Course Type|Course Code Name of Course L|T|P|Credit
DE NPHD303 | ADVANCED TOPICS IN MATHEMATICAL PHYSICS (3(0(0| 3
Course Objective
» Learning about mathematical topics like Lie groups, diffeomorphisms, and topology useful in higher
level Theoretical Physics.
Learning Outcomes
Upon successful completion of this course, students will learn about:
» The advanced topics in Quantum Physics such as Theoretical High Energy Physics and Condensed
Matter Physics
i Topics to be Covered Lecture Learning Outcome
No. Hours
Students will be able to analyze the
Continuous Groups: Lie algebra and Lie groups, structure and representations of Lie
Matrix groups and manifold, Group actions on groups and Lie  algebras,
1 spaces, Symmetry transformations in spaces, 10 understand symmetry
Commutators and Jacobi identity, Irreducible transformations  through  group
representation, Application in quantum mechanics actions, and apply these concepts to
quantum mechanical systems.
Students will be able to formulate
Path Integrals: Introduction to Path integrals, quantum mechanics using path
) classical action and principle of least action, ? integrals, derive propagators via
discretization and time slicing, propagators, time-slicing methods, and evaluate
harmonic oscillator, partition function partition functions in quantum and
statistical systems.
Topology: Topological transformations, Students  will  develop an
topological invariants, Chern number, Euler understanding  of  topological
3 characteristic, winding number, homeomorphism, 9 transformations and invariants such
homotopy of paths, Integer and fractional quantum as the Euler characteristic and
Hall effects, topological insulators and Chern  number, and  their
superconductors, Berry phase and Berry curvature implications in physical systems.
Differential Equations: Theory of second-order Students will be able to solve
linear homogeneous differential  equations, second-order linear differential
Inhomogeneous differential equations, Green’s equations  (homogeneous  and
4 functions and solutions to inhomogeneous 9 inhomogeneous), construct Green’s
differential equations of one-, two-, and three- functions in various dimensions,
dimensions, Green’s function for quantum and apply them to quantum
mechanical scattering. mechanical scattering problems.
Students will be able to apply
Statistics: Probability distribution functions, statlsthgl .toc?ls . 1nc1ud1ng’
, o . probability distributions, Bayes
5 Bayes .theorem, Parameter estimation in tche 6 theorem, and parameter estimation
frequentist approach, Least square fit, Gaussian .
errors, and their propagation. technlques,. and perform error
analysis using Gaussian statistics
and least-square fitting.
Total 42
Textbooks:

1. Topological Phases of Matter: R. Moessner, J. E. Moore; 1% Edition, Cambridge University Press, 2021.
2. Lectures on Advanced Mathematical Methods for Physicists: S. Mukhi, N. Mukunda; 1% Edition, World
Scientific, 2020.
Reference Books:
1. A Short Course on Topological Insulators: J. K. Asb6th, L. Oroszlany, A. Palyi; 1 Edition, Springer,
2016.



