M.Sc. Physics Semester I Paper 11
ClassicalMechanics22PHY21C2
Theory Marks: 80
Internal Assessment Marks: 20
Time: 3 Hours

COURSE OUTCOMES

CO1 Student would be able to describe and understand the motion of a mechanical system
using Lagrange and Hamilton formalisms.

CO2 Students would become able to understand the concepts of central force motion and
moving co-ordinate systems.

CO3 Student would get basic ideas about the theory of small oscillations and use of
Poisson’s bracket which will lead to understand the concepts of quantum mechanics.

Unit I

Survey of Elementary Principles and Lagrangian Formulation: Newtonian mechanics of one
and many particle systems, Conservation laws, Constraints and their classification,
Generalized coordinates and momenta, Principle of virtual work, D' Alembert's principle and
Lagrange's equation, Velocity dependent potentials and dissipation function, Simple
applications of Lagrangian formulation, Cyclic coordinates, Symmetries of space and time
and conservation laws, Invariance of Lagrangian under Galilean transformation

Unit 11

Moving coordinate systems and Motion in a central force field: Rotating frames, inertial
forces, terrestrial applications of Coriolis force, Two body problem: Reduction to equivalent
one body problem, Central force definition and characteristics, the equation of motion and
first integrals, differential equation for the orbit, general analysis of orbits, condition for
closure and stability of circular orbits, Kepler's laws and equations, Rutherford scattering.

Legendre Transformation and Hamilton’s equations of motion, Some techniques of calculus
of variation, Variational principle, Hamilton’s principle from D’Alembert’s principle,
Lagrange’s equation from Hamilton’s principle, Hamilton’s equations from variational
principle, variation and end points, Principle of least action and its forms, Hamilton-Jacobi
equation and their solutions, Use of Hamilton-Jacobi method for the solution of Harmonic
oscillator problem, Hamilton's principle function, Hamilton’s characteristic function and
their properties

Canonical transformations, Generating functions, Properties of Poisson bracket, Equation of
motion in Poisson bracket, Angular momentum and Poisson bracket relations, Jacobi identity,
Invariance of Poisson brackets using canonical transformations, Potential Energy and
equilibrium: Stable, unstable and neutral equilibrium, One-dimensional Oscillator, Two
coupled oscillators: Solution of differential equation to find normal coordinates and normal
modes, Theory of small oscillations, Examples of coupled oscillators: Two coupled
pendulum, double pendulum, Free vibrations of a linear triatomic molecule.

Note:The syllabus is divided into four units. Nine questions will be set in all. Question No.1
will be compulsory having four to eight parts covering the whole syllabus. In addition there
will be two questions from each unit and the student is to answer one question from each unit.
A student has to attempt five questions in all.
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