Department Physics

Course Code PHL 6042

Course Name Quantum Mechanics-II

Credits 4-0-0

Target Students Semester I, M.Sc. Physics

Pre-requites Knowledge of Mathematical Physics and
basic Quantum Mechanics

Course Instructor Prof. (Dr.) Yugal Khajuria

Contact Block A, Room 201 SMVDU

Course Objectives

The course emphases the students to familiarize with the application of quantum mechanics to
approximation methods and scattering theory. Students also learn the basic concepts of
relativistic quantum mechanics.

Course Outcomes: After completion this course student is able to

CO1 | Learn and apply the basic idea of time independent perturbation theory.

CO2 | Learn and apply the basic idea of variational method and WKB theory

CO3 | Learn the basic ideas and methods of time-dependent perturbation theory.

CO4 | Learn and apply the basic scattering theory and solve problems related to scattering.

CO5 | Understand and learn the concepts and basic methods related to relativistic quantum

wave equation.

Lesson Plan

Lecture

Introduction to Approximation methods in Quantum Mechanics L1

Time independent non-degenerate perturbation theory up to second order | L2-L4

(energy and Wavefunction)

Applications of Time independent non-degenerate perturbation theory (He- | L5-L7

atom and perturbed harmonic Oscillator)

Time independent degenerate perturbation theory up-to first order (doubly | L8-L9

degenerate)

Applications of Time independent degenerate perturbation theory (stark effect) | L10-L11

Introduction to Variational Method L12

Applications of Variational Method (ground state of He atom and other | L13-L17

examples)




WKB approximation, Classical turning points and connection formula L18-L19
Application of WKB to bound state problem L20-L21
Time dependent perturbation theory derivation of Fermi Golden rule L22-L.25
Semi Classical theory of radiations L26
Electric dipole approximation L27
Transition probabilities for absorption and induced emission using electric | L28-L31
dipole approximation

Identical particles, Pauli’s exclusion principal L32-L33
Introduction to Scattering L34-L35
Plane wave and Partial wave analysis L36-L.38
Born Approximation L39
Introduction to quantum relativistic Mechanics and Klein Gordon equation L40-L41
Klein Gordon equation in electromagnetic field L42
Klein Gordon equation for a particle with coulomb potential L43-L44
Derivation of Dirac equation L46
Dirac equation for Hydrogen atom L47-L49
Electron spin for Dirac particle L50-L51
Dirac matrices and their properties L52-L.54
Covariant and Covariance form of Dirac equation L55-L56

Calendar of Quizzes/Assignment

Component Date

Quiz-I 27" -31%, January 2025
Quiz-l 24" -28" February, 2025
Assignment-1 10" -12"" February, 2025
Mid-Term 17-21% March, 2025
Assignment-11/ 215 — 24" April, 2025
Project Submission

Quiz-11l 71— 11% April, 2025
Quiz-1V 28" April-2nd, May, 2025

Major Exam 13" — 22" May, 2025




