
Course Type Course Code Name of Course L T P Credit 

DE NPHD401 ADVANCED TOPICS IN QUANTUM MECHANICS 3 0 0 3 

 

Course Objective 

 To introduce the advanced concepts of quantum mechanics such as interaction of radiation and 
matter, symmetries and conservation laws, scattering, time-dependent perturbation theory, relativistic 
quantum mechanics, and elementary quantum field theory.  

Learning Outcomes  

 On successful completion of this course, a student should be conversant with the concepts of 
scattering theory, relativistic quantum mechanics, mechanics of identical particles and the idea of 
quantum field theory. 

 

 

Unit 
No. 

Topics to be Covered 
Lecture 
Hours 

Learning Outcome 

1 

Scattering Theory: 
Scattering amplitude and cross-section, Partial 
wave analysis and application to simple cases; 
Integral form of scattering equation, Born 
approximation validity. The optical theorem. 

8 

To learn the calculation of scattering 
cross-sections in scattering 
processes used in quantum 
mechanical processes. 

2 

Relativistic Quantum Mechanics: 
The Klein-Gordon equation. The Dirac equation. 
Dirac matrices, spinors. Magnetic Moment and Spin 
of electron; Positive and negative energy solutions, 
physical interpretation. Nonrelativistic limit of the 
Dirac equation. Separation of particles and 
antiparticles. 

8 

To learn the relativistic formalism 
which can be used to describe 
particles and their interactions. 
 

3 

Identical Particles: Symmetric and antisymmetric 
wave functions: Bosons and Fermians. 
symmetrization postulates, Pauli's exclusion 
Principle. Spin-statistics connection, self consistent 
field approximation: Slater determinant, Hartree 
Fock method. 

9 

To learn methods to describe the 
mechanics systems made-up of 
identical indistinguishable quantum 
particles. 
 

4 

Time-Dependent Perturbation Theory: Time-
dependent Schrödinger equation Interaction picture, 
Transition amplitudes and probabilities, First-Order 
Time-Dependent Perturbation Theory, Harmonic 
Perturbations, Fermi’s golden rule. 

8 

To learn how to analyze and predict 
the behavior of quantum systems 
under time-varying interactions, 
including calculating transition 
probabilities. 

5 

Quantum Field Theory: Preliminaries: why QFT? 
Classical Field Theory; Lagrangian formulation; 
Action for a scalar field; Symmetries and 
conservation laws, Noether’s theorem; Quantum 
equation for field, Canonical quantization of scalar 
field; Dirac Field. 

9 

To learn physical principles 
combining the elements of quantum 
mechanics with those of relativity to 
explain the behaviour of subatomic 
particles and their interactions via a 
variety of force fields. 

Total 42  

 
Textbooks:  

1. Advanced Quantum Mechanics: J. J. Sakurai, 1st Edition, Addison-Wesley, 1967. 
2. Relativistic Quantum Mechanics: Wave Equations: W. Greiner, 3rd Edition, Springer, 2000. 

 
Reference Books: 

1. Quantum Field Theory: M. Srednicki, 1st Edition, Cambridge University Press, 2007. 
2. An Introduction to Quantum Field Theory: M. E. Peskin, D. V. Schroeder, 1st Edition, Westview Press, 

1995. 


