasing function,
« lim_f(x) = = and lim f(x) = 0.

Logarithmic Functions fix = log,x, with b == 1
Camain: 1, =

Range: Al wals

Cantinuous

Inceeasing o iK domain

I symmetry: neither even morodd
Hothaunded shove orhelos

I Jocal evtema

1% horizon bl asymp b ks

ertical asymp s 8 = 0
Endbehavier. i, baps =
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Table 3.9 U 5. Populaticn
|t mallicns)

Xvi

These functions are used to develop the fundamental analysis skills that are needed in cal-
culus and advanced mathematics courses. Section 1.2 provides an overview of these func-
tions by examining their graphs. A complete gallery of basic functions is included in
Appendix B for easy reference.

Each basic function is revisited later in the book with a deeper analysis that includes inves-
tigation of the algebraic properties.

General characteristics of families of functions are also summarized.

Applications and Real Data

The majority of the applications in the text are based on real data from cited sources, and
their presentations are self-contained; students will not need any experience in the fields
from which the applications are drawn.

EXAMPLE € Modeling 1.5. Population Using
Exponentizl Regrassion

Vs the 1500-2000 data in TaHe 30 and expnential wgmssion 10 predbt the 15

‘popuktion for 3003, Conpam the result with e lsed value for 2008

SOLUTION

Let F) be the population (in millions) of the United States # yeass after 1900, Fgure
5,152 shoss a seaties plbt of the data. sing eponential s gression, we find a model
for the 1000-2000 data

P = 80.5514. 1.0128¢

Figure 3.15b shows the scatter plotof the data witha geph of the population Todel
just found. You can see fiat the curve fits the data fairlyswell. The cosffizient of deter-

mtim

w7 283
e 2285 Trination is #* = 0995, mdicatinga close fitand supporting the visual evidence.
joce iy Solve Craphically
2m 2318 3 g . ) . .

e Sl o predict fhe 200 17,5, popubation we substitste £ = 105 in the regression el
—— it Fi 3.15¢ mparts that F(108) = 205514 . 101286%7 =~301.3
¥ ST — s
- "
o S Lo s XM y=30.29248
10, T20] by [0, 400] 10, 220] by 0, 300] 10, 200 by 10, 0]
a ik 18]

FICHTHE 315 Seatterplok and gphs for Evamgled. The rd ™" denotes e dab. point for 2005, The blus " in ) denales the

mideds prediction for2003

Interpret

The model predicts the U.S. population was 301.3 million in 2003. The actual pop-
ulation was 290.8 million. We overestimated by 10.5 million, less than a 4% error.
Now try Exercise 43.

Preface

Chapter P

As they work through the applications, students are exposed to func-
tions as mechanisms for modeling data and are motivated to learn
about how various functions can help model real-life problems. They
learn to analyze and model data, represent data graphically, interpret
from graphs, and fit curves. Additionally, the tabular representation of
data presented in this text highlights the concept that a function is a
correspondence between numerical variables. This helps students
build the connection between the numbers and graphs and recognize
the importance of a full graphical, numerical, and algebraic under-
standing of a problem. For a complete listing of applications, please
see the Applications Index on page 1051.

Content Changes to This Edition

For instructors, we have added additional coverage on topics that stu-
dents usually find challenging, especially in Chapters 1, 2, and 9. In
addition we have updated all the data in examples and exercises
wherever appropriate. We have also trimmed back cer-
tain sections to better accommodate the length of the
instructional periods, and we’ve added extensive
resources for both new and experienced teachers. As a
result, we believe that the changes made in this edition
make this the most effective text available to students.

Complex numbers are now introduced in Section P.6, which is earlier than their previous
placement in Chapter 2.

Chapter 1

Section 1.4 from the previous edition has been split into two sections to give more prac-
tice at function composition and to give inverse functions their own section. Graphical rep-
resentations of absolute value compositions have been added.

Chapter 2

The section on complex numbers has been moved to Chapter P to make the length of this
chapter more teachable. Subsections titled “Applications of Quadratic Functions” and
“Monomial Functions and Their Graphs™ have been included to highlight these topics.

Chapter 4

Exploration exercises have been added to introduce the arcsecant and arccosecant func-
tions and the domain options associated with them.



Chapter 6

The material of this chapter is now unified under the title “Applications of Trigonometry.”
The section on vectors has been simplified, and there is a new subsection connecting the
topics of polar curves and parametric curves. Geometric representation of complex num-
bers has been moved from Chapter 2 to Section 6.6.

Chapter 8

The updated Chapter Project titled “Ellipses as Models of Pendulum Motion” addresses
the application of ellipses.

Functions and Graphs

1.1 Modeling atd
Bquation Solving

1.2 Fynetions and
Their Properties

1.3 Twelve Bazic
Functions

1.4 Byilding Punctions
from Functions

1.5 Parsmeric
Relztions 3nd
Inverses

1.6 Graphical
Transformations

1.7 Modeling with
Funetions

Crie of the central principles of economics is that the value
of money is not constant; it is a function of time. Since for-
tunes are made and lost by people arempring to predict the
future vahie of money, much artention is paid to quantita-
tive measures like the consumer price ndex a basic mea-
sure of inflation in warious sectors of the economy. fee page
159 for 2 look at howr the consumer price index for housing
has behaved owver time.

276 CHAPTER I Bwpenental, Logistiz, and Logasitunic Functions

3.1

Chapter 3 Overview

In this chapter, we study thiee inkmelated farodies of fnotions: exponental, logistic,
and Ingesithonic funticns, Polnaroial f ‘ozl functions, and. power fune-
tioms swifl. @fimal expomentsam algabate fi1oe tions— functons obtained by adding,
subtecting, rultiplying, and dividing constnts and an independent vacble, and sis-
ing expressions o interer powers and extraoting mots. T fhis chapter and the next one,
we wrplom transcandental fuocbors, which 8o basond, or tanscend, fiese algebaic
Cpesations

Tust like their algebmin cousins, exponential, logistis, and 1o garithrois funstions
have wide application, Exponental functions model growth and deay over time,
sush as wmasmicred population gmwh and the decay of radinastive subsamses
Logistie funotions model recristed population gawtll, sedain chemical mactions,
and the spead of rumes and dissases. Logarithrrio funetions are the basis of the
Richter scdle of sarfiquake intensity, the PH aoidity scale, and the decibel reas-
urereent of sound

The chapter closes with 3 study of the Imthermtis of fnance, an appleaton of
exponential and Iogarithric funotions ofen used swhen raking imvestreents

Exponential and Logistic Functions

What you'll lsam about

Exponentisl Functions and Their Craphs

FIGIRE 3.1 skerh of g5 = 2+

Preface

= 3 and §15) = 2 ench invohe 2 base mimd B powes hut the
riles am mvesed.

* For f(%) = #, the tase i the variable x and the exponent is the constant 2; f isa
faniliar Tonornial and poer function,

* Fox g(x) = 2, the base is the eonstant 2, and fhe exponent is the variatle % g is an
expanermial furceion. Sex Figue 3.1

DEFINITION Expon ential Functions

Lets and bbe sal murber constants. &1 exponential fonefion in xisa function
That can b WHiten in the foma

flA) = @.5",

whete ¢ is nonzem, & is positve, and & % 1. The constant ais e a6l vabie of f
e value atx = O, and & & the base,

Exponential functicns ase defined and continuous for all mal nurcke:s, It i inportant
10 Erognioe sehether a funsticn i an exponenial function.

Chapter 9

There are now separate sections for sequences and series, with more exam-
ples and exercises involving each, as well as expanded treatment of sequence
convergence.

Chapter 10

This preview of calculus first provides an historical perspective to calculus by
presenting the classical studies of motion through the tangent line and area
problems. Limits are then investigated further, and the chapter concludes
with graphical and numerical examinations of derivatives and integrals.

New or Enhanced Features

Several features have been enhanced in this revision to assist students in
achieving mastery of the skills and concepts of the course. We are pleased to
offer the following new or enhanced features.

Chapter Openers include a motivating photograph and a general description
of an application that can be solved with the topics in the chapter. The applica-
tion is revisited later in the chapter with a specific problem that is solved.
These problems enable students to explore realistic situations using graphical,
numerical, and algebraic methods. Students are also asked to model problem
situations using the functions studied in the chapter. In addition, the chapter
sections are listed here.

CHAPTER OPENER PROELEM (from page 69}

A Chapter Overview begins each
chapter to give you a sense of
what you are going to learn. This
overview provides a roadmap of

PROBIENE The ahle below shesos the gmseth in the cornputer price indesc(CPT) for
| honsing for skced years between 1960 and 2005 (basd on 1983 dollars). How can
Pl se comstruct a function to peedict the housing CF for the years 2008-20107

Compyter Price Index (Hopsing)

# vear Housing CFI
the chapter, as well as tells how = 211
the different topics in the chapter 1955 1ias
. . 1908 1604
are connected under one big idea. L 1o
. 2001 1764
It is always helpful to remember e 1605
2008 1242

Fasrrw Fuererss ol Loh oz Srintin, sz sdedin Tha
WEnls A s sz .8 21 Fneter 2005

that mathematics isn’t modular,
but interconnected, and that the
skills and concepts you are learn-
ing throughout the course build on
one another to help you under-
stand more complicated processes

SOLUTION: & scatter piot of the date is shesen in Figuse 187, wher x5 the nurn-
her of ears since 1960, Since the deta points fall near an upsward skoping line, we can
use a calcalatnr o coTpute a = gression line 1 roodel the data. The equation of the
e ssicn line is found tobe = 437x +83 20

s Figure 188 shows, the line fits the data very well

T predict the housing CP1 for 2004, use x = 24 in the equation of fie m gession
line. Sirilarly, we can predict the housing CPT for each of the pears 2004-2010, as

and relatlonshlps. 20 3= 437(24) + 8320 = 128.1
2005 Y= 437(25) +8320 = 192.5

2005 = 437(26) +8320 = 1963

.. , 200 = 43%(27) +8320 = 201.2
2008 = 437(28) +8320 = 26 5

Similarly, the What you’ll learn R L T
2010 = 437(30) +8320 = 2143

about ...and why feature gives
you the big ideas in each section
and explains their purpose. You
should read this as you begin the

Even with a regr ssion fit as irpressive asin Figum 188, it is isky b predict even
this far be yond the dats set. Statistics ke fe CPl am dependent on meny volatile
factnrs that can quickly render any rthermtical Todel oheolets. In fact, nmny
ecomontists, comvinced that this grosth could ot be sustained, began waming in
2008 that the “housing bubble” would pop befom 2010.

xvii



Common Logarithms—Base 10

Logarithms with base 10 are called common logarithms. Because of their connec-
tion to our base-ten number system, the metric system. and scientific notation, com-
mon logarithms are especially useful. We often drop the subscript of 10 for the base
when using common logarithms. The common logarithmic function log; x = log x
is the inverse of the exponential function f(x) = 10%. So

y=logx ifandonlyif 10°=1x.

Applying this relationship, we can obtain other relationships for logarithms with
base 10.

Basic Properties of Common Logarithms
Let x and y be real numbers with x > 0.

+log 1 = 0 because 100 = 1.

+log 10 = 1 because 10" = 10.

+log 107 = y because 107 = 10%.

+ 10 = x because log x = log x.

= 1 Graphs of ial Punctons

1. Gomph each function in the viwing window [-2, 2] by[— 1, ¢].
=25 =3 @n=4 (=5
* Whigh point & cororon 1all four gEphs?
+ fAmalyze the Aumctions for dorred, Sge, comtinuity icEasny
o depreasing hehaving, sy, boundsdness, eXtEIE, ASsEPIES, and
end behiavior

2. Grph each funstion in the viwing window [—2, 2] by[— 1, 6]

1 1
&Jn=(5) 0:1)':=(§)
14 1
iay;=(;J [c] ya=(g)
+ Which point i corron toall four gmphs?
+ malyse the functions for dorrai, mge, continuity ncmasing
extETm,

In Exercises 71 and 72, use the data in Table 3.28,

Year gi

1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000

71. Modeling Population Find an exponential regression model for
Georgia’s population, and use it to predict the population in 2005

72. Modeling Population Find a logistic regression model for
Tllinois's population, and use it to predict the population in 2010.

cHaPTER 2 Hey Ideas

PROPERTIES, THEOREMS, AND FORMULAS
Expenercial Growth and Deaxy 279
Exponential Functions fx) = 4% 250
Exporersial Furctions and the Fasas 252
Exporersial Population Modsl 200

PROCEDNURES

Beenpresion of Data. 814316
Logn sithroie Reerpression of Data 835229

GALLERY OF FUNCTIONS
Bsic Logistic

section and always review it after you have completed the section to make sure you
understand all of the key topics that you have just studied.

Vocabulary is highlighted in yellow for easy reference. Properties are boxed in
green so that you can easily find them.

Each example ends with a suggestion to Now Try a related exercise. Working the
suggested exercise is an easy way for you to check your comprehension of the materi-
al while reading each section, instead of waiting to the end of each section or chapter
to see if you “got it.” In the Annotated Teacher’s Edition, various examples are
marked for the instructor with the [ icon. Alternates are provided for these examples
in the Acetates and Transparencies package.

Explorations appear throughout the text and provide you with the perfect opportunity
to become an active learner and discover mathematics on your own. This will help
hone your critical thinking and problem-solving skills. Some are technology-based
and others involve exploring mathematical ideas and connections.

Margin Notes on various topics appear throughout the
text. Tips offer practical advice to you on using your
grapher to obtain the best, most accurate results.
Margin notes include historical information, hints
about examples, and provide additional insight to help
you avoid common pitfalls and errors.

A BIT OF HISTORY

Logarithmic functions were developed
around 1594 as computational tools by
Scottish mathematician John Napier
(1550-1617). He originally called them
“artificial numbers,” but changed the
name to logarithms, which means
“reckoning numbers."”

The Looking Ahead to Calculus [ icon
is found throughout the text next to many

Graphs of Logarithmic Functions with Base &

eXampleS and tOpiCS tO pOint Out Concepts [J }j::;g;l;ss?i“icrnrrbmc formula we can rewrite any logarithmic function

that students will encounter again in calcu- =

lus. Ideas that foreshadow calculus are high- o713 Tt 5 - AP B)  3  arth o
shrink of the graph of f(x) = In x by the factor 1/In b. If 0 < b < 1. a reflection across

lighted, such as limits, maximum and mini-
mum, asymptotes, and continuity. Early in
the text, the idea of the limit using an intuitive and conceptual approach is introduced.
Some calculus notation and language is introduced in the early chapters and used
throughout the text to establish familiarity.

the x-axis is required as well.

The Web/Real Data £ icon is used to mark the examples and exercises that use real
cited data.

The Chapter Review material at the end of each chapter are sec-
tions dedicated to helping students review the chapter concepts. Key
Ideas has three parts: Properties, Theorems, and Formulas;
Procedures; and Gallery of Functions. The Review Exercises repre-
sent the full range of exercises covered in the chapter and give addi-

] tional practice with the ideas developed in the chapter. The exercises

with red numbers indicate problems that would make up a good

[-47. 47]by [-05.15]

Charging Barwesn Logetithois ard Exponarcial  Expeoemtial
Form 200
Pasic Proprties of Logerichre 301
Pasia Froprtier of Cornmon Logarihoe 302
Pasic Froperties of Naturel Logerithros 304 A
Propervies of Logarithre 310
Change-ct Bass Fomols dor Logarithuos 313 T
Logarithavic Furnctions Ax) = kg, with
B>l 314 [ e
Orrto-Cra Proparmias 320
Newonis Law céQocling 328
Intarmst Coropourdad Aramlys 334 UL
Inparst Qoropourced J Timas par Year 337
Inparst Qompourded Gonsrinuonsky 337
Funure Valus of an Anrvdiny 339
Prassnt Value of an Annany 300
[ ey 3
=ty

Preface

practice test. Chapter Projects conclude each chapter and require
moee students to analyze data. They can be assigned as either individual
or group work. Each project expands upon concepts and ideas
taught in the chapter, and many projects refer to the Web for further
investigation of real data.

=t



CHAPTER 3 Review Exercices

The collection of exetrises maded in = could be used as a ofag-
ler kst

In Exemises 1and 2, compute the evact salve of e functon

o the given ¥valle witho Ut Using 2 caubr,

L= —zas fr s 1

2. (9= 6.3 for ~:7%

In Everises 3 and ¢, deleamine 3 fooma for the exponentl fimcton
s g & shosn in e S

B Enervises 5-10, descsibe bow b tansfom the gagh of [ ino the
gaph of 2(2) = 27 ora(x) = . sletch he grgh by Tand and supgort

Wouransverwith a gmphet
B f( =47+ 3

7 5= 873

@ fi) = n?

I Exemises 1120412, find e y-intereptant the hosfzonblasympb kx

100 S0
LT Rt

B Ewervises 13 and 14, stabewhether the finction is an exponental
gt function or an exponentil decay finchion, and descshe ik end

‘el using Hmis.

1 E = Ay 2 14 fis)= 255N+ 1

I Exemises 15- 15, gagh the funcion, amd analyze itfar domain,
018, DKty NoERSing of decmasing beflving symmEtny

‘o uncirdness, eximem, asymy ks, and end behavior.

15 fix) = €754 1 16, g5 =+ -z
-t __
IR T 18 0=

T Exemises 1522, find e exponential funchion tut sutisfies the

given condiions.
19, Ritial value = 24, insEasing ata @iz of 5.3% perday

20, Inifial poputabion = 67,000, incmasing ata mE of LET peryear

21. Infial edght = 18 o, do il every 3 weels

In Exerciser 3134, i e equation in sxponentid fomm.
Mbgr=s 12 bgasy

a7 1n§=—2 a2 hg-:-‘=—3

In Exermiser 35-56, desortbe bow b lansfion tegngh ofy = logax
i the gagh of the given fumtion. skech he gagh by fandand
Suppost with 2 gpter.

M= bped) I g0=bp@E-i

7= oy (- 1)+ 2 35, 1= dogy (x4 144

In Exermises 39-42, gragh the finckion, and analyzedtfor domain,
afge, continLit, inomasing o denmasing beluuing symmety houd:
adonss, ex e, asympiotes, =9 end befavine

CHAPTER 3 Project

Analyzing a Bouncing Ball

When a ball bounces up and down on a flat surface, the maxi-
mum height of the ball decreases with cach bounce. Each
rebound is a percentage of the previous height. For most balls,
the percentage is a constant. In this project, you will use a
motion detection device to collect height data for a ball bounc-
ing underneath a motion detector, then find a mathematical
model that describes the maximum bounce height as a function
of bounce number.

Collecting the Data

Set up the Calculator Based Laboratory (CBL™) system with
a motion detector or a Calculator Based Ranger (CBR™) sys-
tem to collect ball bounce data using a ball bounce program for
the CBL or the Ball Bounce Application for the CBR. See the
CBL/CBR guidebook for specific setup instruction.

Hold the ball at least 2 feet below the detector and release it so
that it bounces straight up and down beneath the detector.
These programs convert distance versus time data to height
from the ground versus time. The graph shows a plot of sample
data collected with a racquetball and CBR. The data table

EXPLORATIONS

1.1f you collected motion data using a CBL or CBR, a plot of
height versus time should be shown on your graphing cal-
culator or computer screen. Trace to the maximum height
for each bounce and record your data in a table and use
other lists in your calculator to enter this data. If you don’t
have access to a CBL/CBR, enter the data given in the table
into your graphing calculator/computer.

»

. Bounce height 1 is what percentage of bounce height 02
Calculate the percentage return for each bounce. The num-
bers should be fairly constant.

3. Create a scatter plot for maximum height versus bounce

number.

4. For bounce 1, the height i predicted by multiplying bounce
height 0, or H, by the percentage P. The second height is
predicted by multiplying this height HP by P which gives
the HP2. Explain why y = HP* is the appropriate model
for this data, where  is the bounce number.

5. Enter this equation into your calculator using your values
for H and P. How does the model fit your data?

6. Use the statistical features of the calculator to find the expo-

A3 f(5) = 310 x a0 f(x1= ¥
a1 0= R sl a ;(x:l“T’
n Evercizes 4354, solve the squation.
=0
& hx=sd
47 bgy=-7 . ¥ =35
42 3l x4+ 1= 7 BD. zlogas-3=4d
-3 EY
BL———=5 L

5. byl +2)+ beis- [ =4
B MGE+d) - 2+ D=5

QUICK REVIEW 3.5 (For iuip, go % Sections PI and 7.4)

I Evermises 14, piove tat each finctin in e ghven gairis te
imveaseof the other.

1 f(3) = e and g(x) = In (514)
2003 = 10 and g6 = logd s = 0
2051 = (15 v and () = &%
A f(5)= 3 log 8% 5= 0 and gx) = 105
In Exemises 5 and £, wik he numberin scienbfic moabion

. The mean dis bnce Som Tupiter to he sun & shout
75,300,000 k.

tandawll zea] Test Ou

tlon

= The oaer of magnitide ofa positive fumber &
it natuad fogasithn, Tustfy yousanswer

B0, Ton o Falin Ancosting bo T bPs Law of acling, an
chiestwillappmach e tempen e of te mediu tat
sumounds it TurEfy your answer,

T Exermises §1-64, sobe he problem witho ut singa caleulator.

Bl W - sobez®—l=32
wa=1 Ela=2 iCla=d
ox=1 Elx=1
« Sobedny= -1
Blx= e icha=1
() Ho sclution & possible

0. Mabsigin
eusthy ke in Agequipa, Feru {8y = 8 1) than the 1365 dowble
atquakein TaktRrpovine Afianis b (A2 = 6 11

HOW Many Bmes Mom sever was he 2001

o)z Bl ic)s1
ouz (=) 1000
SR « Helom's Law of Cooling is

18) an ewponentl model,  (B) a kneas model
{C)a bgesitimic model. D) a gistic modal
{E)a powermodel

rplors ton

T Exercives £5 and 85, use hedag in Table 3 2. Determine whether
alintar, Dgpriimic, exponential, power, of bgists mgmssion aqua-

ion & the bestmodel for e dae, Exphinyourcheice, Support your
writing: with e and graphs as needed.

Q B
[

Year

B0

B

w0

B

B0

B

wE

5.AN3Bmic ks has a dameterofahout
0000000000000001 1.
In Exercires T and &, write the nustber in decimal foam.
7. Awgadi?s umberis shout & 02 % 10¢9,
&, Thealomis mass unitds hout 158 » 10747 ig.

In Evemises 9 and 10, 5@ SeEnRAe MAton b singhfy he sprs-
sion; ¥ave yousanswerin seientic moltion,

00000005
3. (BEOOON3LO0M00) 10, T

6. Uriting to Lasn M e WHich EgrEssion
qmbion & hebest mode for Alaskars popubiion?

5, lifriting to Lesm wiich Bgmession
ainbion i Mebest model for Fuais populabom

7. Group Activity 1 The funchion
S0 = k™R,

whete cand i ate posiive constnts, i5a hell-shuped cuve tatis

useful in pahatikity and stistics

ta) Goph ffore = Landi = 0.1, 0.5, L 2, 10, Exphin the effect
of chnging &

() ph [fork = land ¢ = 0.1,05, 1, 2 10. Evplain the effect
ofchanging e.

B8, Writing to Leamn Pove i 44 = 10%0re = Oandy =0, hen
logs — Dogv = r. Exphin how his sl ehies o gowers of ten
and onfers of magnitute

=% The potential energy £ he enegy s ped
Hir use ata aler Emehekreen bvo D1 in 2 certain mokcuhr
stuctumis modeld by e function

E= —¥+ 10ere

et i the dismnoe sepamting the AUk

(o) Writing to Lesrn Graph his finctin in e windoo
[~10, 10] by [ 10, 30], and exptain which ortion of the
g2ph dhes Mok SpEsent this 90 Enfal eneqy sitptin.

{5 Tdentify 2 viswving window hat shows Hat gostion of the
gaph (ith ¢ = 10 whih reprmsent s sifvation, and find
the maimum valve for £
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below shows each maximum height collected.

nential regression for this data. Compare it to the equation
that you used as a model.

7. How would your data and equation change if you used a
different type of ball?

®

. What factors would change the H value and what factors
affect the P value?

Time (sec) o

. Rewrite your equation using base ¢ instead of using P as the
10,4251 by [0.3]

base for the exponential equation.

e N e T 10. What do you predict the graph of In (bounce height) versus
bounce number to look like?

0 27‘3" 11. Plot In (bounce height) versus bounce number. Calculate
i 2. ;f;‘j the linear regression and use the concept of logarithmic re-
2 116363 expression to explain how the slope and y-intercept are
3 1Ly related to P and H.
4 0.98309
5 0.77783

Exercise Sets

Each exercise set begins with a Quick Review to help you review
skills needed in the exercise set, thus reminding you again that math-
ematics is not modular. There are also directions that give a section to
go to for help so that students are prepared to do the Section
Exercises.

There are over 6,000 exercises, including 680 Quick Review
Exercises. Following the Quick Review are exercises that allow you
to practice the algebraic skills learned in that section. These exercises
have been carefully graded from routine to challenging. The follow-
ing types of skills are tested in each exercise set:

* Algebraic and analytic manipulation

* Connecting algebra to geometry

* Interpretation of graphs

* Graphical and numerical representations of functions

e Data analysis

Also included in the exercise sets are thought-provoking exercises:

 Standardized Test Questions include two true-false problems
with justifications and four multiple-choice questions.

» Explorations are opportunities for students to discover mathe-
matics on their own or in groups. These exercises often require
the use of critical thinking to explore the ideas.

* Writing to Learn exercises give you practice at communicating about mathematics
and opportunities to demonstrate your understanding of important ideas.

* Group Activity exercises ask you to work on the problems in groups or solve them as
individual or group projects.
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FOLLOW-UP

Ask . ..

If @ > 0, how can you tell whether y =

a « b* represents an increasing or decreasing
function? (The function is increasing if b
> 1 and decreasing if 0 < b < 1.)

ASSIGNMENT GUIDE

Day 1: Ex. 1-13 odd, 15-39, multiples of
3,45, 48
Day 2: Ex. 41, 44, 49, 52, 53, 55, 65, 67,
68, 70, 71

COOPERATIVE LEARNING
Group Activity: Ex. 39, 40
NOTES ON EXERCISES

Ex. 15-30 encourage students to think
about the appearance of functions without
using a grapher.

Ex. 59-64 provide practice for standard-
ized tests.

Ex. 69-72 require students to think about
the meaning of different kinds of functions.
ONGOING ASSESSMENT

Self-Assessment: Ex. 1, 7, 11, 15, 21,
41, 51, 55
Embedded Assessment: Ex. 53, 68

OBJECTIVE

Students will be able to use exponential
growth, decay, and regression to model
real-life problems.

MOTIVATE

Ask. ..

If a culture of 100 bacteria is put into a
petri dish and the culture doubles every
hour, how long will it take to reach
400,000? Is there a limit to growth?
LESSON GUIDE

Day 1: Constant Percentage Rate and
Exponential Functions; Exponential
Growth and Decay Models

Day 2: Using Regression to Model
Population; Other Logisitic Models

Preface

* Extending the Ideas exercises go beyond what is presented in the textbook. These
exercises are challenging extensions of the book’s material.

This variety of exercises provides sufficient flexibility to emphasize the skills most need-
ed for each student or class.

Supplements and Resources

For the Student

Student Edition, ISBN 0-13-227650-X

Student’s Solutions Manual, ISBN 0-321-36994-7

¢ Contains detailed, worked-out solutions to odd-numbered exercises

Student Practice Workbook, ISBN 0-13-198580-9

* New examples that parallel key examples from each section in the book are provided,
along with a detailed solution

» Related practice problems follow each example
Graphing Calculator Manual, ISBN 0-321-37000-7
* Grapher Workshop provides detailed instruction on important grapher features

e Features TI-83 Plus, Silver, TI-84, and TI-89 Titanium

For the Teacher
Annotated Teacher’s Edition, ISBN 0-321-37423-1

* Answers included on the same page for most exercises

e Various examples are marked with the [ icon. Alternates are provided for these
examples in the Acetates and Transparencies package.

* The Annotated Teacher’s Edition also includes notes written specifically for the
teacher. These notes include chapter and section objectives, suggested assignments,
lesson guides, and teaching tips.

Resource Manual, ISBN 0-321-36995-5

*  Major Concepts Review, Group Activity Worksheets, Sample Chapter Tests,
Standardized Test Preparation Questions, Contest Problems

Solutions Manual, ISBN 0-321-36993-9

* Complete solutions to all exercises, including Quick Reviews, Exercises,
Explorations, and Chapter Reviews

Tests and Quizzes, ISBN 0-321-36992-0

* Two parallel tests per chapter, two quizzes for every 3—4 sections, two parallel mid-
term tests covering Chapters P-5, two parallel end-of-year tests, covering Chapters
6-10

Acetates and Transparencies, ISBN 0-321-36997-1

* Full color transparencies of 10—15 useful general transparencies along with black and
white transparency masters of all Quick Review Exercises

* One Alternate Example per lesson



Technology Resources

MathXL®, www.mathxl.com

MathXL® is a powerful online homework, tutorial, and assessment system that accompanies
our textbooks in mathematics or statistics. With MathXL, instructors can create, edit, and
assign online homework and tests using algorithmically generated exercises correlated at the
objective level to the textbook. They can also create and assign their own online exercises
and import TestGen tests for added flexibility. All student work is tracked in MathXL’s
online gradebook. Students can take chapter tests in MathXL and receive personalized study
plans based on their test results. The study plan diagnoses weaknesses and links students
directly to tutorial exercises for the objectives they need to study and retest. Students can
also access video clips from selected exercises. For more information, visit our Web site at
www.mathxl.com, or contact your local sales representative.

MathXL® Tutorials on CD

This interactive tutorial CD-ROM provides algorithmically generated practice exercises
that are correlated at the objective level to the exercises in the textbook. Every practice
exercise is accompanied by an example and a guided solution designed to involve students
in the solution process. Selected exercises may also include a video clip to help students
visualize concepts. The software provides helpful feedback for incorrect answers and can
generate printed summaries of students’ progress.

InterAct Math Tutorial Web site, www.interactmath.com

Get practice and tutorial help online! This interactive tutorial Web site provides algorith-
mically generated practice exercises that correlate directly to the exercises in the textbook.
Students can retry an exercise as many times as they like with new values each time for
unlimited practice and mastery. Every exercise is accompanied by an interactive guided
solution that provides helpful feedback for incorrect answers, and students can also view
a worked-out sample problem that steps them through an exercise similar to the one they’re
working on.

Video Lectures on CD

The video lectures for this text are also available on CD-ROM, making it easy and con-
venient for students to watch the videos from a computer at home or on campus. The com-
plete digitized video set, affordable and portable for students, is ideal for distance learning
or supplemental instruction. These videotaped lectures feature an engaging team of math-
ematics instructors who present comprehensive coverage of topics in the text.

TestGen®

TestGen® enables instructors to build, edit, print, and administer tests using a computer-
ized bank of questions developed to cover all the objectives of the text. TestGen is algo-
rithmically based, allowing instructors to create multiple but equivalent versions of the
same question or test with the click of a button. Instructors can also modify test bank ques-
tions or add new questions. Tests can be printed or administered online. The software is
available on a dual-platform Windows/Macintosh CD-ROM.

Presentation Express CD-ROM (PowerPoint® slides)

This time saving component includes classroom presentation slides that correlate to the
topic sequence of the textbook. In addition, all transparencies are included in PowerPoint®
format making it easier for you to teach and to customize based on your teaching prefer-
ences. All slides can be customized and edited.
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Teacher Express CD-ROM (with LessonView)

* This is a new suite of instructional tools on CD-ROM to help teachers plan, teach,
and assess at the click of a mouse. Powerful lesson planning, resource management,
testing, and an interactive Annotated Teacher’s Edition all in one place make class
preparation quick and easy!

* Contents include: Planning Express, Annotated Teacher’s Edition, Program Teaching
Resources, Correlations, Links to Other Resources.

* Online resources require an Internet Connection.

Student Express CD-ROM (with PDF Text)
The perfect tool for test review or studying, this CD provides the complete student text-
book in an electronic format.

Web Site

Our Web site, www.awl.com/demana, provides dynamic resources for instructors and stu-
dents. Some of the resources include TI graphing calculator downloads, online quizzing,
teaching tips, study tips, Explorations, and end-of-chapter projects.



