
Preface ix

Chapter 1 Limits 1
1.1 Introduction 1
1.2 Variables and functions 6
1.3 Limits and functions 17
1.4 Rate of change 24
1.5 Limits and continuity 34
1.6 Tangents and derivatives 44
1.7 Sequences 49
1.8 Series 53
1.9 Area 58
1.10 Integration 66
1.11 Continuity and approximate methods
1.12 Units and dimensions 84

Chapter 2 Differentiation 89
2.1 The derivative 89
2.2 Formulas for differentiation 96
2.3 Higher derivatives: stationary points
2.4 Applications: rates and differentials
2.5 Applications: maxima and minima
2.6 Implicit and inverse functions 139
2.7 The mean-value theorem 150
2.8 The exponential function 161
2.9 Logarithms 172
2.10 Numerical methods 181
2.11 Integration and other matters 194

Chapters Integration 201
3.1 The integral 201
3.2 Fundamental theorem 216
3.3 Techniques of integration: I 227



vi CONTENTS

3.4 Techniques of integration: II 236
3.5 Techniques of integration: HI 246
3.6 Area and arc length 258
3.1 Volumes and surfaces of revolution 269
3.8 Physical applications 279
3.9 Improper integrals 288
3.10 Approximate methods 297
3.11 Special techniques 308

Chapter 4 Series 321
4.1 Fundamentals 321
4.2 Convergence tests 330
4.3 Taylor series 340
4.4 Applications: calculations; 353
4.5 Asymptotic series 366
4.6 Symbolic methods 372
4.7 Numerical formulas 381
4.8 Differential equations 388

Chapter 5 Vectors 403
5.1 Basic concepts 403
5.2 Differentiation of vectors
5.3 Scalar products 420
5.4 Vector products 425
5.5 Higher-order products
5.6 Geometrical applications
5.7 Properties of curves 4
5.8 Planetary motion 466

Chapter 6 Partial Differentiation 479
6.1 Preliminaries 479
6.2 Partial derivatives 488
6.3 Increments and differentials 495
6.4 Directional derivatives and the gradient 506
6.5 The chain rule 514
6.6 Functions with parameters 524
6.7 Implicit functions 537
6.8 Taylor’s formula and approximate methods 544
6.9 Maxima and minima problems 552
6.10 Numerical methods 573

Chapter 7 Multiple Integrals 585
7.1 Double integrals; iterated integrals 585
7.2 Polar coordinates and change of variables 598
7.3 Triple integrals 610
7.4 Surface integrals 625
7.5 Applications 639
7.6 Approximate methods 652



Chapter 8 Vector Calculus 665
8.1 Vector fields 665
8.2 Line integrals 675
8.3 Vector operators 687
8.4 Vector identities 700
8.5 The divergence theorem 711
8.6 The theorems of Green and Stokes
8.7 Fluid motion 736

Appendix 743
A.l Some algebraic formulas 743
A. 2 Determinants 744
A.3 Some trigonometric formulas 745
A.4 Analytic geometry 747
A. 5 Integrals 748
A.6 Vector formulas 752

Answers to Odd-numbered Exercises

Index 829


