
Contents

Preface  1X

Acknowledgments xi

1 Newton’s Third Law: Forces Belong to Interactions 1
1.1 Using the Third Law 2
1.2 Classifying Forces 4
1.3 Important Forces 9
1.4 Force Magnitudes 22
1.5 Forces to Avoid 24
1.6 Problems 26

2 Freebody Diagrams: Representing Forces 28
2.1 Making Freebody Diagrams: A Foolproof Recipe 28
2.2 Practicing the Recipe 32
2.3 A Subtle Puzzle: Bumblebees in a Box 36
2.4 Problems 38

3 Newton’s First Law: Permission to Use Newton’s Second Law 39
3.1 Reference Frames 39
3.2 Applying the Test 41
3.3 Noninertial Frames 43
3.4 Making New Inertial Frames 44
3.5 Problems 46



4 Introducing Newton’s Second Law 47
4.1 Force Changes Motion 47
4.2 What Matters Is Net Force 49
4.3 More Mass Means Less Acceleration 50
4.4 Alternative Forms of the Second Law 51

5 Newton’s Second Law with Zero Acceleration 53
5.1 Standing on Level Ground 53
5.2 Standing on a Hill 55
5.3 Standing in a Steadily Descending Elevator 56
5.4 Bicycling on Level Ground 57
5.5 Sledding at Constant Velocity 64
5.6 Tension and Tension Forces 70
5.7 Pressure versus Depth in a Lake 80
5.8 Problems 84

6 Describing Changing Motion: Acceleration 90
6.1 Velocity 90
6.2 Acceleration Defined 95
6.3 Circular Motion at Constant Speed 101
6.4 Constant-Speed Motion around an Ellipse 107
6.5 Varying-Speed Motion around a Circle 109
6.6 Acceleration in General: A Summary 113
6.7 Problems 114

7 Newton’s Second Law with Changing Motion 116
7.1 Restoring Acceleration to Newton’s Second Law 116
7.2 Composite Bodies 141
7.3 Two-Dimensional Motion 143
7.4 Weight 152
7.5 Problems 165

8 What Comes Next 173
8.1 Noninertial Reference Frames 173
8.2 Torque and Rotation 180
8.3 Going beyond Newton’s Laws 185
8.4 Bon Voyage! 191
8.5 Problems 191

References 193

Index 195


