DSE: Advanced Mathematical Physics-11 (32227625)
Credit : 06 (Theory-05, Tutorial-01)
Theory : 75 Hours
Tutorial : 15 Hours

Course Objective

The course is intended to develop new mathematical tools in terms of Calculus of Variation,
Group Theory and Theory of Probability in the repertoire of the students to apply in
Theoretical and Experimental Physics.

Course Learning Outcomes

After the successful completion of the course, the students shall be able to

* Understand variational principle and its applications: Geodesics in two and three
dimensions, Euler Lagrange Equation and simple problems in one and two dimensions.

» Acquire basic concept of Hamiltonian, Hamilton’s principle and Hamiltonian equation
of motion, Poisson and Lagrange brackets.

* Learn elementary group theory: definition and properties of groups, subgroups,
Homomorphism, isomorphism, normal and conjugate groups, representation of groups,
Reducible and Irreducible groups.

« Learn the theory of probability: Random variables and probability distributions,
Expectation values and variance.

Unit 1

Variable Calculus: Variational Principle, Euler’s Equation and its Application to Simple
Problems. Geodesics. Calculus of Variations. Concept of Lagrangian: Generalized co-
ordinates. Definition of canonical moment, Euler-Lagrange’s Equations of Motion and its
Applications to Simple Problems (e.g., Simple Pendulum and One dimensional harmonic
oscillator). Definition of Canonical Momenta. Canonical Pair of Variables. Definition of
Generalized Force: Definition of Hamiltonian (Legendre Transformation). Hamilton’s
Principle. Poisson Brackets and their properties. Lagrange Brackets and their properties.

(25 Lectures)
Unit 2

Group Theory: Review of sets, Mapping and Binary Operations, Relation, Types of
Relations. Groups: Elementary properties of groups, uniqueness of solution, Subgroup,
Centre of a group, Co-sets of a subgroup, cyclic group, Permutation/Transformation.
Homomorphism and Isomorphism of group. Normal and conjugate subgroups,
Completeness and Kernel. Some special groups : SO(2), SO(3), SU(2), SU(3).

(25 Lectures)
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Unit 3

Advanced Probability Theory: Fundamental Probability Theorems. Conditional
Probability, Bayes’ Theorem, Repeated Trials, Binomial and Multinomial expansions.
Random Variables and probability distributions, Expectation and Variance, Special
Probability distributions: The binomial distribution, The poisson distribution, Continuous
distribution: The Gaussian (or normal) distribution, The principle of least squares.

(25 Lectures)

References for Theory :
Essential Readings :

1. Mathematical Methods for Physicists: Weber and Arfken, 2005, Academic Press.

2. Mathematical Methods for Physicists: A Concise Introduction: Tai L. Chow, 2000,
Cambridge Univ. Press.

3. Elements of Group Theory for Physicists by A. W. Joshi, 1997, John Wiley.

4. Group Theory and its Applications to Physical Problems by Morton Hamermesh, 1989,
Dover

5. Introduction to Mathematical Probability, J. V. Uspensky, 1937, Mc Graw-Hill.

Additional Readings :

1. Introduction to Mathematical Physics: Methods & Concepts: Chun Wa Wong, 2012,
Oxford University Press

DSE: Classical Dynamics (32227626)
Credit : 06 (Theory-05, Tutorial-01)
Theory : 75 Hours
Tutorial : 15 Hours

Course Objective

This course on classical dynamics trains the student in problem solving ability and
develops understanding of physical problems. The emphasis of this course is to enhance the
understanding of Classical Mechanics (Lagrangian and Hamiltonian Approach).
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