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Medi-Caps University, Indore
Faculty of Science

Department Of Physics
M.Sc. (Physics) ITI Sem
Course Code Course Name Hours per Week
L il I Hrs. Credits
PHS5CO011 Condensed Matter Physics 4 0 0 4 4
Unit-I

Electrons in Periodic Lattice Potential and Dielectrics:
theorem, Kronig Penney model, Metals-Semimetals—
approach, Fermi surface, Polarizability and dielectric
Alfen effect, Magnetoresistance.

Unit-II

Free electrons in Metals: Collective excitations, Screening, polaritons, polarons, excitons,
ferroelectric effects, Kondo effect, electron—electron interaction, Metal-Insulator Transition (MIT),
concepts of quantum confinement effects. quantum Hall effects and Topological Insulators.
Unit-ITT

Magnetism-1: Langevin diamagnetic equation, diamagnetic response, Quantum mechanical
formulation, core diamagnetism. Quantum Theory of Paramagnetism, Rare Earth Ions, Hund’s
Rule, Iron Group ions, Crystal Field Splitting and Quenching of orbital angular momentum;

Paramagnetic susceptibility of conduction electrons; Adiabatic Demagnetization of a paramagnetic
Salt. i

Unit-IV

Magnetism-2: Ferromagnetic order- Exchange Integral, Saturation magnetization, Magnons,
neutron magnetic scattering; Ferrimagnetic order, spinel’s, Yttrium Iron Garnets, Anti
Ferromagnetic order. Ferromagnetic Domains — Anisotropy energy, origin of domains, transition
region between domains, Bloch wall, magnetic microscopy, Coercive force and hysteresis, Concept
of Magnon.

Unit-V

Superconductivity & Superfluidity: Type-I and type-Il  superconductors, Macroscopic
electromagnetic properties, Thermal properties, Isotope effect, Manifestations of energy gap,
London theory, Two fluid model, Flux quantization. Single particle tunneling, dc and ac Josephson
Effect, quantum interference, electron —phonon interaction, Cooper pair, BCS ground and excited
states, High temperature superconductors. Concept of quantum liquids, Superfluidity, Properties of
liquid Helium.

Nearly free electron model, Bloch
Semiconductors—Insulators, Tight binding
function of the electron gas, de Haas Van

Text Books: WL
1. Solid State Physics, Adrianus J Dekker, Macmillan India Limited, %000 :
2. Crystallography for Solid State Physics, A. R. Verma, and O. N. Srivastava, New Agelnternational (P)
Ltd. 2001.
3 Igtriguction to Solid State Physics, C. Kittel, VIIIth Edition, John W@ley and Sons, NewYork, 2005.
4. Solid State Physics, N. W. Ashcroft, and N. D. Mermin, Harcourt Asm (P) Ltd. 2001
5. Physics of Magnetism, S. ChikazumiR.E.KriengerPublCo.Inc,Florida(1978) B
6. Elementary Solid-State physics, M Ali Omar, Addison Wesley (LPE), New edition.

Reference Books: )
1. Charles P. Poole, Jr. Horacio A. Farach, Richard J. Creswick and Ruslan Prozorov

Academic Press is an imprint of Elsevier j e
2. Superconductivity, Superfluids, and Condensates (Oxft?rd Master Series in Condensed Matter
Physics 5) by James F. Annett (z-lib.org), Oxford University Press).



‘Medi-Caps University, Indore
Faculty of Science

Department Of Physics
M.Sc. (Physics) ITI Se
m
Course Code Course Name Hours per Week
I yvee
_ IL il P i
PH5C012 Nuclear and Particle Physics - 4 0 0 Hf. (:edlts

Unit-I

Nuclear .s1zes and shapes. Experimental methods of determining nuclear radius. Two-nucleon
problem: Deuteron problem. Central and non-central forces. Tensor forces

Unit-1I ; '

Nucl‘ear models: Semi empirical mass formula and isobaric stability. Nuclear shell structure.
Maglc numbers. Single particle model. Spin orbit coupling. Schmidt lines. Rotational and
vibrational spectra and elementary idea of unified model.Nuclear reactions: Q value Compound
nuclear reaction and direct reactions. Single level Breit—W{gner formula.

Unit-III ;

Nuclear fission: Liquid drop model. Multiplication factor and chain reaction. Concept of thermal,
fast and breeder reactor. Elementary ideas of energy generation by fusion.Radiative transition in
nuclei, multipole transitions and selection rules. Fermi theory of beta decay Kurie plot, ft value.
Allowed and forbidden transitions. - i

Unit-IV
Beta activity & elementary particles ‘Determination of neutrino helicity. TheTau- Theta puzzle.

Parity non conservation and its experimental verification. Fundamental interactions classifications
and properties of elementary Particles. Conservation laws and its violation in different types of

interactions.

Unit-V

Hadron-Hadron interaction: Isospin
Mann-Nishigima formula quark models,
Elementary ideas of Quantum chromodynamics

of two nucleon and [(J0nucleon systems. Strangeness. Gell-
Baryon decuplet and octet, Meson monet, Colour,

Text Books

1. Nuclear Physics: Tayal
2. Nuclear Physics: S.N. Ghoshal .
3. Nuclear Physics: R.R.Roy& B.P.Nigam

Reference Books: 1 ; s
1. Concepts of nuclear p ysics: B. € .
2. Introduction to high energy physics: D.H. Parklns

3. Introduction t0 nuclear physics:
4. Introductory nuclear theory: L.R. B. Elton




Medi-Caps University, Indore
Faculty of Science

Department Of Physics
M.Sc. (Physics) IIT Sem
Course Code Course Name Hours per W
per Week
IL, n B i
PHSOEOl_ Laser and Applications . 4 0 0 HT .

Unit-I

Fundamental . St issi
of Lasers : Stimulated emission, Population inversion, Laser amplification,

Oscillation condition, Characteristic of laser light, Line broadening mechanism, Spectral narrowing

in a laser, Gain clamping spatial and s i i
A ’ pectral hole burning and their ¢ i
Oscillator, Optimum coupling. = e o

Unit-11

Th.eory of opt.ical resonators: Concept of cavity models, Stability criterion, Gaussian beams and
their propagation. Quality factor, Geometry of resonators, resonant frequency of resonators,
Unstable resonators, Time dependence of laser emission, Rate equations for three and four level

systems. Normal mode oscillations, Q-switching and mode locking techniques of laser pulse
generation.

Unit -1T1

Introduction to Non-Linear optics: Basic Difference in Linear and Nonlinear optics, Wave
propagation in non-linear media, Phase matched second harmonic generation, Optical parametric
oscillator, Frequency mixing in gases and vapors, Self-focusing, Optical biostability and optical
phase conjugation.

Unit -1V

Laser Applications-1: Some specific laser systems for applications: Ion lasers (Ar), Atomic and
molecular gas lasers (He-Ne, CO), Solid State (Ruby, Nd: YAG&Nd: Glass). Semiconductor
lasers (Ga-As). Chemical lasers (HF), Dye lasers (one example), Excimer laser (KrF).

Unit -V | : . :

Laser Applications-2: Holography, Optical communication, Laser isotope separation, Faser range
finder, Laser in pollution detection. Lasers in MicrOscqp.y (LSCOM-A.J,. He-Ne, Dlode.(Blue)
excitations), Laser-Raman Spectroscopy, Laser Manufacturing and Machining, Laser Welding ?nd
melting, Pulsed laser deposition (PLD), Lasers in surgery (Ophthalmology), Laser cooling

(reaching ultracold-only concept), lasers in metrology, particle size analyzers and in high pressure

research (Ruby lines).

Text Books: ! x
1. Lasers: Theory and Applications by Ghatak&Thyagraj
2. Principles of Lasers: Svelto
3. Nonlinear Optics: Baldwin

Reference Books: S il
1. Laser Physics: Maitlan i .
2. Introduction to Quantum Electronic: A.dYSilc;Iwinter
3 Applied nonlinear Optics: F. Zernike an

4. Lasers: P.W. Miloni& J.H. Eberly




Medi-Caps University, Indore

Faculty of Science
Department Of Physics
M.Sc. (Physics) 111 Sem
Course Code Course Name Hours per Week
7 L | T | P | Hrs. [Credits
“PHSEPOI Solid State Physics 4 |0 0 4 M

Unit-1

Crystal Structure I: Crystalline state, Symmetry operations, point groups and crystal system,
fundamental types of lattices, Unit cells and direct lattice. Two and three dimensional Bravais
lattices. Closed packed Structures, NaCl, CsCl, Diamond and ZnS type structures.

Unit-11

Crystal Structure II: Diffraction of x-rays by crystals, the Laue, Powder and Rotating crystal
methods, Bragg's law, Properties of reciprocal lattice, Brillouin zone, lonic, Covalent, Molecular
and Hydrogen bonded crystals, Lattice energy of ionic crystals.

Unit-111

Defects in Solids: 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 microscopic techniques.

Unit-IV
Phonons: Vibrations of monoatomic and diatomic linear lattices, acoustical and optical phomns,
dispersion relation for three-dimension crystals, inelastic neutron scattering, elastic properties of

solids, specific heat of solids, Einstein and Debye theory of specific heat, anharmonic crystal
interactions, thermal expansion, Raman effect, Mossbauer effect.

Unit-V y
Flectrical Properties: Drude Model, Electrical and thermal conductivity, Wiedemann—Franz l..a.w,

Lorentz theory, Sommerfeld theory of Metals, Boltzmann differential equation, Scattering
memﬂmﬁom&mmnofmnglmmmﬁqnfam
clectrical Conductivity, Peltier Coefficient, thermal conductivity, thermoelectric power, the

Text Books: ;
' Suate Physics, C. Kittel, VIllth Editon, John Wiley and Sons. 200
2 wwny::uu.w.muu.u.umnmmmmmn

¢ Kittel, VIIlth Edition, John Wiley and Sons, 2005.
¢ oy ol i 2 B i et e




Medi-Caps University, Indore
Faculty of Science
Department Of Physics
M.Sc. (Physics) ITII Sem

Course Code Course Name Hours per Week
5 T ¥ Hrs. Credits
| PH5CO13 Lab-V 0 0 4 4 2

=

Gny Wi g i

o

Laser and Solid-State Physics Laboratory

List of Experiments

To determine the divergence of laser beam using He Ne Laser

To measure the thread angle, pitch and the diameter of given screw using He-Ne

laser.

To find the thickness of thin wire using laser.

To study working of Laser using “PhET” Laser Module by Simulation.
To measure the numerical aperture of an optical fiber by scanning method.
To obtain the circular fringe pattern by Michelson Interferometer using He Ne

laser.

To determine the velocity of Ultrasonic Waves in water
To determine the losses in optical fibres in dB due to macro bending of the fibre.




Medi-Caps University, Indore
Faculty of Science
Department Of Physics
M.Sc. (Physics) IV Sem
<< Code Course Name Hours per Week |
' LT P Hrs. |Credits |
ssE0s | Computational Methods and Numerical Techniques | 4 | 0 | 0 4 [ 4 |

Unit-I
Error Analysis: Mathematical preliminaries, computer representation of numbers, Computer

arithmetic, zero in floating point number, its sources, Errors, different type of errors: Inherent,

Round-off, Truncation, Absolute, Relative, Percentage and general formula for error, propagation of
errors, Errors in summation, stability in numerical analysis.

Unit-II
Real roots of nonlinear equations:

Iterative methods: Introduction, Beginning an iterative method, Method of successive bisections,
method of Regula false position, Newton-Raphson iterative method and the secant method. Fixed

point iteration, The method of successive approxmauons Solution of simultaneous nonlinear
equations.

Unit-ITT

Interpolation and curve fitting: Introduction, Finite Differences, Effect of an Error in a Tabular
value, Differences of a Polynomial, Newton formula for forward difference and Lagrange
interpolation. Linear regression, Algorithm for linear regression, polynomial regression, Fitting
exponential and trigonometric functions, data normalization.

Unit-IV

Numerical integration: The concept of numerical integration, integration as quadrature Trapezoidal
rule, Simpson's 1/3 rule and 1/8 rule, Errors in integration formulae, Gaussian Quadrature, Particular

Gaussian quadrature formula: Gauss-Jacobi, Gauss-Chebyshev, singular integrals, Formulas for
numerical differentiation.

Unit-V
Numerical solutions of differential equations: Existence, uniqueness and stability theory, Euler’s

method, Taylor series method, Heuns method, Runge Kutta methods (second order, third order and
fourth order methods). Numerical solutions of partial differential equations

Text Books :
1. Numerical Analysis by Prahlad Tiwari.

2. Computer oriented numerical methods: V.Rajaraman
Reference Books:

I. Numerical mathematical analysis: J.B. Scarborough
2. First course in numerical analysis: A. Ralston

3. Numerical methods for Science and Engineering: J.H. Mathews

"\W‘ B




Credits
4 4

purities, and defects) Electrical
equired for optoelectronics devie

» Optical and Th

es for visible an dIR Fage VI semiconductors

Unit I1 '
Light Sources: Introduction, Intrinsic and extrinsic material
LED structure, power, quantum efficiency, types and stru

modulation, driver circuits, semiconductor lasers diodes, mod
. 1 j
equation, external quantum efficiency,

direct and indirect band gaps, LEDs,
ctures of LEDs, characteristics and

es and threshold condition, Laser rate
modulation characteristics.

Unit III

Fiber Optics: Introduction to optical fibers, structure of the optical fiber, Types of optical fibers:
Single mode fiber, Multimode fiber, Graded index fiber, fiber fabrication and cabling, wave
propagation in optical waveguides, ray transmission theory, total internal reflection, Acceptance
angle, Numerical Aperture, Fiber optic sensors: Pressure, temperature, strain.

Unit IV ,

Optical Detectors: Device types, optical detection principle, Absorption: coefficient, direct and
indirect absorption (Si and Ge), quantum efficiency, responsivity, low wavelength cutoff,
semiconductor photodiodes without internal gain (p-n photodiode, p-i-n phot?diode), semjconduc.tor
photodiodes with internal gain (Avalanche, Si and Ge avalanche), phototransistors, photoconductive
detectors.

Unit V

Optical Tnstrument: Optical time domain reflec
optical power arid energy meter, monochromator,
Transducers, Lock-in-Amplifier.

tometer, optical low coherence reflectometer,
CCD, optical spectrum analyzer, ellipsometer,

Text Books ] :
1. A. Ghatak & K. Thyagarajan, Optical electront

1989 , 50 ice, (PHI), 2/e, 2004
2. J.M. Senior, Optical fibre communications, Principles & Practice, ( )
Refe ill, New Delhi) 2008.
rfence Books : ication, 4th Ed. (Tata McGraw Hill .
I. G. Keiser, Optical fiber communi Sensor Systems, New

ics i ication and
2B.P. Pal : Fundamentals of Fibre OpHics if Tglecommun

Age, New Delhi, 1992
3. P.N. Prasad, Nanophotonics,

cs, (Cambridge Univ. Press, Cambridge)

2004.

'Jo Wiley, New Jersey
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Hours per Week

EL Digital Electronics and Micro processor

& Hrs. Credits

0 4

4

Unit I
yumber system (Binary, Octal, Decimal, Hexadec

CllltS.

gh simplifications. Don’ iti
sroducts (SOP) and product of sums (POS) expressions T

1mal) and thejr interconversion, Boolean laws and

Unit 11

The ASCII code. Excess III code. Gray code. Binary Addition, Subtraction, Logic Gates: OR, AND,
NOT, NOR, OR, NAND, XOR, XNOR, Circuits and Boolean identities associated with gates, 1's

complement, 2's complement. Arithmetic building blocks, Adder and subtractor circuit design.

Unit III

Viultiplexers, demultiplexer. 1-of-16 decoder. BCD to decimal decoder. Seven segment encoders,
decoders, Exclusive OR gates. Parity generators-checkers.

Unit IV
7400 devices. A-01 gates. Positive and negative logic. 74C00 devices. CMOS logic gates. Flip-Flops:

R-S, D, J-K, J-K master-slave flip-flop, race around condition, Shift registers, counters. A/D and D/A
converters. A/D and DJ/A accuracy and resolution. Semiconductor memory (RAM, ROM &

EPROM).

Unit V
i its architecture-data, Address
: i i . Microprocessor and its architecture :
i I tel 8085 microprocessor .
a:c?lz arf hlltj:mre oill_zj registers, program counters. Flow chart and assembly language. Writing
ontrol buses. : : 5
some programs in assembly language for 8085 microproces

Text Books |
I. Digital Electronics: R.P. Jain

ications: ino & Leech
2. Digital Principles and Applications: Malvi

and introduction t0 microcomputers: Malvino

3. Digital computer electronics

Reference Books
1. Introduction to microprocessors

2. Microprocessor Architecture: R
3. Programming &Application with 8

Software, hardware, programming: L.A.Leventhal

085 Microprocessors: B. Ram




Medi-Caps University, Indore
Faculty of Science
Department¢ Of Physics
M.Sc. (Physics) IV Sem
- Course Name
Cour: o K
Code_ P [ Hrs. [Credits
pHSELOS ; 4 4
Unit I

Nanomaterials and Structures: Introduction

. to Nanomaterials- e
Characteristic length scales of materials and thejr o

. i Properties, Density of states in 1- - d 3-D
bands, Variation of density of states anq band gap with size of crysta)ll of states in 1-D, 2-D an

Unit 1T
Synthesis Methods: Top-

techniques, mechanical milling,

Unit III

Diffraction Methods: Fundamental crystallography, Generation and detection of X-rays, Diffraction
of X-rays, X-ray diffraction techniques, Electron diffraction, X-ray absorption fine structure (XAFS),
Photoelectron spectroscopy: X-ray photoelectron spectroscopy.

Unit IV _

Surface Analysis: Scanning Electron Microscope (SEM)
Transmission Electron Microscopy (TEM). '

Transport measurements: Metal, Superconductors, Insulators and Semiconduct
Dielectric measurement.

-Atomic Force Microscopy (AFM),

ors, four probe,

Unit V

Spectroscopy techniques: Atomic absorption spectroscopy, UV/Visible spectroscopy,

Fourier
transform infrared spectroscopy, Raman spectroscopy. Photoluminescence (PL)

Text Books ¢ .

1. Jan Korvink and Andreas Greiner, Semiconductors for Mlcro and Nanotechnology
~an Introduction for Engineers, Weinheim Cambridge: WlleY'VCH (2_001)'

2.N John Dinardo and Weinheim Cambridge, Nanoscale Characterisation of Surfaces
& Interfaces, 2 nd edition, Wiley-VCH (2000). i ;

3. Introduction to Nanotechnology,C.P. Poole and F.J. Ownes, Wiley_India (2007).

Reference Books Springer (1999)

1.G Timp (ed) Nanotechnology, AIP Press, pringer (| -

2-Nano: The Essentials, T. Pradeep, Mc-Graw Hill India (2007). .

3.Li,lin Pfs 5 oslielzl.:m:,r Materials Characterization Tecinxuquc?s Sflm Zhaing, CRC Press, (2008).
4. Cullity: B.D., and Stock, R.S., "Elements of X-Ray Diffraction”, Prentice-Hall, (2001).




