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Paper 101 : Research Methodology in Physics
Max. Marks 80

Note: The paper has been divided into five units. In all five questions are to be set, one from each unit.
However internal choice within the unit shall be provided.

Unit —I:

Research modes in science. Steps in scientific research. Difference between scientific and non-scientific
methods. Research design. Exploratory research and its importance. Literature survey. Descriptive research
design and its importance. Case research design. Statistical design. Alternative research designs. Simulation.
Experimental research design. Limitations of experimentation. Purpose and validity of experimentation. Field
setting v/s laboratory setting. Advantages and disadvantages of laboratory experiments. External influencing
factors. Types of data. Internal and external data. Secondary data.Methods of primary data
collection.Techniques of survey.Motivation, checking and cheating of interviewers.

Unit -11:

Solution of Algebric and transcendental equations, Bisection, modified False position and Newton Raphson
methods, Their algorithms and analysis, solution of simultaneous linear equations, Guass elimination, Jacobi
and Guass seidal methods, Their algorithms and analysis, solutions of a set of non-linear equations, lteration
methods. Interpolation and extrapolation(derivation and algorithms), Forward and Central finite differences
and their symbolic relations.

Unit— 111 :

Forward interpolation and Extrapolation formula, Newton’s backward interpolation and extrapolation formula,
Newton’s general interpolation and Langrange’s interpolation formula for unevenly spaced points, Guass
central difference formula, Sterling and Besssel's central difference interpolation formula.
Numerical integration( derivation and algorithms), Trapezoidal formula, Error analysis and solution, Simpson
rule and Newton-Cotes formula, Differential equations(algorithms and solutions), Picard’s methods of
successive approximation and Runge Kutta method, Least square fit ( algorithm and solution), Linear
regression and polynomial regression.

Unit—1V :

Introduction to Modern Digital computers, Organization to a digital computer, computer instructions and
programs, Motivation and choices of higher level languages, Reduction in execution time, algorithm writing,
Basic elements of C or FORTRAN, Quantities and types, arithmetic expressions, operators, standard
arithmetic functions, Assignment statements, Logical assignments, Logical operators and their rules.

Unit—V:

Various types of control statements: If statement, Do statement, nesting of If and Do loops, look up time,
optimization of loops, case structure, concept of main program, functions, subprogram and subroutines,
Declaration statements, Detailed study of INPUT and OUTPUT statements, formats, writing and execution of
programs related to numerical methods, concept of debugging of programs.

Recommended Books:

Numerical Analysis by S.S. Shastry

FORTRAN programming by V. Rajaraman

Programming in C++ by Balaguruswami.

Numerical Analysis by James D. Scarbrough

Numerical Analysis by Conte-de-Boor

Numerical Computational methods by Patil and Verma

Research - Principles, applications and cases by D D Sharma ( S Chand and sons )
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Paper 102: Selected Topics in Physics
Max. Marks 80

Note:  The paper has been divided into five units. In all five questions are to be set, one from each unit.
However internal choice within the unit shall be provided.

Unit — |

Occurrence of Plasma in nature, Definition of plasma, concept of temperature, Debye shielding, the plasma
parameters, criteria for plasma, Plasma diagnosis by Langmuir probe and by microwave techniques, Waves in
plasma, dispersion relation for electromagnetic waves in plasma, E M waves in presence of electric and
magnetic field (a) ordinary wave E || B (b) extra ordinary E 1 B, cut off and resonance, EM waves parallel to
Bo, Whistler mode, Faraday rotation, Dispersion relation for wave (electromagnetic only), Hydro magnetic
wave and Magneto static waves.

Unit - 11

Matheissen’s rule, choice of material for (i) conductors (ii) contact materials (iii) heating elements (iv)
resistance thermometer, Idea of ferroelectrics, Dipole theory of ferroelectric materials, Susceptibility and their
measurements (AC and DC both), Super ionic conductors and devices, Thin film deposition techniques
(special reference to vacuum evaporation and cathodic sputtering), Concept of vacuum gauge , uniform and
non uniform deposits, masking, multiple film deposition, preparation and synthesis of high T. ceramic
superconductors and their properties.

Unit — 1l

Laue diffraction and stereographic projection, symmetry elements in space groups, The oscillation method,
The Weissenberg photographic technique, concept of unique data, use of equivalent reflections, interpretation
of intensity data, concept of structure factor, multiplicity, Lorentz, Absorption, polarization and temperature
factors, Test for the lack of centre of symmetry, Symmetry in x-ray photography, information from systematic
absences.

Unit — IV

Photovoltaic effect, concept of solar cells, idea of conversion efficiency of PN junction solar cells: spectral
response, |-V characteristic, temperature and radiation effect, energy band diagram of homojunction solar
cells, Schottky barrier and MIS solar cells, Thin film solar cells, Hetero junctions, energy band model of
hetero-junction solar cells.

Unit-V

Basic principles, instrumentation and applications of the followings:-

Photometry, Colorimetry and Spectrophotometry, Spectroscopy- Atomic absorption and emission, Basic
principles, instrumentation and applications of (i) Electron paramagnetic resonance (EPR) (also known as
electron spin resonance (ESR)) (ii) Nuclear magnetic resonance (NMR) (iii) x-ray crystallography (iv)
Electron microscopy, light, phase contrast, scanning and transmission.

Recommended Books:

Introduction to Plasma Physics by S.S. Chen
Plasma Physics by Uman

Material Science and Engineering by V.Raghavan
Thin film Phenomenon by K.L.Chopra

X-ray Structure Determination by M.M.Woolfson
Physics of Semiconductor Devices by S.M.Sze.
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Note: Theory paper shall be of 100 Marks, out of which 20 marks are allotted to internal assessment
and 80 marks for University examination. Internal assessment comprise of a seminar of 10 marks and
a test of 10 marks. Minimum pass marks for the internal assessment is 06. University examination
and internal assessment taken together should come to a minimum of 50 marks.

External and Internal examiners, in terms of ACCEPTED or REJECTED, will do the valuation of the
Dissertation.
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Paper-201A : ADVANCED TOPICS IN PHYSICS

Max. Marks 80

Note: The paper has been divided into five units. In all five questions are to be set, one from each
unit. However, internal choice within the unit shall be provided.

Unit-I: Plasma Processing and Nano —Materials

Plasma production by dc and ac discharge, Plasma oxidation, Plasma etching, Polymerization, Quantum size
effect, Electron-confinement in infinitely deep square- well, Confinement in one and two dimensional well, Idea
of quantum structure, Quantum dots and wires.

Unit-1l: Methods of Crystal Growth

Growth of Crystals from the solutions and melts (Kyropolous, Czochralski, Bridgemann, float zone Methods),
Gel method, Epitaxial growth, Idea of MBE, LPE and CVD techniques.

Unit-11l: Thin Films

Evaporation theory: Kinetic energy of gases - mean free path and impingement rates of molecules,
evaporation theory - evaporation rates, evaporation mechanisms, directionality of evaporating molecules,
Nucleation and Growth: Condensation process and nucleation, Capillary theory of nucleation-various stages
of growth (qualitative treatment).

Unit-IV: Advanced Instrumentation

X-ray spectrometers, Raman spectrometer, Mass spectrometer, IR and UV Spectrophotometer, ESCA and
STEM microscopy, Environment, Pollution measuring instruments.

Unit-V: Uses of computer

Introduction to Windows, GUI, Control panel, Icon, Taskbar, MS-office: Introduction to MS-word, text writing,
editing, table preparation, printing, MS-excel, worksheet preparation, creation of graphs, saving, editing,
printing of graphs, mathematical functions, Preparation of slides for power point presentation.

Books Recommended:

Introduction to Plasma Physics by S.S. Chen

Plasma Physics by Uman

X-ray Structure Determination by M.M.Woolfson

Crystal growth Process and Methods by P. Santhanaraghawan and Ramaswami
Thin film Phenomenon by K.L.Chopra

SUE
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Paper-201B : Selected Topics in Nuclear Theory

Max Marks: 80
Note: The paper has been divided into five units. In all five questions are to be set, one from each unit.
However, internal choice within the unit shall be provided.

UNIT 1 : Noncentral force in the deuteron problem. Computation of magnetic dipole and electric quadrupole
moment. Effective range theory of n-p interaction. Nucleon-nucleon scattering at high energies (qualitative).
Electromagnetic transitions in n-p system. Capture of slow neutrons by protons. Photodisintegration of
deuteron. Exchange forces. Saturation of nuclear force. Velocity dependent forces.

UNIT 2 : Angular momentum analysis. Coupling of two angular momenta. LS- and jj- coupling schemes.
Clebsch-Gordan coefficients. Spin states of two-nucleon systems. Effects of the Pauli exclusion principle, m-
scheme for fermions, m-scheme for two-phonon states. Systems of identical particles. Computation of matrix
elements of one- and two-body operators. Isospin. Allowed combinations of L,S,J and T. Coupling of three
angular momenta. Racah coefficients. Coupling of four angular momenta. 3j-, 6j- and 9j- symbols. LS-jj
transformation coefficients.

UNIT 3 : Solution of the three-dimensional harmonic oscillator. Treatment of two nucleons in shell model.
Matrix elements of one- and two- body operators. Model space. Configuration mixing. Moshinsky
transformation. Particle-hole configuration ( derivation of Pandya theorem not covered ). Three nucleons in
unfilled shell. Coefficient of fractional parentage. Seniority. Realistic and phenomenological potentials.
Isobaric analogue states.

UNIT 4 : Shape oscillations of a liquid drop. Single particles in a distorted well (Nilsson model). Pairing
interaction. Energy gap. Ground states of even-even nuclei. Broken pairs. Quasi-particle formalism.
Occupation numbers. Unified (Collective) model of the nucleus. Intrinsic states in a spheroidal field. Nuclear
rotational motion (even-even nuclei). The ground state rotational band. Odd-A nuclei : energy spectrum.
Collective vibrational excitations.

UNIT 5 : Optical model for nuclear reactions at low energies. Direct reactions. Kinematics of stripping and
pick-up reactions. Angular distribution of particles emitted in direct reactions. Compound nuclear reactions.
Reciprocity theorem. Overlapping levels of the compound nucleus ( gamma >> D ). The statistical theory of
nuclear reactions . Strength function. Reduced width. Excitation functions. Evaporation spectra. Statistical
model of fission.Formal theory of nuclear reactions ( introductory ideas about S-matrix ). Single particle
transition probability according to the shell model. Approximate estimate and Weisskopf units. Pair internal
conversion. Electron capture. Coulomb excitation. Basic ideas about handling of many-body systems. Matrix
elements of one- and two-body operators. Second quantization technique. Basic elements of Hartree-Fock
theory. Self consistency.

Books recommended : Kaplan, Enge, Evans, W E Burcham, Roy and Nigam, B L Cohen, Y R
Waghmare, M K Pal, Blatt and Weisskopf



