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Content-Classical Mechanics 

1 Stability Analysis and Phase Diagram…………………………………………………(1-10) 

1.1 Energy Diagram of  

 1.1.1 Bounded Motion  

 1.1.2 Unbounded Motion  

1.2 Stability and Instability in One Dimension  

 1.2.1 Equilibrium point 

 1.2.2 Unstable equilibrium 

 1.2.3 Unstable equilibrium 

1.3 Phase portrait   

 2 Generalized Coordinate and Degree of Freedom…………………………………….(11-20) 

2.1 Generalized co-ordinates 

 2.1.1 Generalized velocity 

 2.1.2 General curvilinear coordinate 

2.2 Equation of constraint 

 2.2.1 Holonomic constraints 

 2.2.2 Non holonomic constraints 

2.3 Degrees of Freedom 

3 Lagrangian Formulation……………..…………………………………………………(21-47) 

3.1 D’Alembert’s Principle and Lagrange’s Equations 

3.2 Calculus of Variations 

3.3 Action of System:  

 3.3.1 Hamilton’s Principle and Definition of Lagrangian 

 3.3.2 Generalized Momentum 

 3.3.3 Cyclic Co-ordinates 

 3.3.4 Conservation Theorem 

 3.3.5 Conservation of Linear Momentum 

 3.3.6 Conservation of Angular Momentum 

 3.3.7 Generalized Force 
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3.4 Formulation of Lagrangian 

 3.4.1 Lagrangian in Cylindrical Symmetry  

 3.4.2 Circular Polar Coordinate 

 3.4.3 Lagrangian in Spherical Symmetry  

3.5 Some other examples of Lagrangian 

4 Hamiltonian Formulation………………………………………………………………..(48-54) 

4.1 Hamiltonian of a System 
 

4.2 Hamiltonian equation of motion 

 4.2.1 Conservation of Energy 

5 Canonical Transformation and Generation Function…………………………………(55-67) 

5.1 Time evolution of any function in phase space  

5.2 Conservation law in phase space   

5.3 Equation of motion in term of Poisson bracket   

5.4 Jacobian  

 5.4.1 Properties of Jacobian 

5.5 Canonical Transformation  

 5.5.1 Poisson Bracket 

5.6 Generating Function 

6 Small Oscillation…………………………………………………………………………(68-76) 

6.1 Matrix Method to Solve Small Oscillations 

 6.1.1 Potential Energy Matrix  

 6.1.2 Kinetic energy Matrix  

 6.1.3 Lagrangian of the system and Solution of LaGrange’s equation of motion 

 6.1.4 Characteristic Equation 

 6.1.5 Normal frequency and Normal Mode  

7 Central Force and Kepler’s System…………………………………………………..…(77-94) 

7.1 The Motion in Two Dimensional in Polar Coordinate  

 7.1.1 The Position Vector in Polar Coordinate 

 7.1.2 Velocity Vector in Polar Coordinate  
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 7.1.3 Acceleration Vector in Polar Coordinate  

 7.1.4 Circular Motion  

7.2 Central Force  

 7.2.1 Angular Momentum and Areal Velocity 

 7.2.2 Total Energy of the System  

 7.2.3 Condition for Circular Orbit  

 7.2.4 Equation of Motion and Differential Equation of Orbit  

7.3 Two Body Problem  

 7.3.1 Kepler’s Problem 

 7.3.2 Kepler’s First Law 

 7.3.3 Equation of Motion 

 7.3.4 Relationship between Energy and Eccentricity 

 7.3.5 Kepler’s Second Law 

 7.3.6 Kepler’s Third Law 

8 Moment of Inertia Rotational Dynamics……………………………………………(95-125) 

8.1 Rigid Body Dynamics 

 8.1.1 Angular Momentum and Inertia Tensor 

 8.1.2 Principal Moment of Inertia  

 8.1.3 Theorem of Parallel Axes:  

 8.1.4 Theorem of Perpendicular Axes  

8.2 Particular Cases of Moment of Inertia 

 8.2.1. Moment of Inertia of a Uniform Rod 

 8.2.2 Moment of Inertia of a Rectangular Lamina (or bar) 

 8.2.3 Moment of inertia of a hoop or a thin circular ring 

 8.2.4 Moment of inertia of a circular lamina or disc 

 8.2.5 Moment of Inertia of an Annular Ring or Disc 

 8.2.6 Moment of Inertia of a Solid Cylinder  

 8.2.7 Moment of Inertia of a Solid Cone  

 8.2.8 Moment of Inertia of a Hollow Cylinder  
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 8.2.9 Moment of inertia of a uniform hollow sphere about a Diameter  

 8.2.10 Moment of Inertia of a Uniform Solid Sphere about a Diameter 

8.3 Rotational Dynamics  

 8.3.1 Angular Momentum 

 8.3.2 Torque  

8.4 Motion Involving Both Translation and Rotation 

 8.4.1 Angular Momentum of a Rolling Wheel 

 8.4.2 The Torque on a Body  

 8.4.3 Condition of Rolling Without Slipping 

8.5 Lagrangian of Compound Pendulum  

9 Special Theory of Relativity…………………………………………………………..(126-138) 

9.1 Galilean transformations  

9.2 Lorentz Transformation  

 9.2.1 Postulates of Special Theory of Relativity  

 9.2.2 Derivation of Lorentz Transformation  

9.3 Consequences of Lorentz Transformation  

 9.3.1 Length Contraction 

 9.3.2 Time Dilation  

9.4 Relative Velocity 

9.5 Relativistic Mass 

9.6 Relativistic Momentum 

9.7 Relativistic Second Law of Motion 

9.8 Relativistic Energy 

 9.8.1 Rest energy 

 9.8.2 Relativistic Kinetic Energy 

 9.8.3 Relationship between total energy and momentum 

9.9 The Doppler Effect in Light 

 9.9.1 Transverse Doppler Effect in Light 

 9.9.2 Observer and Source Moving Apart  
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 9.9.3 Observer and Source Moving Together  

 9.10 Four Vectors and Relativistic Invariance  

Questions and Solutions………………………………………………………….(139-239) 
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