
Contents

About the Author v

Preface to the Instructor xvi

WileyPLUS xxii

Acknowledgments xxiii

Preface to the Student xxvi

1 The Real Numbers 1

1.1 The Real Line 2

Construction of the Real Line 2

Is Every Real Number Rational? 3

Problems 6

1.2 Algebra of the Real Numbers 7

Commutativity and Associativity 7

The Order of Algebraic Operations 8

The Distributive Property 10

Additive Inverses and Subtraction 11

Multiplicative Inverses and the Algebra of Fractions 13

Symbolic Calculators 16

Exercises, Problems, and Worked-out Solutions 19

1.3 Inequalities, Intervals, and Absolute Value 24

Positive and Negative Numbers 24

Lesser and Greater 25

Intervals 27

Absolute Value 30

Exercises, Problems, and Worked-out Solutions 33

Chapter Summary and Chapter Review Questions 40

vi



Contents vii

2 Combining Algebra and Geometry 41

2.1 The Coordinate Plane 42

Coordinates 42

Graphs of Equations 44

Distance Between Two Points 46

Length, Perimeter, and Circumference 48

Exercises, Problems, and Worked-out Solutions 50

2.2 Lines 57

Slope 57

The Equation of a Line 58

Parallel Lines 61

Perpendicular Lines 62

Midpoints 64

Exercises, Problems, and Worked-out Solutions 66

2.3 Quadratic Expressions and Conic Sections 75

Completing the Square 75

The Quadratic Formula 77

Circles 79

Ellipses 81

Parabolas 83

Hyperbolas 85

Exercises, Problems, and Worked-out Solutions 88

2.4 Area 98

Squares, Rectangles, and Parallelograms 98

Triangles and Trapezoids 99

Stretching 101

Circles and Ellipses 102

Exercises, Problems, and Worked-out Solutions 105

Chapter Summary and Chapter Review Questions 115

3 Functions and Their Graphs 117

3.1 Functions 118

Definition and Examples 118

The Graph of a Function 121

The Domain of a Function 124

The Range of a Function 126



viii Contents

Functions via Tables 128

Exercises, Problems, and Worked-out Solutions 129

3.2 Function Transformations and Graphs 142

Vertical Transformations: Shifting, Stretching, and Flipping 142

Horizontal Transformations: Shifting, Stretching, Flipping 145

Combinations of Vertical Function Transformations 149

Even Functions 152

Odd Functions 153

Exercises, Problems, and Worked-out Solutions 154

3.3 Composition of Functions 165

Combining Two Functions 165

Definition of Composition 166

Order Matters in Composition 169

Decomposing Functions 170

Composing More than Two Functions 171

Function Transformations as Compositions 172

Exercises, Problems, and Worked-out Solutions 174

3.4 Inverse Functions 180

The Inverse Problem 180

One-to-one Functions 181

The Definition of an Inverse Function 182

The Domain and Range of an Inverse Function 184

The Composition of a Function and Its Inverse 185

Comments About Notation 187

Exercises, Problems, and Worked-out Solutions 189

3.5 A Graphical Approach to Inverse Functions 197

The Graph of an Inverse Function 197

Graphical Interpretation of One-to-One 199

Increasing and Decreasing Functions 200

Inverse Functions via Tables 203

Exercises, Problems, and Worked-out Solutions 204

Chapter Summary and Chapter Review Questions 209

4 Polynomial and Rational Functions 213

4.1 Integer Exponents 214

Positive Integer Exponents 214



Contents ix

Properties of Exponents 215

Defining x0 217

Negative Integer Exponents 218

Manipulations with Exponents 219

Exercises, Problems, and Worked-out Solutions 221

4.2 Polynomials 227

The Degree of a Polynomial 227

The Algebra of Polynomials 228

Zeros and Factorization of Polynomials 230

The Behavior of a Polynomial Near ±∞ 234

Graphs of Polynomials 237

Exercises, Problems, and Worked-out Solutions 239

4.3 Rational Functions 245

Ratios of Polynomials 245

The Algebra of Rational Functions 246

Division of Polynomials 247

The Behavior of a Rational Function Near ±∞ 250

Graphs of Rational Functions 253

Exercises, Problems, and Worked-out Solutions 255

4.4 Complex Numbers 262

The Complex Number System 262

Arithmetic with Complex Numbers 263

Complex Conjugates and Division of Complex Numbers 264

Zeros and Factorization of Polynomials, Revisited 268

Exercises, Problems, and Worked-out Solutions 271

Chapter Summary and Chapter Review Questions 276

5 Exponents and Logarithms 279

5.1 Exponents and Exponential Functions 280

Roots 280

Rational Exponents 284

Real Exponents 285

Exponential Functions 286

Exercises, Problems, and Worked-out Solutions 287

5.2 Logarithms as Inverses of Exponential Functions 293

Logarithms Base 2 293



x Contents

Logarithms with Any Base 295

Common Logarithms and the Number of Digits 297

Logarithm of a Power 297

Radioactive Decay and Half-Life 299

Exercises, Problems, and Worked-out Solutions 301

5.3 Applications of Logarithms 310

Logarithm of a Product 310

Logarithm of a Quotient 311

Earthquakes and the Richter Scale 312

Sound Intensity and Decibels 313

Star Brightness and Apparent Magnitude 315

Change of Base 316

Exercises, Problems, and Worked-out Solutions 319

5.4 Exponential Growth 328

Functions with Exponential Growth 329

Population Growth 333

Compound Interest 335

Exercises, Problems, and Worked-out Solutions 340

Chapter Summary and Chapter Review Questions 347

6 e and the Natural Logarithm 349

6.1 Defining e and ln 350

Estimating Area Using Rectangles 350

Defining e 352

Defining the Natural Logarithm 355

Properties of the Exponential Function and ln 356

Exercises, Problems, and Worked-out Solutions 358

6.2 Approximations and area with e and ln 366

Approximation of the Natural Logarithm 366

Approximations with the Exponential Function 368

An Area Formula 369

Exercises, Problems, and Worked-out Solutions 372

6.3 Exponential Growth Revisited 376

Continuously Compounded Interest 376

Continuous Growth Rates 377

Doubling Your Money 378



Contents xi

Exercises, Problems, and Worked-out Solutions 380

Chapter Summary and Chapter Review Questions 385

7 Systems of Equations 387

7.1 Equations and Systems of Equations 388

Solving an Equation 388

Solving a System of Equations Graphically 391

Solving a System of Equations by Substitution 392

Exercises, Problems, and Worked-out Solutions 393

7.2 Solving Systems of Linear Equations 399

Linear Equations: How Many Solutions? 399

Systems of Linear Equations 402

Gaussian Elimination 404

Exercises, Problems, and Worked-out Solutions 406

7.3 Solving Systems of Linear Equations Using Matrices 411

Representing Systems of Linear Equations by Matrices 411

Gaussian Elimination with Matrices 413

Systems of Linear Equations with No Solutions 415

Systems of Linear Equations with Infinitely Many Solutions 416

How Many Solutions, Revisited 418

Exercises, Problems, and Worked-out Solutions 419

7.4 Matrix Algebra 424

Matrix Size 424

Adding and Subtracting Matrices 426

Multiplying a Matrix by a Number 427

Multiplying Matrices 428

The Inverse of a Matrix 433

Exercises, Problems, and Worked-out Solutions 440

Chapter Summary and Chapter Review Questions 445

8 Sequences, Series, and Limits 447

8.1 Sequences 448

Introduction to Sequences 448

Arithmetic Sequences 450

Geometric Sequences 451

Recursively Defined Sequences 454



xii Contents

Exercises, Problems, and Worked-out Solutions 456

8.2 Series 463

Sums of Sequences 463

Arithmetic Series 463

Geometric Series 466

Summation Notation 468

The Binomial Theorem 470

Exercises, Problems, and Worked-out Solutions 476

8.3 Limits 483

Introduction to Limits 483

Infinite Series 487

Decimals as Infinite Series 489

Special Infinite Series 491

Exercises, Problems, and Worked-out Solutions 493

Chapter Summary and Chapter Review Questions 496

9 Trigonometric Functions 497

9.1 The Unit Circle 498

The Equation of the Unit Circle 498

Angles in the Unit Circle 499

Negative Angles 501

Angles Greater Than 360◦ 502

Length of a Circular Arc 503

Special Points on the Unit Circle 504

Exercises, Problems, and Worked-out Solutions 506

9.2 Radians 514

A Natural Unit of Measurement for Angles 514

The Radius Corresponding to an Angle 517

Length of a Circular Arc 520

Area of a Slice 521

Special Points on the Unit Circle 522

Exercises, Problems, and Worked-out Solutions 523

9.3 Cosine and Sine 529

Definition of Cosine and Sine 529

The Signs of Cosine and Sine 532

The Key Equation Connecting Cosine and Sine 534



Contents xiii

The Graphs of Cosine and Sine 535

Exercises, Problems, and Worked-out Solutions 537

9.4 More Trigonometric Functions 542

Definition of Tangent 542

The Sign of Tangent 544

Connections Among Cosine, Sine, and Tangent 545

The Graph of Tangent 545

Three More Trigonometric Functions 547

Exercises, Problems, and Worked-out Solutions 549

9.5 Trigonometry in Right Triangles 555

Trigonometric Functions via Right Triangles 555

Two Sides of a Right Triangle 557

One Side and One Angle of a Right Triangle 558

Exercises, Problems, and Worked-out Solutions 559

9.6 Trigonometric Identities 566

The Relationship Among Cosine, Sine, and Tangent 566

Trigonometric Identities for the Negative of an Angle 568

Trigonometric Identities with π
2 570

Trigonometric Identities Involving a Multiple of π 572

Exercises, Problems, and Worked-out Solutions 575

Chapter Summary and Chapter Review Questions 580

10 Trigonometric Algebra and Geometry 583

10.1 Inverse Trigonometric Functions 584

The Arccosine Function 584

The Arcsine Function 587

The Arctangent Function 590

Exercises, Problems, and Worked-out Solutions 593

10.2 Inverse Trigonometric Identities 599

Composition of Trigonometric Functions and Their Inverses 599

The Arccosine, Arcsine, and Arctangent of −t: Graphical
Approach 600

The Arccosine, Arcsine, and Arctangent of −t: Algebraic
Approach 602

Arccosine Plus Arcsine 603

The Arctangent of 1
t 604

More Compositions with Inverse Trigonometric Functions 605



xiv Contents

Exercises, Problems, and Worked-out Solutions 608

10.3 Using Trigonometry to Compute Area 613

The Area of a Triangle via Trigonometry 613

Ambiguous Angles 614

The Area of a Parallelogram via Trigonometry 616

The Area of a Polygon 617

Trigonometric Approximations 619

Exercises, Problems, and Worked-out Solutions 622

10.4 The Law of Sines and the Law of Cosines 628

The Law of Sines 628

Using the Law of Sines 629

The Law of Cosines 631

Using the Law of Cosines 632

When to Use Which Law 634

Exercises, Problems, and Worked-out Solutions 636

10.5 Double-Angle and Half-Angle Formulas 644

The Cosine of 2θ 644

The Sine of 2θ 645

The Tangent of 2θ 646

The Cosine and Sine of θ2 647

The Tangent of θ2 649

Exercises, Problems, and Worked-out Solutions 650

10.6 Addition and Subtraction Formulas 658

The Cosine of a Sum and Difference 658

The Sine of a Sum and Difference 660

The Tangent of a Sum and Difference 661

Exercises, Problems, and Worked-out Solutions 662

Chapter Summary and Chapter Review Questions 668

11 Applications of Trigonometry 671

11.1 Parametric Curves 672

Curves in the Coordinate Plane 672

Graphing Inverse Functions as Parametric Curves 677

Shifting, Stretching, or Flipping a Parametric Curve 678

Exercises, Problems, and Worked-out Solutions 681



Contents xv

11.2 Transformations of Trigonometric Functions 687

Amplitude 687

Period 689

Phase Shift 692

Fitting Transformations of Trigonometric Functions to Data 694

Exercises, Problems, and Worked-out Solutions 696

11.3 Polar Coordinates 705

Defining Polar Coordinates 705

Converting from Polar to Rectangular Coordinates 706

Converting from Rectangular to Polar Coordinates 707

Graphs of Polar Equations 711

Exercises, Problems, and Worked-out Solutions 715

11.4 Vectors 718

An Algebraic and Geometric Introduction to Vectors 718

Vector Addition 720

Vector Subtraction 723

Scalar Multiplication 725

The Dot Product 726

Exercises, Problems, and Worked-out Solutions 728

11.5 The Complex Plane 732

Complex Numbers as Points in the Plane 732

Geometric Interpretation of Complex Multiplication and Division 734

De Moivre’s Theorem 737

Finding Complex Roots 738

Exercises, Problems, and Worked-out Solutions 739

Chapter Summary and Chapter Review Questions 741

Photo Credits 743

Index 745


