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PREFACE TO THE SIXTH REVISED EDITION

The work has been revised completely without changing its inherent character that was
received well by the students and professors so long. A special feature of revision is an elaboration
of solutions of the illustrative examples to make the book for self-study.

Constructive criticism is most welcome.

P.  DURAIPANDIAN
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PREFACE TO THE FIRST EDITION
The book treats the subject systematically, using vectors in accordance with the present

requirement. It is essential that the reader should have a proper knowledge of the fundamentals of
vector algebra. The book caters to the needs of undergraduates of Mathematics, Physics and
Engineering courses of all Indian Universities.

A particular feature of the book is that the important results of the subject are pulled out and
presented as independent pieces under the caption BOOK WORKS. The REMARKS appended to
them play an essential role in that they provide incidental additional facts aiming at a near
perfection. The book includes an abundance of examples and pictures, as well as a good selection
of exercises most of which are provided with hints.

Lack of proper understanding of the fundamental concepts of Mechanics, makes many
students dislike Mechanics. Bearing this in mind, the fundamental concepts are presented,
comparatively with more possible details, in such a manner that even of first reading of them will
give the reader sufficient mastery over them. This feature will commend the book to the students.

P.  DURAIPANDIAN
LAXMI DURAIPANDIAN

MUTHAMIZH JAYAPRAGASAM

(v)



CONTENTS
CHAPTERS PAGE NOS.

l INTRODUCTION VII-X
1. KINEMATICS 1 – 34

1.1 Basic units 1
1.2 Velocity 1

1.2.1 Velocity of particle describing a circle 3
1.2.2 Resultant velocity 3
1.2.3 Relative velocity 8

1.3 Acceleration 18
1.3.1 Rectilinear motion 19
1.3.2 Rectilinear motion with a constant acceleration 19

1.4 Coplanar Motion 25
1.4.1 Velocity and acceleration in a coplanar motion 25
1.4.2 Angular velocity 29
1.4.3 Relative angular velocity 29

2. FORCE 35 – 52
2.1 Newton's laws of motion 35

2.1.1 Forces 35
2.1.2 Types of forces 36

2.2 Resultant of two forces on a particle 38
2.2.1 Resultant of three forces related to a triangle acting at a point 46
2.2.2 Resultant of several forces acting on a particle 50

3. EQUILIBRIUM OF A PARTICLE 53 – 70
3.1 Equilibrium of a particle 53

3.1.1 Equilibrium of a particle under three forces 53
3.1.2 Equilibrium of a particle under several forces 55

3.2 Limiting equilibrium of a particle on an inclined plane 64

4. FORCES ON A RIGID BODY 71 – 123
4.1 Moment of a force 71

4.1.1 Moment of a force about a line 71
4.1.2 Scalar moment 71

4.2 General motion of a rigid body 73
4.2.1 Equations of motion of a rigid body 74
4.2.2 Conditions following equilibrium of a rigid body 76
4.2.3 Kinetic energy of a rigid body 76

4.3 Equivalent (or equipolent) systems of forces 76
4.4 Parallel forces 77

(vii)



4.4.1 Point of application of resultant of many parallel forces 78
4.4.2 Varignon's theorem 82
4.4.3 Parallel forces at the vertices of a triangle 84

4.5 Forces along the sides of a triangle 85
4.6 Couples 88

4.6.1 Moment of a couple 88
4.6.2 Arm and axis of a couple 89

4.7 Resultant of several coplanar forces 90
4.7.1 Moment of a certain couple as an area 94
4.7.2 Couples in a parallel planes 96
4.7.3 Resultant of a couple and a force 97

4.8 Equation of the line of action of the resultant 98
4.8.1 Sum of the moments about an arbitrary point 99

4.9 Equilibrium of a rigid body under three coplanar forces 104
4.9.1 contangent formulae 104

5. A SPECIFIC REDUCTION OF FORCES 124 – 149
5.1 Reduction of coplanar forces into a force and a couple 124

5.1.1 Conditions of equilibrium under coplanar forces 125
5.2 Problems involving frictional forces 132

5.2.1 Tilting of a body 146

6. CENTRE OF MASS 150 – 173
6.1 Centre of mass 150

6.1.1 Centre of gravity 150
6.2 Finding mass centre 151

6.2.1 Finding mass centre (not using integration) 151
6.2.2 Finding mass centre using integration 158
6.2.3 Mass centre of a nonhomogeneous solid 162
6.2.4 Moment of a mass 163

6.3 A hanging body in equilibrium 169

7. STABILITY OF EQUILIBRIUM 174 – 178
7.1 Stability of equilibrium 174

7.1.1 Stability of spherical bodies 174
7.2 Stability using differentiation 177

8. VIRTUAL WORK 179 – 189
8.1 Virtual work 179

8.1.1 Principle of virtual work 179

9. HANGING STRINGS 19 – 205
9.1 Equilibrium of a uniform homogeneous string 190

9.1.1 Sage 201
9.2 Suspension bridge 204

(viii)



10. RECTILINEAR MOTION UNDER CONSTANT FORCES 206 – 223
10.1 Acceleration and retardation 206
10.2 Thrust on a plane 208
10.3 Motion along a vertical line under gravity 209
10.4 Line of quickest decent 211

10.4.1 quickest descent to a curve 212
10.5 Motion along an inclined plane 212

10.5.1 Motion along a smooth inclined plane 212
10.5.2 Motion along a rough inclined plane 213

10.6 Motion of connected particles 215

11. WORK, ENERGY AND POWER 224 – 234
11.1 Work 224

11.1.1 Units of work 224
11.1.2 Work done in stretching an elastic string 225

11.2 Conservative field of force 225
11.2.1 Energy 227
11.2.2 Conservation of energy 227

11.3 Power 230

12. RECTILINEAR MOTION UNDER VARYING FORCE 235 – 259
12.1 Simple harmonic motion 235

12.1.1 Projection of a particle having a uniform circular motion 238
12.1.2 Composition of two simple harmonic motions of same period 238

12.2 S.H.M. along a horizontal line 245
12.3 S.H.M. along a vertical line 248
12.4 Motion under gravity in a resisting medium 251

12.4.1 Resistance proportional to square of velocity 251
12.4.2 Resistance proportional to velocity 256

13. PROJECTILES 260 – 284
13.1 Forces on a projectile 260

13.1.1 Displacement as a combination of verticle and horizontal displacements 260
13.1.2 Nature of trajectory 261
13.1.3 Results pertaining to the motion of a projectile 264
13.1.4 Maximum horizontal range for a given velocity 266
13.1.5 Two trajectories with a given speed and range 266
13.1.6 Projectile projected horizontally 276

13.2 Projectile projected on an inclined plane 277
13.2.1 Maximum range on an inclined plane 279

13.3 Enveloping parabola or bounding parabola 282

(ix)



14. IMPACT 285 – 311
14.1 Impulsive force 285

14.1.1 Conservation of linear momentum 285
14.2 Impact of sphere 291

14.2.1 Laws of impact 291
14.3 Impact of two smooth spheres 292

14.3.1 Direct impact of two smooth spheres 292
14.4 Impact of a smooth sphere on a plane 298

14.4.1 Direct impact of a smooth sphere on a plane 298
14.4.2. Oblique impact of a smooth sphere on a plane 299

14.5 Oblique impact of two smooth spheres 308

15. CIRCULAR MOTION 312 – 331
15.1 Circular motion 312
15.2 Conical pendulum 312
15.3 Motion of a cyclist on a circular path 317
15.4 Circular motion on a vertical plane 318
15.5 Relative rest in a revolving cone 326
15.6 Simple pendulum 327

15.6.1 Seconds pendulum 328

16. CENTRAL ORBITS 332 – 352
16.1 General orbits 332
16.2 Central orbit 336

16.2.1 Differential equation of a central orbit 337
16.2.2 Laws of a central force 341
16.2.3 Methods to find the central orbits 341

16.3 Conic as a centred orbit 348
16.3.1 Kepler's laws of planetary motion 350

17. MOMENT OF INERTIA 353 – 365
17.1 Moment of Inertia 353

17.1.1 Perpendicular and parallel axes theorems 359

18. TWO DIMENSIONAL MOTION OF A RIGID BODY 366 – 383
18.1 Two dimensional motion of a rigid body 366

18.1.1 Motion of a rigid body rotating about a fixed axis 366
18.1.2 Compound pendulum 370
18.1.3 Reaction of the axis on a rigid body revolving about it 377

18.2 Equations of motion for two dimensional motion 379
18.2.1 Motion of a uniform circular disc rolling down an inclined plane 380
18.2.2 Motion of a system having a heavy pulley 382

19. THEORY OF DIMENSIONS 384 – 386
19.1 Definition of dimensions 384

19.1.1 Uses of dimensional theory 385

(x)



( xi )

1. MECHANICS
Mechanics is the science which deals with the effects of forces on material bodies. Under the

influence of forces, a body may be in motion or in rest.
Dynamics.  Dynamics is the science which deals with the motion of particles or bodies under

the influence of forces. Kinematics is that aspect of dynamics which deals with the motion without
reference to the forces producing it.

Statics.  Statics is the science which deals with the conditions for lack of motion under given
forces.

The way in which statics and dynamics coalesce into mechanics, it suggests one to learn
mechanics in the coalesced form. However, some universities prescribe statics and dynamics sepa-
rately for studies under semester system. For such syllabi, the following classification will meet with
their requirement.

STATICS

Chapter 2 : Forces
Chapter 3 : Equilibrium of a particle
Chapter 4 : Forces on a rigid body
Chapter 5 : Reduction of forces on a rigid body
Chapter 6 : Centre of mass
Chapter 7 : Stability of equilibrium
Chapter 8 : Virtual work
Chapter 9 : Hanging strings

DYNAMICS

Chapter 1 : Kinematics
Chapter 2 : Forces (sections 2.1, 2.1.1, 2.2)
Chapter 10 : Rectilinear motion under constant forces
Chapter 11 : Work, energy and power
Chapter 12 : Rectilinear motion under varying forces
Chapter 13 : Projectiles
Chapter 14 : Impact
Chapter 15 : Circular motion
Chapter 16 : Central orbits
Chapter 17 : Moment of inertia
Chapter 18 : Two dimensional motion of a rigid body
Chapter 19 : Theory of dimensions

INTRODUCTION
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