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PREFACE

Applied Calculus, Fifth Edition, is intended as a one- or two-term course for students
majoring in business, the social sciences, or the liberal arts. Like earlier editions, the
Fifth Edition of Applied Calculus is designed to address the challenge of generating
enthusiasm and mathematical sophistication in an audience that is too often under-
prepared for and uninspired by traditional mathematics courses. We meet this challenge
by focusing on real-life applications that students can relate to, by presenting mathe-
matical concepts intuitively and thoroughly, and by employing a writing style that is
informal, engaging, and occasionally humorous.

In renewing our commitment to these goals, we have further improved the text by
revising the Table of Contents—combining some sections and rearranging others—to
promote better flow and organization, enhancing the technology notes to include step-
by-step instructions at point of use, and adding notes to the student to provide further
clarification and explanation where necessary. Please see the “New to This Edition”
section that follows for additional information about these changes.

The Fifth Edition continues to implement support for a wide range of instructional
paradigms: from settings using little or no technology to courses taught in computerized
classrooms, and from classes in which a single form of technology is used exclusively
to those incorporating several technologies. We feature three forms of technology in this
text—T1-83/84 Plus graphing calculators, Excel spreadsheets, and powerful online util-
ities created specifically for this book—in a way that allows them to be integrated or
omitted. In particular, our comprehensive support for Excel, both in the text and online,
is highly relevant for students who are studying business and economics, where skill
with spreadsheets may be vital to their future careers.

Our Approach to Pedagogy

Real World Orientation We are particularly proud of the diversity, breadth, and abun-
dance of examples and exercises included in this edition. A large number are based on
real, referenced data from business, economics, the life sciences, and the social sci-
ences. Examples and exercises based on dated information have generally been replaced
by more current versions; applications based on unique or historically interesting data
have been kept.

Adapting real data for pedagogical use can be tricky; available data can be numeri-
cally complex, intimidating for students, or incomplete. We have modified and stream-
lined many of the real world applications, rendering them as tractable as any “made-up”
application. At the same time, we have been careful to strike a pedagogically sound bal-
ance between applications based on real data and more traditional “generic” applications.
Thus, the density and selection of real data-based applications have been tailored to the
pedagogical goals and appropriate difficulty level for each section.

Readability We would like students to read this book. We would also like students to
enjoy reading this book. Thus, we have written the book in a conversational and student-
oriented style, and have made frequent use of question-and-answer dialogues to encour-
age the development of the student’s mathematical curiosity and intuition. We hope that
this text will give the student insight into how a mathematician develops and thinks
about mathematical ideas and their applications.

ix
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Rigor We feel that mathematical rigor can work easily in conjunction with the kind of
applied focus and conceptual approach that are earmarks of this book. We have, espe-
cially in the Fifth Edition, worked hard to ensure that we are always mathematically
honest without being unnecessarily formal. Sometimes we do this through the question-
and-answer dialogues and sometimes through the “Before we go on . . .” discussions that
follow examples, but always in a manner designed to provoke the interest of the student.

Five Elements of Mathematical Pedagogy to Address Different Learning Styles
The “Rule of Four” is a common theme in many texts. Implementing this approach, we
discuss many of the central concepts numerically, graphically and algebraically, and
clearly delineate these distinctions. The fourth element, verbal communication of math-
ematical concepts, is emphasized through our discussions on translating English sentences
into mathematical statements, and our Communication and Reasoning exercises at the end
of each section. A fifth element, interactivity, is integrated through expanded use of
question-and-answer dialogues, but is seen most dramatically within the student Web site.
Using this resource, students can use interactive tutorials specific to concepts and exam-
ples covered in sections and online utilities that automate a variety of tasks, from graphing
to regression and matrix algebra. Added recently to the site are more challenging “game”
tutorials, with randomized questions, scoring systems, and even “health points.”

Exercise Sets The substantial collection of exercises provides a wealth of material that
can be used to challenge students at almost every level of preparation, and includes
everything from straightforward drill exercises to interesting and rather challenging
applications. The exercise sets have been carefully graded to increase in complexity from
basic exercises and exercises that are similar to examples in the text to more interesting
and advanced ones, marked in this edition as “more advanced” for easy reference. There
are also several much more difficult exercises, designated as ‘“challenging.” The
advanced and challenging exercises encourage students to think beyond the straightfor-
ward situations and calculations in the earlier exercises. We have also included, in virtu-
ally every section, interesting applications based on real data, Communication and
Reasoning exercises that help students articulate mathematical concepts, and exercises
ideal for the use of technology.

Many of the scenarios used in application examples and exercises are revisited sev-
eral times throughout the book. Thus, students will find themselves using a variety of
techniques, from graphing through the use of derivatives and elasticity, to analyze the
same application. Reusing scenarios and important functions provides unifying threads
and shows students the complex texture of real-life problems.

New to This Edition
Content

e Chapter 1 (page 39): Chapter 1 now includes a new section, Functions and Models,
in which we bring together a variety of applied topics such as revenue, profit,
demand, supply, and change over time that occur throughout the book. We have also
streamlined the rest of the chapter; functions are now introduced in a single section
rather than two, and linear functions and models are similarly discussed in a single
section.

o Chapter 4 (page 285): Derivatives of sums and constant multiples are now moved to the
beginning of Chapter 4 on techniques of differentiation (where they properly belong).

e Chapter 5 (page 369): Second and higher order derivatives are now discussed in their
own section with a great deal of added material on concavity and acceleration.
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e Chapter 8 (page 583): We have changed the exposition of constrained maxima and
minima to give more emphasis to Lagrange multipliers over substitution methods.
Functions of several variables are now discussed in a single section rather than two.

e We now include the discussion of derivatives and integrals of functions involving
absolute values in simple closed form, thus expanding the variety of functions avail-
able for modeling.

e We have expanded the list of additional optional sections, available to include in
custom-published versions of the text, and now offer sections on: Taylor polynomials,
the chain rule for multivariate calculus, calculus applied to probability, the extreme
value theorem and optimization with boundary constraints for functions of several
variables, and determinants and Cramer’s rule.

Current Topics in the Applications

~ ® Case Studies Each chapter ends with a section
entitled “Case Study,” an extended application that
uses and illustrates the central ideas of the chapter,
focusing on the development of mathematical mod-
els appropriate to the topics. The Case Studies have
been extensively revised, and in many cases com-
pletely replaced by new ones that reflect topics of
current interest.

Reducing Sulfur Emissions

The Environmental Protection Agency (EPA) wishes to formulate a policy that will

tiltg duce sulfur emissions. lts goal is to red J emissions of sul
fur dioxide by a total of 10 million tons from the current level of 25 million tons by imposing
a fixed charge for every ton of sulfur released into the environment per year. As a consul-
tant to the EPA, you must determine the amount to be charged per ton of sulfur emissions.

You would like first to know the cost to the utility industry of reducing sulfur emis-
sions. In other words, you would like to have a cost function of the form
Clg) = Cost of removing g tons of sulfur dioxide.
Unfortunately, you do not have such a function handy. You do, however, have the fol-
lowing data, which show the marginal cost (that is, the rare of change of cost) ta the util-
ity industry of reducing sulfur emissions at several levels of reduction.*

e

[ Reduction (tons) ¢ | 8000000 | 10000000 | 12,000,000 | °

I l l ! We have added numerous real data exercises and
Marginal Cost ($ per ton) C'(g) 270 360 779

examples based on topics that are either of intense
current interest or of general interest to contempo-

The table tells you that C'(8,000,000) = $270 per ton, C'(10,000,000) = $360 per
ton, and C'(12,000,000) = $779 per ton. Recalling that C'(g) is the slope of the tangent

Cost of reducing sulfur
cauissions by ¢ tons

o S80S to the graph of the cost function, you can see from the table that this slope s positive and . .
Million tons of sulfur reduction  increasing as ¢ increases, so the graph of the cost function has the general shape shown rary st udents , IncC l Udl n g Faceb()ok. XBO.\’eS,
\_ Figure 38 in Figure 39. )

(76. 00 ¥ Information Highway The smotint of information trans-
mitted each month in the early years of the Internet (1988 to
1994) can be modeled by the equation
.
.

= s

0=r1<6)

where ¢ is the amount of information transmitted each month

in billions of data packets and  is the number of years since

the start of 1988.%

a. Use technology to estimate ¢'(2).

b. Assume that it costs $5 to transmit a million packets of
data. What is the marginal cost '(¢)?

c. How fast was the cost increasing at the start of 19907

Money Stock Exercises 77-80 are based on the following
demand function for money (taken from a question on the GRE
Economics Test)

My=2x " xr 3 xp

where
My = demand for nominal money balances (money stock)
v = real income
r = an index of interest rates
p = an index of prices
These exercises also use the idea of percentage rate of growth

Rate of Growth of M

Percentage Rate of Growth of M = v

_ dM/dr
TM

iPhones, eBay, real estate foreclosures and home
construction, subprime mortgages, stock market
gyrations, travel to Cancun, and the oil industry in the United States and Mexico. (Also
see the Index of Companies, in the inside back cover, of the corporations we reference
in the applications.)

Exercises

N e Exercises that are not based entirely on examples in the text are designated as

“more advanced” (and indicated by an icon in the exercise set) as a guide for stu-
dents and instructors.

e We have expanded the exercise sets themselves and carefully reorganized them to
gradually increase in level and to include more basic skills exercises that carefully
follow the examples.

e Many more of the exercises now have “hints” that
either refer to an example in the text where a similar
problem is solved, or offer some advice to the
student.

87. ¥ Formulate u simple procedure for deciding whether to
apply first the chain rule. the product rule, or the quotient rule
when finding the derivative of a function

88. ¥ Give an cxample of a function f with the property that cal-
culating /7(x) requires use of the following rules in the given
order: (1) the cham rule, (2) the quotient rule, and (3) the
chain rule.

e We have added numerous new “communication and
reasoning” exercises—many dealing with common
student errors and misconceptions—and further
expanded the chapter review exercise sections.

89. @ Give an example of a function / with the property that
calculating /7(x) requires use of the chain rule five times in
succession

90. ® What can you say about composites of linear functions?
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% NOTE See the section on
exponents in the algebra
review to brush up on
negative and fractional
exponents.

~N

ﬁz_: using Technology
See the Technology Guide at
the end of the chapter for
detailed instructions on how
to calculate the average rate
of change of the function in
Example 3 using a TI-83/84
Plus or Excel. Here is an
outline:

TI-83/84 Plus
¥,=-8X%+144X+150

Home screen: (Y;(9.5)-
Y;(8))/(9.5-8)

[More details on page 280.]

Excel

Enter the headings t, G(t),
Rate of Change in A1-C1
t-values 8, 9.5 in A2-A3
=-8*A2"2+144*A2+150

in B2 and copy down to B3
=(B3-B2)/(A3-A2) in C2.
L [More details on page 282.]

~

J

Pedagogy

e Supplementary Notes We have added new Notes to the student, located in the
side column of the text. These Notes include a wide variety of additional information
for the student—further explanation or clarification of a concept, reminders of pre-
viously learned material or references for further study, and additional tips for using
technology.

e Technology Notes have been enhanced to include step-by-step instructions and key-
strokes at point of use, to enable better integration of graphing calculators and spread-
sheets. As always, these notes can be omitted without loss of continuity.

Hallmark Features

e Question-and-Answer Dialogue We frequently use informal question-and-
answer dialogues that anticipate the kind of questions that may occur to the stu-
dent and also guide the student through the development of new concepts. This
feature has been streamlined, as has the “Frequently Asked Questions” feature at
the end of each section.

ml Do we always have to calculate the limit of the difference quotient to find a formula
for the derivative function?

u:As it turns out, no. In Section 4.1 we will start to look at shortcuts for finding deriva-
tives that allow us to bypass the definition of the derivative in many cases.

e Before we go on. .. feature Most examples are followed by supplementary dis-
cussions, which may include a check on the answer, a discussion of the feasibility and
significance of a solution, or an in-depth look at what the solution means.

e Quick Examples Most definition boxes include quick, straightforward examples
that a student can use to solidify each new concept.

~
Functions with Equal Limits
If f(x) = g(x) for all x except possibly x = a, then

lim f(x) = lim g(x).

Quick Example

x2—1 AT ek DEE =)
1 =x+1 forall xexceptx = 1. W as .

and cancel the(x — |

Therefore,

-1
I =lin}(x+l)=l+l=2‘

e Communication and Reasoning Exercises for Writing and Discussion These
are exercises designed to broaden the student’s grasp of the mathematical concepts
and develop modeling skills. They include exercises in which the student is asked to
provide his or her own examples to illustrate a point or design an application with a
given solution. They also include fill-in-the-blank type exercises and exercises that
invite discussion and debate. These exercises often have no single correct answer.
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Y\ e End-of-Chapter Technology Guides We have

Example 4 (page 230) Continuing with Example 3,

as follows:

i1s suggested or
In Example 4, we describe another, more versatile Excel required appear

template for computing rates of change. m

) .
[ ewa22, 21
O et T 201

1900 2001
20001

LI ST Technology Guide : ‘ - pls " ) ®
] Section 3.1 3T P AR S placed detailed TI-83/84 Plus and Microsoft™
==8p 5 5<1<105 X )
g E,T:,:‘isl:i;iip"' 183), Use a tableto estimate the o op o inpmevals 8, 84 41, whiere k= 1,0.1,0,01, 0,001, Excel Guides at the end of each chapter. This has
> NS paa ol e —— allowed us to expand these instructions while not
c =2 x—2 =0 X olution ec! . p .
5] solution with Technology 1, Asin Exarmple 3, entertho function Gas Y, (using X for) interrupting the flow of pedagogy in the text. These
bl On the T1-83/84 Plus, use the table feature to automate ¥,=-8X2+144%X+150 3 1 4
. renced liberally at appropriate
g these computations as follows: 2. Now find the average rate of change for & = | by evalu- Gl{ldesl are refe ) y pp p
] 1.Dsfoe xi-(x°3-0)/(x-2) for pan () or  sing. on the home seeen, points in the chapter, so instructors and students
¥,=(e” (2X)~1)/X for part (b) X% ) .
2. Press (0] (1] o st s vaues for the given values S i, . can easily use this
-~ g;‘“‘&%ﬂg":“I":’dé‘:‘t"l‘::‘:;;"'""‘ g = {= = 8] Technology Guide 2. Nex caleult heaveage e of hangeasshownbere: | o terial” o pot,
o Section 3.1
3 Example 1 V(pago 193) Use a table to estimate the as they prefer'
> falluwu:.ghmle, 7 B Groups Of exercis-
. lim lim —— 2 .
°N Wi My i - - es for which the
- Solution with Technology zl t .f-\l\ i i a0gn o 1551 I use Of technology
(o] 1. Set up your spreadsheet to duplicate the table in part (a) 3 o 7= 4
z
I
0
W
=

Example 4 (page 230) Continuing with Example 3, thrOUghOUt the
use technology to compute the average rate of change of J eXerCise SetS

The Web Site

The authors” Web site, accessible through www.AppliedCalc.com, has been evolving for
several years, with growing recognition. Students, raised in an environment in which
computers suffuse both work and play, can use their Web browsers to engage with the
material in an active way. The following features of the authors’ Web site are fully inte-
grated with the text and can be used as a personalized study resource:

e Interactive Tutorials Highly interactive tutorials, with guided exercises that parallel
the text and a great deal of help and feedback to assist the student.

e Game Versions of Tutorials More challenging tutorials with randomized questions
that work as games (complete with “health™ scores, “health vials,” and an assessment
of one’s performance at the end of the game) are offered alongside the traditional tuto-
rials. These game tutorials, which mirror the traditional “more gentle™ tutorials, do
not give the student the answers, but instead offer hints in exchange for health points,
so that just staying alive (not running out of health) can be quite challenging. Because
the questions are randomized and scores are automatically calculated, these tutorials
can be used for in-class quizzes, as the authors themselves have done.

e Detailed Chapter Summaries Comprehensive summaries with interactive ele-
ments review all the basic definitions and problem solving techniques discussed in
each chapter. These are a terrific pre-test study tool for students.

e Downloadable Excel Tutorials Detailed Excel tutorials are available for almost
every section of the book. These interactive tutorials expand on the examples given in
the text.

e Online Utilities Our collection of easy-to-use online utilities, written in JavaScript,
allows students to solve many of the technology-based application exercises directly
on the Web page. The utilities available include a function grapher and evaluator that
also does derivatives, regression tools, and a numerical integration tool. These utili-
ties require nothing more than a standard Web browser.

e Chapter True-False Quizzes Short quizzes based on the key concepts in each chap-
ter assist the student in further mastery of the material.
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e Supplemental Topics We include complete interactive text and exercise sets for a
selection of topics not ordinarily included in printed texts, but often requested by
instructors.

e Spanish A parallel Spanish version of the entire Web site is also being developed.
All of the chapter summaries and many of the tutorials, game tutorials, and utilities
are already available in Spanish, with many more resources to come.

Supplemental Material

For Students

Student Solutions Manual by Waner and Costenoble

ISBN-10: 1439049904, ISBN-13: 9781439049907

The student solutions manual provides worked-out solutions to the odd-numbered exer-
cises in the text as well as complete solutions to all the chapter review tests.

Microsoft Excel Computer Laboratory Manual by Anne D. Henriksen

ISBN-10: 0538733209, ISBN-13: 9780538733205

This laboratory manual illustrates how Microsoft Excel can be used to solve real-world
problems in a variety of scientific, technical, and business disciplines. It provides
hands-on experience to demonstrate for students that calculus is a valuable tool for solv-
ing practical, real-world problems, while helping students increase their knowledge of
Microsoft Excel. The manual is a set of self-contained computer exercises that are
meant to be used over the course of a 15-week semester in a separate, 75-minute com-
puter laboratory period. The weekly labs parallel the material in the text.

NetTutor™

Cengage Learning is pleased to provide students with online tutoring and chatting
capabilities through NetTutor. NetTutor utilizes a WorldWide Whiteboard application, a
Web-based application that allows students and tutors to interact with one another
through text and images, and also offers audio and video over Internet Protocol or VOIP,
where voice is transmitted through the Internet. The WorldWide Whiteboard software
offers the ability to easily create custom groups, which contain course-specific func-
tions, symbol palettes and buttons.

For Instructors

Instructor’s Solution Manual by Waner and Costenoble

ISBN-10: 1439049831, ISBN-13: 9781439049839

The instructor’s solutions manual provides worked-out solutions to all of the exercises
in the text.

PowerLecture CD with ExamView

ISBN-10: 1439049890, ISBN-13: 9781439049891

This comprehensive CD-ROM contains the Instructor’s Solutions Manual, PowerPoint
lecture notes, and ExamView computerized testing to create, deliver, and customize
tests. The PowerLecture CD also includes a multimedia library containing all of the art
from the book in MS PowerPoint as well as individual JPEG files.

Test Bank

The test bank—available on the companion Web site—contains numerous multiple
choice and free response questions for those instructors who prefer a more traditional
method of test preparation.
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Enhanced WebAssign

Instant feedback and ease of use are just two reasons why WebAssign is the most
widely used homework system in higher education. WebAssign allows you to assign,
collect, grade, and record homework assignments via the Web. Now this proven
homework system has been enhanced to include links to textbook sections, video exam-
ples, and problem-specific tutorials. Enhanced WebAssign is more than a homework
system—it is a complete learning system for math students.
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Introduction

In this appendix we review some topics from algebra that you need to know to get the
most out of this book. This appendix can be used either as a refresher course or as a
reference.

There is one crucial fact you must always keep in mind: The letters used in alge-
braic expressions stand for numbers. All the rules of algebra are just facts about the
arithmetic of numbers. If you are not sure whether some algebraic manipulation you are
about to do is legitimate, try it first with numbers. If it doesn’t work with numbers, it
doesn’t work.

Real Numbers

The real numbers are the numbers that can be written in decimal notation, including
those that require an infinite decimal expansion. The set of real numbers includes all
integers, positive and negative; all fractions; and the irrational numbers, those with
decimal expansions that never repeat. Examples of irrational numbers are

V2 = 1.414213562373 . ..
and
7 = 3.141592653589. ..

It is very useful to picture the real numbers as points on a line. As shown in Figure 1,
larger numbers appear to the right, in the sense that if ¢ < b then the point correspond-
ing to b is to the right of the one corresponding to a.

Intervals

Some subsets of the set of real numbers, called intervals, show up quite often and so we
have a compact notation for them.

Interval Notation

Here is a list of types of intervals along with examples.

Interval Description Picture Example
Closed [a,b]  Set of numbers x with > [0, 10]
a<x<b a b
(includes end points)
Open (a,b) Setof numbers x with <«—o———o0——> (—1,5)
a<x<b 4 &
(excludes end points)
Half-Open  (a.bh] Set of numbers x with < (=3, 1]
a<x<b a b
[a.b)  Set of numbers x with [0,5)

a<x<b a b



