
Contents

Preface xi

PRELIMINARY CONCEPTS 1

1.1 Introduction 1 / 1.2 Sets 3 / 1.3 The Real Number
System 6 / 1.4 The Square Root of a Real Number 11 /
1.5 The Absolute Value of a Real Number 12 / 1.6 Opera¬
tions Involving Zero 13 / 1.7 Intervals 13 / 1.8 Equations
and Inequalities 15 / 1.9 Functions 19 / 1.10 The Alge¬
bra of Functions 25 / 1.11 Mathematical Induction 28

CHAPTER

1

ELEMENTS OF PLANE ANALYTIC GEOMETRY 32 CHAPTER

2.1 Rectangular Coordinates 32 / 2.2 Distance between
Two Points 33 / 2.3 Graph of a Function 36 / 2.4 Inverse
of a Function 40 / 2.5 Implicit Functions 42 / 2.6 In¬
clination and Slope of a Line 47 / 2.7 The Slope Formula
48 / 2.8 Parallel Lines 49 / 2.9 Angle between Two
Lines 49 / 2.10 Perpendicular Lines 50 / 2.11 Midpoint
Formulas 52 / 2.12 Graph of an Equation 54 / 2.13 Equa¬
tion of a Graph 55 / 2.14 Equation of a Straight Line 56 /
2.15 Graph of a Linear Equation 59 / 2.16 Intersection of
Two Graphs 59 / 2.17 One-Parameter Family of Curves 61 /
2.18 Distance between a Point and a Line 64 / 2.19 An¬
alytic Proofs of Geometric Theorems 67



VI Contents

CHAPTER THE DIFFERENTIAL CALCULUS 70

3.1 Limit of a Function 70 / 3.2 Continuity 85 / 3.3 De¬
rivative of a Function 91 / 3.4 Geometrical Interpretation of
the Derivative—Tangent to a Curve 96 / 3.5 Differentiation
Formulas 103 / 3.6 Composite Functions—Chain Rule
107 / 3.7 Higher Derivatives 111 / 3.8 Implicit Dif¬
ferentiation 114 / 3.9 Derivative of an Inverse Function
116 / 3.10 Differential of a Function 118 / 3.11 Increas¬
ing and Decreasing Functions 123 / 3,12 Maximum and
Minimum Values of a Function 124 / 3.13 Rolle’s Theorem
128 / 3.14 Mean-Value Theorem 129 / 3.15 The Inter¬
mediate-Value Theorem 133

CHAPTER

CHAPTER

APPLICATIONS OF DIFFERENTIAL CALCULUS 136

4.1 Rectilinear Motion 136 / 4.2 Use of the First Derivative
in Curve Sketching 140 / 4.3 Relative Maxima and Minima
141 / 4.4 Use of the Second Derivative 145 / 4.5 Further
Use of the Second Derivative—Concavity and Points of In¬
flection 147 / 4.6 Applied Maxima and Minima 152 / 4.7
Related Rates 157 / 4.8 Approximations 162 / 4.9 The
Newton-Raphson Method 166

THE INTEGRAL CALCULUS 171

5.1 Introduction 171 / 5.2 Sequences 172 / 5.3 Summa¬
tion Notation 179 / 5.4 Area Under a Curve and the
Definite Integral 181 / 5.5 General Definition of an Integral
187 / 5.6 Properties of the Definite Integral 193 / 5.7
Volume Interpretation of an Integral 198 / 5.8 The First
Fundamental Theorem of Calculus 200 / 5.9 The Second
Fundamental Theorem of Calculus 205 / 5.10 Leibniz’s
Notation for the General Antiderivative 210

CHAPTER APPLICATIONS OF INTEGRAL CALCULUS 214

6.1 Areas Bounded by Curves 214 / 6.2 Volumes by the
Moving Cross-Section Method (or Slab Method) 218 / 6.3
Volumes by the Cylindrical-Shell Method 223 / 6.4 Arc
Length 227 / 6.5 Areas of Surfaces of Revolution 232 /
6.6 Average Value 236 / 6.7 Work 241 / 6.8 Antideriv¬
atives—an Application of Differential and Integral Calculus
244



Contents

GRAPH OF AN EQUATION 252

7.1 Intercepts 252 / 7.2 Symmetry—Even and Odd Func¬
tions 253 / 7.3 Extent of a Curve 256 / 7.4 Use of the
First and Second Derivatives 257 / 7.5 Asymptotes 257 /
7.6 Use of a Computer 259 / 7.7 Composition of Ordinates
262 / 7.8 Factorable Equations 264 / 7.9 Summary on
Graphing Equations 267 / 7.10 Graph of an Inequality 270

AN EQUATION OF A GRAPH 272

8.1 The Circle 272 / 8.2 Translation of Axes 277 / 8.3
The Parabola 279 / 8.4 The Ellipse 285 / 8.5 The Hyper¬
bola 290 / 8.6 Rotation of Axes 297 / 8.7 The General
Quadratic Equation 299 / 8.8 An Equation of a Conic 303 /
8.9 Equations of Miscellaneous Graphs 305

TRIGONOMETRIC AND INVERSE TRIGONOMETRIC
FUNCTIONS 307

9.1 Trigonometric Functions of a Real Variable 307 / 9.2 An
Important Limit 309 / 9.3 Continuity of the Trigonometric
Functions 312 / 9.4 The Derivative of the Sine Function
313 / 9.5 Derivatives of the Other Trigonometric Func¬
tions 314 / 9.6 Graphs Involving Trigonometric Functions
319 / 9.7 The Inverse Trigonometric Functions 322 /
9.8 Derivatives of the Inverse Trigonometric Functions 325

THE LOGARITHMIC AND EXPONENTIAL FUNCTIONS 331

10.1 The Logarithmic Function 331 / 10.2 The Inverse
Logarithmic or Exponential Function 338 / 10.3 The
General Exponential Function 343 / 10.4 The Number e
Expressed as a Limit 344 / 10.5 The General Logarithmic
Function 345 / 10.6 Logarithmic Differentiation 349

TECHNIQUES OF INTEGRATION 352

11.1 Basic Formulas 352 / 11.2 Trigonometric Integrals
357 / 11.3 Integration by Parts 361 / 11.4 Integration
by Change of Variable 365 / 11.5 Trigonometric Substitu¬
tion 369 / 11.6 Integration by Partial Fractions 373 /
11.7 Integrals Involving Quadratic Polynomials 377 / 11.8

vii

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER



Contents

Wallis’s Formulas 378 / 11.9 Use of a Table of Integrals
381 / 11.10 Improper Integrals 383 / 11.11 Approximate
Integration 387

CHAPTER

mm

CHAPTER

PARAMETRIC EQUATIONS 392

12.1 Parametric Representation of a Curve 392 / 12.2 Der¬
ivation of Parametric Equations 395 / 12.3 Parametric
Equations and Integrals 399

POLAR COORDINATES 406

13.1 Definition of Polar Coordinates 406 / 13.2 Relations
between Polar and Rectangular Coordinates 407 / 13.3
Graph of a Polar Equation 408 / 13.4 Tangents to Polar
Curves 415 / 13.5 Polar Equation of a Graph 422 7 13.6
Polar Equation of a Conic 425 / 13.7 Arc Length of a Polar
Curve 428 / 13.8 Intersections of Polar Curves 430 /
13.9 Area in Polar Coordinates 431

CHAPTER HYPERBOLIC FUNCTIONS 436

14.1 Definitions 436 / 14.2 Identities 436 / 14.3 Differen¬
tiation and Integration Formulas 437 / 14.4 Relation to the
Equilateral Hyperbola 438 / 14.5 The Inverse Hyperbolic
Functions 440 / 14.6 Derivatives of the Inverse Hyperbolic
Functions 441 / 14.7 Integrals Involving Inverse Hyper¬
bolic Functions 442

CHAPTER VECTOR TREATMENT OF THREE-DIMENSIONAL
ANALYTIC GEOMETRY 445

15.1 Three-Dimensional Rectangular Coordinates 445 /
15.2 Distance between Two Points 446 / 15.3 Vectors 448 /
15.4 Vector Algebra 450 / 15.5 The Three Unit Coordinate
Vectors 454 / • 15.6 The Dot Product of Two Vectors 455 /
15.7 The Cross Product of Two Vectors 458 / 15.8 Equation
of a Plane 461 / 15.9 Straight Lines 465 / 15.10 Surfaces
469 / 15.11 Vector Functions 476 / 15.12 Derivative of
a Vector Function 476 / 15.13 Plane Curvilinear Motion
478 / 15.14 Tangential and Normal Components of Accel¬
eration 482 / 15.15 Curvature Formula 483 / 15.16
Space Curves 486 / 15.17 Curvilinear Motion in Three
Dimensions 488



Contents IX

FUNCTIONS OF TWO OR MORE VARIABLES 491

16.1 Definitions 491 / 16.2 Limit of a Function of Two
Variables—Continuity 492 / 16.3 Partial Derivatives 496 /
16.4 Partial Derivatives of Higher Order 498 / 16.5 A
Differentiable Function of Two Variables 500 / 16.6 The
Differential of a Function of Two Variables 501 / 16.7 Plane
Tangent to a Surface 504 / 16.8 The Chain Rule for Func¬
tions of More Than One Variable 507 / 16.9 Directional
Derivative and Gradient Vector 509 / 16.10 Level Surfaces
513 / 16.11 Directional Derivative and Gradient of a
Function of Two Variables 514 / 16.12 Implicit Functions
517 / 16.13 Maxima and Minima 520

CHAPTER

MULTIPLE INTEGRALS 526

17.1 Volume under a Surface 526 / 17.2 Definition of a
Double Integral 528 / 17.3 Iterated Integrals 531 / 17.4
Double Integrals Using Polar Coordinates 535 / 17.5 Mass
of a Plane Lamina 540 / 17.6 First Moment and Center of
Mass 542 / 17.7 Moment of Inertia 547 / 17.8 Surface
Area 552 / 17.9 Definition of a Triple Integral 555 /
17.10 Cylindrical Coordinates 559 / 17.11 Applications of
Triple Integrals 561 / 17.12 Spherical Coordinates 566

CHAPTER

INDETERMINATE FORMS 570

18.1 Limit of a Quotient 570 / 18.2 The Generalized Mean-
Value Theorem (Theorem of Cauchy) 571 / 18.3 L’Hopital’s
Rule 572 / 18.4 The Indeterminate Forms 0°, °°°, and 1" 578

INFINITE SERIES 581

19.1 The Sum of an Infinite Series 581 / 19.2 Series of Non¬
negative Terms 587 / 19.3 The Ratio Test 593 / 19.4
Series of Arbitrary Terms 595 / 19.5 Power Series 601 /
19.6 Maclaurin’s and Taylor’s Series 605 / 19.7 Taylor’s
Formula with Remainder 610 / 19.8 Operations on Power
Series 620

CHAPTER

1 «

CHAPTER

DIFFERENTIAL EQUATIONS 629 CHAPTER

20.1 Introduction 629 / 20.2 Exact Equations 635 /
20.3 Separation of Variables 638 / 20.4 Homogeneous First-



Contents

Order Equations 639 / 20.5 First-Order Linear Equations
641 / 20.6 Applications of First-Order Differential Equa¬
tions 644 / 20.7 Geometrical Interpretation of Differential
Equations 650 / 20.8 Second-Order Linear Equations 653 /
20.9 Homogeneous Second-Order Linear Equations with
Constant Coefficients 657 / 20.10 Nonhomogeneous Second-
Order Equations 660 / 20.11 Applications of Second-Order
Equations 663

APPENDIXES

A. Formulas from Geometry, Trigonometry, and Algebra 677
B. Table of Integrals 679
C. Tables 685

Answers to Odd-Numbered Problems 689

675

Index 713


	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]
	[Seite 5]
	[Seite 6]


