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PREFACE

Appropriate for a one-term calculus course, this text is an introduction
to calculus as applied to business, economics, the behavioral sciences,
the social sciences, biology, and medicine. For those who need a two-term
text, Applied Calculus, by Marvin L. Bittinger and Bernard B. Morrel,
covers all the material in this text and includes material on total differen-
tials, differential equations, numerical methods, and Taylor polynomials
and infinite series. A basic course in algebra is a prerequisite for the text,
although Chapter 1 provides sufficient review to unify the diverse back-
grounds of most students.

Content Features

Intuitive approach.  Although the word “intuitive” has many mean-
ings and interpretations, its use here means “experience based.” Through-
out the text, when a particular concept is discussed, its presentation is
designed so that the students’ learning process is based either on their
earlier mathematical experience or on a new experience presented by the
authors before the concept is formalized.

¢ When maximum problems involving volume are introduced (see
p. 195), a function is derived that is to be maximized. Instead of
forging ahead with the standard calculus solution, the student is first
asked to stop, compute the function values, graph the equation, and
then estimate the maximum value. This experience provides students
with more insight into the problem—recognition not only that dif-
ferent dimensions yield different volumes, but also that the dimen-
sions yielding the maximum volume may be conjectured or estimated
as a result of the calculations.
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e The definition of the derivative in Chapter 2 is presented in the
context of a discussion of average rates of change (see p. 97). This
presentation is more accessible and realistic than the strictly geo-
metric idea of slope.

e The concept behind the definition of the number e in Chapter 4 is
explained both graphically and through a discussion of continuously
compounded interest (see p. 239).

Applications. Relevantand factual applications drawn from a broad
range of fields are included throughout the text as applied problems and
exercises and in application sections. These have been updated and ex-
panded in this edition.

e An early discussion of compound interest, cost and profit, and
supply-and-demand functions in Chapter 1 sets the stage for later
applications. The notions of total revenue and cost and profit, to-
gether with their derivatives (marginal functions), are threads that
run throughout the text (see pp. 43, 132, and 193).

e All techniques of differentiation, including the Extended Power Rule,
the Chain Rule, and material on higher derivatives are covered in
Chapter 2 before applications of differentiation are introduced in
Chapter 3. This allows for many interesting applications of differen-
tiation to be presented in Chapter 3, which includes separate appli-
cations sections for business and biology, as well as a section on
implicit differentiation and related rates (see pp. 204-231).

e When the exponential model is studied in Chapter 4, other appli-
cations, such as continuously compounded interest and the demand
for natural resources, are also considered (see pp. 264—-286). Growth
and decay are covered in separate sections in Chapter 4 to allow
room for the many worthwhile applications that relate to these
concepts.

e Applications of integration are covered in a separate chapter and
include a thorough coverage of probability (see pp. 367-429).

Coverage. Many aspects of the treatment and coverage in this text
have been commended by reviewers. The following are a few examples.

e Trouble areas in algebra are integrated into coverage of traditional
precalculus topics in Chapter 1.

e Relative maxima and minima and absolute maxima and minima are
covered in separate sections in Chapter 3 so that students always
understand which they are studying (see pp. 157-189).
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e Chapter 5 on techniques of integration includes a section on inte-
gration by tables, which will prepare students for using calculus in
real-life situations (see pp. 351-354).

e This text also includes a section on differential equations, coverage
of probability, and a chapter on trigonometric functions.

Pedagogical Features

Interactive approach. As each new section begins, its objectives
are stated in the margin. These can be spotted easily by the student, and
when the typical question, “What material am I responsible for?”, arises,
the objectives provide an answer. They may also help take the fear out
of the word “calculus.” In the margins on each page, sample, develop-
mental, and exploratory exercises are placed near the related text material.
As students work through the material, they are encouraged to do the
margin exercises. This involves them actively in the development of each
topic and gives them a deeper understanding of the material they are
studying. All margin exercises have answers in the text. It is recommended
that students work out all these problems, stopping to do them when the
text so indicates (see pp. 146 and 454).

Variety of Exercises

e Cualculator exercises. Exercises and examples geared to the use of a
calculator are included throughout the text, although students who
do not have a calculator can still achieve their goals. Calculator exer-
cises are highlighted by the symbol & (see pp. 206 and 240).

e FExtension exercises. Extension exercises are included in most exercise
sets and in all chapter tests. They require students to go beyond the
immediate objectives of the section or chapter, and are designed both
to challenge students and to make them think about what they are
learning (see pp. 149 and 346).

® Exploratory exercises. These are extended exercises that are included
in the exercise sets or in the margin exercises. They emphasize
analysis of data produced from sets of equations, home experiments,
or theoretical situations, and are designed to build students’ mathe-
matical experience and conceptual understanding (see pp. 280 and
314).

e Applications. A section of applied problems is included in most exer-
cise sets. These give the students extensive practice in applying the
material they are learning to real-life situations (see pp. 200 and
273).
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e Computer software exercises. Many exercises throughout Calculus can
be done on the computer using the software utilities package that
accompanies the text, Cactusplot, Student Edition. Step-by-step pro-
cedures for working out exercises designated with the symbol
are contained in the Cactusplot Student Supplement.

Tests and Reviews

e Summary and Review. New to this edition, the Summary and Review
section is found at the end of each chapter and is designed to provide
students with all the material they need for successful review. The
objectives of the chapter are summarized in boldface type and fol-
lowed by a set of review exercises. Answers are at the back of the
book, together with section references so that students can easily
find the correct material to restudy if they miss an exercise (see
pp. 153 and A-11).

e Test. Each chapter ends with a chapter test, which includes challenge
questions. There is a cumulative review at the end of the text, which
can also serve as a final examination; the answers to the chapter
tests and the cumulative review are at the back of the book. Four addi-
tional forms of each of the tests appear, ready for classroom use,
in the Instructor’s Manual, and six additional chapter tests are avail-
able in the Printed Test Bank. The Instructor’'s Manual also includes
four different forms of a very comprehensive final examination.

What's New in the Fourth Edition?

The style, format, and approach of the third edition have been retained
in this new edition, but the text has been polished in many places on
the basis of extensive reviewer feedback. New applications have been
added, and many of the former applications have been updated.

e A Summary and Review section has been added to the end of each
chapter (see the description above).

e In Chapter 2, the discussion of limits has been split into two sec-
tions, and is now presented before the material on continuity.

e In Chapter 3, the material on determining absolute maxima and
minima has been extensively revised, and is now presented in a
section separate from the discussion on relative maxima and minima.
Relative maxima and minima are now covered in Section 3.3, where
such concepts are directly useful to graphing functions.
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e Chapter 4 has been revised under the assumption that all students
have calculators and no longer need tables to find values of the
exponential and logarithmic functions.

e Chapter 5 now contains a complete definition of differential notation,
together with exercises to reinforce the concept. Integration by tables
is now covered in a separate section.

e In Section 6.2 the concept of continuous money flow replaces the
finite process of determining the amount of an annuity.

e In Chapter 7, finding function values for functions of several vari-
ables has been separated from finding partial derivatives to ease the
length of the first section.

e The trigonometry material in Chapter 8 has been related more di-
rectly to right triangles and degrees as well as to radians.

Supplements for the Instructor

Instructor’s Manual. The Instructor’s Manual contains four alter-
native test forms with answers for each chapter test and four compre-
hensive final examinations. The tests have been revised and are now
completely different from those for the first edition. The Instructor’s
Manual also has answers for the even-numbered exercises in the exercise
sets, which can be copied and handed out to students. The answers to
the odd-numbered exercises are at the back of the text.

Printed Test Bank. This contains over 1200 test items that have
been generated from Addison-Wesley's computerized test generator,
“AWTest.” The test bank items are arranged in a convenient chapter-test
format with six different tests for each chapter. Instructors can pick and
choose test items to create their own tests or tear out ready-to-use chapter
tests complete with answer sheets and answer keys.

Videotapes. Videotape reviews that cover important topics in the
book have been prepared. John Jobe of Oklahoma State University speaks
to students, works out examples, and provides lucid explanations. Al-
though the videotapes do not provide an entire course on television,
they have many uses, among which are to supplement lectures, to provide
partial lectures, and to offer self-study opportunities for students.

Software

® Computerized testing. “AWTest,” Addison-Wesley’s random-number
test-generating system, is available with this text for the IBM PC.
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Using AWTest, instructors can generate up to 99 variations of any
particular test with a few keystrokes. They can also choose test items
by number from a bank of over 200 test items or request tests to
be printed out in chapter-test format. AWTest will support almost
any completely compatible IBM PC printer.

e Computer Software Supplement. The Student Version of Cactusplot
Software by John Losse of Scottsdale Community College is available
exclusively with this text in both Apple II series and IBM PC versions.
Cactusplot is an easy-to-use software utilities package that can per-
form many mathematical operations, such as graphing functions,
processing tables, solving equations, and finding the area under
curves. A site license to the Student Version of Cactusplot is avail-
able from Addison-Wesley and is free to qualifying adopters.

Cactusplot is accompanied by a student software supplement
containing directions for solving several key exercises in each chap-
ter using a computer. These exercises are designated in the text by
the symbol f& The manual also gives the students additional
activities for each exercise, such as changing the parameters of a
graph, which are designed to strengthen their intuitive understanding
of the concepts involved. Cactusplot will also print out graphs during
the course of an exercise so that students can show their work to
their instructor. The Software Supplement is for sale to students at
a nominal cost.

The Student Version of Cactusplot is available only from
Addison-Wesley. A professional version of Cactusplot with many
enhanced capabilities is available directly from John Losse, The
Cactusplot Company, 1442 N. McAllister, Tempe, AZ 85281
(602) 945-1667.

Related Addison-Wesley Software Titles. The Calculus Toolkit is a
calculus utilities package available for the Apple II series and IBM PC.
It is designed to accompany Thomas/Finney's Calculus and Analytic
Geometry, Seventh Edition (Addison-Wesley, 1988), but can be used
with any calculus text. MathCAD, Student Edition is an electronic scratch-
pad for the IBM PC that allows you to write equations on the PC exactly
as you would on paper. MathCAD automatically calculates and displays
results as numbers or graphs. Lotus 1-2-3, Student Version is a fully
functional version of Lotus 1-2-3 with a 64-column-by-256-row spread-
sheet that includes all the database, calculating, and graphics capabilities
of Lotus 1-2-3 with teaching materials and enhancements particularly
suited for educational use. Contact your Addison-Wesley sales represen-
tative for more information about these titles.
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Supplements for the Student

Student’s Solutions Manual by Judith A. Beecher and Judith
A.Penna Complete worked-out solutions with extra hints and sugges-
tions are provided in this booklet for all odd-numbered problems in the
exercise sets. This supplement is available to instructors and is for sale
to students.
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INDEX OF
APPLICATIONS

Biology and Medicine
Acceptance of a new medicine, 263

Alcohol absorption and the risk of having an accident, 270,

273

Animal weight, 18
Bee’s cell, minimizing surface area of, 509
Biorhythms, 508
Blood pressure, 135
Brain weight, 47
Drug dosage, 292, 299, 350, 362, 389
Fever, see Temperature
Flights of homing pigeons, 203
Hair growth, 38
Healing wound, 134, 221, 227, 310
Maximum sustainable harvest, 213, 230, 231
Muscle weight, 47
Nerve impulse speed, 47
Poiseuille’s Law, 228, 339, 439
Reynolds number, 262
Sleep and death rate, 70, 468
Spread of an organism, 48
Temperature during an illness, 134, 135, 176, 501, 511, 521
Territorial area of an animal, 65
Tumor

rate of change, 227

spherical volume, 130, 221
Weight of fluids in a human, 76
Weight loss, 284

Business and Economics

Accumulated present value, 382, 383, 387-389, 426, 428

Accumulated sales, 328, 330, 365

Advertising results, 104, 135, 176, 259, 262, 263

Average cost, 133, 232

Average sales, 361

Cobb-Douglas production function, 444, 446, 476, 488

Consumer price index, 274, 286

Consumer’s surplus, 368-374, 426, 428

Continuous money flow, 375-377, 379, 426, 428. See also
Accumulated present value.

Cost, see Profit-and-loss analysis

Cost of a double-dip ice cream cone, 274

Cost of a first-class postage stamp, 275

Cost of a gallon of milk, 299

Cost of a Hershey bar, 275

Cost of a movie ticket, 274

Cost of a prime rib dinner, 298

Cost of a 60-second commercial during the Super Bowl, 272,
462

Cost of storage equipment, 433, 439

Cost of a ticket to a Broadway musical, 466, 487

Customer service, cost of, 177

Demand, 56, 76, 224. See also Elasticity of demand; Supply
and demand.

Depreciation, 49, 95, 292

Discounting, 381

Dividends and prime rate, 64
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Domar’s capital expansion model, 425
Effective annual yield, 275
Elasticity of demand, 292-297, 299, 300, 421, 425
Franchise expansion, 274, 298
Interest
annual rate, 273
compounded annually, 8, 11, 33, 148, 213, 240
compounded continuously, 267, 273, 298, 299, 375, 379
effective annual yield, 275
compounded n times per year, 9, 11, 148, 240
Inventory costs, minimizing, 204, 230, 231
Investment, 18, 47, 75, 346
Job opportunities, 274
Law of Equimarginal Productivity, 476
Loan payments, 11
Marginal analysis, 131-133, 139, 140, 156, 192, 203, 218,
221, 244, 263
Marginal productivity, 444, 446
Mortgage payments, 11
Present value, 286, 380, 383, 426
accumulated, 382, 383
Price-earnings ratio, 439
Producer’s surplus, 370-374, 426, 428
Profit-and-loss analysis, 45, 48, 49, 74, 76, 105, 106, 156,
189, 191, 200, 226, 227, 230, 231, 295, 307, 309,
319, 321, 330, 338, 357, 366, 424, 456, 458
Revenue, see Profit-and-loss analysis
Salary, average, of major-league baseball players, 275
Sales commissions, 49
Salvage value, 285
Stock
book value, predicting, 467
dividends, 380, 383, 389
and gold, 55
growth in value, 263, 425, 427, 429
yield, 439
Supply and demand, 62, 64, 285
Surplus, see Consumer’s surplus; Producer’s surplus
Taxes from each dollar earned, 68
Ticket pricing, 198
Total cost, 43, 71, 72. See also Profit-and-loss analysis.
Total profit, 19, 33. See also Profit-and-loss analysis.
Total sales, 72, 73, 488, 501, 511, 512, 516, 522
Two-variable revenue maximization, 458
Utility, 103, 425
Value of Manhattan Island, 275

Ecology
Electrical energy use, 350
Emission control, 337, 361
Energy conservation, 47
Home range of an animal, 59, 135
Natural resources
demand for, 274, 377, 380, 426, 428
depletion of, 378, 380, 426, 428
Population
decrease, 285, 286
growth, 269, 273, 274, 275, 286, 299, 468
Radioactive buildup, 383, 387, 388
Recycling
aluminum cans, 292
newspapers, 38
Territorial area, 135

Physical Sciences
Acceleration, 129, 152, 154, 308, 310
Atmospheric pressure, 284
Beer—Lambert Law, 285
Decay, 284

radioactive, 277, 279, 284, 298, 300
Earthquake intensity and magnitude, 290, 291
Harmonic motion, 505, 511, 521
Light intensity, 285
Newton’s Law of Cooling, 280-283, 285
Satellite location, 511
Satellite power, 284
Sound intensity and loudness, 291
Stopping distance on glare ice, 48, 134, 176
Temperature, 361
Uniform motion, 134
Velocity, 105, 128, 129, 154, 308, 310, 321, 330, 365
Wind chill temperature, 440
Wind speed of a tornado, 439

Social and Behavioral Sciences

Age and daytime driving accidents, 71
Brentano—Stevens Law, 423

Carbon dating, 278, 279, 280, 284, 286
Divorce rate, 106, 345

Efficiency of a machine operator, 310
Forgetting, 257, 262

Gravity model, 434

xiil



xiv INDEX OF APPLICATIONS

Heights, estimating (anthropology), 49

Hullian learning model, 263

Intelligence quotient, 439

Learning a maze, 401

Marriage rate, 106

Median age of women at first marriage, 48, 134, 176
Memory, 104, 156, 310, 331, 338

Population, 18, 47, 105, 130, 134, 152, 154, 209, 266, 362
Practice, results of, 362

Stimulus, reaction to, 422

Studying, results of, 362

Telephone call duration, 400

Time required to produce a product, 331
Transportation planning, 399, 400

Travel speed and nighttime accidents, 72, 176
Typing speed, 366

Walking speed, 262

Weber—Fechner Law, 422

General Interest

Beverage can problem, 472

Cost of operating a car, 176

Earned-run average, 93

Enrollment, predicting, 487

Exam scores, predicting, 467

Failure, time to of a machine, 401
Gasoline mileage, 106

Life insurance in force, 459, 464
Minimizing travel time in a building, 476
Number of objects in a pile, 65

Postage function, 89

Probability, 389-411, 426, 428, 484, 486
Reliability of a machine, 401

Roller coaster layout, 511, 516

VCR counter readings, 72

View to the horizon, 134

World record in the mile, 467



CONTENTS

ALGEBRA REVIEW, FUNCTIONS, AND MODELING

1.1
1.2
13
1.4
1.5
1.6

Exponents, Multiplying, and Factoring 2
Equations, Inequalities, and Interval Notation 12
Graphs and Functions 20

Straight Lines and Linear Functions 34

Other Types of Functions 50

Mathematical Modeling 65

Summary and Review 73

Test 75

DIFFERENTIATION

2.1  Limits and Continuity 78

2.2 More on Limits 90

23  Average Rates of Change 96

2.4 Differentation Using Limits 107

2.5 Differentiation Techniques: The Power and
Sum-Difference Rules 118

2.6  Applications and Rates of Change 128

77



xvi CONTENTS

2.7 Differentiation Techniques: The Product and
Quotient Rules 136

2.8 The Chain Rule 141

2.9 Higher-Order Derivatives 149
Summary and Review 153
Test 155

3

APPLICATIONS OF DIFFERENTIATION 157

3.1  Using First Derivatives to Find Absolute
Maximum and Minimum Values 158
3.2 Using Second Derivatives to Find Absolute
Maximum and Minimum Values 166
3.3  Relative Maxima and Minima and Graph Sketching 177
34 Maximum—-Minimum Problems 189
3.5 Business Applications: Minimizing Inventory Costs 204
3.6 A Biological Application: Maximum Sustainable Harvest =~ 209
3.7 Differendals 215
3.8  Implicit Differentiation and Related Rates 228
Summary and Review 229
Test 231

EXPONENTIAL AND LOGARITHMIC FUNCTIONS 233

4.1  Exponential Functions 234

4.2  Logarithmic Functions 245

4.3  Applications: The Uninhibited Growth Model,
dP/dt =kP 264

4.4  Applications: Decay 276

4.5  The Derivatives of ¢* and log, x 286

4.6  An Economic Application: Elasticity of Demand 292
Summary and Review 297
Test 299




CONTENTS

5

INTEGRATION

5.1 The Antiderivative 302

52 Area 311

5.3 Integration on an Interval: The Definite Integral
5.4  The Definite Integral: The Area Between Curves
5.5 Integration Techniques: Substitution 339

5.6 Integration Techniques: Integration by Parts 347

5.7 Integration Techniques: Using Tables 351
5.8  The Definite Integral as a Limit of Sums 354
Summary and Review 363
Test 365

APPLICATIONS OF INTEGRATION

6.1  Economic Application: Consumer’s Surplus and
Producer’s Surplus 368

6.2  Applications of the Model (¢ Pye¥dt 374

6.3  Applications of the Model [§ Pe™*dt 380

6.4 Improper Integrals 384

6.5 Probability 389

xvii
301
322
332
367

6.6  Probability: Expected Value; The Normal Distribution 401

6.7 Volume 412
6.8 Differental Equations 415

Summary and Review 425

Test 428
FUNCTIONS OF SEVERAL VARIABLES

7.1  Functions of Several Variables 432

7.2 Partial Derivatives 440

7.3 Higher-Order Partial Derivatives =~ 447

74  Maximum—Minimum Problems 450

7.5  An Application: The Least-Squares Technique

431

459



Xviil

CONTENTS

7.6

7.7
7.8

Constrained Maximum and Minimum Values:

LaGrange Multipliers 468

An Application: Minimizing Travel Time in a Building

Multiple Integration 481
Summary and Review 486
Test 488

TRIGONOMETRIC FUNCTIONS

8.1
82
83
8.4

Introduction to Trigonometry 490
Derivatives of the Trigonometric Functions
Integration of the Trigonometric Functions
Inverse Trigonometric Functions 517
Summary and Review 520

Test 522

CUMULATIVE REVIEW 523
TABLE 1  Integration Formulas 527

TABLE 2

ANSWERS A-1
INDEX A-37

502
512

Areas for a Standard Normal Distribution

476

489

529



