Contents

Preface

Introduction 1

0.1
0.2
0.3
04
0.5
0.6
0.7
0.8

11
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10

Sets and Subsets 1
Combining Sets 4

The Number Systems 13
Order and Absolute Value 23
Relations and Functions 29
Introductory Logic 39
Algebraic Structures 46

The Calculus 52

Chapter 1
Vectors in the plane 57

Vector 57

Vector Addition 58

Multiplication by a Scalar 61

The Unit Vectors i and j 68

Inner Product of Two Vectors 78

Computations by Vectors in the Plane 85
Parametric Equations for Curves in the Plane 91
The Polar Coordinate System 101

The Graphs of Relations in Polar Coordinates 104
Conversion of Equations 107



x CONTENTS

2.1
2.2

31
3.2
33
34
35
3.6
3.7
38

4.1
4.2
4.3

5.1
5.2
53
54

6.1
6.2

Chapter 2
Vectors in three-space 111
A Coordinate System in Three-space 111
The Unit Vectors i, j, and k 113
Chapter 3

The algebra of vectors 125

Vector Space 125

Linear Combinations 127

Linear Dependence and Linear Independence
Geometric Applications 136
Determinants of Order Two 139
Determinants of Order Three 145
Cramer’s Rule and Homogeneous Equations
Determinants of Order n 158

Chapter 4
The outer product 165

The Product A X B 165
The Distributive Law 171
The Evaluation of the Outer Product 173
Chapter 5
Planes and lines 177
Planes 177
Lines 182
Relationships for Lines and Planes 185
Computations by Vectors 193
Chapter 6

Triple products 201

The Scalar Triple Product 201
The Vector Triple Product 204

127

154



71
7.2
73
7.4
1.5
7.6
1.7

8.1
8.2
83

9.1
9.2
9.3
9.4
9.5
9.6
9.7

10.1
10.2
10.3
104
10.5

CONTENTS  xi

Chapter 7
Surfaces 211

The Sphere 211

The Quadric Surfaces 214
Cylinders 224

Surfaces of Revolution 226
Transformations 227

Parametric Form for Surfaces 230
Families 232

Chapter 8
The algebra of matrices 235

Introduction 235
Special Types of Matrices 238
Matrix Algebra 242

Chapter 9

Systems of linear equations 261

Equivalent Systems of Equations 261
The Mapping Determinant 265

Inverse of a Square Matrix 268
Elementary Operations 275

The Rank of a Matrix 280

General Systems of Linear Equations 285
Homogeneous Linear Equations 289

Chapter 10

Linear transformations 293

Transformation of Coordinates 293

The Linear Transformation 300
Operations on Linear Transformations 303
Inverse Transformations 306

Other Linear Transformations 311



xii

11.1
11.2
113
114

121
12.2
12.3
124
12.5
12.6
12.7
12.8

13.1
13.2
13.3
134
13.5

14.1
14.2
14.3
144
14.5
14.6
14.7

CONTENTS

Chapter 11

Differential vector calculus for curves 315

Vector Functions of a Single Variable 315

Limits, Continuity, and Differentiation 316

Unit Tangent Vector, Unit Normal Vector, and Curvature
Velocity and Acceleration Vectors 336

Chapter 12

Scalar functions of several variables 341

Limits and Continuity 341

Partial Differentiation 343

The Total Differential 347

Differentiation of Composite Functions 351
Derivatives of Higher Order 355

Implicit Functions—Jacobians 359

Inverse Functions—Jacobian of the Transformation
Exact Differentials 368

Chapter 13

Vector differential calculus for surfaces 373 \

The Directional Derivative 373

The Gradient Vector 379

The Tangent Plane and Normal Line 384
Maximum and Minimum Values of f(x,y) 394
Divergence and Curl of a Vector Function 402

Chapter 14
Multiple integrals 407
The Double Integral 407

The Region of Integration 410
Iterated Double Integrals 412

Applications and Properties of the Double Integral 419

Change of Variable—Polar Transformation 423
Triple Integrals 428
Cylindrical and Spherical Transformations 431

323



CONTENTS  xiii

Chapter 15

Vector integral calculus 437
15.1 Line Integrals in the Plane 437
15.2 Green’s Theorem 444
15.3 Independence of Path 451
15.4 Surface Area 461
15.5 Surface Integrals 468
15.6 Divergence Theorem 478
15.7 Stokes’ Theorem 481
Answers 489
Index 523



