contents

CHAPTER 1. COORDINATES, GRAPHS, LINES |

1.1
1.2
1.3
1.4
1.5
1.6

Real Numbers, Sets, and Inequalities (A Review)
Absolute Value

Coordinate Planes; Distance; Graphs

Slope of a Line

Equations of Straight Lines

Circles; Equations of the Form y = ax? + bx + ¢

CHAPTER 2. FUNCTIONS AND LIMITS 56

2.1
2.2
23
2.4
2.5
2.6
2.7

Functions

Graphs of Functions

Operations on Functions

Limits (An Intuitive Introduction)
Limits (Computational Techniques)
Limits: A Rigorous Approach (Optional)
Continuity

CHAPTER 3. DIFFERENTIATION 129

3.1
3.2
3.3
3.4
3.5
3.6

Tangent Lines and Rates of Change
The Derivative

Techniques of Differentiation

The Chain Rule

Implicit Differentiation

A-Notation; Differentials

15
23
34
42
48

56
66
76
82
94
107
117

129
139
149
163
173
181



XX CONTENTS

CHAPTER 4. APPLICATIONS OF DIFFERENTIATION 194

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11

CHAPTER 5. INTEGRATION

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9

Related Rates

Intervals of Increase and Decrease; Concavity
Relative Extrema; First and Second Derivative Tests
Sketching Graphs of Polynomials and Rational Functions
Other Graphing Problems

Maximum and Minimum Values of a Function
Applied Maximum and Minimum Problems

More Applied Maximum and Minimum Problems
Newton’s Method (Optional)

Rolle’s Theorem; Mean-Value Theorem

Motion Along a Line (Rectilinear Motion)

279

Introduction

Antiderivatives; The Indefinite Integral

Integration by Substitution

Sigma Notation

Areas as Limits

The Definite Integral

The First Fundamental Theorem of Calculus
Evaluating Definite Integrals by Substitution

The Mean-Value Theorem for Integrals; The Second
Fundamental Theorem of Calculus

CHAPTER 6. APPLICATIONS OF THE DEFINITE INTEGRAL 348

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8

Area Between Two Curves

Volumes by Slicing; Disks and Washers
Volumes by Cylindrical Shells

Length of a Plane Curve

Area of a Surface of Revolution

Application of Integration to Rectilinear Motion
Work

Liquid Pressure and Force

CHAPTER 7. LOGARITHM AND EXPONENTIAL FUNCTIONS 399

7.1
7.2
73

Inverse Functions
Logarithms and Irrational Exponents (An Overview)
The Natural Logarithm

194
202
207
214
999
227
238
252
258
264
270

279
282
289
296
304
312
322
329

353

348
355
364
371
376
380
387
392

399
410
416



CONTENTS  XXi

7.4 Irrational Exponents; The Number e;

The Functions a* and ¢* 427
7.5 Limits and Graphs Involving Exponentials and Logarithms 437
7.6  First-Order Differential Equations and Applications 443

CHAPTER 8. TRIGONOMETRIC AND HYPERBOLIC FUNCTIONS 460

8.1 Limits and Continuity of Trigonometric Functions 460
8.2  Derivatives of Trigonometric Functions 470
8.3 Integrals of Trigonometric Functions 485
8.4 Inverse Trigonometric Functions 493
8.5 Derivatives and Integrals Involving Inverse Trigonometric
Functions 501
8.6 The Hyperbolic Functions 507
8.7 Inverse Hyperbolic Functions 514

CHAPTER 9. TECHNIQUES OF INTEGRATION 525

9.1 A Brief Review 525
9.2 Integration by Parts 527
9.3 Integrating Powers of Sine and Cosine 536
9.4 Integrating Powers of Secant and Tangent 543
9.5 Trigonometric Substitutions ' 548
9.6 Integrals Involving ax® + bx + ¢ 554
9.7 Integrating Rational Functions; Partial Fractions 557
9.8 Miscellaneous Substitutions (Optional) 567
9.9 Numerical Integration; Simpson’s Rule 572

CHAPTER 10. IMPROPER INTEGRALS; L’HOPITAL’S RULE 583

10.1  Improper Integrals 583
10.2 L’Hopital’s Rule (Indeterminate Forms of Type 0/0) 591

10.3  Other Indeterminate Forms <§ 0-, 00 00 1% 00— oo) 599

CHAPTER 11. INFINITE SERIES 609
11.1  Sequences 609
11.2  Monotone Sequences 618
11.3  Infinite Series 627
11.4 Convergence; The Integral Test 636
11.5  Additional Convergence Tests 645

11.6  Applying the Comparison Test 652



xXii  CONTENTS

11.7
11.8
11.9
11.10

11.11
11.12

Alternating Series; Conditional Convergence
Power Series

Taylor and Maclaurin Series

Taylor Formula with Remainder;

Convergence of Taylor Series

Computations Using Taylor Series
Differentiation and Integration of Power Series

CHAPTER 12. TOPICS IN ANALYTIC GEOMETRY 721

12.1
12.2
12.3
12.4
12.5

Introduction to the Conic Sections

The Parabola; Translation of Coordinate Axes
The Ellipse

The Hyperbola

Rotation of Axes; Second Degree Equations

CHAPTER 13. POLAR COORDINATES AND PARAMETRIC EQUATIONS

13.1
13.2
13.3
13.4
13.5

Polar Coordinates

Graphs in Polar Coordinates
Area in Polar Coordinates
Parametric Equations

Tangent Lines and Arc Length
in Polar Coordinates (Optional)

CHAPTER 14. THREE-DIMENSIONAL SPACE; VECTORS 805

14.1

14.2
14.3
14.4
14.5
14.6
14.7
14.8

Rectangular Coordinates in 3-Space; Spheres;
Cylindrical Surfaces

Vectors

Dot Product; Projections

Cross Product

Parametric Equations of Lines

Planes in 3-Space

Quadric Surfaces

Spherical and Cylindrical Coordinates

CHAPTER 15. VECTOR-VALUED FUNCTIONS 885

15.1
15.2
15.3

Introduction to Vector-Valued Functions
Limits and Derivatives of Vector-Valued Functions
Integration of Vector-Valued Functions; Arc Length

661
672
679

689
701
709

121
722
731
738
747

759
765
775
782

795

805
814
826
838
848
855
864
876

885
893
903



CHAPTER 16.

CHAPTER 17.

CHAPTER 18.

15.4
15.5
15.6

CONTENTS

Unit Tangent and Normal Vectors
Curvature
Motion Along a Curve

PARTIAL DERIVATIVES 947

16.1
16.2
16.3
16.4

16.5
16.6
16.7
16.8

16.9
16.10

Functions of Two or More Variables

Limits and Continuity

Partial Derivatives

Differentiability and Chain Rules for Functions

of Two Variables

Tangent Planes; Total Differentials for Functions

of Two Variables

Directional Derivatives and Gradients for Functions
of Two Variables

Differentiability, Directional Derivatives, and Gradients
for Functions of Three Variables

Functions of n Variables; More on the Chain Rule
Maxima and Minima of Functions of Two Variables
Lagrange Multipliers

MULTIPLE INTEGRALS 1059

TOPICS

17.1
17.2
17.3
17.4
17.5
17.6
17.7

Double Integrals

Double Integrals Over Nonrectangular Regions

Double Integrals in Polar Coordinates

Surface Area

Triple Integrals

Centroids, Centers of Gravity, Theorem of Pappus
Triple Integrals in Cylindrical and Spherical Coordinates

IN VECTOR CALCULUS 1139

18.1
18.2
18.3
18.4
18.5
18.6
18.7
18.8

Line Integrals

Line Integrals Independent of Path
Green’s Theorem

Introduction to Surface Integrals
Surface Integrals of Vector Functions
The Divergence Theorem

Stokes’ Theorem

Applications

XXiii

914
920
930

947
962
92

983

998

1007

1017
1025
1033
1048

1059
1070
1081
1090
1096
1106
1122

1139
1150
1161
1167
1179
1188
1196
1202



xxiv.  CONTENTS

CHAPTER 19. SECOND-ORDER DIFFERENTIAL EQUATIONS 1195

19.1 Second-Order Linear Homogeneous Differential Equations

with Constant Coefficients 1195
19.2 Second-Order Linear Nonhomogeneous Differential

Equations with Constant Coefficients;

Undetermined Coefficients 1219
19.3  Variations of Parameters 1226
19.4  Vibration of a Spring 1230

APPENDIX 1. TRIGONOMETRY REVIEW Al
APPENDIX 2. SUPPLEMENTARY MATERIAL A27
APPENDIX 3. TABLES AS59

ANSWERS A65

INDEX I1



