
M. Sc.-I (PHYSICS)  

Paper-I 
Mathematical Physics & Computational Physics 

MATHEMATICAL PHYSICS 

Unit –I              

Linear Vector spaces and Matrices:- Linear independent Bases, Dimensionality, Inner 
product, Linear transformations. Matrices – Inverse, Orthogonal and Unitary matrices, 
Independent elements of matrix, Eigen values and eigen vectors, Diagonalization, 
complete orthonormal set of eigen functions. Complex analysis: Complex numbers, 
analytical functions, Cauchy-Riemann conditions, Cauchy theorem, Cauchy integral.   

Unit-II  
Special functions _ Second order linear ODEs with variable coefficients, Solution by series 

expansion, Hermite and Lagaurre equations, Spherical harmonics, Henkel, Neumann 
function, Generating function and recursion relations. Fourier series; FS of arbitrary 

period; Half-wave expansions; Partial sums; Fourier integral and transforms; FT of delta 
function. 

COMPUTATIONAL METHOD AND PROGRAMMING COMPUTATIONAL METHOD  

Unit-III: 

Computational Method: Methods for determination of zeros and linear and non-linear 
algebraic equations and transcendental equations, convergence of solutions.  Solution of 
simultaneous linear equations, Gaussian elimination, pivoting, iterative method, matrix 
inversion.  Power and Jacobi method.  

Finite differences, interpolation with equally spaced and unevenly spaced points. Curve 

fitting, Polynomial least squares and cubic spline fitting.  Numerical differentiation and 
integration, Newton-Cotes formulae, error estimates, Gauss method.   

Unit-IV 
Random variate, Monte-Carlo evaluation of integrals, Methods of importance sampling, 
Random walk and Metropolis method. 
Numerical solution of ordinary differential equations, Euler and Runge Kutta methods, 
Predictor and corrector methods, Elementary ideas of solutions of partial differential 
equations.    

Unit-V 

Programming: Elementary information about digital computer principles. Interpreters and 

operating systems.  C/C++ programming, Flow chart, integer and floating point 
arithmetic, Expressions, built in functions, executable and non-executable statements, 
assignment, control and input-output statements, Subroutines and functions, Operation 
with files.  

             
Text and Reference Books: 

1. Matrices And Tensor in Physics – A.W. Joshi.  
2. Mathematical methods in Physics -Arfken.  

3. R. V. Churchill, Complex variable and Applications, 7th Edition McGraw 
Hill.  



4. Mathematical physics –H. K. Dass  

5. Special functions- Boas  

6. Sastry:     Introductory Methods of Numerical Analysis :  
7. Rajaraman : Numerical Analysis :  
8. Y.M. Kanetkar : Let us C.  
9. Numerical Methods E.Balaguruswamy, Tata Mcgraw hill publishing 

company.  
10. Computational Physics,  H.C. Verma.  
11. Numerical Methods, Schaum Series  

 

M. Sc.-I (PHYSICS)  
Paper-I Classical Mechanics and Quantum Mechanics  

CLASSICAL MECHANICS  

Unit-I   
Lagrangian and Hamiltonian formalisms:-Revision of Newtonian mechanics, Constraints 
their classifications, D’Alembertz Principle, Lagrange’s Equation, Jacobi Integral, Gauge 
Invariance, Symmetries of space and time with Conservation laws, Invariance under 
Galilean transformation. 
Hamilton’s principle and characteristic function. Hamilton-Jacobi equation. 

Unit-II  

Central force, Definition and characteristic, two body problem, Rutherford Scattering, 
Canonical transformations, Generating functions, Poisons brackets, Poisons theorem, 
small Oscillations and Normal modes.  

Quantum Mechanics: 

Unit III 
Why Quantum Mechanics? Revision, inadequacy of classical mechanics, development of 
Schrodinger equation, continuity equation, wave-packet admissible wave functions 
statinary states. 
Formalism of wave mechanics, expectation values, quantum mechanical operators for 
position and momentum in the coordinate representation. Construction of quantum 
mechanical operators for other dynamical variables from those of position and 

momentum. Ehrenfest’s theorem, momentum eigen functions in the coordinate 
representation, box normalization and Dirac delta normalization 

Unit IV 
Brief revision of linear vector spaces, inner or scalar product, Schwarz inequality, state 
vector, general formalism of operator mechanics vector, operator algebra, commutation 

relations, eigen values, eigen vectors, hermitian operators degeneracy, orthogonality of 
eigenvectors of Hermitian operators, non-commutativity of two operators and uncertainty 
in the simultaneous measurements of the corresponding dynamical variables. The 
fundamental expansion postulate, representation o9f state vector, Dirac’s bra-ket 

notations. 
Matrix representation of operators, change of basis, unitary transformations. 
harmonic oscillator problem by operator method 

Unit V 
Angular momentum in QM: commutation relations, eigen values and eigen-functions of L2 
operator. Role of L2 operator in central force problems, radial part of eigen-function for 
hydrogen atom, three-dimensional square well potential, parity of wave functions and 



parity operator,  

Generalized angular momentum, raising and lowering operators, matrices for J2, Jx, Jy 

and Jz operators, spin angular momentum, Pauli spin matrices, addition of angular 
momentum Clebich- Gordan coefficients, spin angular momentum, spin functions for 
many electrons. 

Text and Reference Books: 

1. Classical mechanics –N. C. Rana   and P. S.  Joag  

2. Classical mechanics -  H. Goldstien  
3. Quantum Mechanics- L.I.Schiff  
4. Quantum Mechanics- E.Merzbacher  
5. Quantum Mechanics- Ghatak and Loknathan  
6. Quantum Mechanics- Aruldhas  

M. Sc. (Physics) 
Paper-III   
Statistical Mechanics and Atomic & Molecular Physics  

Statistical Mechanics  

Unit-I      
Foundation of statistical mechanics; Specification of states of a system, contact between 
statistics and thermodynamics, Classical ideal gas, Entropy of mixing and Gibbs’s 
paradox. Micro-canonical ensemble, phase space, trajectories and density of states, 

Liouville’s theorem, Canonical and grand canonical ensembles; Patrician function, 
calculation of statistical quantities, energy and density fluctuations.  

Unit-II  
Density matrix, statistics of ensembles, statistics of indistinguishable particles, Maxwell-

Boltzmann, Fermi-Dirac and Bose-Einstein statistics, properties ideal Bose and Fermi 
gases, Bose-Einstein condensation. 

Cluster expansion for classical gas, Virial equations of states, Ising model, Mean field 
theories of the Ising model in three, two and one dimensions. Exact solutions in one 
dimension. 

Unit-III  
Landau theory of phase transition, Critical indices, Scale transformation and dimensional 
analysis.  
Correlation of space-time dependent fluctuations, fluctuations and transport phenomenon, 

Brownian motion, Langevin theory, fluctuation dissipation theorem.  The Fokker-Planck 
equation. 

Atomic and molecular physics 

Unit-IV 

Quantum states of one electron atoms-Atomic orbital-Hydrogen spectrum-Pauli’s 
principle, Spectra of alkali elements-Spin orbit interaction and fine structure in alkali 
Spectra-Equivalent and non-equivalent electrons-normal and anomalous Zeeman effect, 
Paschen Back effect, Stark effect, Two electron systems, interaction energy in LS and JJ 
Coupling, Hyperfine structure (Qualitative) – Line broadening mechanisms (General ideas) 

Unit-V 
Types of molecules, Diatomic linear symmetric top, asymmetric to and spherical to 



molecules, Rotational spectra of diatomic molecules as a rigid rotator, Energy levels and 

spectra of non-rigid, Intensity of rotational lines-Stark modulated microwave 

spectrometer (qualitative). 
-Vibrational energy of diatomic molecule, Diatomic molecule as a simple harmonic 
oscillator, Energy levels and spectrum, Mores potential energy curve, Molecules as 
vibrating rotator, Vibration spectrum of diatomic molecule, PQR branches, IR 
spectrometer (qualitative)  
 

Text and Reference Books 

1. Statistical and thermal Physics, by F. Reif  
2. Statistical Mechanics by K. Huang  
3. Statistical Mechanics by R.K Patharia  
4. Statistical mechanics by R. Kubo  

5. Statistical Physics by Landau and Lifshitz  
6. Introduction to atomic spectra, H.E. White  
7. Fundamentals of molecular spectroscopy, C.B. Banwell  
8. Spectroscopy Vol. I, II & III, Walker & Straughen  
9. Introduction to molecular Spectroscopy , G. M. Barrow  
10. Spectra of diatomic molecules, Herzberg  
11. Molecular spectroscopy, G.M. Barrow  

12. Spectra of atoms and molecules, P.F. Bemath  
13. Modern spectroscopy, J.M. Holias.   

M. Sc. -I (PHYSICS)  
Paper-IV 
Electrodynamics and Plasma Physics 

Electrodynamics  

Unit-I         

Waveguides and Optical Fibers: Fields at the surface of and within conductor, Cylindrical 
cavity and wave guide, Wave-guides, Modes in Rectangular waveguide, Multimode 
propagation in optical fibers, Modes in dielectric waveguides.  

Unit-II      

Review of Four-Vector and Lorentz transformation in four dimensional space, 
Electromagnetic field tensor in four dimensions and Maxwell’s equations, Duel field tensor, 

wave equation for vector and scalar potential. Motion of charge particles in 
electromagnetic fields – Motion in uniform static magnetic field, Motion in combined 
uniform static electric and magnetic fields, Particle drift in nonuniform static magnetic 

filed. Solution of wave equation in covariant form, Adiabatic in-variance of flux through 
orbit of particle.  

Unit-III      

Retarded potential and Lienord-Wiechert potential, Electric and magnetic fields due to 
uniformly moving charge and accelerated charge, Linear and circular acceleration and 
angular distribution of power radiated, Bremsstrahlung, Synchrotron radiation and 
Cerenkov radiation, reaction force of radiation.  



Plasma Physics 

Unit-IV  
Elementary concepts: derivation of moment equations from Boltzmann equations, Plasma 
oscillations, Debye shielding, plasma parameters, magneto-plasma, Plasma confinement.  

Unit-V        
Hydromagnetic waves: magneto-sonic and Alfven waves. Wave phenomena in magneto-
plasma: Polarization, Cutoffs, Resonance for EM wave propagating parallel and 

perpendicular to magnetic field, Propagation at finite angle and CMA diagram; Helicon, 
Whistler, Faraday Rotation.         

Text and Reference Books: 

1. Classical Electrodynamics, J. D. Jackson (second and third Addition).  

2. Classical Electricity and Magnetism, Panofsky & Phillips.  
3. Plasma Physics, Bittenciurt.  
4. Plasma Physics, Chen.  

 
 

M. Sc. -I (PHYSICS) 
Paper-V 
Electronic Devices  and Solid Sate Physics   

Electronic Devices   

Unit-I      

Transistors: JFET, MOSFET and MESFET: Structure, Working, Derivations of the equations 
for I-V characteristics under different conditions; High frequency limits. 
Microwave devices: Tunnel diodes, transfer electron devices (Gunn diode); Avalanche 
transit time devices, Impatt diodes and parametric devices. 
Unit-II  
Photonic devices: Radiative and non-radiative transitions. Optical absorption, Bulk and 

thin film Photoconductive devices (LDR), diode photo-detectors. LED (high frequency 
limit, effect of surface and indirect recombination current operation of LED), diode laser 
(condition for population inversion in active region, light confinement factor.  Optical gain 
and threshold current for lasing, Fabry-Perrot cavity length for lasing and the separation. 

Unit-III      
Memory devices: Static and dynamic random access memories SRAM and DRAM, CMOS 
and NMOS, non-volatile – NMOS, magnetic, optical and ferroelectric memories, charge 
coupled devices (CCD).  

Other electronic devices: Electro-optic, Magneto-optic and Acousto-optic effects.  Material 

properties related to get these effects. Liquid crystal and Polymeric materials for these 
devices. Piezoelectric, Electrostrictive and magnetostrictive effects, Important materials 
exhibiting these properties, and their applications in sensors and actuator devices.  
Acoustic delay lines, piezoelectric resonators and filters. High frequency piezoelectric 
devices-Surface Acoustic Wave Devices.  

Solid Sate Physics  Unit-IV   Crystal Physics and Defects in crystals : Crystalline solids, 
unit cell and direct lattice, two and three dimensional Bravais lattices, closed-packed 
structures  

Interaction of X-ray with matter, absorption of X-rays, Elastic scattering form perfect 



lattice. The reciprocal lattice and its applications to diffraction techniques. The Laue, 

Powder and rotating crystal methods, crystal structure factor and intensity of diffraction 

maxima. Extinction due to lattice centering. 
Point defects, line defects and planer (stacking) faults. The role of dislocations in plastic 
deformation and crystal growth.  The observation of imperfections in crystals, X-ray and 
electron microscopy. 

Unit-V    
Electronic Properties of Solids: Electrons in a periodic lattice: Bloch theorem, Band theory, 
Classification of solids, effective mass, Tight-bonding, cellular and pseudopotential 
methods, Fermi surface, de Hass von Alfen effect, cyclotron resonance, magneto-
resistance, quantum Hall effect, Superconductivity: critical temperature, persistent 

current, Meissner effect.  
Weiss theory of ferromagnetism, Heisenberg model and molecular field theory, Spin 
waves and megnons. Curie-Weiss law for susceptibility, Ferri- and antiferro-magnetic 
order. Domains and Bloch-wall energy.     

 
Text and Reference Books  

1. Verma and Srivastava – Crystallography for Solid State Physics  
2. Azaroff- Introduction to solids  
3. Omer- Elementry solid state physics  

4. Aschroff and Mermin- Solid state physics  
5. Kittel – Solid state physics  
6. Chaikin and Lubensky – Principals of Condensed Matter Physics  
7. Semiconductor Devices-Physics & Technology: M. S. Sze (Wiley 1985)  
8. Introduction to Electronic Devices:M. S. Tyagi (John Wiley & Sons)   
9. Measure, Instrumentation and Experimental:M. Sayer and A. Mansingh  
10. Design in Physics and Engineering (Prentice Hall, India, 2000)  
11. Optical electronics: A. Ghatak & K. Thyagarajan (Cambridge Univ. Press)  

Recommended Practical(s) 
Lab-I 

1. Measurement of resistivity of a semiconductor by four probe method at 

different temperatures and determination of band gap energy  
2. Determination of Lande’s factor of DPPH using ESR spectrometer  
3. Measurement of Hall coefficient of given semiconductor: Identification of 

type of semiconductor and estimation of charge carrier concentration.  
4. To study the florescence spectrum of DCM dye and to determine the 

quantum yield of florescence maxima and full width at half maxima for 
this dye using monochromator.  

5. To study Faraday effect using He-Ne Laser.  
6. Testing goodness of fit of Poisson distribution to cosmic ray bursts by chi-

square test  

7. Determination of Half life of “In”  
8. Determination of range of Beta-rays from Ra and Cs  
9. X-ray diffraction by telexometer  

10. Determination of ionization potential of lithium  
11. Determination of e/m of electron by normal Zeeman effect using Febry 

Perot Etalon  
12. Determination of Dissociation Energy of Iodine (Molecule by photography 

the absorption band of Iodine in the visible region  
13. Determination of wavelength of monochromatic source using Michelson 

Interferometer.  

14. Study of fiber optics  
15. Study of waveguide  



16. Study of emission spectra of iron (Iron arc)  

17. Study of B-H Curve  
18. (a) Measurement of wavelength of He-Ne Laser light using ruler   

(b)  Measurement of thickness of thin wire with laser 

 
Lab-II 

1. Design of a regulated power supply  

2. Characteristics and applications of silicon controlled rectifier  
3. Design of common emitter Power transistor amplifier  
4. Experiments on bias stability  
5. Negative feedback (Voltage series/shunt and current series/shunt)  
6. Astable, Monostable and Bistable multivibrator   
7. Experiment on FET and MOSFET characterization and application as an 

amplifier  
8. Experiment on Uni-junction transistor and its application  
9. Digital-I: Basic, TTL, NAND and NOR  
10. Digital-II: Combinational  logic  
11. Flip-Flops  
12. Study of modulation (FM, AM, etc)  
13. Operational Amplifier  

14. Differential amplifier  
15. Microprocessor  

Mathematical  

  

 


