
 
 
 
                 Contents 
 
 

Preface to the second edition 
            Preface to the first edition 

List of Symbols 
 

1 SCOPE AND HISTORICAL PERSPECTIVE                                            
1.1 Physics - the fundamental science  
1.2 Historical development of mechanics                             
1.3 Some implications of the principles  

of mechanics 
1.4 The scope of mechanics 

Suggested reading 
Questions 

          
2 VECTOR ANALYSIS 

2.1 Vector -definitions, concepts and notations 
2.2 Vector operations 
2.3 Product of two vectors 
2.4 Product of three vectors 
2.5 Rotation as a vector 
2.6 Vector calculus 

2.6.1 Differentiation of radial vector 
        2.6.1.1 Radial and transverse components of velocity 
2.6.2    Scalar and vector fields 

2.6.2.1 Operator  ∇  
2.6.2.2  The gradient 

2.6.3 The divergence 
2.6.4 The curl 
2.6.5 Divergence of curl 

     2.7 Vector integration 
2.7.1 Gauss’s theorem of divergence 
2.7.2 Stokes’ theorem 

                                Questions 
                                 Problems 

  3    COORDINATE SYSTEMS AND KINEMATICS  
       3.1 Introduction 
       3.2 Rectangular Cartesian coordinate system 
       3.3 Spherical polar coordinates 
             Questions 



                         Problems 
                4    PARTICLE DYNAMICS 

     4.1 Newton’s laws of motion 
     4.2 Dynamical concepts 
     4.3 Mechanics of a system of particles 
     4.4 Equation of motion of a rocket 

                    Questions    
                     Problems 
              5   CONSERVATION LAWS AND PROPERTIES OF SPACE AND TIME 

5.1 Introduction 
5.2 Linear uniformity of space and conservation of linear  

momentum 
5.3 Rotational invariance of space and law of conservation of  

                        angular momentum 
5.4 Homogeneity of flow of time and conservation of energy 

Questions 
        Problems 
 

6 INVERSE SQUARE LAW FORCE 
6.1 Forces in nature 
6.2 Gravitational field and potential 

6.2.1 Equipotential surfaces 
6.3 Electric field and potential 
6.4 Gravitational potential and field due to a thin spherical shell 

6.4.1 Electrostatic potential and field due to a charged spherical shell 
6.5 Gravitational potential and field due to a solid sphere 

6.5.1Electrostatic potential and field due to a uniformly charged sphere    
6.6 Earth’s gravitational field. Escape and orbiting velocities 
6.7 Existence of atmosphere around a planet 
6.8  Gravitational self energy  

6.8.1 Gravitational self- energy of uniform solid sphere 
6.9 Electrostatic self- energy 

6.9.1 Electrostatic self- energy of a charged sphere 
6.9.2 Classical radius of electron 

6.10 Motion under force obeying inverse square law 
6.11Equivalent one body problem 
6.12 Motion under central forces 
6.13 Some physical insights into the nature of motion under central forces 
6.14Trajectory of a particle and turning points 
6.15 Kepler’s laws 
6.16 Satellite motion  

Questions 
        Problems     
 

7    ELASTIC AND INELASTIC COLLISIONS 
7.1 Introduction 



7.2 Conservation laws 
7.3 Laboratory and center of mass systems 
7.4 Kinetic energies in the lab and cm systems 
7.5 Cross section of elastic scattering 

Questions 
        Problems 
 

8   DYNAMICS OF RIGID BODIES 
8.1 Introduction 
8.2 Elementary treatment of rigid bodies 
8.3  Angular momentum of a rigid body and inertial tensor 
8.4 Angular momentum and rotational kinetic energy 
8.5  Independent coordinates of a rigid body and Euler angles 
8.6 Equation of motion of a rigid body; Euler equations 
8.7 Freely rotating symmetric top      

Questions  
Problems 

 
9 OSCILLATORY MOTION 

9.1 Simple harmonic motion 
9.1.1 Examples of simple harmonic oscillations 

9.2 Energy of a simple harmonic oscillator 
9.3 Damped harmonic oscillator  
9.4   Energy of a damped oscillator. Logarithmic decrement. Modulus of decay. Quality  

factor 
9.5 Examples of damping in physical systems 

9.5.1 Resistance damping. Oscillatory discharge of a condenser 
through a circuit containing resistance and inductance 
9.5.2 Electromagnetic damping in a moving coil galvanometer   

9.6 Forced damped harmonic oscillator 
9.7 Resonance-quality factor of a driven oscillator 
9.8 Electrical resonance 
9.9 Superposition principle   

Questions 
        Problems 

       10 FRAMES OF REFERENCE 
               10.1 A few common definitions 
                10.2 Inertial reference frames 

10.3 Coordinate transformations within a reference frame 
10.4 Newtonian mechanics and principle of relativity 
10.5 Galilean transformations 
10.6 Transformation equations for inertial frames inclined to each other with origins 

coinciding 
10.7 Non-inertial frames and fictitious forces 
10.8 Centrifugal and Coriolis forces due to rotation of earth 



10.9 Foucault’s pendulum 
10.9.1 Geographical consequences of Coriolis force  

 
11 LORENTZ TRANSFORMATIONS AND THEIR 
         RELATIVISTIC  CONSEQUENCES 
         11.1 Origin and significance of the special theory of relativity 

11.2 Search of a universal frame of reference 
11.3 Postulates of the special theory of relativity 
11.4 Lorentz transformations-derivation 
11.5 Kinematical consequences of Lorentz transformations (mathematical ) 
 11.6 Intervals, space-like and time-like 

Questions 
          Problems 
 

12 RELATIVISTIC ENERGY AND MOMENTUM-FOUR VECTORS 
12.1 Variation of mass with velocity 
12.2 Mass-energy equivalence 
12.3 Transformation of relativistic momentum and energy 
12.4 Force transformation-action and reaction 
12.5 Electromagnetic radiation 
12.6 Tachyons 
12.7  Four- vectors and their transformations 
12.8  Relativity and Newtonian mechanics 
12.9   Experimental evidence for special theory of relativity 

Questions 
          Problems 

      
13 CHARGED PARTICLE DYNAMICS 

13.1 Kinetic energy of a charged particle in an electric field 
13.2 Motion of a charged particle in a constant uniform electric field 

13.2.1 Cathode ray oscilloscope 
13.3 Charged particle in an alternating electric field 
13.4  Force on a charge in a magnetic field 
13.5  Charged particle in a uniform and constant magnetic field 

13.5.1 The cyclotron 
        13.5.2   o180  Magnetic focusing momentum selector 
13.6 Motion of charged particles in combined electric and magnetic fields 

13.6.1 Velocity selector 
 Questions 
  Problems 
 
 

14 LAGRANGIAN AND HAMILTONIAN FORMULATIONS 
14.1 Introduction 
14.2  Various coordinate systems 
14.3 Constraints : holonomic and non-holonomic 



14.4  Generalised coordinates 
14.5 Virtual work: its significance 
14.6 D’Alemberts’ principle and Lagrange’s equation 
14.7 Hamilton’s canonical equations 

Questions 
          Problems 

 
15      MACHANICS OF CONTINUOUS MEDIA 

 
 SECTION A:  ELASTIC PROPERTIES OF SOLIDS 
15.1A Forces between atoms or molecules in a substance 
15.2A Elasticity. Stress. Strain 

15.2.1A Hook’s law 
15.2.2A Bulk modulus 
15.2.3A Modulus of rigidity 

         15.3A Equivalence of shear strain to compression and extension strains 
         15.4A Poisson’s ratio 
         15.5A Relations between elastic constants 
         15.6A Energy stored in a strained body 
         15.7A Couple for twist in cylinder 
         15.8A Statics of solid beams and columns 
         15.9A Searle’s method for elastic constants: Y, η , B,σ  of a wire 
 

SECTION B: FLUID  DUNAMICS 
15.1B Viscosity 
15.2B Equation of continuity 
15.3B Bernoulli’s equation 
15.4B Streamline and turbulent flow 
15.5B Lines of flow in air- foil 
15.6B Flow of liquid through a narrow capillary tube. Poiseulle’s law 
15.7B Stoke’s law 
 
Questions 
Problems 
  
Bibliography 

         Appendix A The Principle of Equivalence 
Index 

 
 
 
   

 
 

                                


