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M.Sc. Physics Course Structure
The medium of instruction and examination shall be English only.

First Semester

. MPHY 101 Classical Mechanics

. MPHY 102 Quantum Mechanics

. MPHY 103 Classical Electrodynamics-I

. MPHY 104 Mathematical Methods in Physics

. MPHY111 Electronics Lab/Advanced Optics Lab/General Lab
. MPHY131 Seminar-1

AL bW

Second Semester

1. MPHY201 Electronics

2. MPHY?202 Atomic and Molecular Physics

3. MPHY203 Classical Electrodynamics-II

4. MPHY204 Numerical Methods

5. MPHY211 Electronics Lab/Advanced Optics Lab/General Lab

6. MPHY231 Project work/Summer Training Programme/Dissertation

Third Semester

1. MPHY 301 Advance Quantum Mechanics

2. MPHY 302 Statistical and Solid State Physics

3. MPHY 303 Nuclear Physics -I

4. MPHY304 Core Elective - I

4. MPHY 304 (i) Microwave Electronics -]

4. MPHY?304 (ii) Condensed Matter Physics -I

4. MPHY 304 (iii) Nanotechnology -]

4. MPHY 304 (iv) Basics of Astrophysics & Astronomy -]
5. MPHY311 Elective/Advance Laboratory Work

6. MPHY?331 Seminar — 2

Fourth Semester (Alternative)

1. MPHY401 Introductory Quantum Field Theory

2. MPHY402 Solid State Physics

3. MPHY 403 Nuclear Physics —II

4. MPHY 404 Core Elective — II

4. MPHY404 (i) Microwave Electronics —II

4. MPHY 404 (ii) Condensed Matter Physics —II

4. MPHY 404 (iii) Nanotechnology —II

4. MPHY 404 (iv) Basics of Astrophysics & Astronomy —II

5. MPHY411 Elective/Advance Laboratory Work

6. MPHY 431 Project Work/Summer Training Programme/Dissertation
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S. S. Jain Subodh P.G. (Autonomous) College, Jaipur
Master of Science (M.Sc.) Subject — Physics

Examination Scheme

Semester — I
Paper Nomenclature of paper Max. Marks
PAPER -1 CLASSICAL MECHANICS 70 Marks
[MPHY 101]

CIA (INTERNAL MARKS) 30 Marks
PAPER-1I | QUANTUM MECHANICS 70 Marks
[MPHY 102]| .

CIA (INTERNAL MARKS) 30 Marks
PAPER —III | CLASSICAL ELECTRODYNAMICS -1 70 Marks
[MPHY 103]

CIA (INTERNAL MARKS) 30 Marks
PAPER -1V | MATHEMATICAL METHODS IN PHYSICS 70 Marks
[MPHY 104]

CIA (INTERNAL MARKS) 30 Marks
PAPER -V | SEMINAR -1 60 Marks
[MPHY 131]
PAPER — VI | ELECTRONICS LAB/ADVANCED OPTICS LAB/GENERAL LAB 80 Marks
[MPHY 111]

. CIA (INTERNAL PRACTICAL MARKS) 60 Marks

TOTAL 600 Marks

Semester — I1
Max. Marks

Paper Nomenclature of paper
PAPER -1 ELECTRONICS 70 Marks
[MPHY 201]

CIA (INTERNAL MARKS) 30 Marks
PAPER -1II | ATOMIC AND MOLECULAR PHYSICS 70 Marks
[MPHY 202]

CIA (INTERNAL MARKS) 30 Marks
PAPER - III | CLASSICAL ELECTRODYNAMICS - 1I 70 Marks
[MPHY 203]

CIA (INTERNAL MARKS) 30 Marks
PAPER -1V | NUMERICAL METHODS 70 Marks
[MPHY 204]

CIA (INTERNAL MARKS) 30 Marks
PAPER -V | ELECTRONICS LAB/ADVANCED OPTICS LAB/GENERAL LAB 80 Marks
[MPHY 211]

CIA (INTERNAL PRACTICAL MARKS) 60 Marks
PAPER — VI | PROJECT WORK/SUMMER TRAINING PROGRAMME/DISSERTATION 60 Marks

| [MPHY 231]
TOTAL 600 Marks




Semester — I11

Paper Nomenclature of paper Max. Marks
PAPER -1 ADVANCED QUANTUM MECHANICS 70 Marks
[MPHY 301]
CIA (INTERNAL MARKS) 30 Marks
PAPER —II | STATISTICAL AND SOLID STATE PHYSICS 70 Marks
[MPHY 302]
CIA (INTERNAL MARKS) 30 Marks
PAPER - III | NUCLEAR PHYSICS —1I 70 Marks
MPHY 303]
CIA (INTERNAL MARKS) 30 Marks
PAPER -1V | CORE ELECTIVES [(i) MICROWAVE ELECTRONICS, (ii) CONDENSED| 70 Marks
[MPHY 304] | MATTER PHYSICS, (ii)y NANOTECHNOLOGY (iv) BASICS OF
ASTROPHYSICS & ASTRONOMY]
CIA (INTERNAL MARKS) 30 Marks
PAPER -V | ADVANCED LABORATORY WORK 80 Marks
HY 311]
CIA (INTERNAL PRACTICAL MARKS) 60 Marks
PAPER - VI | SEMINAR -2 60 Marks
[MPHY 331]
TOTAL 600 Marks
Semester — IV
Paper Nomenclature of paper Max. Marks
PAPER -1 INTRODUCTORY QUANTUM FIELD THEORY 70 Marks
[MPHY 401]
CIA (INTERNAL MARKS) 30 Marks
PAPER —II | SOLID STATE PHYSICS 70 Marks
MPHY 402]
CIA (INTERNAL MARKS) 30 Marks
PAPER - III | NUCLEAR PHYSICS —1I 70 Marks
[MPHY 403]
CIA (INTERNAL MARKS) 30 Marks
PAPER -1V | CORE ELECTIVES [(i) MICROWAVE ELECTRONICS, (if) CONDENSED
[MPHY 404] | MATTER PHYSICS, (iii) NANOTECHNOLOGY, (iv) BASICS OF
ASTROPHYSICS & ASTRONOMY] :
CIA (INTERNAL MARKS) 30 Marks
PAPER -V | ADVANCED LABORATORY WORK 80 Marks
[MPHY 411]
CIA (INTERNAL PRACTICAL MARKS) 60 Marks
PAPER —V | PROJECT WORK/SUMMER TRAINING PROGRAMME/DISSERTATION 60 Marks
[MPHY 431]
TOTAL 600 Marks

Theory Classes : Four hours per paper per week.

Practical Classes : Three hours per day, all six days a week.
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S. S. Jain Subodh P.G. (Autonomous) College, Jaipur

Master of Science (M.Sc.) Subject — Physics

Examination Scheme for Each Paper

Part A 7 QUESTIONS (Very Short Answer Type Questions) 7x 2 MARK EACH = 14 Marks
Part B 4 QUESTIONS (1 Question from Each Unit with Internal Choice)

14x 4 MARK EACH = 56 Marks

Max. Marks of End Semester Exam (Duration of Exam of 3 Hours) = 70 Marks
Internal Assessment (CIA) = 30 Marks
Maximum Marks (Each Theory Paper) =100 Marks

(Internal Marks 30 + External Marks 70)

Max. Practical Marks WithDissertation/Seminar =200 Marks

(External Practical Exam Marks 80 + Internal Practical Exam Marks 60 + Dissertation/Seminar Marks
60)

Total of Theory Papers : 4 X 100 Marks Each = 400 Marks per semester

(Min. Pass Marks 40% = 160 Marks; Min. of 21 marks required in each of the theory papers separately
in end-semester exam)

Total of Practical Marks With Seminar per Semester = 200 Marks
(Min. Pass Marks 40% = 80 Marks)

Grand Total of Subject per Semester = 600 Marks
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M.Sc. (Physics) Semester — I

Paper I : MPHY 101: Classical Mechanics

Duration : 3 hrs. Max. Marks : 70
Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each
question will carry 14 marks.

Unit — 1

Holonomic and Non-Hsionomic Constraints : D’Alembert's Principle and Lagrange’s
Equation. Velocity dependent potentials. Simple applications of Lagrangian formulation.
Hamilton Principle. Calculus of Variations, Derivation of Lagrange’s equation from Hamilton’s
principle. Extension of Hamilton's Principie fer nonconservative and non-holonomic systems,
Method of Lagrange's muliipliers, Conservation Theorems and Symmetry Properties. Noether's
Theorem. Conservation of Energy. Linear Momentum and Angular Momentum As A
consequence of Homogeneity of Time and Space and Isotropy of Space.

Unit -1

Generalized momentum, Legendre Transformation and The Hamilton’s Equations of
Motion : Simple Applications of Hamiltonian Formulation, Cyclic Coordinates, Hamiltonian
Formulation of Relativistic Mechanics. Derivation of Hamilton's canonical Equation from
Hamilton's Variational Principle. The Principle of Least Action.

Unit - I b

Canonical Transformation, Integral Invariant of Poincare : Lagrange's and Poisson brackets
as canonical invariants, eauation of motion in Poisson bracket formulation. Infinitesimal contact
transformation and generators of symmetry, Licuvilee's theorem. Hamilton-Jacobi equation and
its application.

Unit - IV :

Action Angle Variable Adiabatic Invariance of Action Variable : The Keppler problem in
action angle variables. Theory of small oscillation in Lagrangian formulation. Normal
coordinates and its applications. Orthogonal transformation, Euler's theorem. Eigenvalues of the
incrtia tensor. Euler equaticns, Force free motion of a rigid body.

Reference Books

. Classical Mechanics by Goldstein , Pearson Education., |

. Classical Mechanics by Landau and Lifshitz . Reed Educational and Professional Publishing Ltd.
. Classical Mechanics by A. Raychoudhary . Oxford University Press. USA.

. Classical Mechanics by J. M. Finn, Laxmi Publications. i

. Classical Mechanics by T. Kibble & F. H. Berkshire. Imperiai College Press.
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M.Sc. (Physics) Semester — I

Paper 1I: MPHY 102: Quantum Mechanics

Duration : 3 hrs. : Max. Marks : 70
Note: There will be two ]J‘ll"t‘ in end semester theory |-,:pcr

Part A of the paper shall confain cight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each
question will carry 14 marks. .

Unit -1

States, Amplitude and Gperators : States of a quantum mechanical system. representation of
quantummechanical states; properties of quanturr: mechanical amplitude, oper ators and change of
a state. a complete set of basis states. products of linear operators, language of quantum
mechanics. postulates, essential definitions and commutation relations.

Observables and Description of Quantum systein: Process of measurement, expectation values.
time dependence of quantum mechanical amplitude, observable with no classical analogue. spin
dependence of quantum mechanical amplitude on position, the wave function. super position of
amplitudes. identical particles.

Unit — 11

Hamiltonian Matrix And The Time Evolution of Quantum Mechanical States : Hermiticity
of the Hamiltonian matrix, time independent perturbation of an arbitrary system. simple matrix
examples of time independent perturbation. energy eigenstates of a two siate system.
diagonalizing of energy, matrix, time independent perturbation of two state system the
perturbative solution: Weak field and Strong field cases, general description of two slate
system.Pauli matrices. Arzmonia molecule as an ‘example of two state system.

Unit - 111

Transition Between Stationary States : Transitions in a two state system. time dependent
perturbations - The Golden Rule, Phase space. emission and absorption of radiation. induced
dipole transition and spontaneous emissicn i radiation energy width ofa quasi-stationary statc.
The co-ordinate Representation: Compatible observables, quantum conditions and uncertainty
relation. Coordinate representation of operators. position, momentum and angular momentum.
time dependence of expgetation values, The Ehernfest Theorem. the time evolution of wave
function. the schroodinger equation. energy quantization, periodic potential as an example.

Unit - IV 4
‘w mmetries and Angular Momentum :

. Compatible observables and constants of motion, symmetry transformation and conservation
laws. invariance under space and time translations and -space rotation and conservation of
momentum, energy and angular momentum: :

2. Angular momentum operators and their Eigénvalues, matrix representations of the angular
momentum operators and their eigenstates, coordinate representations of the orbital angular
momentum operators and their cigen state (Spherical Harmonics). composition of angular
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momenta. Clebsch - Gordon Coefficients tensor operators and Wigner Expart theorem.
commutation relations, of Jy, Jy, J, with reduced tensor operator, matrix elements of vector
operators. time reversal invariance and vanishing of siatic electric dipole moment of stationary
state.

Reference Books

I. Quantum Mechanics - A Modern Approach by Ashck Das and A.C. Melissions, Gordon and Breach Science
Publishers.

2. Quantum Mechanics by P.A.M. Dirac. Oxford University Press.

3. Quantum Mechanics by E. Mzrzbecher, Second Edition. John Wiley & Sons.

. Quantum Mechanics - Relativistic Theory by L.P. Landeu and E.M. Lifshitz. Pergamon Press.

. Quantum Mechanics - Thecry and Appiications by A. Ghatak and S. Lokanathan, Third Edition, Mac. Millan,
India Ltd.
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M.Sc. (Physics) Semester — I

Pape lll MPHY 103: Classical Electrodynamics — I

Duration : 3 hrs. Max. Marks : 70

Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one questiori from each unit with internal choice. Each
question will carry 14 marks.

Unit - 1

Flectrostatics : Electric field. Gauss Law, Differential form of Gaussian law. Another equation
of electrostatics and the scalar potential. surface distribution of charges and dipoles and
discontinuities in the electric field and potential, Poisson and Laplace equations, Green's
Theorem. Uniqueness of the solution with the Dirichlet or Neumann boundary Conditions.
Formal Solutions of electrostatic, Boundary vaiue problem with Green's function, Electrostatic
potential energy and ener uy density, capacitance.

Boundary Value Problems in Electrostatics: Metiods of Images, Point charge in the presence of
a grounded conducting sphere. point charge in'the presence of a charged insulated conducting
sphere. point charge near a conducting sphere at a fixed potential. conducting sphere in a
uniform electric field by method of imeges. Green function for the sphere, General solution for
the potential. conducting sphere wit hemispheres at a different potentiais. orthogonal functions
and cxpansion.

Unit - 11

Multipoles, Elettrostatub of Macroscopic Mulm Dielectric: Multipole expansion, multipole
cxpansion of the energy of a charge distribution in an external field. Elementary treatment of
elecirostatics with permeable media. Boundary value problems with dielectrics. Molar
noiarizability and electric susceptibility. Models for molecular polarizability. electrostatic energy
" in diclectric media.

Unit - I1{ ;

Magnetostatics: lnl.oductlun and definition, Biot and Savart Law, the dlttcrcnttal equations of
magnetostatics and Ampere's law, Vector potential and magnetic induction for a current loop,
Magnetic fields of a localized current distribution, Magnetic moment. Force and torque on and
energy of a locaiized current dlsu:hullw in ain external induction, Macroscopic equations.
Boundary conditions on B and H Methods of soiving Boun dary value Problems in
magnetostatics, Uniformly mamc.ti?td sphere, magnetized sphere in an external fields,
permanent magnets. magnetic shielding. spherical shell of permeable material in an uniform
field.

Unit - 1V ;
Time Varving Fields, Ma xwell's fquaiions Conservation Laws: Energy in a magnetic field.
vector and scalar potentiais, Gauge transformations, Lorentz gauge. coloumb gauge. Green
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function for the wave cquatlon Derivation of the equations of Macroscopic Electromagnetism.
Poynting's Theorem and conservation ol energy and momentum for a system of charged particles
and EM fields. Conservation laws for macroscopic media. Electromagnetic field tensor,
transformation of four potentiais and four currents. tensor dissipation of Maxwell's equations.

Reference Books

I. Classical Electrodynamics by 7.D. Jackson, Wiley Student Ed.

2. Classical Electrodynamics & Magnetism by Panofsky & Phillip, Dover Publications.
3. Introduction to Electrodynamics by Griffith, Cambridge University Press.

4. Classical Theory of Electrodynamics by Landau & Lifshitz, Elsevier,
Electrodynamics of Continuous Media by Landau & Lifshitz, Elsevier.
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. M.Sc. (Physics) Semester — I

Paper IV : MPHY 104 : Mathematical Methods In Physics — 1

Duration : 3 hrs. Max. Marks : 70

Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer tv\';pQ questions of 14 marks and the candidate is required
1o attempt any seven questions. Each question will earry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each
question will carry 14 marks.

Unit - [

Coordinates Transformation in N-Dimensional Space: Contravariant and covariant tensor.
Jacobian. Relative tensor. pseudo tensors (Example: charge density. angular momentum)
Algebra of tensors, Metric tensor, Associated tensors, Riemann space (Exampie: Euclidean space
and 4D Minkowski space). Christoffel symbols. sransformation of Christoffel symbols. covariant
differentiation. Ricci's theorem. divergence, Cusl and Laplacian tensor form, Stress and strain
tensors. Hook's law in tensor form. Lorentz covariance of Maxwell equation, Kleirn Gordon and
Dirac Equation. Test of covariance of Schrodinger equation.

Unit - 11

Group of Transformation : (Example: Symmetry transformation of square) Generators cf a
finite group. Normal subgroup, Direct product of groups, Isomorphism and Homomorphism.
Representation theorem of finite groups. Invariants subspace and reducible representations.
irreducible representation, crystallographic point groups, Irreducible representation of C4V.
Translation group and the reciprocal lattice.

Unit - I

Fourier Transforms : Dévelopment of the Fourier integral from the Fourier Series. Fourier and
inverse Fourier transform: Simple Applications: Finite wave train, Wave train with Gaussian
amplitude. Fourier transform of derivalives. solution of wave equation as an application.
Convolution theorem. Intensity in terms of spectral density for quasi monochromic EM Waves.
Momentum representation. Application of Fourier transform to diffraction theory: diffraction
patiern of one and two slits.

Unit - IV ) S

Laplace Transforms and Their Properties; Laplace transformation of derivatives and
integrals, derivatives and integral of Laplace transformation, Convolution theorem. Impulsive
function. Application of Laplace transform in selving linear, differential equations with constant
coelTicient with variabie coefficient and lincar partial differential equation.

Reference Books i

1. Mathematica! Methods for Pliysicists by George Arflen, Academic Press.

2. Applied Mathematics for Engineers and Physicists by L! A. Pipe. McGraw Hill.
3. Mathematical Methods by Potzer and Goldberg, Prentice Hali of India.

4. Elements of Group Theory for Physicisis by A.W. Joshi, Wiley Eastern Lid.

5. Vector Analysis (Schaum Series). McGraw Hill.
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M.Se. (Physicsy Semester — I/11

Paper — V MPHY 111/211 Electronics/General Lab

Note: Out of following experiments, 8 experiments mus: be done by the students in each semester.

(3 hrs per day)

External Exam Duration : 5 hrs. Max. Marks : 80
Internal Exam Duration : 5 hrs. Max. Marks : 60
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15,

14,
15.

16.
L
. To verify Hartmann's formula using constan! deviation spectrograph.
19.
. To find dissociation energy to 1.

. Study of CH Bands.

. Salt Analysis/Raman effect (Atomic).

. Design and study of pass filters.

. Michelson Interferometer.

. Fabry-Perot Interferomater. 4
26.
. Study of elliptically polarized ligit by Babiret Compensator.

28. Verification of Cauchey's Dispersion relation.

29. Study of DC gate coniiol characteristics and Anode current characteristics of SCR.

). To determine wavelerigti: of the laser monochromatic radiation by diffraction grating.

" To determine numericai-apetture. beam divergence and bending losses of in optical fiber.

To design a single stage amplifier of a given vollage gain and lower cut of frequencies.

l'o determine Lo. Co. and RF of a given coil and to study the variations of RF with
frequency.

To design a RC coupled two stage ampiifier of'a given gain and the cutoff frequencics

To study Hartiey oscillator.

To study transistor bias stability. )

To design a Multivibrator of given frequency and study its wave shape.

To study the characterisiics of FET and measure its {requency.

To study the characteristics of an operationa! amplifier.

To study the characteristics of a UJT and use it to design a relaxation oscillator and measure
its frequency. :

To study the addition. integration and differentiation properties of an operational amplifier.
To determine Planck s constant using solar cell.

To determine Planck’s constant and woilk function by a photo-ceil.

To study regulated power supply using (a).. Zener diode only (b). Zener diode with a series
transistor, {¢). Zener diode with a shunt transistor.

To verify Fresnel's formula;

To study the percentage regulation and variation of ripple factor, with load for a full wave
rectifier.

To study analog to digital and digitai to analog conversion.

To study a driven mechanical osciliator.

To find e/m of electron using Zeeman effect.

Determination of velogity of Ultrasonic wavss..

To determine wavelergth of the laser monochromatic radiation by slit method.
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- M.Sec. (Physics’.;‘}L Semester — II

Paper VI : MPHY 201: Electronics

Duration : 3 hrs. " Max. Marks : 70
Note: There will be two parts in end semester theory paper.

Part A of the paper shali contain eight short answer type questions of 14 marks and the candidate is
required to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each
question will carry 14 marks.

Unit - 1 ;

Operational Amplifiers : Differential amplifier - circuit configurations - dual input,
balanced output differential amplifier. DC analysis, inverting and non-inverting inputs.
CMRR-constant current bias level translator. Block diagram of typical OP-Amp analysis.
Open loop configuration, inverting and nor-inverting amplifiers, Op-Amp with negative
feedback, voltage serics feedback. effect of feedback on closed loop gain, input resistance,
bandwidth and output offset voltage. voltage follower. Practical Op-Amp. input offset
voltage-input bias currénit-input offset current; total output offset voltage. CMRR frequency
response. DC and AC smplifier. Integrator and differentiator.

Unit - II : '

Oscillators and Wave Shaping Circuits : Oszillator Principle. Frequency stability response.
the phase shift oscillator, Wein bridge osciliator. LC tunable oscillators, Multivibrators-
Monostable, astable and bistable. Comparators. Square wave and triangle wave generation,
clamping and clipping circuits.

Unit - 111 :

Digital Electronics :, Combinationai logic: ;Standard representations for logic functions.
Karnaugh Map Representation of logical functions, Simplification of logical functions using
K-Map. Minimization of Logical functions specified in Minterms / Maxterms or truth table,
don’t care Conditions. Adder (half and full), Subtractor (half and full), comparator.
Multiplexers and their uses, Demultiplexer / Decoders and their uses. BCD arithmatics, Parity
generators / Checkers. Code Converters, Priority Encoders, Decoder / Drivers for display
devices, Seven Segment display device. ROM, Programmable Logic Array Basic concepts
about fabrication and characteristics of integrated circuits. ‘

Unit - 1V : .

Sequential Logic : Flip-Flops: one - bit memory, RS, JK, JK master slave. T and D type flip
flops. shift resisters - synchronous and asynchronous counters. cascade counters, Binary
counter. Decade countzr. A/D and /A conversion- Basic principles, circuitry and simple
applications. Voltage rzzulators - fixed reguiztors, adjustable voltage regulators. switching
regulators. Basic idea of IC 555 and its applications as multivibrator and sqaure wave
generator. Opto-electronic Devices: Photo diode, Phototransistor. Light emitting Diode and
their applications. '
Reference Books ’

1 "Electronic Devices and Circuit Theery” by Ruberl Boyvlested and Louis Nashdsky. PHIL New Delhi -
110001, 1991,

2. "OP-AMP and Linear Integrated Circuits" by Ramakanth, A, Gayakwad. PHL Second Edition 1991,

3. "Digital Principle and Appiications” by A.P. Malvine and Donaid P. Leach, Tata

MeGraw Hill Company. Now Delhi, 1993 |
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M.Sc. (Physics) Semester — II
Paper VII : MPHY 202 : Atomic And Molecular Physics

Duration : 3 hrs. Max. Marks : 70

Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each
question will carry 14 marks.

Unit - I

Gross Structure of Energy Spectrum of Hydrogen Atom

Interaction with External Fields : Non degenerate first order perturbation method, relativistic
correction to energy levels of an atom, atom in a weak uniform external electric field — first and
second order Stark effect, calculation of the polarizability of the ground state of hydrogen atom
and of an isotropic harmonic oscillator; degenerate stationary state perturbation theory, linear
Stark effect for hydrogen atom levels, inclusion of spin orbit interaction and weak magnetic
field, Zeeman effect, effect of strong magnetic field. Magnetic dipole interaction, hyperfine
structure and Lamb shift (only qualitative description).

Unit — IT

Systems With Identical Particles : Indistinguishability and exchange symmetry, many particle
wave functions and Pauli’s exclusion principle, spectroscopic terms for atoms.The helium atom,
Variational method and its use in calculation of ground state energy. Hydrogen molecule, Heitler
London method for hydrogen molecule. WKB method for one dimensional problem, application
to bound states (Bohr Sommerfeld quantization) and the barrier penetration.

Unit - ITI -

Spectroscopy (Qualitative) : General features of the spectra of one and two electron system —
singlet, doublet and triplet characters of emission spectra, general features of alkali spectra.
Rotation and vibration band spectrum of a molecule, P,Q and R branches. Raman spectra for
rotational and vibrational transitions, comparison with infrared spectra — application to learning
about molecular symmetry. General features of electronic spectra, Frank and Condon’s principle.

Unit - IV

Laser Cooling And Trapping of Atoms: The scattering force, slowing an atomic beam, chirp
cooling, optical molasses technique, Doppler cooling limit, magneto optical trap. Introduction to
the dipole force, theory of the dipole force, optical lattice. Sisyphus cooling technique —
description and its limit.Atomic fountain. Magnetic trap (only qualitative description) for
confining low temperature atoms produced by Laser cooling, Bose-Einstein condensation in
trapped atomic vapours, the scattering length, Bose-Einstein condensate, coherence of a Bose-
Einstein Condensate, The Atomic Laser.

Reference Books

1. White — Atomic Spectra, McGrawhill (CBS).

2. Herzberg — Molecular Spectra, Read Books.

3. Eisberg & Resnik — Quantum Physics of Atoms, Molecules, Solids, Nuclei and Particles, Wiley & Sons. -
4, Rajkumar — Atomic & Molecular Spectra, LASER, KNRN Publishers.
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M.Se. (Physicsj Semester — I1

Paper VIIl : MPHY 203 : Classical Electrodynamics - I1

Duration : 3 hrs. Max. Marks : 70
Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each
question will carry 14 marks.

Unit - I

Plane Electromagnetic Waves and Wave Equation : Plane wave in a nonconducting medium.
Frequency dispersion chsracteristics of dielectrics. conductors and plasma. waves in a
conducting dissipative medium. superposition of waves in one dimension, group velocity.
casualty connection between D and E. Kramers-Kroning reiation.

Unit - 11

Magnetohydrodynamics and Plasma Physics : introduction and definitions. MHD equations,
Magnetic diffusion, viscosity and pressure, Pinch effect. instabilities in pinched plasma colums.
Miagnetohydrodynamics waves. Plasma oscillations, short wave length limit of plasma
oscillations and Debye shielding distance.

Unit - 11§
Covariant Form of Electrodynamic Equations : Mathematical properties of the space- time
special refativity. Invariance of electric charge covariance of electrodynamics. Transformation of
clectromagnetic field. Radiation by moving charges : Lienard-Wiechert Potential for a point
charge. Total power radiated by an accelerated charge : Larmour's formula and its relativistic
generalization, Angular distribution of radiaticn emitted by an accelerated charge. Radiation
emitted by a charge in arbitrary extremely relativistic motion. Distribution in frequency and
angle of energy radiated by accelerated chiarges, Thomson scattering and radiation, Scattering by
quasifree charges. coherent and incoherent scattering, Cherenkov radiation.

¢!
Unit - IV
Radiation Damping, Seif-Fields of A Particle, Scattering and Absorption of Radiation by A
Bound System : Introduciory considerations. Radiative reaction force from conservation of
energy. Abraham Lorentz evaluation of the seif-force, difficulties with Abraham Lorentz model.
integro-differential equation of motion including radiation damping. Line Breadth and ievel shift
of an oscillator. Scaitering and absorption of radiation by an osciliator, Energy transier to a
harmonically bound charge. j

iteference Books :

[. Ciassical Electrodynamics by J.D. Jackson. Wiley Student Ed.

2. Classical Electrodyramics & Magnetism by Panofsky & Phillip. Dover Publications.
3. ntroduction to Electrodynamics by Griffith. Cambrides University Press.

1. Classical Theory of Electrodyriamics by Lanaau & Lifshitz, Eisevier.

5. Electrodynamics of Continuous Media by Landau & Lifshitz, Eisevier.
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M.Sc. (Physics) Semester — II
Paper IX: MPHY 204: Numerical Methods

Duration : 3 hrs. Max. Marks : 70
Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain cight short answver type questions of 14 marks and the candidate is
required to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions. one question from each unit with internal choice. Each
question will carry 14 magis.

Unit - I

Errors in Numericai Analysis : Source of Errors, Round off error. Computer
Arithmetic, Error Analysis, Condition and stability. Approximation. Functionai  and
Error analysis, the method of Undetermined Coefficients. Use of interpolation
formula. lterated interpolation, laverse interpolation, Hermite interpolation and Spline
interpolation. Solutior of Linear equations: Direct and Iterative methods, Calculation of
eigen values and eigen vectors for symmetric matrices.

Unit - II :

Solution of Nonlinear Equation : Bisection method, Newton's method, modified

Newton's method. method of Iteration. Newton's method and method of iteration for 2

system of causation Newtons' method for the case of complex roots. Integration of a function.

Trapezoidal and Simpson's rules. Gaussian gi:adrature formula, Singular integrals. Double

integration. :
i

Unit - 111 e

Integraticn of Ordinarv Differential Equation:

Predictor-corrector miezhods, Runga-Kutta method. Simultaneous and Higher order

equations, Numerical  Integration and  Differentiation of  Data, Least-Squares

Approximations, Fast Fourier Transform.

Unit - 1V .
Elementary probability. theory. random variables. binomial, Poisson and normal
distributions.

y
Reference Books
A First Course in Numerical Analysis by A, Relston and P. Rabinowitz. McGraw Hili (1985).

I

2. Introductory Methods of Numerical Analysis by S. S. Sastry. Prentice-Hall of India (1979).

3. Numerical Metheds by P. Kandasamy & et al.. S. Chand & Company.

J. Numerical Methods in Engineering & Science With Programs in C. C++ & Matlab by B. S Grewal.

Khanna Publishers. ‘
A Text Book of Numezical Analysis by Dr. C. P Asvasthi. Prakashna Kendra Lucknow.

6. Numerical Analysis by Faires 1., Cengage Learning, Inc.
Aok~ x
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M.Sc. (Physics} Semester — I/11

Paper — V MPHY 111/211 Electronics/General Lab

Note: Out of following experiments, 8 experiments must be done by the students in each semester.

i (3 s per day)
Exam Duration : 5 hrs. . Max. Marks : 80
Internal Exam Duration : 5 hrs. ' Max. Marks : 60

I. To design a single stage amplifier of a given voltage gain and lower cut of frequencies.

2. To determine Lo. Co. and RF of a given coil and to study the variations of RF with
[requency. ‘

3. To design a RC coupled two stage amplifier of a given gain and the cutoff frequencies.

4. To study Hartley oscillator.

5. To study transistor bies stability.

6. To design a Multivibrator of given frequency and study its wave shape.

7. To study the characteristics of FET and measure its frequency.

8. To study the characteristics of an operationat amplifier.

9. To study the characteristics of a UJT and use it to design a relaxation oscillator and measure

its frequency.

10. To study the addition, integration and differéntiation properties of an operational amplifier.

I'1. To determine Planck’s constant using solar cell.

i 2. To determine Planck’s constant and work function by a photo-cell.

i3. To study regulated power supply using (a). Zener diode only (b). Zener diode with a series
transistor. (¢). Zener diode with a shunt transistor.

4. To verify Fresnel's l‘hrﬁula

3. To study the percentzge regulation and variation of ripple factor. with load for a full wave
rectifier.

16. To study analog to digital and digital to analog conversion.

17. To study a driven mechanical oscillator.

18. To verify Hartmann's ¥ormula using constant deviation spectrograph.

19. To find e/m of electron using Zeeman effect.

20. To find dissociation energy to l.

21. Study of CH Bands.

22. Salt Analysis/Raman effect (Atomic).

23. Design and study of pass filters.

24. Michelson Interferometer.

Fabry-Perot Interferometer.

26. Determination of velocity of Ultrasonic waves.

27. Study of elliptically polarised light by Babinzt Compensator.

28, Verification of Cauchey's dispersion refatior.

29. Study of DC gate control characteristics and Anode current characteristics of SCR.

30. To determine wavelength of the laser monochromatic radiation by diffraction grating.

31. To determine numerical aperture. beam divergence and bending losses in an optical fiber.

. To determine wawlu'v"fh of the laser monochromatic radiation by slit method.
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M.Sc. (Physics) Semester — IIT

Paper %1 : MPHY 301 : Advanced Quantum Mechanics

Duration : 3 hrs. ' Max. Marks : 70
Note: There will be two parts i end semester theory paper.

Part A of the paper shall contain eight short answer tvpe questions of 14 marks and the candidate is required
to attempt any seven questiors. Each question wili carry two marks for correct answer.

Part B of the paper will conzist of four questions, oirz question from each unit with internal choice. Each
question will carry 14 marks.

Unit -1

Scattering {Non-Relativistic) : Differential and total! scattering cross section. transformation
from CM frame to Lab frame. solution of scattering problem by the method of partial wave
analysis. expansion of a plane wave into a spherical wave and scattering amplitude. the optical
theorem. Applications-scattering from a delta petential, square well potential and the hard sphere
scatiering of identical particles, energy dependence an resonance scattering. Breit-Wigner
formula, quasi stationary states. The Lippman-Schwinger equation and the Green's functions
approach for scatiering problem, Born-approximation and its validity for scattering problem.
Coulomb scaitering problem under first Born apgroximation in elastic scattering.

Unit — 11

Retativistic Formulation 2d Dirac Equation : Attempt for relativistic formulation of quantum
iheory. The Klein-Gordon equation. Probability density and probability current density. solution
free particle K.G. equation in momentum reprasentation, interpretation of negative probability
density and negative energy solutions. Dirac equation for a free particle. properties of Dirac
matrices and algebra of gamma matrices, nonrelativistic correspondence of the Pauii equation
(inclusive of t.lCCtIOITIEIS.ﬂ‘-eth interaction). Selution' of the free particle Dirac equation.
orthegenality and complc,t;ness relations for uuac spinors, interpretation of negative energy
solution and hole theory. *

Unit — 11T

Svmmetries of Dirac Equation : Lorentz covariance. of Dirace equation, proof of covariance
and derivation of Lorentz boost and rotaiion matrices for Dirac spinors, Projectior operators
involving four momentura and spin., Parity (P, charge conjugation (C). time reversal (T) and
CP7T operators for Dirac spiners, Bilinear covarjants. and their transformations. behaviour under
Lorentz transformation. P.C.T and CPT. expectation values of coordinate and velocity invoiving
only positive energy .solutions and whe associated problems, inclusion of negative energy
solution.: Zitterbewegung, Klein paradox.

Unit — IV

Tite Quantum Theory of Radiation : Classical radiation field. transversality condition. Fourier

decomposition and radiation oscillators. Quantization. of radiation oscillator, creation.

annihilation and number cherators, pheton states, photon as a quantum mechanical excitations of
the radiation field. fluctugzions and the uncertawny reiation. validity of the classical description.
matrix clement for emission and absorplion. spcntaneous emission in the dipole approximation.

ES
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Rayleigh scattering. Thgéjjson scattering and the Raman effect, Radiation damping and
Resonance fluorescence.

Reference Books

£ Lt

tn

~1

Quantum mechanics - A M«jdem Approach by Ashok Das and A.C. Milissiones, Garden and Breach Science
Publishers. i :

Quantum Mechanics by EJm_n Merzbacher. 2™ Edition John Wiley & Sons.

Relativistic Quantum Mechanics by Bjorken and Dre!l, MeGraw Hill.

Advanced Quantum Mechanics by J. J. Sakurai, Wiley & Sons.

Advanced Quantum Mechanics by A. K. Singh. Centrum Press.

‘The Principles of Quantum Mechanics by P. A. M. Dirac, www..snowballpublishing.com. ISBN-13:978-
1667965602,

Advanced Quantum Mechanics A Practical Guide 2€18 Edition by Yuli V. Nazarov & J. Danon, Cambridge
Publishers.
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M.Sc. (Physics) Semester — III

Paper XII : MPHY 302: Statistical And Solid State Physics

Duration : 3 hrs. Max. Marks : 70

Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each
question will carry 14 marks.

Unit -1

Basic Principles, Canonical and Grand Canonical ensembles : Concept of statistical distribution,
phase space, density of states Liouville's theorem, systems and ensemble, entropy in statistical
mechanics Connection between thermodynamic and statistical quantities micro canonical
ensemble, equation of state, specific heat and entropy of a perfect gas, using microcanonical
ensemble. Canonical ensemble, thermodynamic functions for the canonical ensemble,
calculation of means values, energy fluctuation in a gas, grand canonical ensemble,
thermodynamic functions for the grand canonical ensemble, density fluctuations.

Unit — II

Partition functions and Statistics : Partition functions and properties, partition function for an
ideal gas and calculation of thermodynamic quantities, Gibbs Paradox, validity of classical
approximation, determination of translational, rotational an vibration contributions to the
partition function of an ideal diatomic gas. Specific heat of a diatomic gas, ortho and para
hydrogen, Identical particles and symmetry requirement, difficulties with Maxwell-Boltzmann
statistics, quantum distribution functions, Bose Einstein and Fermi-Dirac statistics and Planck's

formula, Bose Einstein condensation, liquid He4 as a Boson system, quantization of harmonic
oscillator and creation and annihilation of phonon operators, quantization of fermion operators.

Unit — III

Theory of Metals : Fermi-Dirac distribution function, density of states, temperature dependence
of Fermi energy, specific heat, use of Fermi-Dirac statistics in the calculation of thermal
conductivity and electrical conduction band, Drude theory of light, absorption in metals.

Unit-IV

Band Theory : Bloch theorem, Kronig Penny model, effective mass of electrons, Winger-
Seqtz approximation, NFE model, tight binding method and calculation of density for a band
in simple cubic lattice, pseudo potential method.

Reference Books

1. Statistical Mechanics by Huang, Wiley & Sons.

2. Fundamentals of Statistical and Thermal Physics by Reif, Sarat Book Distributors.
3. ElementaryStatistical Physics by Kittel, Dover Publications.

4. Introduction To Solid State Physics by Kittel, Wiley India Edition.

5. Solid State Physics by Levy, Elsevier.
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M.Sc. (Physics) Semester — III
Paper XIII : MPHY 303 : Nuclear Physics — I

Duration : 3 hrs. Max. Marks : 70
Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each
question will carry 14 marks.

Unit -1

Two Nucleon system and Nuclear Forces : General nature of the force between nucleons,
saturation of nuclear forces, charge independence and spin dependence, General forms of two
nucleon interaction, Central, noncentral and velocity dependent potential, Analysis of the ground
state (3S1) of deuteron using a square well potential, range-depth relationship, excited states of
deuteron, Discussion of the ground state of deutron under noncentral force, calculation of the
electric quadrupole and magnetic dipole moments and the D-state admixture.

Unit —II

Nucleon-Nucleon Scattering and Potentials : partial wave analysis of the neutron- proton
scattering at low energy assuming central potential with square well shape, concept of the
scattering length, coherent scattering of neutrons by protons in (ortho and para), hydrogen
molecule; conclusions of these analyses regarding scattering lengths, range and depth of the
potential; the effective range theory (in neutron-proton scattering) and the shape independence
of nuclear potential: the effective range theory (in neutron-proton scattering) and the shape
independence of nuclear potential; A qualitative discussion of proton-proton scattering at low
cnergy; General features of two-body scattering at high energy effect of exchange forces.
Phenomemonological Hamada-Johnston a hard core potential ad Reid hard core and soft core
potentials; Main features of the One Boson Exchange Potentials (OBEP) no derivation.

Unit — ITT

Interaction of Radiation and Charged Particle with Matter (Not Derivation) : Law of
absorption and attenuation coefficient photoelectric effect, Compton, scattering, pair production;
Klein-Nishina cross sections for polarized and unpolarized radiation, angular distribution of
scattered photon and electrons, Energy loss of charged particles due to ionization,
Bremstrahlung; energy target and projectile dependence of all three processes, Range-energy
curves; Straggling.

Unit - IV
Experimental Techniques : Gas filled counters; Scintillation counter; Cerenkov counters; Solid
state detectors; Surface barrier detectors; Electronic circuits used with typical nuclear detector;
Multiwire proportion chambers; Nuclear emulsions, techniques of measurement and analysis of
tracks; Proton synchrotron; Linear accelerators; Acceleration of heavy ions.

Reference Books

1. Theoretical Nuclear Physics by J.M. Blatt and V.E. Weisskopf, Springer, USA.
2. Introductory Nuclear Theory by L.R.B. Elton, ELBS Publications, London.

3. Nuclear Physics by B. K. Agarwal, Lokbharti Publication Allahabad, 1989.
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4. Nuclear Physics by R. R. Roy and B. P. Nigam, Willey -Easter, 1979.

5. Structure of the Nucleus by M. A. Preston & R. K. Bhaduri, Addition-Wesley, 1975.
6. Introductory Experimental Nuclear Physics by R.M. Sin gru, Wiley Eastern Pvt. Ltd.
7. Techniques on Nuclear Structure (Vol. I) by England, Macmillan.
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M.Sec. (Pliysics) Semester — I11
Elective MPHY 304 (i) : Microwave Electronics -I

Duration : 3 hrs. Max. Marks : 70

Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each

question will carry 14 marks.

Unit - I

Introduction to microwaves and its frequency spectrum, Application of microwaves. Wave
guides: (a) Rectangular wave guides: Wave Equation & its solutions, TE&TM modes. Dominant
mode and choice of wave guide Dimensions Methods of excitation of wave guide. (b) Circular
wave guide-wave equation & its solutions, TE, TM & TEM modes. (c) Attenuation - Cause of
attenuation in wave guides, wall current & derivation of attenuation constant, Q of the wave
guide.

Unit - IT

Resonators: Resonant Modes of rectangular and cylindrical cavity resonators, Q of the cavity
resonators, Excitation techniques, YIG tuned solid state resonators, Introduction to Microstrip
and Dielectric resonators, Frequency meter.

Ferrites: Microwave propagation in ferrites, Faraday rotation, Devices employing Faraday
rotation (isolator, Gyrator, Circulator). Introduction to single crystal ferromagnetic resonators.

Unit — ITI

Microwave Measurement: (a) Microwave Detectors: Power, Frequency, Attenuation,
Impedance Using smith chart, VSWR, Reflectometer, Directivity, coupling using Direction
coupler. '

(b) Complex permittivity of material & its measurement: definition of complex of Solids, liquids
and powders using shift of minima method.

Unit - IV

Microwave Tubes : TWT (Travelling Wave Tube): O & M type travelling wave tubes, Beam
focusing.

Klystrons: Velocity Modulation, Two Cavity Klystron, Reflex Klystron Efficiency of Klystrons.
Magnetrons: Types & description, Theoretical relations between Electric & Magnetic field of
oscillations. Modes of oscillation & operating characteristics.

Gyrotrons : Constructions of differentGyrotrons& Field -Particle Interaction in Gyrotron.

Reference Books

Theory and Application of Microwaves by A.B. Brownwell & R.E. Beam, McGraw Hill.

Introduction to Microwave Theory by Atwater, McGraw Hill.

Principles of Microwave Circuit by G.C. Montgomery, McGraw Hill.

Microwave Circuits & Passive Devices by M.L. Sisodia and G.S. Raghuvanshi, New Age International.
Foundations of Microwave Engineering by RE. Collin, McGraw Hill.

Microwave by M.L. Sisodia and Vijay Laxmi Gupta, New Age International. Foundations of Microwave
Engineering by R. E. Collins, McGraw Hills.

7. Electromagnetic Waves & Radiating Systems by E.C. Jordan & K. G. Buhmin.
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M.Sc. (Physics) Semester — I

Elective MPHY 304(ii) : (B) Condensed Matter Physics - 1

Puration : 3 hrs. Max. Marks : 70

Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to artempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each

question will carry 14 marks.

Unit - T
Phase Transformation and Alloys: Equilibrium transformation of first and second order.

cquilibrium diagrams, phese rule. interpretation of phase diagrams. substitutional solid solutions.

Ve 5,,‘. d s law, intermediate phases. Hume-Rothery ruies. interstitial phases (carbides. nitrides.
hvdrides. borides). Martersitic transitions.
Unit - TI

High Temperature Superconductors and GMR/CMR Materials: High temperature
superconductors. normal  state properties (structural phase transition) of cuprates, phase
separation and charge distribution inte CuO2 planes. striped phase, phase diagram. pseudogap.
dependence of Te on crystal structure, effect of impurities . GMR/CMR materials. Ruddlesden-
Popper series of perovskites. Onset of ferrgmagnetism and metallic conduction. Double
exchange

Unit - 11

Novel Organic Materials : Special carbon solids, fullerenes and tubules. formation and
characterization of fullerenes and tubules. Singic wall and multi-wall carbon tubules. Electronic
properties of tubules. Carbon nanotubule based electronic devices. Polymers — amorphous
polymers. glass transitiow: temperature, effect ‘of molecular architecture on glass transition
temperature. free volume theory for glass transition, conducting polymers. optica! band gap of
polymers, electrical condiction in conducting polymers, mechanical and thermal properties of
polvimers, polymer biends znd composiies

Unit - IV o :

Structural Characterization and Electron Structure Determination : Basic theory of X-ray
diffiaction. indexing of Bebye-Scherrer patterns from powder samples, examples from some
cubic and nencubic symmetries. Neutron diffraction — basic interactions. cross section, scattering
length and structure factor. Basic principles ol X-ray absorpticn spectroscopy. photo emission
and positron annihilation techniques. Qualitative discussion of experimental arrangement and of
typicai results for both simple as well as transition metals.

Reference Books L . :

| Room Temperature Superconductivity by Andrei Mourachkine. Cambridge International Science i Publishing.

2. Colossal Magnetoresistance. Charge Ordering and Feiated Properties of Managanesc Oxide by C.N. R. Rao,
World Scientific, 1998.

3. Polymer Physics by UIf W. Gedde. Chapman & Hall. 2201, Pelymer International, Wiley.

4. ll*z"od'lc.1|0'1 to Polvmer Physics by David. i. Bewar, Cambridge Umvcmly Press. -~
5 ‘

vivmer Science by J.R. I'u.u.d Pearson Prentice Hall, i \C_(:"’PNM




M.Sc. (Physics} Semester — 11

Elective MPHY 304(iii) : Nanotechnology - 1 : Nanomaterials Synthesis & Characterization

Duration : 3 hrs. - Max. Marks : 70
Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questior:s: Each question will car+y two marks for correct answer.

Part B of the paper will corsist of four questicns, onz question from each unit with internal choice. Each
question will carry 14 marks,

Unit I

Physics of Nanomaterials : Scales In Nanophysics. Quantum Structure: 3D-Pontential Wells
(Spherical & Rectangular Parallelepiped), 2D (Circular & Square), 1D (Quantum Wires). 0D
(Quantum Dots). Semiconductor QDs. Metal Oxide Semiconductor Field Effect Transistor
(MOSFETs).

Unit T . :

Chemical Methods : Synthesis of bulk nanostructured materials by different chemical methods,
sol-gel processing: bulk and nanccomposite .materials. grinding, high energy ball milling.
chemical vapour deposition (CVD) - Different types. Langmuir-Blodgett (LB) films. Spin
coating.

Unit 111

Characterization Technigaes : X-ray diffractica, Scanning Electron Microscope (SEM) — Field
Emission Scanning Electron Microscope (FI:QFM) Atomic Force Microscopy (AFM). Scanning
Tunneling Microscopy (STM), Transmission Electron Microscopy (TEM).

Unit IV

Speetroscopic  Techniques : X-ray photoeleciron spectroscopy (XPS).  Auger clectron
spectroscopy  (AES). UV-Visible speciroscepy. Photoluminescence (PL) spectrescopy.
Cathodoluminescence (CL) spectroscony.

Reference Books

_Nanostructures and Nanomaterials: Synthesis, Properties and Applications by G. Cao, Imperical College Press.

. Preparation of Thin Films by J. George, Marcel Dekker. Inc.. New York.

.The Chemistry of Nanomaterials : Synthesis. P.opcrt.,b and Applications by C. N. R. Rao. A. Muller, A.
Cheetham (Eds.). Wiley VCH Verlag Gmbh & Co, Weittheim.

4. Semiconductor Devices — Physics and Technolegy by S.M. Sze. Wiley & Sons.

_Silicon VLSI Technology : Fundamentals. Practice. and Modeling by James D. Plummer. Michae! Deal. Peter D.
Griflin. Pearson Education.
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M. Se. (Physics) Semester - 111

Elective MPHY 304 (iv) : Basics of Astrophysics & Astronomy — 1

Duration : 3 hrs. , Max. Marks : 70
Note: There will be two parts '»n end semester theory paper.
Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will corsist of four questions. one question from each unit with internal choice. Each
question will carry 14 marks.

Unit 1

Astronomy Fundaments: Black body radiation. radiation mechanism, Flux density and luminosity,
basics of radiative transfer and radiative processes. Magnitudes. motions and distances of stars:
Absolute steller magnitudes and distance modules. bolometric and radiometric magnitudes. colour
index and luminosities of stars.

Unit 2

Steller positions and motions. velocity dispersions. Statistical and moving cluster parailax.
Extinction. Steller temperature, FEffective temperature, Brightness temperature. Colour
Femperature. Kinetic termperature. Excitation” Temperature, lonization temperature. Spectral
classification of stars. Utility of stellar spectrum. Stellar Atmosphere.

Unit 3 -

Overview of major components of the univers2: Sun and Stars, Stellar interior. HR diagram.
nuciear astronomy. nuclear energy generation. white dwarfs and neutron stars. plasma processes.
compact objects. shape, size and contents of our galaxy.

Unit 4 by -
Basics of Steller Dynariiics, Normal and Active Galaxies. Gravitational wave astronomy.
Newtonian Cosmology, Microwave background and early universe.

Reference Books ol

1. An Introduction to Modern Astrophysics by B. W, Carroi & D. A. Ostlie. Addison Wesley.

2. Textbook of Astronomy & A atroph_yqlu with Elements of Cosmology by V. B. Bhatia, Narosa Publishers.
[ntroduction to Astronomy & Cosmology by lan Morrisun, Wiley & Soas.

! ssentiat Astrophysics by Konaeth R. Lung, Springer.

5. Fundamentals of Astronomy an Hannu. Kartiunen. Pekka Krger. Heikki Oja. Markku Poutanen. Springer.:
6. Theoretical Aswophysics, Vioi.. 1-3 by Padmanzbhan T, Cambridge Unijvarsity Press. 2005.
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M.Sc. (Physics) Semester — III/IV

Paper - XV Ml’*ﬁ-}Y 311/411 : Advance/Elective Physics Laboratory Work

Note: Qut of following experiments, § experiments mu~.t be done by the students in each semester.

‘ (3 hrs per day)
Exam Duration : 5 hrs. 3 Max. Marks : 30
Internal Exam Duration : 5 hys. : Max. Marks : 60

)

I. To determine half-life ¢f a radio-isotope using GM counter.

2. To study absorption o7 particles and determine range using at least two sources.
3. To study characteristics of a GM counter and to study statistical nature of radioactive decay.

4. To study spectrum of particles using Gamma ray spectrometer.

Lh

To calibrate a scintillation spectrometer and determine energy of g-rays from an unknown
source.

6. (a) To study variation ol"cnergy resolution for a Nai (Tp) detector.
(b) To determine attenuation coeflicient (u) for rays from a given sources.
7. To study Compton scattaring of gamma rays and verify the energy shift formula.

8. To study temperature variation of resistivity for a semi-conductor and to obtain band gap
using four probe metho.

study hall effect ard to determine hall coeflicient.

=]
O

10, To study the variation's"rigidity ol a given specimen as a function of the temperature.
. To study the dynamics of a lattice using electrical analog.

i2. To study ESR and detcr-nine g-factor for a given spectrum.

13. To determine ullrasmm Vclouiy and to obtain compress'ib‘lity for a given liquid.

14, Study the char _ICLL.IIQIIC> ofa given I\Iyst:' n and calculate the mode number, E.T.S. and
‘ransit time :

15, Study the simulated L.C.R. Transmission iine (audio frequency) and to find out the value for
a 70 experimentally from the graph.
16. Study the radiation pattern of a given Pyramidal horn by plotting it on a Polar-graph paper.
Find the half power beam width and caiculate its gain.
17. Find the dielectric constant of a given solid (Teflon) for three different lengths by using
slotted section.
18. Find the dielectric constant of a giver liquid {organic) using slotted section of X-band.
o

b AT

19. Verification oi'Bragg’; law using microwaves.




M.Sc. (Physics) Semester — IV

Paper XV : MPHY 401 : Introductory Quantum Field Theory

Duration : 3 hrs. o Max. Marks : 70

\'olc There will be two part< in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.
Part B of the paper will consist of four questions, one question from each unit with internal choice. Each
question will carry 14 marks.

Unit — I

Scalar and Vector fields, Classical Lagrangian field theory. Euler Lagrange's equation,
Lagrangian density for electromagnetic ficld. Occupation number representation for simple
harmonic oscillator. linear array of coupled oscillators. second quantization of identical bosons.
second quantization of the real Klein- Gordon Field and Complex Klein-Gordon field. the meson
propagator. [

Unit — 11

The occupation number representation for fum ions. second quantization of the Dirac field, the
fermion propagator. the ent interaction and gauge invariance. cevar jant quantization of the free
clectromagnetic field. the photon propagator.

Unit — 111 -
S-matrix. the S-matrix expansion. Wick's theorem. Diagrammatic represeatation in configuration
space. the momentum rep»‘r'scntatlon Feynman. diagrams of basic processes, Feynman rules of

QL.

Unit -1V
Appiications of S-matrix formalism : The Coulomb scattering, Bhabha scatiering. Moliler
scattering, and Compton scattering.

iReference Books

i. Quantum Field Theory by F. Vandal & G. Shaw. Wiley & Sons.

2. Relativistic Quantum Mechanizs by J..D. Bjorken & S. Drell. McGraw H:‘l Book Co.

3. Advanced Quantum Mechanics by J. J. Sakaurai. Pearscn Education.

4. Element of Advanced Quantim Theory by J. M. Ziman, Cambridge University Press.

A First Book of Quantum Fizld Theory by A. Lahiri. Narosa Pubishers.

6. ntreduction To Quantum Field Theory by Kiselev, Tavior & Francis.

7. An Introduction To Quanturn “ield Theory by M. &, Feskin & D. V. Schroeder, Westview Press.
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M.Sc. (Physics) Semester —1IV

Paper XVII: MPHY 402 : Solid State Physics
Duration : 3 hrs. i Max. Marks : 70
Note: There will be two parts in end semester theory piper.
Pari A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questiors. Each question will carry two marks for correct answer.
Part B of the paper will consist of four questions, on: question from each unit with internal choice. Each
question will carry 14 marks.

Unit -1

Lattice Dynamics and Optical Properties of Solids : [nteratomic forces and lattice
dynamics and simple metals, ionic and covalent crystals. Optical phonons and dielectric
constants.  Inelastic  neutron  scattering.  Mossbauer  effect.  Debye-Waller factor.
Anharmonicity, thermal expansion and thermal conductivity. Interaction of electrons  and
nhonons with photons. Direct and indirect transitions Absorption in insulators, Polaritions.
one-phonon absorption. optical properties of metals. skin effect and anomalous skin effect.

Unit =11 e

Semiconductors : Law ¢fimass action. calculation of impurity conductivity. ellipso idal energy
surfaces in Si and Ge: Hall effect. recombination mechanism. optical transitions and
Schockely-Read theory. excitions. plmloconduc'{ivity. photo- luminescence. Points line. planar
and bulk defects, colour’ centres, F-centre and aggregate centres in alkali halides.

Unmit — IIX

Magnetism : Larmor diamagnetism. Paramagnetism, Curie Langevin and Quantum theories.
Susceptibility of rate earth and transition metals. Ferromagnetism : Domian theory. Weiss
molecular field and exchange. spin waves: dispersion relation and its experimentai
determination by inelastic neutrons scattering. heat capacity. Nuclear Magnetic resonance
Conditions of resonance. Bloch cquations. NMR-experiment and characteristics of an
absorption line.

Unit — IV

Superconductivity : (a) Experimental Results - : Meissner effect. neat capacity. microwave
and infrared properties, isotope effect. flux quariization, ultrasonic attenuation. density of states.
nuclear spin relaxation. Giaver and AC and DC Josephson tunnelings. (b) Cooper pairs and
derivation of BCS Hamiitonian. results of BCS Theory (no derviation).

Reference Books A i,

1. Introduction to Solid State, hysics by Kittei, Wiley & Sons.

2. Solid State Physics by Levy. Elsevier Publications,

3. Solid State Physics by Pa‘terson. Spriiger. ¥

4. Solid State and Semiconductor Physics by Mckelvey, Krieger Pub. Co.
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M.Sc. (Physics) Semester — IV
Paper XVIII : PHY 403 : Nuclear Physics -II

Duration : 3 hrs. Max. Marks : 70

Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each

question will carry 14 marks.

Unit — I

Nuclear Shell Model : Single particle and collective motions in nuclei : Assumptions and
justification of the shell model, average shell potential, spin orbit coupling; single particle wave
functions and level sequence; magic numbers; shell model predictions for ground state parity;
angular momentum, magnetic dipole and electric quadrupole moments; and their comparison
with experimental data; configuration mixing; single particle transition probability according to
the shell model; selection rules; approximate estimates for the transition probability and
Weisskopf units; Nuclear isomerism.

Unit —II

Collective Nuclear Models : Collective variable to describe the cooperative modes of nuclear
motion; Parameterization of nuclear surface; A brief description of the collective model
Hamiltonian (in the quadratic approximation); Vibrational modes of a spherical nucleus,
Collective modes of a deformed even-even nucleus and moments of inertia; Collective spectra
and electromagnetic transition in even nuclei and comparison with experimental data; Nilsson
model for the single particle states in deformed nuclei.

Unit — ITI

Nuclear Gamma and Beta Decay : Electric and magnetic multipole moments and gamma
decay probabilities in nuclear system (no derivations) Reduced transition probability, Selection
rules; Internal conversion and zero-zero transition. General characteristics of weak interaction;
nuclear beta decay. and lepton capture; electron energy spectrum and Fermi-Kurie plot; Fermi
theory of beta decay (parity conserved selection rules Fermi and Gamow-Teller) for allowed
transitions; ft-values; General interaction Hamiltonian for beta decay with parity conserving and
non conserving terms; Forbidden transitions; Experimental verification of parity violation; The
V-A interaction and experimental verification.

Unit - IV

Nuclear Reactions : Theories of Nuclear Reactions; Partial wave analysis of reaction Cross
section; Compound nucleus formatin and breakup; Resonance scattering and reaction-Breit-
Wigner dispersion formula for s-waves (1 = 0), continuum cross section; Statistical theory of
nuclear reactions, evaporation probability and cross section for specific reactions; The optical
model, Stripping and pick-up reactions and their simple theoretical description (Butler theory)
using plane wave Born approximation (PWBA) Shortcomings of PWBA Nuclear structure
studies with deuteron stripping (d, p) reactions.

Reference Books
1. Structure of Nucleus by M.A. Preston and R.K. Bhaduri, Addision Wesley, 1975.
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2. Nuclear Physies by R.R. Roy and B.P. Nigam., Wiley-FE astern. 1979,

3. Introductory Nuclear Theory by L.R.B. Elton, ELeBS Pub. London, 1959.
1, Nuclear Physics by B. K. Agrawal, Lokbharati Publt., /llahabad 1989.

5. Nuciear Structure by M. K. Pal. Affiliated East-West Pross. 1982,

6. Theoretical Nuclear Physics by J.B. Blatt and V.F. Weisskopr.

7. Introduction to Nuclear Physics by H. Enge., Addison - Wesley. 1970.

£, Concept of Nuciear Physics by B.L. Cohen, Tata McGraw Hill. 1988.

9. Element of Nuclear Physics by W.E. Burchema., ELBS. Longman, 1988.
10. The Atomic Nucleus by R.D. Evans , Mc Graw Hill, 1955.

I 1. Nugclei and Particles by E. Segre. Benjamin. 1977.

WW/




M.Sc. (Physics) Semester — IV
Elective MPHY 404 (i) : Microwave Electronics — II

Duration : 3 hrs. Max. Marks : 70

Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any.seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each
question will carry 14 marks.

Unit - I

(a) Avalanche Transit Time Device :Read Diode, Negative resistance of an avalanching p-n
Junction diode IMPATT & TRAPATT Oscillator.

(b) Transferred Electron Device : Gunn effect, Twovalley model, High field Domains,
Different Modes for Microwave generation.

(c) Passive Devices : Termination (Short circuit and matched terminations) precision attenuator,
precision shifter phase changers, E&H plane Tees, Hybrid Junctions& Directional coupler.

Unit - II

Parametric Amplifier :Varactor, Equation of Capacitance in Linearly graded & abrupt pn
Jjunction, Manely Rowe relations, parametric upconvertor and Negative resistance parametric
amplifier,-use of circulator, Noise in parametric amplifiers.

Unit —III .

Microwave Antennas:Introduction to antenna parameters, Magnetic Currents& Electric and
magnetic current sheet, Field of Huygen's source, Radiation from a slot antenna, open end of a
wave guide and Electromagnetic Horns. YAGI UDA antenna with radiation pattern, Radiation
fields of Microstrip wave guide, Microstrip wave guide, Microstrip antenna calculations,
Microstrip design formulas.

Unit - IV

Microwave Communication:

(@) LOS microwave systems, Derivation of LOS communication range, OTH microwave
systems, Derivation of field strength of tropospheric waves. Transmission interference and signal
damping, Duct propagation.

(b) Satellite Communication: Satellite frequencies allocation, Synchronous satellites,Satellite
orbits, Satellite location with respect to earth and look angle, earth coverage and slant range,
Eclipse effect, Link Calculation, Noise consideration, Factors affecting satellite communication
and their consequences.

Reference Books

Antenna Theory & Design by RS Elliott, LPHI Ltd.

Microwave Electronics by RE Soohoo, AddisenWestey Public Company.

Microwave Active Devices, Vacuums and Solid State by M.L. Sisodia, New Age International Publishers.
Solid State Physical Electronics by A.Van der Ziel, Prentice Hall of India.

Handbook of Microwave Measurement Vol. - IT by M. Sucher& J. Fox, Polytechnic Press.
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6. Microwave Devices & Circuits by S. Y. Liao, Prentice Hall of India.

7. Microwave Principles by H. J. Reich, CBS Publishers.

8. Simple Microwave Technique For Measuring The Dielectric Parameters of Solids & Their Powder by J. M.
Gandhi, J.S. Yadav, J. of Pure & Applied Physics, Vol. 30, pp-427431, 199.

9. Microstrip Antennas by Bahl & Bhartiya, Artech House, Massachausetts.

10. Antenna Theory Analysis & Design by C.A. Balanis Harper & Row. Pub. & Inc. New York.

11.Solid State Electronic Devices by Streetman, PHIL.




M.Sc. (Physics) Semester — IV

Elective MPHY 404 (ii) : Condensed Matter Physics - 11

Duration : 3 hrs. Max. Marks : 70

Note: There will be two parts in end semester theo:y paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questiors. Each question will carry two marks for correct answer.

Part B of the paper will corsist of four questions, one question from each unit with internal choice. Each
question will carry 14 marks.

Unit - I

Disordered systems : Substitutional. positional and topographical disorder. short and long range
order, glass transition. gl{ ss forming ability. nucleation and growth processes. Anderson model
for random system and &iectron localization, mobility and hopping conduction. Metglasses.
models for structure of metal glasses. Struciure factor for binary metallic glasses and its
relationship with radial distribution function. Discussion of electric, magnetic and mechanical
properties of glassy systems. Point defects: shaliow impurity states in semiconducters. Localized
lattice vibrational states in solids. Vacancies. interstitials and colour centres in ionic crystals.

Unit - I

Nanomaterials : Free eiectron theory (qualitative idea), variation of density of states with
energy. variation of density of state and band gap with size of crystal. Electron coniinement in
infinitely deep square well. confinement in two and one dimensional well, idea of quanium well
structure . tunneling through potential barrier. Juantum dots, quantum wires.Different methods
of preparation of nanomaterials. Scl-gel and chemicai coprecipitation method. effect of
temiperature on the size of the particies. Botcom up: cluster beam evaporation. ion beam
deposition. top down: ball milling. DC and RF souttering.

Unit - 11 )

Filims and surfaces study oi surface topography by multipie beam interferometry. conditions for
accurate determination of step heighit and film thicknesses (Fizeau fringes). Electrical
conductivity of thin films, difference of behaviour of thin films from bulk material. Boltizman
transnort equation for a tixin film (for diffuse scattering). expression for eiectrical conductivity
for thin film. Enhancemen: of magnetic anisotropy due to surface pinning.

Unit - 1V :
ILxperimental chhmqm.s : Basic ideas of the techniques of field emission, scanning tunnelling
and atomic force microscopy. scanning C]LClIOI‘l microscopy. transmission electron microscopy.
X-ray diffraction line broadening, small angle X-ray scattering and small angie neutron

=

scaitering.

|
$2elerence Books !
i Muitiple Beam Interferometry of Surfaces and Films by Tolansky. Doter Pubiications Ine.
2 Physics of Thin Films by (,hnpr'z MeGraw-Hill Ine! LIS,

3 Ouantum dot heterostructures by D Bimerg, M. Grundmann and N. l\ ‘Ledenstov, Wiley & Sons,
4. Nano |mmdu. and Nanestructured Films — Preparation, Lhammruuwn nd /\rplu.aa s, Ed 1 H. Fendler, Wil ley & Sons.
5, Phsies of Low Dimensional Semiconductors by Join - Davies, Compridge Universily Press,
A Narostructures and Nanomaterials @ Synthesis, Propertic s and "\m\ wons oy Guozhong Cao. Imper ﬂl (,()“LL.L Press
T Fundamentals o Nanoeleetronies by G corge W Hanson, Peaiaci bducation
L
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M.Sc. (Physics) Semester — IV

Elccl‘iv'c MPHY 404 (iii) : Nanofeqhnoldg)’ — 11 : Nanofabrication Technology

Duration : 3 hrs. Max. Marks : 70
Note: There will be two parts iz end semester theory prpcr

Part A of the paper shall coniain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each
guestion will carrvy 14 m‘lrl\q 3

Unit I

Nanomagnetism & Spingronics : Concepts of ferromagnetism & anti-ferromagnetism. MRAM,
Spintronics technology and the challenges, Magnetic nanostructures (Fe, Ni, Co). Introduction to
Spintronics and Spin Metal Oxide Field Effect Transistor.

Unit - 11
Physical Methods : Thin film deposition methiods of sputtering, pulsed laser deposition. E-beam
evaporation, thermal evaporation.

Unit - 111

Epitaxial & Large-Area Growth : Concept of Top Down and Bottom Up Fabrication approach,

Seif~assembly. template assisted synthesis, LplLd}\ld] arowth, molecular beam epitaxy (MBE).
VD) for large-area manufacturing.

Lithography : Electron;beam lithography \bBL) UV imprint lithography. Nanoimprint
lithography. Focused ion zeam (FIB).

Unit [V
Nanofabrication : \AcLal Oxide Semiconductor (MOS) transistor. NMOS and PMOS transistors.
(.omp!ementaly Meta! Oxide Semiconductor (CMOS) transistor.
| Ve
FFabrication : Design rules, Clean rooms, Waler cleaning and Gettering. Oxidaticn. Photoresist,
Photolithography. Etching, Device isolation, N and P well formation. Gate formation.
Source/Drain formation, Contact and local lnlclwnnect formation (Metallization).

Reference Books

i Nanostructures and Nanomaterials: Synthesis, Propeities and Applications by G. Cao. Imperial College Press.
2004,

Preparation of Thin Films by J. George, Marcel Dekker, Inc., New York, 2005.

The Chemistry of Nanomaterials : Synthesis, Propertjes and Applications by C. N. R. Rao, A. Muller, A,
Cheetham (Eds.), Wiley VCH Verlag Gmbh & Co. Weinheim, 2004,

4. Semiconductor Devices — Physics and Tec hnology by .M. Sze. Wiley & Sons, 1985.

Silicon VLSI Technology: Fundamentals. Practice, end Modeling Ist Edition by James D. Piummer. Michael

[Deal. Peter D. Gl.ﬁ“m Pear\ n Education.
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M.Sc. (Physics) Semester - I'V

Elective MIPHY 404 (iv) : Basics of Astrophysics & Astronomy — II

Duration : 3 hrs. ‘ Max. Marks : 70
Note: There will be two parts in end semester theory paper.

Part A of the paper shall contain eight short answer type questions of 14 marks and the candidate is required
to attempt any seven questions. Each question will carry two marks for correct answer.

Part B of the paper will consist of four questions, one question from each unit with internal choice. Each
question will carry 14 marks.

Unit 1

Coordinate Systems, precession, time, heliocentric corrections, methods of observations,
resolution, sensitivity, noise, quantum efficiency, spectral response, Johnson noise, signal to
noise ratio, background, aberrations

Unit 2

Telescopes & Instrumentation: Different optical configurations for Astronomical telescopes,
Mountings, plate scale and diffraction limits, telescopes for gamma ray, X-ray, UV, IR, mm and
radio astronomy, Stellar Photometry - solid state, Photomultplier tube and CCD based
photometers, Spectroscopy and polarimetery using CCD detectors.

Unit 3

Overview of Modern Astronomy: 21-cm hydrogen line, cosmic radio sources, quasars, gravitational
lensing, Expansion of the Universe and determination of Hubble’s constant, gamma ray bursters.
Sources of Gravitational Waves

Unit 4

Multivariate analysis, Regression, Time series analysis, Data reduction, Error analysis,
Numerical solutions of ordinary, partial differential equations, probability distributions, random
numbers, Hypothesis testings.

Reference Books

1. An Introduction to Modern Astrophysics by B. W. Carrol & D. A. Ostlie, Addison Wesley.

2. Astrophysical Techniques, 4™ Edi. by Kiten C. R., Institute of Physics, 2003.

3. Numerical Methods in Astrophysics : An Introduction by Peter Bodenheimer, Gregory P. Laughlin, Taylor and
Francis.

4. Essential Astrophysics by Kenneth R. Lung, Springer.

5. Fundametal Astronomy by Hannu Karttunen, Pelka Kréger , Heikki Oja, Markku Poutanen (Springer).

6. Theoretical Astrophysics, Vol. 1-3 by Padmanabhan T., Cambridge University Press, 2005,




M.Sc. (Physics) Semester — IIV/IV

Paper — XV MPHY 311/411 : Advance/Elective Physics Laboratory Work

Note: Out of follewing experirients, 8 experiments musi be done by the students in each semester.

: (3 hrs per day)
Exam Duration : 5 hrs. Lo Max. Marks : 80
internal Exam Duration : 5 krs, Max. Marks : 60

. To determine ha!‘l‘-lif'c"_os'"a radio-isotope using GM counter.

i'o study absorption of particles and determine range using at least two sources.

3. Vo study characteristics of a GM counter and to study statistical nature of radioactive decay.

4. To study spectrum of particles using Gamme ray spectrometer.

Io calibrate a scintillation specirometer and determine energy of g-rays frem an unknown

source.

6. {a) To study variation of eniergy resolution for a Nai (Tp) detector.
ii\‘ To determine attenuation coefficient (u) for rays from a given scurces.

7. To study Compten scattering of gamma rays and verify the energy shift formula.

8. To study temperature variation of resistivity for a semi-conductor and to vbtain band gap
using four probe method. :

9. To aludv hali effect and to determine hall go‘.lllc:cnt

10. To study the variation of rigidity of a given specimen as a function of the temperature.

P, To study the dy namics of a lattice using elecirical analog.

2. To study ESR and deter mine g-factor for a given spectrum.

3. To determine ultrasonic.velocity and to obtain compressibility for a given liquid.

14, Stady the characterisiics of a given Klystron and calculate the mode number. E.T.S. and
transit time. :

15. Study the simulated L.C.R. Transmission line (audio frequency) and to find out the value for

a/zo LJ\pC]'HTlCHld ily from the graph.

16. Study the radiation pattern of a 2iven Pyramical horn by plotting it or a Polar-graph paper.
I"ind the half power beam width and calculate its gain.

17. Find the diélectric constant of a given soifid (Teflon) for three different lengths hy using
slotted section. ;

18. Find the dielectric corstant of a given liquid {organic) using slotted section of X-band.

19. Verification of Bragg's law using microwaves.
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