
Semester Ill 

August 

September 

October 

November 

December 

LESSON PLAN 

MSc. Physics , Semester Ill 

CONDENSED MATTER PHYSICS-I 

Bloch theorem, the Kronlg-Penney model, zone schemes, effective mass of 
electron, nearly free electron model, tight binding approximation, OPW method, 
pseudo potential method, conductors semiconductors Insulators 

Bragg Law, Reciprocal lattice vectors, Structure factor, Form factor ,Forces between 
atom: Ionic bonding, cohesive energy of Ionic crystal, evaluation of Madelung 
constant of NaCl structure, covalent bonding, metallic bonding, hydrogen bonding, 
van der waals bonding ,Stress components, displacement and strain components, 
work done by elastic forces In a solid, reduction of no. of elastic constant due to 
existence of potential of elastic forces. Elastic stiffness constant for isotropic body, 
elastic waves, waves in (100) and (110) directions Dynamics of the chain of 
identical atoms, dynamics of a diatomic linear chain, dynamics of identical atoms in 
three dimensions, experimental measurements of dispersion relations, 
anharmonicity and thermal expansion. 

Electronic transport from classical kinetic theory; Boltzmann transport equation, 
electrical conductivity, calculation of relaxation time in metals, thermal conductivity 
of metals and insulators, thermoelectric effects; Hall effect and magnetoresistance; 
Transport in semiconductors 

Polarization mechanisms, Dielectric function from oscillator strength, dielectric 
constant and its measurements, ploarizability, the classical theory of electronic 
ploarizabilty, Clausius-Masotti relation; dipolar polarizability. Piezo- pyre and 
ferroelectric properties of crystals, ferroelectricity, ferroelectric domain, 
antiferroelectricity and ferri~lectricity 

University Exams 



Semester Ill 

August 

September 

October 

November 

December 

ClASSICAL ELECTRODYNAMICS 11 

Postulates of Special theory of Relativity, Interval, Lorentz transformation as 

orthogonal transformation in 4-dimension,Four velocity and Four acceleration, 
rel f · f · • . a ivis ic equation of motion: Mmkowski force, Four momentum, applications of 

energy momentum conservation : Disintegration of a particle, C.M. System and 
reaction thresholds. 

Non-relativistic motion in uniform constant fields: Constant uniform electric field, 

Constant uniform magnetic field, Crossed uniform and constant electric and 

magnetic fields. Non-relativistic motion of a charged particle in a slowly varying 

magnetic field : Time varyi!"lg magnetic field, Space varying magnetic field, Gradient 

Drift, Curvature Drift. Adiabatic magnetic field invariance of flux through an orbit, 

magnetic mirroring, Relativistic motion of a charged particle: Constant magnetic 

field, Constant electric field Electromagnetic Field of a plane wave. 

Four vectors in Electrodynamics, 4 current density, 4-potential, covariant continuity 

equation, wave equation, covariance of Maxwell equations. Electromagnetic field 

tensor, transformation of EM fields. Invariants of the EM fields. Energy momentum 

tensor of the EM fields and the conservation laws. Lagrangian and Hamiltonian of a 

charged particle in an EM field 

: Lienard-Wiechert Potentials, Field of a charge in arbitrary motion and uniform 

motion, Radiated power from an accelerated charge at low velocities

LarmourPower formula. Radiation from a charged particle with collinear velocity 

and acceleration. Radiation from a charged particle in a circular orbit, Radiation 

from an ultra-relativistic particle, Radiation reaction. Line-width and level shift of an 

oscillator. Thomson scattering, Rayleigh scattering, absorption of radiation by 

bound electron. 

University Exams 



f 

Semester III 
QUANTUM MECHANICS ff 

August 
Scattering Cross-section and scattering amplitude, partial wave analysis, low 

energy scattering, Green's function in scattering theory, Born approximation and its 

application to Yukawa potential and other simple potentials. Electron scattering by 

an atom, Optical theorem, Scattering of identical particles. 

September Klein- Gordon equation, Dirac equation and its plane wave solution, significance of 

negative energy solutions, spin angular momentum of the Dirac particle, 

nonrelativistic limit of Dirac equation. Electron in electromagnetic fields, spin 

magnetic moment. spinorbit interaction, Dirac equation fora particle in a central 

field. Fine structure of hydrogen atom, lamb shift. 

October Resume of Lagrangian and Hamiltonian formalism of a classical field. Second 

quantization: Concepts and illustrations with Schroedinger field. Quantization of a 

real scalar field and its application to one meson exchange potential. 

November Quantization of a complex scalar field. Dirac field and e.m. field. Commutation 

relations. Covariant perturbation theory. Introduction to Feynman Diagrams. 

December University Exams 



Semester 
3rd 

August 

LESSON PLAN 

MSC Physics Semester 3rd and 4th 

Nuclear Physics 1 

Global nuclear properties Systematics in nuclear masses and 

binding energies, Nuclear sizes, Methods to determine nuclear 

radii, Nuclear electric and magnetic multipole moments, Quantum 

properties of nuclear states.Nuclear Reactions Types of nuclear 

reactions, Cou!omb barrier, Conversation laws, nuclear reaction 

kinematics and Q-value, Laboratory and Centre of mass 

coordinates and their relationship, Reaction cross section, 

Classical analysis of cross section, Partial wave analysis, thick 

tar,get vield. 

September Radio Active Decays, Kinematics of alpha-decay (HYDE), 

naturally occurring decay chains, Range of alpha particles (Bragg 

Curve), Geiger-Nuttal law, Gamrnow's theory of alpha decay, 

Cluster decay. Beta decays: P-, p+ and electron capture decays, 

Energy relations and Q-values in beta decays, Fermi theory of beta 

decay, Kurie plots, Comparative half-life, Classification ofbeta 

transitions, selection rules for allowed and forbidden transitions, 

violation of parity conservation, Wu-Ambler experiment, helicity 

of electron and of neutrino.Electric and magnetic multipole 

October 

, November 

gamma transitions, selection rules, Internal Conversion process, 

Transition rates, directional correlation in _gamma emission. 

Nuclear Forces- Two-nucleon interaction potential, 

Ground state of deuteron, excited states of deuteron, magnetic 

dipole and electric quadrupole moment of deuteron and tensor 

forces.Neutron-proton (n-p) scattering at low energies, Scattering 

length, spin dependence, Effective range theory in n-p scattering, 

Coherent and incoherent scattering, tensor forces, proton-proton 

(p-p) s~attering at low energy, comparison of n-p and p-p 

scattenne 

Nuclear Forces- Two-nucleon interaction potential, \ 1v 



Ground state of deuteron, excited states of deuteron,-magnetic 

dipole and electric quadrupole moment of deuteron and tensor 

forces.Neutron-proton (n-p) scattering at low energies, Scattering 

length, spin dependence, Effective range theory in n-p scattering, 

Coherent and incoherent scattering, tensor forces, proton-proton 

(p-p) scattering at low energy, comparison of n-p and p-p 

scattering. 
-December University Exams 
-

Semester Nuclear Physics II 

IVth 
January Nuclear Shell Model: Coupling of angular momentum - C.G. 

Coefficients and Racah Coefficients. Evidence for nuclear shell 

structure, Extreme single particle model with square-well and 

harmonic oscillator potentials, spin-orbit potential, 

Shell model predictions.Single-particle model, total spin for 

various configurations, Nuclear isomerism, Magnetic moment-

Schmidt lines, electric quadrupole moment,Configuration mixing, 

Independent particle model, L-S coupling and jj coupling 

schemes. 
February Collective Model ofNucleus: Rotation - D Matrices, 

Parameterization of nuclear surface, Collective surface 

oscillations, Derivation of the collective 

hamiltonian transformation to body-fixed frame. 

Collective ~odes of motion, Nuclear vibrations, P and y vibrations 

in spheroidal nucleus and associated energy spectra, !so-scalar 

vibrations, Giant resonances. Brief overview supported by 

examples - Deformed rotational nuclei, rotational energy spectra 

for even-even nuclei and odd-A nuclei, decoupling parameter, 

Electric quadrupole moment and magnetic dipole moment, E2 and 

Ml transition probabilities, Energy spectrum with coupling of 

vibration and rotational motion. 

March Nuclear reactions, Resonance: Breit-Wigner Dispersion Formula, 

Compound Nucleus, cross section for formation of compound 

nucleus, Statistical theory of nuclear reactions. Optical model for 

nuclear reactions at low energies, comparison with experiments. 

Direct Reactions - Kinematics of stripping and pick-up reactions, 

April 
theory of stripping and pick-up reactions. 

Harmoni~ anis?tropic oscillator, Nilsson model. Rotational motion 

at very high spins, Population of high spin states Cranking 

I 
shell model, Si~ature ~uantum number, Backb;nding 

phenomenon, Kinematics and dynamic moment of inertia. 

.JP-/ 



Brief reviews -Nuclea Ph • 

1 1 
, . r ys,cs at extreme~ of ~tahil,ty. miclesir 

19 os, proton n ch nuclei. Radioactive ion beams. Producr,on of 

----1-s_u..__c_r_hea~c Icj. _ 

~ . .,__Y_ 1 ______ __:_R~e~vision of Important Topic~ 

June 
Universitv Exams 

_ ., -

LESSON PLAN 

Particle Physics and Experimental techniques in Physics 

Semester 
III 

August 

September 

Particle Physics I 

Introduction : Fermions and Bosons, particles and antipartic \es, 

quarks and leptons, interactions and fields in particles physics, 

classical and quantum pictures. Yukawa Picture, types of 

interactions-electromagnetic, weak, strong and gravitational, 

Natural unit. 

Invariance Principles and Conservation Laws: Invariance in 

classical mechanics and in quantum mechanics, parity, pion 

parity, Charge conjugation, Positronium decay, Time reversal 

invariance, CPT theorem. 

Hadron-Hadron Interactions: Cross section and decay rates, Pion 

spin, Isospin, Two nucleon system, Pion-nucleon system, 

Strangeness and Isospin , G-parity, Total and Elastics cross 

section, Particle Production at high energy. 
\ 

.J 



October 

November 

December 

Semester 
IV 

January 

February 

March 

Relativist· K' - - - -- - --
. . . IC . mematics and Phase Space: Introduction to 

r~la!•v~stJc kinematics. Dalitz K-37t decay, Dalitz plots fo r 

d1sstmtlar particles. 0 -0 puzzle. Wave optical discussion of 

hadron scattering, Breit - Wigner response formula, Example of 

baryon resonance-.1++. Mandelstem variables. Static Quark Mode l 

of Hadrons: The Baryon decuplet, baryon octet, meson octet , 

quark spin and color, quark-antiquark combination. . 

Weak Interaction: Classification of weak interactions, Fermi 

theory, Cabibbo theory, Parity non-conservation in _f3~decay, 

experimental determination of parity violation. Hehcity of 

neutrino, CP violation in K- decay and its experimental 

Determination. 
Universi ty Exams 

Experimental Techniques in physics 

Interaction of gamma-rays, electrons, heavy charged particles, 

neutrons, neutrinos and other particles with matter. 

Radiation detectors - energy resolution, detection efficiency ~n~ 

dead time. Statistics and treatment of experimental data, preciswn 

and accuracy, error analysis, propagation of errors, Statistical 

treatment of experimental data. Least squares fitting of linear and 

nonlinear functions, chi-square test, Binomial, Poisson 

and Gaussian distributions 

Gas-filled detectors, Proportional counters, space charge effects, 

position-sensitive proportional counters. 

Organic and inorganic scintillators and their characteristics, light 

collection and coupling to photomultiplier tubes and photodiodes, 

description of electron and gamma ray spectra from scintillation 

detector, Cherenkov detector.Semiconductor detectors in X- and 

gamma-ray spectroscopy, Charge production and collection 

processes, Pulse height spectrum,Detection of fast and slow 

neutrons - nuclear reactions for neutron detection. General 

Background and detector shielding. Beta ray spectrometer. 

Electronics associated with detectors : Pulse height analysis -

Electronics for pulse signal processing, Pulse shaping, pole-zero 

cancellation, preamplifiers (voltage and charge-sensitive 

configurations), Linea~ amplifiers, Single-channel analyser, 

multichannel analyzer.Basic considerations in time measurements 

W~lk_and jitter, Time pickoff methods, Gamma-gamma ' 

comc1dence set up. Electronics and experimental methods : 

Classi~cati~n ofTra~ducers - temperature, pressure, magnetic 

field, v1brahonal, optical - L VDT, strain gauge, piezo~ l~cµ- ic , Hall 



April 

Ma 
June 

effect type, magneto-restrictive, electromechanical, capaciti~~ Lock-in-detector, Box•car inte rator. Preparation of Thin films _ (Brief account) Physiochemi~al . method, Laser ablation, evaporation, sputtering, beam epitaxial Characterization techniques, XRD, TEM, SEM, AFM_, STM, DSC, measurement of s ecific and thermal conductivi 
ortant To ics 

U niversi Exams 

• 



LESSON PLAN 

MSc. Physics , Semester JV 

Semester IV 

January 

February 

March 

April 

May 

CONDENSED MATTER PHYSICS II 

Propagation of light in isotropic solids, propagation of light in conducting media, 

absorption processes, photo conductivity, luminescence. Piezoeletricity and 

ferroe/etricity. 

Dia- and para-magnetism in materials, Pauli paramagnetism, Ferromagnetism, 

Heisenberg Hamiltonian and resume of the results; Antiferomagnestim, 

Ferrimagnetism, ferrites, spin waves, specific heat - Bloch law, Magnons 

Source of superconductivity, response of magnetic field, the Meissner effect, Type I 

and Type II superconductors; thermodynamics of superconducting transitions, 

origin of energy gap, iosotope effect, London equatios, London penetration depth, 

coherence length, elements of BCS theory, flux quantization, normal tunneling and 

Josephson effect, high Tc superconductors. 

Point Imperfections, concentration of point imperfections, line imperfections, 

Burgers vector and circuit, presence of dislocation, dislocation motion, energy of a 

dislocation, slip planes and slip directions, surface imperfections. Types of liquid 

crystals, classification, calamitic thermotropic liquid crystals, lyotropic liquid 

crystals, mesogenic materials 

University Exams 



1 Semester IV 

January 

February 

March 

April 

May 

ATOMIC AND MOLECULAR PHYSICS 

Vector model for one and two valance electron atoms; Spin-orbit interaction and 

fine structure of hydrogen, Lamb shift Spectroscopic notations for L-S and J-J 

co 1· . ' . yin L-5 and 

up rngs, Spectra of alkali and alkaline earth metals; Interaction energ 

J-J coupling for two electron systems; Selection and Intensity rules for doublets and 

triplets. Exchange symmetry of atomic wavefunctions and Pauli's principle. 

Natural breadth of spectral line, Line broadening mechanisms, The Zeeman Effect 

for two electron systems; Intensity rules for the Zeeman effect; The calculations of 

Zeeman patterns; Paschen-Back effect; LS coupling and Paschen-Back effect; 

lande's factor in LS coupling; Stark effect. Lasers: Temporal and spatial coherence, 

Spontaneous and stimulated emission, rate equation, Mode of resonator and 

coherence length, He-Ne laser, Nitrogen laser, CO2 laser, Ruby laser. 

Molecular spectra, symmetric structures, Rotational spectra of diatomic molecules 

as a rigid and non-rigid rotator, Intensity of rotational lines, Effect of isotopic 

substitution, Vibrating diatomic molecule as a simple harmonic and an anharmonic 

oscillator, Diatomic vibrating rotator, The vibration-rotation spectrum of carbon 

monoxide, The interaction of rotation and vibrations. Rotational Raman spectra for 

diatomic molecules, Vibrational Raman spectra, Electronic structure of diatomic 

molecule, Electronic spectra of diatomic molecules, Frank-Condon principle. Born

Oppenheimer approximation, Rotational and Vibrational structures in electronic 

transitions of diatomic molecules, selection rules 

(Brief account) Atomic Absorption and emission Spectrometers, UV-Vis 

Spectrometer, Outline of technique and instrumentation, Fourier transform 

spectroscopy and FTIR Spectrometer, Raman Spectrometer, Electron spin 

resonance, Nuclear magnetic resonance. Inner-shell ionization and vacancy decay 

mechanisms, Radiative and Auger transitions, Mosley's law, Selection rules, X-ray 

spectra, X-ray fluorescence spectrometer 

University Exams 



March 25, 2022 

Professor Punam Mahajan h 
making and k" eld a meeting with other staff members of the department and discussed on 

wor mg of Geography society 

Prof. Poonam Mahajan (HODU v-.J 

Prof. Bhola Nath 

Prof. Rajinder Kaur 

Prof. Amandeep Kaur 

Translated
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March 30, 2022 

A department meeting was held to discuss the Map Filling activity and competition to be held on March 
31, 2022. Different duties were assigned to all the members of this staff to make this act ivity successful. 

Prof. Poonam Mahajan~ 

Prof. Bhola Nath 

Prof. Rajinder Kaur 

Prof. Amandeep Kaur 

Translated
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March 5, 2022 

Professor Poonam Mahajan head of the department discussed with all present staff members of the 

department about the important equipments to be bought from GEM portal and prepared a list of 

them. 

Prof. Poonam Mahajan (HOD) 

Prof. Bola Nath 

Prof. Rajinder Kaur 

Prof. Amandeep Kaur 

Translated
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March 24 2022 

Dr Poonam Mahajan (HOD) held a meeting with other staff members of the department and discussed the following points:-

1. Regarding the attendance of Geography students 

2. Encouraged the staff members for research papers and Publications 

3. To keep the department notice board updated 

Prof. Poonam Mahajan (HOD)\, 

Prof. Bhola Nath 

Prof.Rajinder Kaur 

Prof. Amandeep Kaur 

Translated
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