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A Word from the Authors

Welcome to Calculus II, Seventh Edition. Much has changed since we wrote the first
edition of Calculus—nearly 25 years ago. With each edition, we have listened to you,
our users, and have tried to incorporate your suggestions for improvement.

CALCULUS

A Text Formed by Its Users

Through your support and suggestions, the text has evolved over seven editions to
include these extensive enhancements:

* Expanded exercise sets containing a greater variety of tasks such as skill building,
applications, explorations, writing, critical thinking, and theoretical problems

* Additional applications more accurately represent the diverse uses of calculus in the
world

e Many more open-ended activities and investigations

* Clearer, less cluttered text, full of annotations and labels—carefully planned page
layout

* Additional art, composed with more color, accuracy, and realism

* A more comprehensive and more mathematically rigorous text, particularly the third
semester of the Seventh Edition, which is quite different when compared with the
First Edition

¢ Increased technology use, as both a problem-solving tool and an investigative tool
» References to the history of calculus and to the mathematicians who developed it
¢ Updated references to current mathematical journals

» Considerably more help in the supplements package for both students and instructors
 Alternatives to the traditional print medium, particularly in the CD-ROM version

* Five different volumes from which to choose your preferred teaching approach—
a great development in flexibility from the single volume in the First Edition

What’s New and Different in the Seventh Edition

In the Seventh Edition, we continue to offer instructors and students a text that is
pedagogically sound, mathematically precise, and comprehensible. There are many
minor changes in the mathematics, prose, art, and design. The more significant changes
are noted here.
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A WORD FROM THE AUTHORS vii

New P.S. Problem Solving At the end of each chapter, we have included a two-page
collection of new applied and theoretical exercises. These exercises offer problems
that have some unusual characteristics that set them apart from exercises in a regular
exercise set.

New Getting at the Concept Midway through each section exercise set we have
added a set of problems that check a student’s understanding of the basic concepts
presented in the section.

New Section Objectives Each section in the Seventh Edition begins with a list of
learning objectives. These enable students to identify and focus on the key points of
the section.

New Downloadable Graphs Many exercise sets contain problems in which
students are asked to draw on the graph that is provided. Because this is not feasi-
ble in the actual text, we now provide printable enlargements of these graphs on the
website www.mathgraphs.com.

New Journal Articles on the Web  The Seventh Edition contains over 60 references
to articles from mathematics journals noted in the feature For Further Information.
In order to make the articles easily accessible to instructors and students, they are
now available on the website www.matharticles.com.

Revised Chapter Openers The chapter openers have been redesigned as two-page
spreads in the Seventh Edition. Included in the chapter openers is a real-world appli-
cation designed to motivate the calculus topics of the chapter.

Revised Review Exercises In order to provide a more effective study tool, we have
grouped the Review Exercises by text section. This reorganization allows students
to target specific concepts that may require additional study and review.

Exercise Sets Approximately 20 percent of the exercises in the Seventh Edition are
new. The new exercises include skill, concept, applied, and theoretical problems.

Although we carefully and thoroughly revised the text by enhancing the useful-

ness of some features and topics and by adding others, we did not change many of the
things that our colleagues and the two million students who have used this book have
told us work for them. We still offer comprehensive coverage of the material required
by students in a three-semester or four-quarter calculus course, including carefully
stated theories and proofs.

We hope you will enjoy the Seventh Edition. We are proud to have it as our first

calculus book to be published in the twenty-first century.
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Making a Mercator Map

When flying or sailing. pilots expect t be given a
steady compass course to follow. On a standard flat
map, this is difficult because a steady compass course
results in a curved line, as shown in the lower left and
middle figures on the facing page.

For curved lines to appear as straight lines on a
flat map, Flemish geographer Gerardus Mercator
(1512-1594) realized that latitude lines must be
stretched horizontally by a scaling factor of sec d.
where  is the angle of the latitude line. For the map
10 preserve the angles between latitude and longitude
lines, the lengths of longitude lines are also stretched
by a scaling factor of sec & at latitude . The Mercator

with A = &, — &, ,. The arc length of consecutive
latitude lines is RAch. On the Mercator map, the vertical
distance between the equator and the first latitude line
is RAd sec d,. The vertical distance between the first
and second latitude lines is RA sec . The vertical
distance between the second and third latitude lines is
RA® sec dhy, and 50 on, as shown in the figure on the
right below

On a globe, the angle between consecutive latitude
lines is Ads, and the arc length between them is RAG
(see the left-hand figure below). On a Mercator map,
the vertical distance between the ith and (i — 1)st lati-
tde lines is RAd sec . and the distance from the

Features

map has latitude lines that are not equidistant, as
shown in the lower left figure on the facing page.

equator to the ith latitude line is approximately

To calculate these vertical lengths, imagine  globe RAdsecd, + RAdsecd, +- - -+ RAdsec 4,
with latitude lines marked at angles of every Ad radians, (see right-hand figure below),
Latg, T
RAY sec 9,
Lat o, %
S RAg xecd,
Center e |
- Equasor RS9 tec o,
—
Globe Mercator map

QUESTIONS

. Use summation notation 10 write an expression to calculate how far from the equator to draw
the line representing latitude o,

»

In the calculations above, Mercator realized that the smaller the value used for Ad, the better
the map became (betier in the sense that straight lines could be used to plot steady compass
courses). From your knowledge of calculus, how could you use Mercator's observation to calcu-
late the total vertical distance of a latitude line from the equator?

w

. Use the result of Question 2 to find how far from the equator to place latitude lines whose
angles are 10°, 20%, 30°, 40°. and 50°. (Use a globe radius of R = 6 inches.)

4. What problem do you encounter when you attempt 10 calculate how far from the equator to
place the North Pole?

The concepis presented here will be explored further in this chapter. For an extension of this

application, see Lab 10 in the lab series that accompanies this text at college hmeo.com.

Chapter Openers

Each chapter opens with a real-world application
designed to motivate the calculus concepts covered
in the chapter. Following a brief introduction,
open-ended questions guide students through an
introduction to the main themes of the chapter.

In addition, photographs and interesting facts related
to the application are included in the chapter opener.

Section Objectives

Every section begins with a list of learning objec-
tives that outline the key concepts of the section.
This list helps instructors with class planning and
provides students a study guide for the section.

stant 45° bearing
Gerardus Mercator was known as
one of the best geographers of the
Renaissance. He was also the first
to refer to a collection of maps as
an “atlas™
SECTION 62 Volume: The Disk Method 421
Section 6.2 ethod

« Find th

* Find the volume of o

The Disk Method

In Chapter 4, we mentioned that area is only one of the many applications of the
definite integral. Another important application is its use in finding the volume of o
three-dimensional solid. In this section you will study a particular type of three
dimensional solid—one whose cross sections are similar. We begin with solids of
revolution. Such solids are used commonly in engineering and manufacturing. Some
examples are axles. funnels. pills. bottles. and pistons, as indicated in Figure 6.11

Rectangle

Solids of revolution
Figure 6.11

1f a region in the plane is revolved about a line, the resulting solid is a solid of rev-
olution, and the line is called the axis of revolution. The simplest such solid is a right
circular cylinder or disk, which is formed by revolving a rectangle about an axis adja-
cent to one side of the rectangle, as shown in Figure 6.12. The volume of such a disk is

Volume of disk = (area of disk N width of disk)
R w

Volume of adisk: 7R
Figure 6.12 where R is the radius of the disk and w is the width

To see how 10 use the volume of a disk to find the volume of a general solid of
olution, consider a solid of revolution formed by revolving the plane region in
ure 6.13 about the indicated axis. To determine the volume of this sofid, consider
a representative rectangle in the plane region. When this rectangle is revolved about
the axis of revolution, it generates a representative disk whose volume is

AV = wR*Ax.

Approximating the volume of the solid by n such disks of width A« and radius Rix))
produces

Volume of solid = l #{R(x)]* Ax

=Y [R(x)F Ax




478 CHAPTERG  Applications of Integration

P.S_ Problem Solving

1. Let R be the area of the region in the first quadrant bounded by
the y = x*and the line v = cx, ¢ > 0. Let T be the area
of the triangle AOB. Calculate the limit

2. Let R be the region bounded by the parabola y = x — x* and the
xaxis. Find the equation of the line y = me that divides this
region into two regions of equal area.

3. (4) A torus is formed by revolving the region bounded by the
circle
=27+
about the y-axis (see figure). Use the disk method to calcu-
ate the volume of the torus.

(b) Use the disk method to find the volume of the general torus.
if the circle has radius £ and its center is R units from the
axis of rotation.

BB 4 Graph the curve 8 = (1 — x). Use a computer algebra
system to find the surface area of the solid of revolution obtained
by revolving the curve about the 1-axis.

S. A hole is cut through the center of a sphere of radius r (sce
figure). The height of the remaining spherical ring is A. Find the
volume of the ring and show that it is independent of the radius
of the sphere.

6. A rectangle R of length { and width w is revolved about the
fine L (see figure). Find the volume of the resulting solid of
revolution.

Figure for 6 Figure for 7

7. () The tangent line t0 the curve y = ' at the point A(1. 1)
intersects the curve at another point B. Let R be the area of
the region hounded by the curve and the tangent linie. The
tangent line at B intersects the curve at another point C (see
figure). Let S be the area of the region bounded by the curve
and this sccond tangent line. How are the arcas R and §
related?

(b) Repeat the sbove construction by selecting an arbitrary
point A on the curve ¥ = x". Show that the two areas R
and § are always related in the same way.

8. The graph of y = £(x) passes through the origin. The arc length
of the curve from (0, 0) to (x, /(1)) is given by

sfx) = I JiFedn

Identify the function f.
9. Let f be rectifiable on the interval [a. 5], and let

sx) = J"Jl +[foFa.

L ds
() Find 0
(b) Find ds and (ds):.
(e) I fle) = 7, find s(x) on [1,3).
(d) Culeulate 5(2) and deseribe what it signifies.

= o XoOk

10. The Archimedes Principle states that the upward or buoyant
force on an object within  fluid is equal o the weight of the
fluid that the object displaces. For a partially submerged object.
you can obisin information about the relative deasities of the
floating object and the fluid by observing how much of the
object is above and below the surface. You can also determine
the size of a floating object if you know the amount that is
above the surface and the relative densitics. Suppose you can
sce the top of a floating iceberg. The density of ocean water s
1.03 x 10* kg/m?, and that of ice is 0.92 x 10° kg/m’. What
pescent of the total iceberg is below the surface?

o i RO

O
11. Sketch the region bounded on the left by x = 1, bounded above
1/,

by y = 1/x", and bounded below by y = ~1/x%.
(a) Find the centroid of the region for 1 < x < 6.
(b) Find the centroid of the region for | € x < b,
(€) Where is the centroid as b~ o0
12, Sketch the region 1o the right of the y-axis, bounded above by
3= 1/x* and bounded below by y = ~ 1/x*.
(a) Find the centroid of the region for | < x < 6.
(b) Find the centroid of the region for | < x € b.
(¢) Where is the centroid as b—2c?
13. Find the work done by cach force F.
@ ®

14, To estimate the surface area of a pond, & surveyor takes several
hown in the figure. Estimate

of the pond using (3) the Trapezoidal Rule and (b) Simpson's
Rule.

PS.  ProblemSolving 479

Demand Function Supply Function
15, pi(x) = 50 - 08¢ i) = 0.125¢
16. p,(x) = 1000 — 0.4 ple) = 42¢

17. A swimming pool is 20 feet wide, 40 feet long, 4 feet decp at
one end. and § feet deep at the other end (see figure). The
bottom is an inclined plane. Find the fluid force on each of the
vertical walls.

New! P.S. Problem Solving

Each chapter concludes with a collection of thought-
provoking and challenging exercises that further
explore and expand upon the concepts of the chapter.
These exercises have unusual characteristics that set
them apart from traditional calculus exercises.

Review Exercises

A set of Review Exercises is included at the end of
each chapter. In order to provide students with a
more useful study tool, these exercises are grouped
by section. This organization allows students to
identify specific problem types related to chapter

concepts for study and review.

476 CHAPTER 6 Applications of Integration

the graphs of the equations, and determine the area of the

region.

1Ly =1 x=5 2y=Ly=40=5
'

Ly=s—y=01 x=1
Sl !

Lax=y-2nx=-Ly=0

Sy=xy=x

6a=y¥4la=y+3

Ty=evy=Ex=0

8 v = sy = 2 (one region)

m
9. v =sinx, y=cosxy, 5 <

q

10. 3 = cosy, ¥ =

B In Exercises 1114, use a graphing utility to graph the region
bounded by the graphs of the functions, and use the integration
capabilities of the graphing utility to find the area of the region.

In Exercises 15-18, use vertical and horizontal representative
rectangles to set up integrals for finding the area of the region
bounded by the graphs of the equations. Find the area of the
region by evaluating the easier of the two integrals.

19, Think About It A person has two job offers. The starting

alary for each is $30,000, and after 10 years of service each
will pay $56.000. The salary increases for each offer are shown
in the figure. From a strictly monetary viewpoint, which is the
better offer? Explain.

REVIEW EXERCISES FOR CHAPTER

EEW Area InExercises 1-10, sketch the region bounded by P8 20. Modeling Data The table shows the annual service revenue K,

in billions of dollars for the cellular telephone industry for the
vears 1992 through 1998. (Source: Cellular Telecommunications
Industry Association)

Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998
R, | 78 | 109|132 190 | 236 s |31
(a) Usc the regression capabilities of a graphing utility to fit an
exponential model 1o the data. Let 7 be time in years, with
corresponding to 1992, Use the graphing utility to
plot the data and graph the model
(b) A financial consultant believes that a model for service

revenue for the years 2000 through 2005 is
R,

What s the difference in total service revenue between the
two models for the years 2000 through 20057

In Exercises 21-28, find the volume of the solid gen-
erated by revolving the plane region bounded by the equations
about the indicated lines.

. y=xry=01=4
(b) the y-axis
(d) the line x = 6
=0
(b) the line y = 2

(a) the x-axis

-

(c) the line x
2y=Viy=

(a) the x-axis

(©) the yoaxis  (d) the line + = — 1
2. “—h +L = (8) the y-axis (oblate spheroid)
(b) the s-axis (prolate spheroid)
2. ; =i (a) the y-axis (oblate sphervid)
(b) the x-axis (prolate spheroid)
By =0 x=0 a1

T+
revolved about the s-axis

. y=1/1+ =2 y=0.x=2x=6
revolved about the y-axis
B.y=e' y=0,x=0x=1

revolved about the x-axis

In Exercises 29 and 30, consider the region bounded by the

graphs of the equations y = x.x + 1and y = 0.

29. Area Find the arca of the region

30. Volume Find the volume of the solid gencrated by revolving
the region about (a) the x-axis and (b) the y-axis




Getting at the Concept

Getting at the Concept

| 41: Definearectifisble.curve. These exercises contain questions that check a
| 42. What precalculus formula and representative element are | N . .
used to develop the integration formula for arc length? \ Student S understandlng Of the baSlC Coﬂcepts Of the

43. What precalculus formula and representative element are
used to develop the integration formula for the area of a

| surface of revolution?

i 44. The graphs of the functions f, and f, on the interval [a, b] f

are shown in the figure. The graph of each is revolved about €asy rererence.

[ section. They are generally located midway through
| 5 & 5,

| the section exercise sets and are boxed and titled for
|

the x-axis. Which surface of revolution has the greater

surface area? Explain.

} Section Projects

‘ a Appearing at the end of selected exercise sets, the
‘ % Section Projects contain extended applications, which
can be assigned as an individual or group activity.

-~

secrion project (BHISTANCES IN SPACE

We have developed two distance formulas in this section—the (€) Use the procedure in part (a) 1o find the distance between the
distance between a point and a plane, and the distance between Times.
a point and a line. In this project you will study a third distance Lixmdy w2 —tz= 140

problem—the distance between two skew lines. Two lines in

spice are skew if they are neither parallel nor intersecting (see Lo IOy LRt T

figure). (d) Develop a formula for finding the distance between the skew
(@) Consider the following two lines in space. ines.
Lix=4+5y=5+5z=1~4 Lix=xtahy=y +btz=z2 +ot
Lix=4+s y=—6+8s, z=7~3s Lix=x +as y=y,+bs, z=2+ ¢

(i) Show that these lines are not parallel.
(ii) Show that these lines do not intersect. and hence are
skew lines.

(iif) Show that the two lines lie in parallel planes.
(iv) Find the distance between the parallel planes from part

(iii). This is the distance between the original skew fines.

(b) Use the procedure in part (a) to find the distance between the

lines.
Lipx =24 yo= 41, 2= 61
Lpxml-g y=d+sz=~14y

SECTION 6.1 Area of a Region Between Two Curves 415

1f two curves intersect at more than two points, then to find the area of the region
between the curves, you must find all points of intersection and check to see which
curve is above the other in each interval determined by these points.

= Example 1 Curves That Intersect at More Than Two Points
Find the area of the region between the graphs of f(x) = 3¢’ — x* — 10x and
glx) = = + 2
Solution Begin by setting f(x) and g(x) equal to each other and solving for x. This
yields the x-values at each point of intersection of the two graphs.
30— = 10r =~ + 20 s "
S sAD fin) < gtn)
A9 N4E0. W - 12 =0 Wit
a® —4) =0 Fatar
r=-2.0.2 Sobve for
F So, the two graphs intersect when x = —2,0, and 2. In Figure 6.8, notice that
O cn E lor,].tlons 2.00 glx) = f(x) on the interval [~ 2, 0]. However, the two graphs switch at the origin, and
p XP « =t - f(x) = g(x) on the interval [0, 2]. Hence, you need two integrals—one for the interval

[—2.0] and one for the interval [0, 2]

The Interactive CD-ROM version of this text A= [ e = st + [[tsto - selas

contains open explorations, which further investi- e [ e s [mae s 20
gate selected examples throughout the text using foe1e- 2~ 0 el o[ o]
. n [~ 2.0, ¢(x) = f(x) andin [0, 2], T '
computer algebra systems (Maple, Mathematica, T Sl g )
. . . e T .
Derive, and Mathcad). The icon /=3 identifies
< 5 < NOTE  In Example 4. notice that you get an incorrect result if you integrate from —2 1o 2
an example for which an open exploration exists. Such iteraion procces

JI/(.\»\4IV]J.—J (3¢ - 1200dx = 0.

If the graph of a function of  is a boundary of a region, it is often convenient to

A d d itiﬂ n4a l Fca tures use representative rectangles that are forizontal and find the area by integrating with

respect 10 y. In general, 1o determine the area between two curves, you can use
Additional teaching and learning resources can be A= [ topane - Sl e

found throughout the text. These resources include e

explorations, technology notes, historical vignettes,

A= J [(right curve) — (left curve)] dy Hor

where (x,, v,) and (x,. v) are either adjacent points of intersection of the two curves

study tips, journal references, lab series, and notes. involved or poinis o the specified boundary lines
For a complete description of these resources, go to e At e e g e M ol

the computer algebra systems Maple, Mathcad. Mathematica, and Derive.

the text-specific website at college.hmco.com.

X



Acknowledgments

We would like to thank the many people who have helped us at various stages of this
project during the past 25 years. Their encouragement, criticisms, and suggestions
have been invaluable to us.

Seventh Edition Reviewers

Raymond Badalian Beth Long

Los Angeles City College Pellissippi State Technical College
John Santomas Christopher Butler

Villanova University Case Western Reserve University
Gordon Melrose Lynn Smith

Old Dominion University Gloucester County College

Dane R. Camp Larry Norris

New Trier High School, IL North Carolina State University
Anthony Thomas Barbara Cortzen

University of Wisconsin—Platteville DePaul University

Eleanor Palais Charles Wheeler

Belmont High School, MA Montgomery College

Kathy Hoke Lila Roberts

University of Richmond Georgia Southern University

Previous Editions’ Reviewers

Dennis Alber, Palm Beach Junior College; James Angelos, Central Michigan
University; Kerry D. Bailey, Laramie County Community College; Harry L. Baldwin,
Jr., San Diego City College; Homer E. Bechtell, University of New Hampshire; Keith
Bergeron, United States Air Force Academy;, Norman Birenes, University of Regina,
Brian Blank, Washington University; Andrew A. Bulleri, Howard Community College;
Paula Castagna, Fresno City College; Jack Ceder, University of California—Santa
Barbara; Charles L. Cope, Morehouse College; Jorge Cossio, Miami-Dade Community
College; Jack Courtney, Michigan State University; James Daniels, Palomar College;
Kathy Davis, University of Texas; Paul W. Davis, Worcester Polytechnic Institute; Luz
M. DeAlba, Drake University, Nicolae Dinculeanu, University of Florida; Rosario
Diprizio, Oakton Community College; Garret J. Etgen, University of Houston; Russell
Euler, Northwest Missouri State University; Phillip A. Ferguson, Fresno City College;
Li Fong, Johnson County Community College; Michael Frantz, University of La Verne;
William R. Fuller, Purdue University; Dewey Furness, Ricks College; Javier Garza,
Tarleton State University; K. Elayn Gay, University of New Orleans; Thomas M.
Green, Contra Costa College; Ali Hajjafar, University of Akron; Ruth A. Hartman,
Black Hawk College:; Irvin Roy Hentzel, lowa State University; Howard E. Holcomb,
Monroe Community College; Eric R. Immel, Georgia Institute of Technology; Arnold
J. Insel, Illinois State University; Elgin Johnston, lowa State University; Hideaki
Kaneko, Old Dominion University; Toni Kasper, Borough of Manhattan Community
College; William J. Keane, Boston College; Timothy J. Kearns, Boston College;

xi



xii

ACKNOWLEDGMENTS

Ronnie Khuri, University of Florida; Frank T. Kocher, Jr., Pennsylvania State
University; Robert Kowalczyk, University of Massachusetts—Dartmouth; Joseph F.
Krebs, Boston College; David C. Lantz, Colgate University; Norbert Lerner, State
University of New York at Cortland; Maita Levine, University of Cincinnati; Murray
Lieb, New Jersey Institute of Technology; Ransom Van B. Lynch, Phillips Exeter
Academy; Bennet Manvel, Colorado State University; Mauricio Marroquin, Los
Angeles Valley College; Robert L. Maynard, Tidewater Community College; Robert
McMaster, John Abbott College; Darrell Minor, Columbus State Community College;
Maurice Monahan, South Dakota State University; Michael Montaiio, Riverside
Community College; Philip Montgomery, University of Kansas; David C. Morency,
University of Vermont;, Gerald Mueller, Columbus State Community College; Duff A.
Muir, United States Air Force Academy; Charlotte J. Newsom, Tidewater Community
College; Terry J. Newton, United States Air Force Academy; Donna E. Nordstrom,
Pasadena City College; Robert A. Nowlan, Southern Connecticut State University;
Luis Ortiz-Franco, Chapman University; Barbara L. Osofsky, Rutgers University;
Judith A. Palagallo, University of Akron; Wayne J. Peeples, University of Texas; Jorge
A. Perez, LaGuardia Community College; Darrell J. Peterson, Santa Monica College:;
Donald Poulson, Mesa Community College; Jean L. Rubin, Purdue University; Barry
Sarnacki, United States Air Force Academy; N. James Schoonmaker, University of
Vermont; George W. Schultz, St. Petersburg Junior College; Richard E. Shermoen,
Washburn University; Thomas W. Shilgalis, Illinois State University; J. Philip Smith,
Southern Connecticut State University; Frank Soler, De Anza College; Enid Steinbart,
University of New Orleans; Michael Steuer, Nassau Community College; Mark
Stevenson, Oakland Community College; Lawrence A. Trivieri, Mohawk Valley
Community College; John Tweed, Old Dominion University; Carol Urban, College of
DuPage; Marjorie Valentine, North Side ISD, San Antonio; Robert J. Vojack,
Ridgewood High School, NJ; Bert K. Waits, Ohio State University; Florence A.
Warfel, University of Pittsburgh; John R. Watret, Embry-Riddle Aeronautical
University; Carroll G. Wells, Western Kentucky University; Jay Wiestling, Palomar
College; Paul D. Zahn, Borough of Manhattan Community College; August J.
Zarcone, College of DuPage

During the past four years, several users of the Sixth Edition wrote to us with
suggestions. We considered each and every one of them when preparing the manuscript
for the Seventh Edition. We would like to extend a special thanks to Mikhail Ostrovskii
of the Catholic University of America for the many thoughtful suggestions he sent to
us. The time and care he invested in several correspondences was quite extraordinary.

We would like to thank the staff at Larson Texts, Inc., and the staff of Meridian
Creative Group, who assisted with proofreading the manuscript, preparing and
proofreading the art package, and checking and typesetting the supplements.

A special note of thanks goes to the instructors who responded to our survey and
to the over 2 million students who have used earlier editions of the text.

On a personal level, we are grateful to our wives, Deanna Gilbert Larson, Eloise
Hostetler, and Consuelo Edwards, for their love, patience, and support. Also, a special
note of thanks goes to R. Scott O’Neil.

If you have suggestions for improving this text, please feel free to write to us.
Over the past 25 years we have received many useful comments from both instructors
and students, and we value these very much.

Ron Larson
Robert P. Hostetler
Bruce H. Edwards



Supplements

Resources

Website (college.hmco.com)

Many additional text-specific study and interactive features for students and instruc-
tors can be found at the Houghton Mifflin website.

For the Student

Study and Solutions Guide, Volumes I and II by Bruce H. Edwards (University of
Florida)

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

Graphing Calculator Videotape by Dana Mosely
Calculus, TE, Videotapes by Dana Mosely

For the Instructor

Complete Solutions Guide, Volumes 1 and II by Bruce H. Edwards (University of
Florida)

Test Item File by Ann Rutledge Kraus (The Pennsylvania State University, The
Behrend College)

Instructor’s Resource Guide by Ann Rutledge Kraus (The Pennsylvania State
University, The Behrend College)

Computerized Testing (WIN, Macintosh)
HMClassPrep™ (Instructor’s CD-ROM)

xiii



Interactive Calculus 3.0

To accommodate a wide variety of teaching and learning styles, Calculus is also
available as Interactive Calculus 3.0 on an interactive CD-ROM. This version
incorporates live mathematics throughout the entire program. Live mathematics
helps students visualize and explore—leading to a deeper understanding of
calculus concepts than has ever before been possible.

Live Mathematics Throughout

* Open Explorations give students the opportunity
to explore using computer algebra systems.

» Section Quizzes require students to enter
free-response answers and to click-and-drag
answers into place.

» Editable two-dimensional graphs, featured
throughout the entire program, provide additional
opportunities to explore and investigate.

» Rotatable three-dimensional graphs allow for a
whole new level of visualization.

* New and enhanced explorations, simulations, and
animations make concepts come alive.
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TABLE OF CONTENTS

«P1 Graphs and Model

P Preparation for Calcul

Classroom Management Tool and
Syllabus Builder

All of the content of the Seventh Edition text—

a wealth of applications, exercises, worked-out
examples, and detailed explanations—is included in
Interactive Calculus 3.0. Instructors have the flexibil-
ity of customizing content and interactive features for
students as desired. Instructors may simply add dates
to a default syllabus or may modify the order of
topics. Either way, a customized syllabus is easy to
distribute electronically and update instantly. This
tool is particularly useful for managing distance
learning courses.

%‘2 DIFFERENTIATION

P2 Linear Models and Rales
of Change

MOTIVATING

[T 2.1 The Derivative and the Tangent Line Problem

THE CHAPTER

[T 2.2 Basic Differentiation Rules and Rates of Change

[] 23 The Product and Quotient Rules
and Higher-Order Derivatives

(X 2.4 The Chain Rule

[ 25 Implicit Diff

[0 25 Related Rates
[T Review Exercises

-P3 Functions and their Graphs
P,

1 " 1]
+12 Finding Limits Graphically
and Numerically
«13 Evaluating Limits Analytically
- 14 Continuity and One-Sided Limits
-15 lnfinite Limits

+21 The Derivative and the Tangent
Line Problem
-22 Basic Differentiation Rules
and Rates of Change
+23 The Product and Quotient Rules
and Higher-Order Derivatives
+2.4 The Chain Rale
-25 Imglicit Differentiation
6 Related Rates
+31 Extrema on an lnterval
+32 Rolle's Thesrem and the
Mean Value Theorem
+33 Increasing and Decreasing
Functions and the First

Derivative Test




Features

Exercises with solutions to all odd exercises provide immediate feedback for
students.

Try Its allow students to try problems similar to the examples and to check their
work using the worked-out solutions provided.

Quizzes with responses require students to enter free responses, click-and-drag
answers, and choose multiple choice answers.

Editable Graphs encourage students to explore concepts by graphing “editable”
graphs as well as to change the viewing window and to use zoom and trace features.

Rotatable Graphs allow students to view three-dimensional graphs as they rotate,
greatly enhancing visualization.

Simulations encourage exploration and hands-on interaction with mathematical
concepts.

Animations, which use motion and sound to explain concepts, can be played and
replayed, or viewed one step at a time.

Complete searchable text-specific Content, Index, Theorem Index, and Features
Index facilitate cross-referencing.

Video Clips engage student interest and show connections between mathematics
and other disciplines.

Syllabus Builder enables instructors to save administrative time and to convey
important information online.

Bookmarking capability provides fast, efficient navigation of the site.

Other special features include:

Articles * Calculus Capsules * Connections * History * Look Ahead
Math Trends ¢ Projects ¢ Technology Pitfalls
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Constructing an Arch Dam

Dams were originally built to ensure water supplies
during dry seasons. As technical knowledge has
increased, they have begun serving other functions.
Today, dams may be built to create recreational lakes,
to power generators, and to prevent flooding. Every
new dam creates concerns. A dam may upset an area’s
ecology and force the relocation of people and
wildlife. Also, a poorly constructed dam endangers
the entire surrounding region, creating the possibility
of a massive disaster.

There are several designs used in dam construc-
tion, one of which is the arch dam. This design curves
toward the water it contains, and is usually built in
narrow canyons. The force of the water presses the
edges of the dam against the walls of the canyon,
so that the natural rock helps support the structure.
This added support means that the arch dam can be

QUESTIONS

)

built with less construction materials than its gravity-
supported counterpart.

A cross section of a typical arch dam can be
modeled as shown in the figure below. The model for
this cross section is as follows.

0.03x2 + 7.1x + 350, =70 < x < —16
f(x) = 1389, —16:<.x <0
—6.593x + 389, 0<x<59

To form the arch dam, this cross section is swung
through an arc, rotating it about the y-axis. The
number of degrees through which it is rotated and the
length of the axis of rotation vary, depending primarily
on how much the water level varies. A possible config-
uration shows a rotation of 150° and an axis of rotation
of 150 feet.

(~16, 389) ¢ (0, 389)

(=16, 244)

b 4

1. Find the area of a cross section of the dam.

2. Describe a strategy for estimating the volume of concrete that would be needed to build

this dam.

3. Use the strategy to estimate the volume of concrete needed to build the dam described on

this page.

The concepts presented here will be explored further in this chapter. For an extension of this
application, see Lab 9 of the lab series that accompanies this text at college.hmco.com.
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