|620.105 BEE 5th ed.I

Contents

Preface Xiii
List of Symbols Xix

11 KINEMATICS OF PARTICLES 459
11.1 Introduction to Dynamics 459

Rectilinear Motion of Particles 460

11.2 Position, Velocity, and Acceleration 460

11.3 Determination of the Motion of a Particle 464

11.4 Uniform Rectilinear Motion 472

11,5 Uniformly Accelerated Rectilinear Motion 472

11.6 Motion of Several Particles 473
"1 1.7 Graphical Solution of Rectilinear-Motion Problems 480
1 1.8 Other Graphical Methods 481

Curvilinear Motion of Particles 488

11.9 Position Vector, Velocity, and Acceleration 488

11.10 Derivatives of Vector Functions 490

11.11 Rectangular Components of Velocity and
Acceleration 492

11.12 Motion Relative to a Frame in Translation 493

11.13 Tangential and Normal Components 504

11.14 Radial and Transverse Components 507

Review and Summary 517
Review Problems 521

12 KINETICS OF PARTICLES: NEWTON'S SECOND LAW 525

12.1 Introduction 525

12.2 Newton's Second Law of Motion 526

12.3 Linear Momentum of a Particle. Rate of Change of Linear
Momentum 528

12.4 Systems of Units 528

12,5 Equations of Motion 531

12.6 Dynamic Equilibrium 533

12.7 Angular Momentum of a Particle. Rate of Change of
Angular Momentum 547

12.8 Equations of Motion in Terms of Radial and Transverse
Components 548

12.9 Motion under a Central Force. Conservation of Angular
Momentum 549

Vii


Administrator
Text Box
620.105 BEE 5th ed.


viii

Contents

12. 10 Newton's Law of Gravitation 550

*12.11
1212
*12.13

Trajectory of a Particle under a Central Force 556
Application to Space Mechanics 557
Kepler's Laws of Planetary Motion 561

Review and Summary 566
Review Problems 570

13 KINETICS OF PARTICLES: ENERGY AND MOMENTUM
METHODS 573

14

131
13.2
13.3

13. 4
13.5
13.6
"13.7
13.8
13.9

13.10
1311
1312
13.13

Introduction 573

Work of a Force 574

Kinetic Energy of a Particle. Principle of Work and
Energy 578

Applications of the Principle of Work and Energy 580
Power and Efficiency 531
Potential Energy 595
Conservative Forces 597
Conservation of Energy 598
Motion under a Conservative Central Force. Application to
Space Mechanics 600

Principle of Impulse and Momentum 614

Impulsive Motion 616

Impact 624

Direct Central Impact 624

13. 14 Oblique Central Impact 627
13. 15 Problems Involving Energy and Momentum 630

Review and Summary 642
Review Problems 648

SYSTEMS OF PARTICLES 652

14.1
14.2

14.3

14. 4

14.5

14.6

14.7
14.8

14.9

Introduction 652

Application of Newton's Laws to the Motion of a System
of Particles. Effective Forces 653

Linear and Angular Momentum of a System of
Particles 656

Motion of the Mass Center of a System of

Particles 657

Angular Momentum of a System of Particles about Its
Mass Center 659

Conservation of Momentum for a System of

Particles 661

Kinetic Energy of a System of Particles 667
Work-Energy Principle. Conservation of Energy for a
System of Particles 668

Principle of Impulse and Momentum for a System of
Particles 668



1 4.10 Variable Systems of Particles 678
1 411 Steady Stream of Particles 678
*14.12 Systems Gaining or Losing Mass 679

Review and Summary 694
Review Problems 698

15 KINEMATICS OF RIGID BODIES 702
151 Introduction 702
15. 2 Translation 704
15. 3 Rotation about a Fixed Axis 705
15. 4 Equations Defining the Rotation of a Rigid Body about a
Fixed Axis 708
15.5 General Plane Motion 714
15.6 Absolute and Relative Velocity in Plane Motion 716
15.7 Instantaneous Center of Rotation in Plane Motion 724
15. 8 Absolute and Relative Acceleration in Plane
Motion 732
*15.9 Analysis of Plane Motion in Terms of a Parameter 734
15. 10 Rate of Change of a Vector with Respect to a Rotating
Frame 742
15.11 Plane Motion of a Particle Relative to a Rotating Frame.
Coriolis Acceleration 744
1 5. 12 Motion about a Fixed Point 752
*15.13 General Motion 755
*15. 14 Three-Dimensional Motion of a Particle Relative to a
Rotating Frame. Coriolis Acceleration 764
1 5. 15 Frame of Reference in General Motion 765

Review and Summary 774
Review Problems 780

16 PLANE MOTION OF RIGID BODIES: FORCES AND

ACCELERATIONS 784

16.1 Introduction 784

16. 2 Equations of Motion for a Rigid Body 785

16. 3 Angular Momentum of a Rigid Body in Plane
Motion 786

16.4 Plane Motion of a Rigid Body. D’Alembert's
Principle 787

'16.5 A Remark on the Axioms of the Mechanics of Rigid

Bodies 790

16.6 Solution of Problems Involving the Motion of a Rigid
Body 791

16. 7 Systems of Rigid Bodies 792

16. 8 Constrained Plane Motion 809

Review and Summary 829
Review Problems 81

iX

Contents



X

Contents

17 PLANE MOTION OF RIGID BODIES: ENERGY AND
MOMENTUM METHODS 835

17.1
17.2
17.3
17.4
17.5
17.6
17.7
17.8

17.9

17.10
17.11
17.12

Introduction 835

Principle of Work and Energy for a Rigid Body 836
Work of Forces Acting on a Rigid Body 837

Kinetic Energy of a Rigid Body in Plane Motion 838
Systems of Rigid Bodies 839

Conservation of Energy 840

Power 841

Principle of Impulse and Momentum for the Plane Motion
of a Rigid Body 856

Systems of Rigid Bodies 858

Conservation of Angular Momentum 859

Impulsive Motion 870

Eccentric Impact 870

Review and Summary 882
Review Problems 886

18 KINETICS OF RIGID BODIES IN THREE DIMENSIONS 890

'18.1
'18.2

'18.3

'18.4

*18.5
'18.6

'18.7
'18.8
'18.9
1 8.10
1811

Introduction 890

Angular Momentum of a Rigid Body in Three
Dimensions 891

Application of the Principle of Impulse and Momentum to
the Three-Dimensional Motion of a Rigid Body 895
Kinetic Energy of a Rigid Body in Three

Dimensions 896

Motion of a Rigid Body in Three Dimensions 906
Euler's Equations of Motion. Extension of d’Alembert’s
Principle to the Motion of a Rigid Body in Three
Dimensions 907

Motion of a Rigid Body about a Fixed Point 908
Rotation of a Rigid Body about a Fixed Axis 909
Motion of a Gyroscope. Eulerian Angles 920

Steady Precession of a Gyroscope 922

Motion of an Axisymmetrical Body under No Force 923

Review and Summary 933
Review Problems 938

19 MECHANICAL VIBRATIONS 942

19.1

Introduction 942

Vibrations without Damping 943

19.2

19.3
*19.4
19.5

Free Vibrations of Particles. Simple Harmonic
Motion 943

Simple Pendulum (Approximate Solution) 946
Simple Pendulum (Exact Solution) 947

Free Vibrations of Rigid Bodies 953



19.6 Application of the Principle of Conservation of
Energy 961
19.7 Forced Vibrations 967

Damped Vibrations 974

*19.8 Damped Free Vibrations 974
*19.9 Damped Forced Vibrations 977
*19.10 Electrical Analogues 978

Review and Summary 986
Review Problems 990

Appendix A Some Useful Definitions and Properties of Vector
Algebra 995

Appendix B Moments of Inertia of Masses 1001

Appendix C How to Use the Interactive Tutorial
Software 1025

Index 1029
Answers to Even-Numbered Problems 1039

Xi

Contents





