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M.Sc. Programme Objectives and Outcomes

Student passing throupgh the Master of Science (M. 5c.) Programmes of the institute

would:

1. Recelve sound knowledge and understanding of the basic principles of Sclence,

2. Possess necessary competency to pursue a career in academia, research
Institutions or industry in basic or applied sciences,

3. Achieve proficiency in use of various scientific instruments and be in a position
to design, plan and execute sophisticated experimental protocols.

4. Acquire good oral and written communication skills and be ready to take on
competltive examinations both at national and international levels.

5. Grow up into a self-confident individual with innovative ideas and
entrepreneurial spirit

6. Develop into an individual with a right balance of scientific temper and ethics.

Programme Specific Objectives and Outcomes

The Two-year M.Se, Physics Programme is designed to provide a strong foundation
in fundamental physics as Physics is the basis for advanced sclentific research and

technological Inventions.,

Specific objectives of the Programme and the curriculum include:
1, Seamlessly integrate the courses as a continuation of the 3 year B.5c Hons.
Programme of the department.
2, Provide a blend of science and technology, with appropriate theoretical and
applied physics courses,
3. Complement each course by adequately equipped laboratories.
4. Rigor of theoretical physics coupled with advanced courses in photonics,

materials sclence and nuclear physics.
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Specific outcomes of the M.Sc. Physics Programme

1, Students get the required skill to design, set up and perform experiments.

2. The Programme becomes unique because of additional hands-on training In
electronics, microcontrollers, computer programming and computational
techniques.

3. Comprehensive approach equips the students with the ability to use many
technigues to solve Physics problems.

4. Helps the students to develop proficiency in both theory and experiments.

5. Provides a clear edge to students for entry into research as well technology
oriented programmaes.

The healthy teacher-student Interactions ensure that students also develop Into

individually competent, collectively compatible and socially responsible citizens.

Faji 4 of 09

J""|.-""|--"'II-""'""u"""-""-""|'_"'\l""

-~ ™M

—

el R :BaE:Bc:BoBecEeEaRsRala



-

SCHEME OF INSTRUCTION AND EVALUATION
M.Se. (Physics) PROGRAMME
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Modes of Evaluation
Types of Papers
Imilicator | Logond Indicator | Legend
e ; T Thieary
TE1 CIE and BESE ; ESE single evalmlion r TPracticnl
IH: ClE ] FSE G HEE des Dl ovcailasnl lom Genneslicn Bl Vive
1 ConHmumz: lvernal Evaluation (CIE) -:rl'll:.' SEV R
Modes "1 does ol coooose "Buleoal Exionine” faT Project Work
E End Semestor Exaimination {BESE] cnlby D Disseriation
Mote 'E does mel contote ‘Exlernal Evaminer WP hdini Project

El ESE slngle eval mation
E2 ISE douable envvaluwatiion

Conlinucres mbemal Evaluation (CIE)] & End Semester Examination (ESE)

Pe: Please refor to guidelines for “Modes of Evaluation for various types of papers”, and Viva voce
nomenclatira & soope and constitution of the Viva-voce Boards,
¥ Total marks for the Froject Work would be 200 marks, which consists of 50 marks for
the Project Work Review at the end of semester III, 50 Marks for the Project
presentation & Viva-voee conducted at the end of the semester TV and 100 marks far
the double evalustion of the Project Reporl submitied at the end of the semester TV,
#* The evaluation of the mini project is completely internal with 8 maximum of 50 marks.
List of Electives: (3 Cr each)
EL-1: Principles of Laser Physics
EL-2: Concepts in Magnetism and Superconductrety
EL-3: Semiconducior Device Physics
EL-4: Congepis in Materials Science
EL-5: Nuclear Spectroscopy
EL-6: Fiber Optics
EL-7: Functional Ceramics and Devices
EL-8: Nuclear Reactions
EL-Y; Photovoltaics for Enengy Conversion
EL-10; Ultrafast Nonlinear Optics
EL-11: Accelerators, Reaclors & Deleclors
EL-12: Biomiaterialz
EL-13{1): Molecular Simulations (2 Credit Theory )™
EL-13{I"}: Molecular Simulationz {1 Credit Practical)
EL-14: Microelectronics
EL-15; Fundamentalz of Nanoelectronics
EL-~10: Manoscale Physics
EL-17: Foundations of Crunntum Optics
EL-18: Quantum Compatimg
EL 19(T}: Industiy 4.0- 1oT, Artificial Intelligonce & Additive Manufacturing
{2 Credit Theory) **
EL 19(P}: Industry 4.0- 10T, Artilicial Intellipence & Additive Manufacturing
{1 Credil Practical]
&8 Thig elective is 2 credits theary (Ty+ | credit practical (P)

Apglicabie from Academic Y i 20222023 anwards

A B
o g0 = e g
;& 'ci:'“ - Page & of 69
o A A
= ‘E_l [y e L r,
l..-; HTRALRHY L

|
-
'-1‘-,.._ i, e "-:i

]

Pl - NNl Ne ezl Re e Ne le el s ol s e le s B B e Be e Be Ma



= T

N Rl

PPHY-101: Classical Mechanics 3Cr

Course Objectives:
Clazsical Mechanies remains an indispensable part of a phyeicist’s education. 11 plays o major
role i preparing Me studenl o the stody oCmodem plysics. The coonee sims.

l. To familiarize the students with altemative formulations of mechanics, Lagrangian and
Hamiltonian, which serve as the springboard for varioss branches of theoretical
physics,

2, To explain gencraling funclions, canonical transformations and Poisson brackets.

3. To introduce the Hamilton-Jacobi equation and the prineiple of least action which
provides a transifion 10 wove mechanics.

4, To apply the Lagrangian formalism to central force problems and small escillstions.

Course Onfcomes:

1. Set up the Lagrangian and Lagrange's egualions of motion for different physical
systens and solve them.

2. Sct up the Hamiltonian and Hamilion's equations of motion for different physical

systems and solve them,

Tinderstand Poizson brackets.

4, Understand the Hamilton-Jacobi formulation and solve simple problems based on

action-angle varables.

Understand canonical transformations.

Apply some of these techniques in the detailed study of small oscillations and central

force motion.

ad

o th

Svilabus:

1.

Applienble from Acndemic Year iﬂ:'l-_ltgl_.':‘l:'nnwr.tls

Variational Principles and Lagrange's Equations: Hamilton's principle, derivation of
Lagrange’s equations from Hamilion's principle, extension of Hamillon's principle (o
Monholonomic systems, Conservation theorems and symmetry properties, Energy functiomn
and the conservation of encrgy. ¥ s

The Central Foree Prablem: Reduction 1o the equivalent one-body problem, equations of
molion and first inteprals, equivalént ene-dimensional problem, Virial theorem, The
Kepler-problem, The Laplace-Runge-Lez vector.

7 hrs

Oscillations: Formulation of the problem, eigenvalue equation and the prncipal axis
transfonmation, frequencies of ree vibrations and normal coondinates, free vibrations of a
linear triatomic molecule. 7 hrs

Hamilton Equations of Motien: Legendre transformntions and Hamillon Bguations of
motion, cyelic coordinates and canservation theorems, dervation of Hamilton's equations
ot o vanational principle. & lrg
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5. Canonleal Transformations: Equations of eanonical transformation, harmonic oscillator,
Poisson brackets, equations of motion, infinitesimal canonical transformations, and
conservation theorems in the Poisson bracket formmulation, Liouvilles theorem. Thrs

6. Hamilton Jacobi Theorv: Hamilton Jocobi equation for Hamilton's principal function,
harmonic oscillator, free particle, particle in uniform pravitational field, Hemilton-Jecobi
equation for Hamilton's characteristic function, Kepler problem. 8 hrs

References:

1. Herbert Goldstein, Chardes Poale, John Safko, Classical Mechanics, 3™ edition, Addison
Weslev Professional, (2001},

2. L. D. Landau, E.M. Lifshitz, Mochanics, 3" edition, Butterworih-Heinemann, {1982),

3. Stephen Thamton, lerry Merion, Classical Dimamics of Particles and Systems, 5™ edition,
Brooks/Cole, (2004),
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PPHY-102: Classical Electrodynamies 3 Cr

Course Objeetives:
This course aims {o equip the students to understand and apply Maxwell's equations and
boundary conditions W solve problems in electiodynmmics thal include dlectio
magnets statics, EM wave propagation in all linear isotropic media, hollow metallic
waveguides and madiation from different types of sources.

Course Oulcones:
O completion of this course the sindents will

I. Beabletouse Maxwell's equntions to solve electrostatic and magnetostatic problems in
differeni coordinaie systems using special functions and vector enleulus,

2. Be able to perform multipole expansion of charge sources,

3. Bo sble to use Maxwell's Stress tensor and understand the Poynting's theorem.

4. Be able w solve problems and understand EM wave propagation in lingar isotropic
dielectric & conducting media, and hollow metallic wavegnides.

3. Be oble to predict radiation from arbitrery charge distnbutions including oscillating
eloctric dipoles, oscillating magnetic dipoles, and accelerating point charges.

fi. Be able to understand the need and solve problems on gauge transformations m
electrodynamics.

Syllahus:

1. Boundary value problems in electrostatics:
Laplace equations: Laplace equations in 1-D, 2-D and 3-D; boundary conditions and

unigueness theorems; conductors and second unigueness theorem 2 hry
The method of images: Induced surface choarge; force and enerpy | br

Separation of variables: Laplace equation in cartesian, spherical and cylindrical
coordinates. 2 s

2. Multipole expansion of eleotrostatic potentinl: Approximate potentials at larpe distance;
multipale expansion; monopale and dipole terms; origin of coordinates in multipole
expansion; electric field of a dipele; multipole expansion of energy of a charge distribution
inan external field, 4 lirs

3. Conservation laws in electrodynamics: Continuity equiation; Poynling's theorem;
Wewton's: thd law in electrodvnamics: Maxwell's siréss  tensor; conservation of
momentun; pnpular momenstan, 5 hrs

4. Electromagnetic waves: Waves in 1-D: wave equation; sinusoidal waves; boundary
condition-reflection amd transmission; EM waves in vacuum: wave equation for E and B;
monochromatic plane waves: energy and momentum in EM waves; EM waves in matter:
propagation in linear meding reflection and transmission &t normal ncidence and oblique

i s, a ks
Abgorptlion and Dispersion: EM waves in conductors; reflection at'a conducting surface;
frequeney dependence of permiiiivity, 2 hrs

5. Wave guides snd resonant eavities: Fields of the surface of and within o conduoctor;
cylindrical cavitics and wave-guides; the modes in a rectangular wave-gnide; TIE waves in

e

ni A
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x&’:,_jf:,; |

Mage 9 af 6O




2.

a rectangular wave puides; the coaxial transmission line; energy flow and attenuation in

wiave guides; resonsnt eavitiea; power losses i a cavity- Q) of o cavity; 8 lirs
6. Potentials and fields: Scaler nnd veclor potentinls; gauge transformations; Covlomb and

Lorentz gauge; retarded potentinls; Jelimenko’s equations; Lienard —Wiechan potentials;

field of a movmg point charge T lus
7. Radiation: Elecine dipole radinhon; magnetic dipale radistion; radiation from an arbitrary

source; power radiated by a point charge. 5 hrs
Referencos!

Griffiths, D, 1.: Introduction to Classical Electrodynamics, Prentice Hall, 3" edition, (1999).
Jackson, J.D: Classical Electrodynamics, 2° edition, Wiley Eastern {1975).

Heald, M.A_, end Marion, J.B.: Classical Electromagnetic Radiation, 3™ edition, Saunders
(1995).

Jordan BE.C_, and Balmain, K.G, Eleciromagnetic Waves and Radisting Systems, 20 edition,
Preatice Hall India (1987).

& 4 &
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PPHY-103: Quantum Mechanics - I iCr

Course Objectives:

To Provide a strong foundation to the quantum mechanical principles, undersfand the
chtferent formnli=mz of quantum mechanics snd 2olve Schrodinger equation for difTerend
physical systems,

Course Outconies:
On completion of this course the student will

1. Acquire & tool set for understanding how the microscopic world works, mathematical
tools essential in understanding Cruantum mechanics.

2. Understand the theoretical foundations of Quantum mechanics, postulates and their
implications.

3. Be able to use matrix snd wave formulations of quantum mechanics 1o find the energy
gpectrum and the states of quantum systems,

4. Be able to solve the Schrodinger wave equation (for few idealized systems) to oblam
the various energy levels of the particle and the corresponding wave functions,

5. Understand the formalism of angular momentum.

. Be able to use approximate methods for stationary states: 1o solve time-independent
potentials (of real systems which may not be solved exacily), such ag the variational
method, and the WEE method,

Syllabus:

1. Mathematical Tools of Quantum Mechanics: Hilbert Space and Wave Functions, Dirac

i,

Applicabie from Academic Year 20323023 -:l||'.'-.'u.|'|..-:r

Notation, Operators, Representaiion in Discrete Bases, Representation in Continmous Bases,
Matrix and Wave Mechanics. & hrs

Postulates of Quantom Mechanics: Basic Posiulates of Quantum Mechanics, State of a
System, Observables and Operators, Measurement in Quentum Mechanics, Time Evolution
of the System’s State, Symmetrics and Conservation Laws, Connecling Quantum to
Classical Mechanics,

Ahrs

One-Dimensional Problems: Propertics of One-Dimensional Motion, Free Parbicle:
Continuous States, Potentinl Step, Barcier and Well, Infinite and Finite Square Well
Fatential, Harmomic Oscillator, T hr=

. Angular Momentum: Orbital Angular Momentum, General Formalism of Angular

Momentum, Matrix Representation of Angular Momentum, Geometrical Representation of
Angular Momentum, Spin Angular Momentom, Eigen functions of Owbital Angular
homenturm. 7 hrs

Three-Dimensional Problems; 3D Problems in Carlesinn Coordinates: Free particle, Box
potential, harmenic escillator, 3D Problems in Spherical Coondinates: central potential, froe
particle, gpherical square well pofentinl, isotropic harmoni¢ oscillator, hydrogen atom,
effect of magnetic fields on central potentials. 7 hrs

Approximation Methods for Stationary States: Time-independent perturbation theory;
vassatiopn] method, Wentzel-Kramers- H-rt]]-::uln hlethind, 7 hrs

Page 11 af 64
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References:

1. Nowreding Zettili, Quantum Mechmnics: Concepls and Applications, 2™ edition, John Wiley
and Sons Ltd., (2000).

2. 1.1 Sehill. Quostum Mecharics, MeGraw Hill Higher Education; 3™ revised edition,
{1968),

1. R Shankar, Principles of Quantum Mechanics, 2™ edition, Plenum Press, (2011).

4, David J. Griffiths, Introduction to Quantim Mechenics, 2™ edition, Prentice Hall, {1995).
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PPHY-104: Mathematical Physics 4 Cr

Course Objectives:
This course on Mathematical Physics consists of two parts = Tensor Caloulus and Group
Iheory Tho coume nims
1. “Tointroduce tensor algebra along with applications refated to physics problems.
2. To introduce principles of group theory and the theory of representations along with
some applications.

Course Outcomes:
On completion of this course the student will

1. Be familiar with tensor notations and the alpebra of Canesian tensors.

2. Be familinr with non-Cartesian tensor algebra and usage of the metric tensor and
Christoffel symbals.

3. Understand how some physical properties like conductivity, polanzability, stress,
moment of inertia efc. are tensorial in sature and be able to work with these tensors.

4, Understand different matrix representations of point groups.

Understand equivaleal, reducible and irreducible representations.

6 Apply the ideas of proups and representation theory in guantum mechanics and
maolecular vibrations.

A

Syllabus:
I. Temsor calculus

1. Cartesian Tensors: Tensor notation and summation convention; change of basis; Cartesian
tensors ~ first and zero-order Caresian tensors; second and higher-order Canesian tensors;
contravariant and covariant componenis of tensor; tensor algelua; quotient law; Kronecker
delta and the Levi-Cevita tensor; isotropic lensors, inner and cross product of veclors.
Gradient, divergenee snd curdl o lensor mnolation and  few  veclor adentities.

14 hrs

2. Non-Carteslan Tensors and tensor ealenlus: Mon-Caresian coordinates and the matne
tensor; peneral coardinate transformation ond tensors, index raising and lowering using
metric tensor, definition of the line element using metne tensor; derivatives of bass veotors
and Chrizsioffel symbols; Covariant dervalives of metnic and non-metric Lypes; vector
operators in tensor form; the four-vectors of position-time, momenlum-gnergy and vector-
scalar potentials; the electromapnetic field tensor, 15 hrs

II. Group Theory
1. Svmmetry operations and point groups: algeba of symmetry operations, dipole

moments and optical activity, definition of & group, examples, classification of poim
groupd, detesmination of molecular point groups, 0 hirs

[

Matrix representations: Symmeiry operations on o position vestor, matrix representations
for Cyy, and Ty, function space, tansfonmation operators, determination of tansformation

aperators for O3 point growp  using d-orbital function space, determinanls as
represeniations, - & hrs
Applicable from Academic Yenr 2022-2023 onywprdhl
E,_Lﬁ'_.' A 3 P'age 13 of 6%
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Reducible, irreducible representations and character tables: equivalent
representations, unitary representations, redueible representations: Great orthogonality
theorem, chameters, reduction of reducible representation, construction of character
tnbles, notation for rreducible representations.

# hre

Representations in quantum mechanics: Invariance of Hamiltonian opemtors, direct
product representations within a group, vanishing integrals,
4 hrs

Molecular vibrations: Vibrational equation, I' representation, reduction of I,
classification of nermal coordinates, classification of vibrational levels, infrared and

Raman spectra of CHy and CH3D.
7 hrs

References:

. Young, E. C.: Vector and Tensor Analysis, Marcel Dekker, (1978).

Lawden, D). F.: An Introduction to Tensor Caleulus and Relativaly, Chapman and Hall,
(1975).

David M Bishop, Group Theory and Chemizstry, Dover Publications, (1973).

Michael Tinkham, Group Theory and Quantum Mechanics, Dover Publications, (1964).
AW, Joshi, Elements of Group Theory for Physicisis, New Age International Poblishers,
4™ revised edition, (2015).
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PPHY-105 Experimental Methods in Physies - 1 3Cx

Course Objectives:

1. The main aim of this course is 1o introduce students to vanous experiments in Physics
dizcipling, while convomitantly inparimg essenbal oxpesimental skills wnd inclucing
euriosity for designing new experinents.

2. In this lab, the seape of the experiments perforned is restncted to topics m Selid State
Phiysics, Nuclear Physics, Meterial Science, and Applied Optics & Fholonics,

Course Outcomes:

1. Solid State Physies Experiments: The student will be able to investigate electrical,
magnetic and thermal behavior of materials,

2. Materialy Science: Complementing the solid state physics expenments, these
fundamental experiments are essentinl for the student to familiarize with structural
characterization of various materials,

3. Nucfear Physics Experimenis: The planmed experiments are designed to expose students
o Nuclear speciroscopic techniques which involve usage of radiation detectors like
Seintillation snd semiconducior detegtors Tor studying gamma radiation; Integrating
Multichanne] spectrum analyzer with the gamma spectrometers to probe the Nuclear
structure of radioactive nuclei; Safe handling of Radio-isotopes and sensitive rdiation
detectors.

4, Applied Optics & Photonics Experiments: Students are exposed to experiments which
comprehend the concepts of optical phenomena such as Interference, Diffraction,
Paolarization, Physics of Optical Materials while Photomics experiments include
familisrizing with applications & testing of Optical modulators and Opto-clectronic
camponents that are essential in modem optical communications.

5 Hard sk ser; Swudent after poing through this course will gain knowledge of different
experiments! components: their fimetioning principles and usage; Ways of setting up
gxperiment/alipnment methods for eblaining better results; Rigorous Experimental dats
analysis which includes Error Analysis, Linear and Nonlinear Curve Fitting & modeling
of experimental data using standard numerical and analytical methods.

Svllalsss:
Section A
1, X-ray diffmetion dnlyeis

2. Mapnetorosistance

3. Rasistivity and bandgap of semiconductors {u'!ii:ug four probe technique)
4. lonic copductivily of solids

5. Study of dielectric properties of standard samples using LCR meter

fi. Thermal expansion coelTicient

T Wiscosity of Mnds

8. Lattice dynnmics

Applicable from Acadenide Year 20222023 anwards
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Section B

. Determining solar constant

-V churacteristics of a solar cell

I V charactoristios of a photodiode

Profile of o laser bosm

Determination of linsar attensation coelficient of absorber materials
UV-Vis spectra of powder solid samples

Refractive index measurement using camera based lateral shifi method
Lock-in detection

References:

1.

2,

Fo.
i1,

14,

Experiments with GM counter, edited by X Nareader Reddy and M.5.R. Murthy,
Published by Mucleonix systems Py Ltd., www nugleonix.com

Glenn F. Knoll, Radiation Detection and Messurement, 2nd Edition, John Wiley &
Sons, Mew Yoik, (1989).

. Methods in Experimental Physics 6, Part B, K. Lark-Horovitz and Vivian A. Johnson

{Eda.} - Solid State Physics Electrical, Magnetic, and Optical Properties-Academic

Press, Elsevier (1959).

E.C. Subbarao, L.K.Singhal, ).Chakravorty, Marshal F.Merriom, and V.Raghavan,

Experiments in Materials Science, Tata McGraw-Hill (1972).

Standsrd Test Method for Viscosity by Ford Viscosity Cup, ASTM D1200-10(2018),
e astin.g <10

Lattice dynamics - kit with frequency meter, Manual of Mitial Enterprises, Delhi.

Adrian Melissinos and Jim Napolitant, Experniments in Modem Physics, Znd edition,

Academic Press, (2003).

Experiments with the Lock-In Amplifier, Kit instruction manual, sponsored by Indian

Academy ol Sciences, Bangalore,

J. M, Khosrofien andB. A, Garetz, “Measurement of a Gaussian laser beam diameter

through the direct inversion of knife-edge data,” Appl. Opl. 22, 3406-3410 (1983).

P. P, Bardapurkar et g, Practical physics, 1% edition, Nirali Prekashan (2019).

C. Burvanarayina, M. Grant Norton, X-Ray Diffraction - A Pmctical Approach,

Springer {19%8).

{(Unpublished ) MSc. Phy. Project Thesis; S85IHL 2020, by Vaibhav and Malhar

Magar, “Time Resolved Third Order Nonlmear Optionl Susceptibiiity Measurements

sing Femtosecond Depenerate Four Wave Mixing: Automation and Analysis™- for

refractive ndex using latem! shift.

Appllcable from Acsdemic ¥ear 200222023 onyards
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PPHY-106 Electronics and Microcontroller Lab 3 Cr

Course Ohjectives:

i

To e olochionios & mivtooomtrollen s powes Tl ol o sody e concepts i plivaics
and apply them 1o automate real-life sitvations for bringing out smartier devices,

The Iab course aims (o undersiand the power elecironics circuil components and the role
they play in designing high-power clectrical systems. It provides an exposure o the
charactenistics of high-power fast-switching IGBTs.

It aims at an understanding of the working of popular Atmel make Microcontrollers and
to design, and process data by implementing interface technology for IoT,

It intends to comrelnte the theoretical and experimental concepis of various analog &
digital elecironics circuits with simulation packages, theseby students can get an in-
depth understanding of their electricel charactenstics.

Course Outeomes:

At the end of the course, the student would be able to;

. Write microcontroller-based proprams 1o imerface different 1'0 components and

syslems

Understand the principles of sensor technology and interface popelar IoT sensors with
ATmega 328 Microconiraller

Capable of designing smart home awiomation

Provide working experience with the power electronics components thal include power
diode, transistor, and IGBT

. Impart computational capability to simulate the electronic circuits and study their

performance and limits.

. Provide basic working knowledge about the common clectrical appliznces like the

MCB:z, NMuorescent bulbs, motors, ete,

Svllabus:
M, Power Electronics Lab:

(T e

oy ba o Jd

. Characteristics of & power diode.

. Charncleristics of o rinssian

» Characteristios of & MOSFET.,

. Characleristics of an IGBT.

. 1 phase hall-wave controlled rectificr with R and RL Joad.
. Full-wave controlled rectifier with Boand R1L bead

7, Speed control-of universal motor using SCR.
8, Bridge inverter.

B, Arduing Lab:
1. Blinking LED.
2. Stepper motor contral,
1. UART, SPL(LIFI)
4. Caleulate "g' using lazers,
5, Closed loop.

Applicable freny Acadenyie Yens 2022-2003 payeegnls
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C. Electnical Workshop Lab;
1. Stady of electrical matenals.
2. Stair case wiring,
3. Fluorescent tube light.
4. MC M Electrodynamic & [nduction type Metom - Theory,
5. UPE - simulation.
6. Fuses & MCB's - Theory.

[, Sinulation Lakb:
1. Design of oscillators.
2, Power quality.

References:

1. Getting Started with Arduino by Massimo Banzi, 3™ edition, Maker Media, Inc.,
(2015),
2. Power Elestronios by I A, Bradley, 2 edition, Springer-Science, (1995).

3. Power Electronics by Daniel W. Hart, McGraw-Hill Companies, Inc., (2017},

L2
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PPHY-107: Self-Development 1Cr
(Ofered by Dept. of Management and Commerce under MBAG-104 SELF-DEVELOPMENT)
{1 credit, 3 hours, Practical)

Course Objectives:

Self Developmen! course i desipned a%op proctical counse Ml sfms ol applicstion of Te
concepts and tools of persenal excellence. Through various self developmen! exercises,
reflections snd discussions, the course introduces sudents to insights, tools, skills and
attitudes that empower them. The program is based on traditional Indian schools of knowledge
and modem westem research in psychology, mansgement and conching tools. Students would
be evaluated an the basis of the students™ understanding of the self development concepts,
and quality of their effort to improve themsehves.

Course Outcomes:

At the end of the course, the siudents would be able 1o work on their own gelf development.
They would have a raised sense of self-pwareness, gelf-responsibility and self-accountability
for developing themselves, by putting the ideas of personal exeellence inlo practice.

Syllabus:
1. *Self" development

Self-responsibility (Locus of Control), Self-Concept / identity, Self-Awareness- SWOT,
JOHARI Window, 360 degroe appraisal, Sclf-accountability for Self-development
(Structure), Overcoming *Self-imposed limiting traits’. i hrs

2. Selfconfidence and Developing a Strong Personality
Overcoming sell consciousness and “need for approval’, Self-satisfaction Overcoming
guilt and shame. Self-acceptance. Integrity. Connect with roots for confidence (parents,
nation, society end nature). Seif-sacrifice. Authenticity - Unity of thowght-word-deed.
Self discipline. Authentic humility, Assertiveness, Bhagawan 5ri Sathys Sal Baba on
Sell 6 hos

3. Imtegnty and Gravitas
Importanes of Posture nnd Body Language. Imporiance of voice modulztion
delivery. 4 hrs

4, Positive Attitude
Overcoming fears. Healing scers of Past. Overcoming Anger and resenlinenl.
Forgiveness, Authentic apology. Persevering with patience through setbacks. 3 Gunns.
Mindulnese, Sell-discipling and will-power {Habits). Importonce of Diet. Maditation,
7 hrs
5. Clollaboration and Teamwork
Real Goal of Communication, Building strong relationships, Shifting from improving
others 1o self, Love, Real lisiening, Responding (o here and now, Transactiona] analysis;
Avitheniic appreciation, Temmwork for creativity, Being open to Points of vicws.
g hrs
6. Finding Happiness and Fulfillment - Positive Psychology
Happincss-wealth disconnect -Daniel Gilbert, Ceiling on desires and Minimalism,
Martin Seligman on Happiness. Sharing and Service (Seva). Designing hife for

Applicoble fromy Academic Year 2023- 2023 oywards

Buepef
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Fulfillment — IKIGAL and & Balanced Life Inside-out. A Life of Purpose. Gratitude.
Bhagawan Baba on Purpose of Life. 7 hrg

Evaluation:

Students would be evalusted on the basis of the studems’ undorstanding of the self
development concepis, and guality of their effont o improve themselves. Tvaluation of
studenis in this course is through in class exercises, semingrs and individual assignments
that would track the student’s wark on various aspects of self development covered in
the course. Exercises would include self appraisal (introspection, 360 degree feadback
and reflection) on varions disciplines, sction-plans and evaluating of own progress,

Through Assignments, Essiys (Concepl clarity, quality of introspection, resolve and
implementation), Quality of Class discussion (guality of participation in sharing and
infrospestion).

Course Text:
Motes and reading material shared by the teachers.
Self Development by Prof. B, Kumar Bhaslar

Soggested Readings:

1. Dr. Wayne Dyer- Your Erroneous Zones: Step-by-Step Advice for Escaping the
Trap of Negattve Thinking and Taking Controf of Your Life. Publisher: William
Morrow Paperbacks (1e, 21 August 2001) ISBN-10: 0060919760, ISBN-13: 978-
0060919764,

2. Dr. Mantin Selipman - Aushentlc Happlness: Using the New Positive Peychology to
Reafize Your Potential for Lasting Fulfillmens, Publisher: Atria Books; Reprint
edition (5 January 2004), ISBN-10: 0743222989, 1SBN-13: 978-0743222083,

3, Charles Duhigg - The Power of Habit: Why We Do What We Do in Life and
Bresiness Paperback — le, 7 Jan 2014 Puhlisher: Random House Trade Paperbacks.
ISBN-10: (81 298160X, [SBH-13: 87E-0E12981605.

4. Phyllis Krystal - Taming Gur Monkey Miwd: Insight, Detachment, Identity,
Paperbeck < February 1, 1994, Publisher: Weiser Books, ISBN-10: DB77287937,
ISBN-13; 978- DRT7287933.

5. HBR's 10 Must Reads -« On Munaping Yourself— 3nd Jan 201 1, Publisher; Harvard
Business Review Press; 1 edition (January 3, 2011}, ISBN-10: 1422157097, ISBN-
13: 97B-1422157092.

6. Dale Camegie - How fo Wi Friends and fgfluence Peaple " Publisher: RHUK:
2004 edition (1 October 2004), ISBN-180; 0001906350, ISBN-13: 978-
0091006351,

7. Dale Camegie ‘How io Stop Worrying and Start Living ' - Publisher RHUK;
edition |1 Octaber 2004), ISEN-1:; 9780097 0064 12, 1SBN-13: 9380001906412,

8, Thomas A Hocris - 7'm OF, You're OK7 - Publisher; Amow (4 May 1995 edition),
ISBN- 10: 9780099552413, ISBN-13: 978-0099552413.
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PPHY-201: Nuclear and Particle Physics 3Cr

Course Objoctives:

Introduce students to the fundamental concepts of nuclear and sub-nuclear physics.
Provide an overview of the development of nuclesr and particlo physios.

To develop students’ inderstanding of the properties of the strong and weak forces.

Tao perform basic ealoulations using nuclear models to derive the observed stable nucled.
Undesstand the theory of Bels and Gainma decay amd apply it to deduce nuclear
ELruciure.

6. Learn the basics of nuclear reactions.

B e

Course Cutenmes:
On completion of this course the student will

1. Have a basic understanding of nuclear properties and models that desenbe the quantum
structure, decay, and reactions of nuclei.

2. Be oble to describe the role of spin-orbit coupling in the shell structure of atoric nuclei,
ard prediet the properties of nuclear ground and excited states based on (he shell model.

3. Beoble o apply quark mixing models to analyze weak interaction physics such as beta
decay.

4. Beable to read, undersiand and explain scholardy journal articles in nuclear and particle
physics.

5. Be able to make relevant measurements of energy and decay spectra using basie
experimental facilities and apply Poisson stetistics to evaluate the uncertainties in the
data.

Syllabus:

1,

hek

Appiicable fram Acodemide Yonr 2022- 023 anfFmds.

Nuclear Models:
The shell model; Evidence for shell structure; Magic numbers, the shell model potential,
spin-orhit potential, shell structure oblnined with infinite well and harmonic oscillitor
potentials, fillng of the shells, pround stute spins and parities of nucled, magnetic dipale
momenis, electric quadnpole moments, excited states and shell model, valence nucleons
Even-Z, Even-N nuclei and collective model: Nuclear vibrations, nuclesr rofatioms.

Ehrs
Beta decay:
Basic beta decay process, encrgy release in beta decay, Fermi's theory of beta deeay, shape
of the beta spectrum, comparative half-1ife, Fermi-Kurie plot, angular momentuny and parity
gelection miles; non-conservation of parity in betn decay; bela speciroscopy

8 hirs
Gamma decay;
Energetics of gamma decay, angular momentum and parity selection rules, life times for
gamma emission, messurcments of gmmma ray energies; measurement of lifetimes of
excited states; multipole moments; theorétical predictions of deciay constants; Estimation of
wansition rates and comparisen with experiment; Internal conversion; Gamma my
SPECITOSCOpPY. B hrs

Muclesr reactions:
Introduction; types of nuclear reactions, observables, conservation lows, energelics of
nuclear resctions; The CQ-equation: lsospin, reaction cross rections, exdperimental

Tape i of &%




techniques, compound nuclens reactions, direel reactions, resonance reactions; Bret-
Wigner Formula, heavy ion reactions. B hus

5. Detecting Nuclear Radiations: i
Interaction of esdintion with matter: heavy charped particles, elecirons, elestromagnetic
rachiation, scintillation detectors, semiconducor deleclons, counting statistics. & lus

6. Elementary periicles: Particls interctions ond familiee, symmetries and conservation
tawrs: angular momentum; parity; baryon number, lepton number, isozpin, sirangeness and
charm, the quark model; colored quarks snd pluons, charm, beauty and truth quarks,
dynamics; grand unified theories. 5 lirs

References:

Kenneth 8. Kmane, Introductory Nuclear Physics, John Wiley & Sons (1988).
Enge, H.A., Introduction to Muclear Phivsics, Addison-Wesley (1971).
Griffiths D, Introduction to Elementary particles, John Wiley & Sons, (1987).
Segre B, Nucled and Particles, 2™ edition, Benjamin (1577).
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PPHY-202: Modern Optics ALy

Course Ohjectives:

l. ‘This course is dessgned to supplement the bisios of Phiyseal oplics, weluich an undergradunte
student has learnt 10 our integrated pradunte course.

bd

. This course will also oot as o brdge courpe for lateral entry students to Tevieil the

fundamentals of peometrical and wave-optics.

Course Outeomes:
Om completing this course, cach student will be able

1.
2,

3

To understand various fundamental optical phenomena mnd faclors affecting them

To understand the theory and analyze the working of various optical instruments hat
they utilize i different experimental optics and photonies laberatones,

To appreciate the light matter mteraction and oplical properties of technologically
important optical materials

To choose the  |best. oplical technique for enabling & given
photonicsspectroscopy/Tmaginglcommunication applications.

. To suitably modify and optimize the performance of vardous optical compenents in

adwvanced cxpeniments

Svltabus:

Agmplicabile rom Academic Year 3&21’-.'.:!“3’ s

Xeabe 4 e

Dptical Phenomena

a. Coherence: 2 hrs
Concepts of spatinl and temporal coherence, coherence time and line width,

b. Interferemetry: 5hrs
i. Muoltiple beam interference
i, Fabry-T'erot resonator and resolving power
iii, Chptical thin film based interference filters

¢. Holopraphy: 3 hirz
i. Gabor hologram
ii. Leith-Upatnieks hologram
it Application of Holography

d. Diffraction: _ 6 his
1, Frounhafer diffinetion -Diffraction Grating: Grating equation, FSR &
Resolution of Griting,
ii. Fresnel KirchhodT s diffraction imtegral, Cornu’s spiral.

e, Polarization & Scattering: % s
1. Review of Jones ealeulus, Cartesian complex plune representation of polarized
light; Mucller Matrices; Stokes parameders,
ii. Scattering: Overview of scattering processes; Rayvleigh & Rayleigh Wing
Seallering: Mie Scattering; Brillouin & Faman Seatiering.

fape 38 niny




f. Optics in Anisotropic Crystals S-hrs
i, Wave propagation in anisotropic media; indicatrix
ii. Eleetro-optical modulators; Megneto-optical modulators; Acousto- optic
Modwlators; liquid crystals & Spatial Light Modulators,

2, Applied Optics

A Measurement Essentials: 7 has
i, Radiometry & Photometry
il. Conventional sources & deteciors of optical radition

h. Optical Microscopy: 4 hrs
i. Bright field, dark field, phase contrast imaging modalitics
1. Fluoréscence & confocal microscopes

¢. Optical Spectrometors: 2 Jirs
1. Duspersion based opltical spectrometers
it. Fourier Transform Spectrometers

d. Fonrier Optics & Optical system design: & hrs
i. Concept of spatial fequencies
ii. Fourier transformation with a lens
i OTF, MTF and PSF
iv. Analysis and symthesis of optical system design- an overview
e Adaptive Optics (AO): 2 hrs
i. Examples of imaging with lirge wavelront aberrations
n. Zernike pobwmomials for describing abermtions
iii. Wavefront sensing ond wavefonl correction using AQ techniques

References:

1. E. Hechl., Optics, 4" edition, Pearson Education, (2002),

2, Pedrotti F L and Pedrotti L §., Introduction to Optics, 3™ edition, Prentice Hall (2006).

3, Bom, M. and Wolf, E.: Principles of Optics, 6" edition Permamon {19589),

4, Goodman, JW,, Introduction to Fourier Optics, MeGraw Hill {(1968).

5, Azzam, R M. A, and Basharm, N. M.: Ellipsometry and Polarieed light, 2™ edition, Norihi
Holland (1987).

6. 5, Bradbwry and PJ. Evenncit, Contrast Techniques in Laght Microscopy, Royal
Microscopical Society-Microscopy handbooks-34, Bios Scientific Publishers {1996).

7. P, Harthavan, Bazics of Holography, Cambridge University Press, (2R2).

8. B.E.A. Saleh and M.C, Teich, Fundamentals of Photonics, 2™ edition, Wiley Series in Pure

and Applied Optics, (2007).
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PPHY-203: Quantum Mechanics - 11 3Cr

Course Objectives:

Phis course is a continuation of PPHY-103 {Quantum Mechanics - 1).

1. Deals with more comples [ composite systems, time dependent perturbed sysiems ancd
poattering formalism,

2. The fundamental issue of objective reality in quantum mechanics is brought out through
the Binstein-Podolsky-Rosen paradox.

3. To Leam modem developnents leading to mew devices and new technologies as
applications of guantum mechanics.

4, Give the basics of Relativistic quantum mechanica.

Course Outcomes:
After completing the course, the student will:

1. Learn how sngular momenta are combined and Low the state of the compound system
depends on the siates of the component systems.

2. Learn how identical particles are to be described consistent with the Pauli exclusion
principle.

3. Know how an atom interacts with electromagnetic radiation,

4, Be able 10 develop interest in fundamental issues of quantum mechanics like the
paradoxes of Einstein-Podolsky-Rosen and that of the Schrodinger’s cat.

5. Leam about recent developments in quantum theory. What was thought to be a bug has
resulted in novel applications in quantum information science. The concepts of qubits,
quanium gates, teleportation of & qeantum state, quantum entanglement will develop
awarencss and kindle nterest in the present state of the sabject.

Syliabus:

1. Rotations and Addition of Angnlar Momenta: Rotations in classical physies, rotalions in
quantum mechanics, addition of angular momenta. & hrs

2, Identical Purtiches: Many-particle systems, sysiems of identical panticles, Pauli exclusion
principle. 4 lus

3. Time-dependent Perturbation Theory: pictures of quantum mechanics, time-dependent
perturbation theary, adisbatic and sudden approximations, interacbion of atoms with
radiation. ' 9 hrs

4. Scattering Theory: Scattering and eross section, scattering amplitude of spin-less particles,
Bom approsimation, partinl wave analysis, seattering of identical particies.
B hrs

5. Elements of relativistie quantum mechanics: Klein-Gordon equation, Dime equation,
D¥irac malrices, spinors, positive and negative energy solutions, physical interpretation,
nooreletivistic ol of the Dias equation., B hre

Applicable from Acodesnic Year 2022-2023 onpinds
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6. Quanium Spookiness: Einstein-Podolsky-Rosen Paradox, Schrddinger Cat paradox. 3 hrs

7. Modern Applications of Quantum Mechanies: Quantum information processing, Quanium

bits—~CQubils, CQuaninm gates, Quantum leleporiation, Quantum entanglement.
4 hrs

References:

Neuredine Zettili, Quantum Mechanics: Concepls and Applications, 2™ edition, John Wiloy
and Sons Lud., (2009).

L. I. Sechiff, Quantum Mechanics, MeGraw Hill Higher Education; 3™ revised edition,
{1968

3. R Shankar, Principles of Quantum Mechanics, 2 edition, Plenum Press, (2011).

I

David 1. Griffiths, Introduction to Quantum Mechimies, Prentice Hall, (1993).

David Mclntyre, Corinne A Menogue, Janet Tate, Quuantum Mechanics - A Paradigms
Approach, Addison-Wesley, (2012).

Ballenting L., Quantum mechanics - 3 modern development, Waorld Scientific publishing
(20007,
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PPHY-204: Statistical Mechanics 4 Cr

Course Objectives; This course introduces students to the fundamental principles of
equilibrium statistical mechanics. The focus is on developing a formalism to derive
mactaseopic properiies of various physical systems. The cowse uims.

1. Toprovide zn introduction to the microscopic formulation of thermal physics by
exploring the general principles of the statistical interpretation of entropy and the
ensemble formalism,

To explain the basic principles of equilibrium statistical mechanics.

To apply the principles of equilibrium statistical mechanics o derive macroscopic
propertics of various physical systems,

b b

Course Outcontes:
Cm completion of this courss the student will

1. Understand the connection between thermodynamics and stetistical mechanics through
the concepts of microstates and macrostates,

2. Understand the ensemble formalism and different types of ensembles,

3. Apply Boltzmann distribution to study magnetic systems.

4. Apply the Boge-Einstein distribution to thermal properties of solids, blackbody
radiation,

5. Apply the Fermi-Dirac distribution to study electrical properties of metals.

6. Understand quantum statistics and derive the macroscopic properties of ideal Fermi
nnd Bose gases,

Syllabus:

1. Microstates and Entropy: Phase space; statistical definition of entropy; statistical
calenlation of entropy of ideal gas; Gibbs' paradox. 5 hrs
2. Ensemble theory and Microcanonical Ensemble: phase space density; ergodic
hypothesis; Liouville's theorem; the microcanonical ensemble; enlropy as an ensemble
DVOrARE, 5 Trs
i, Canonical ensemble: System in u canonical ensemble; canonical phase space densily;
canonical partition functions; iden] pas in canonical ensemble; System of hammonic
oscillators; calculntion of observables as ensemble svemge; connection between
microcanonicel and canonical ensemble and fluctustions; equipartibion and virial theorems.
141 hrs
4. Applicatiens of Boltzmann statistics: Quantum systems in Boltzmann sintistics; stalislics
of paramagnelism; negative temperaturne, 5 hrs
5. Grand Canonical Ensemble: phose space density nnd grand canonical partition function.
3 hrs

6. Formualation of Quantum statistics:

Applicablo from Acadvinic Y oar 2022 - 3023 0a Wi

Density Operators: Density matrix fundamentals; pure and mixed states; properics of
dengity matrix; Statistics of various ensembles; examples. G hors

E. ”d'*g“,ui Page 27 af 69
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Ideal Bose and Fermi systems: Thermodynamics of an ideal Bose gas; Bose-Einstein

condensation. Thermodynamie behaviour of an ideal Fermi gaz, 8 hra

7. Examples of Bose and Fermi systems: Planck™s radiation formula; lattice oscillations in a
solicl, Bichardson elfsel wnd esmionis euoission. B hirs

fi. Maolecular partition function and noclear spin statistics:
Transzlational, rotational and vibrational partition functions; Electronic and nuclear partition
functions; symmetry md nuclear spin; Ortho snd para mucleer slates; Ortho and para
hydrogen. & hrs

Heferences:

1. Greiner, Walter, Neise, Ludwig, Stiécker, Horsl, Thermodynamics and Siatistical
Mechimics, Springer Verlag (1995).

2, Pathria, B.K., Poul I Beale, Stotistical Mechanics, 3™ edition, Academic Press, (2011).

3. Gupla, M.C., Statistical Thermodynamics, Wiley Eastern (1990),

4, Muang, K., Statistical Mechanics, 2™ edition, John Wiley (1987).

5. Reif, F., Statistical Physics, Berkeley Physics Course, Vol, 5, McGraw Hill {1967).

6. Reif, F., Fundamentsls of Statistical and Thermal Physics, MoGraw Hill, (1965).

7. Robert H, Swendsen, An Introduction to Statistical Mechanics and Thermodynamics, 2™
edition, Oxford University Press, (2019).

8. S.J, Blundell, K. M. Blundell, Concepts in Thermal Physics, 2™ edition, Oxford University
Press, (2009),

9. Franz Mandl, Statistical Physics, 2™ edition, Wiley (1938).

10. Ralph Baizrlein, Thermal Physics, Cambndge University Press (2012).

Applicable from Acadomic Year 2022-2023 mawandi
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PPHY-205 Experimental Methods in Physies -1 3 Cr

Course Objectives:

1. The main aim of this course is to introduce students to varous experiments in physics
discipline, while coscomitautly unparting essential experrmentnl skalls and mducing
curosity for designing new experimsnis,

2, In this lab, the scope of the experiments performed iz restricted 1o topics in Solid State
Physics, Nuclear Physics, Materinl Science, and Applied Optics & Photonics.

3. These experiments will supplement the theory courses that nm parsllel enabling them o
enhance their learning.

Course Onleomes:

Salid State Physies Experiments: The student will be able to investigate electrical,
magnetic and thermal behovior of matenals,

Matevials Science: Complementing the solid state physics experiments, these
fundamental experiments are essential for the student to familiarize with structural
characterization of various malenials,

Nuclear Physics Experiments: The planned experniments are designed lo éxpose students
to nieclear spectroscopic technigues which imvolve usage of radiation detectors like
seintiliation and semiconductor detectors for studying gamma radiation; intcgrating
maltichiannel spectrum analyzer with the gamma spectrometers to probe the nuclear
structure of radioactive nuclei; safe handling of radio-isotopes and sensitive mdiation
deteciors.

Applied Optics & Photonicy Experiments: Students are exposed o expermments which
comprehend the concepts of optical phenomena such as Interference, Diffraction,
Polarization, Physice of Optical Materials while Photonics experiments include
familiarizing with applications & testing of Optical modulators amd Opto-electronic
components that are essential in modemn optical communications.

. Hard skill xet: Student afier going through this course will gain knowledge of different

experimental components: their functioning principles and usape; Ways of setting up
experimentialipnment methads for obtaining better results; Rigorous Experimental data
atnlysis which includes Ervor Anolysis, Lincar and MNonlinear Curve Fitting &
modelling of experimental data using standard numerical and analytical methods.

Evllabus:

ot B W R e

Agplbealile from Acadermie Year 2023-2073 orwads
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Kesped

Section A

Enerpy resolution ol a Scintillation detector

Energy lincarity calibration and frcling the unknown isotope
Dietermination of intermal conversion coefficient using XPG method
Obtaining Gamma specira using HPGe detector

XCOM. calonlations

Familifrization with NIM maodules
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Section B

Study of diclectric propertics of standard samples usmg impedance analyser’ LCR
meter

f. Detormuning the 'L loop of o ferroelecioo sample

10,

B

14,

15.
16,
17.
15,

Determination of das coefficiont of a piczoelectric materninl
Study of hysieresis of a femomaegnetic material

. Materinls synthesis: synthesis of metallic nanostructure’quantum dots/ bulk ceramics

Section ©

. Production and analysis of all components of polarized light using Stokes prrameters
13.

Verification of a photodetector performance in photovoliaic & photoconductive mode
with the aid of an optical chopper and modulated laser diede

Building a dispersive fluorescence spectrometer nsing a diffraction gratmg and
validating it

Demonstrating Kerr effect {clectro - optic cffect) and measuring half-wave voltage
Fourier optics- building 4 system for spatial filtering

Optical microscopy - familinrization with different imaging modalites
Demonstrating Faraday rotation (Magneto — optic effect) - Verdet Constant

Heferences:

i

10,

13

Experiments with Mulli Channel Analyser System / Experiments with Gamma rey
spectrometer, edited by ). Nareader Reddy and M.E.R. Murthy, Published by
Nuzleonix systems Pvt. Ltd,, warw.nucleonix.com.

Glenn F. Knoll, Eadiation Detection and Measurement, 2nd edition, Jobm Wilsy &
Sons, New York, (1989,

ANI4 - ORTEC Iab manual, www optéc-gnlins com

XCOM Database, NIST National Institute of Standards and Technalogy,

EMDF Database, Experimental Nuclear Reaction Datla, TAEA, http:{fvwaw-

RADIab - Virtual Radiation Detection Experiment Open Source Software, Dagistan
Sahin, httpffmdleb sourcelorpe netpapes’experimenta.iim

. Technigues for Nuclear and Particle Physics Experiments - A how-to Approach, by

William B Leo, Springer-Yerlag. (1987).

Impedance Measurement Handbook - A guide to measurement tschnology and
tachniques, 4" edition, Apilent technologies.

K.enfi Uching, Advanced Mezoeleciric Materials: Science nnd Technology, Woodhead
Publishing (2017},

Decoding the Fingerprint of Fermelectric Loops: Comprehension of the Matarial
Propertics and Structures, 1. Am. Ceram. Soc., 97 [1] 1-27, DOL 10.111Vjace. 12773,
(20114}

IEEE standards an Piezoelectricily, IEEE society documents on mdustrial and
measurement standards, DOL-https:'doi.org/ 1001 1MIEEESTDL 988, 796035 {1988),

Applicoble from Academic ¥ear 2022-2035 omwerddx
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Applicable from Acadeimic Year 20222023 gnwards

Xefio.A

. Experimental manual for BH curve setup customized for teaching and demonstration,

Marine Indis vendor specific operation manual.

{a} Nano The Essentials, By T Pradeep, TMcGraw-Hill Education (India) Pvt
Limuted(2007); (b) Introduction to Nanoscience By Stuart Lindsay, Oxford
Ulnivarsity Press (20090 (e ilntroduetion o Noaeseience and Nanstechnology: A
Workbook By M. Kune, Paperback edition, CreateSpace Independent Publishing
Platform (2014)

Methods in Experimental Physics by K. Lark-Horovite and Vivian A. JTohnson (Eds.) -
Solid State Physics - Electrical, Magnetic, and Optical Properties-Academic Press,
Elsevier (13539).

Experiments in Materials Science, E.C. Subbarao, LK. Singhal, D.Chkravorty,
Marshal. F, Merriam, and V, Raghavan, Tata McGraw-Hill, (1972),

Measuring the Stokes polarization parameters, Beth Schacler, Edward Collett, Roben
Smyth, et al. Citation: American Joumal of Phystes 75, 163 (2007); doi:
1011912386162

Photodicde Characteristics -LIDT pin1{T detectors;
Source-hitps:/qtwork.mdelft.nl~schouten/linkload/phdiode. pdl

Joseph B Lakowicz, Principles of fluorescence spectroscapy, 3 edition,
htipsfdolorg/10,1007/978-0-387-46312-4, Springer-WVerlag US (2006).

Bahaa E. A, Saleh, Malvin Carl Teich, Fundamentals of Photonics, Wiley-Interscience
Publishers, 2™ edition (2007),

Joseph W. Goodman, Intreduction to Fourier Optics, W. H. Freeman Publisher (2017}
Light & Optical Microscopy, virtual labs and simulations for various optical
parameters from Nikon Microscopy websiie: hitps:/f'www . microscopyu.com/

% ¥
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PPHY-206 Software Lab iCr

Course Objectives:

After o two-gemester course on coding skills in Python, and & theorctical course on
computational methods at the underpraduate fevel, this course aims to further develop coding
skills that are specifically useful in scicntific research, data mining & annlytics, and nlso provide
hands-on eapericnce on g specific sollwae package (hat is useful gither for domg photonics,
matenal science or nuclear physics.

Course Chifcomes:
At the end of this course students should be able to

1. Analvze f imterpret fvisualize / & predict data by wsing linear / nonlinear regression,

2. Analyze [ interpret fvisualize / & predict data using Fourier technigues, Lock-in
defection, eigen value / singular value decomposition, daia mining and simple neural
networks,

3, Write GUI based programs in Seilah.

Solve time dependent differentinl equations describing selected physical problems.

5. Get basic hands-on experience in gne out of the choice of available software packipes
for photonies / material Science / nuclear Physics like COMSOL / OptiFDTD / Geantd
MDD or any other similar packages,

In

Syllabus:

Section A (B-10 weeks) (60% weightage)

1. Monlinear regression using steepest descent, Newton-Gauss and Lavenberg- Marguardt
Alporithms and application to real world data.

2. Two layer neural network using sigmoid function and itz application to prediction,

. Fourier transform for Low-Pass, High-Pass, Band-Pass filtering applied to 1D or 2D
data.

. Application of smgular and eigen value decomposition (imape compression or other).

. Data mining & visualization skills using Scilab.

. GUI progmmming in SCILAT.

. Solving the 2D-time dependent Selirodinger equation {eircular potentinl well) / 3D-Heal
diffusion {spherical boundary).

L3

i B Ln B

Section B (about 4-6 weeks) (40% weightage)
I. Familiarization with Programming, vsing any ong of the sefected software packages.
2. Application of the same to one domin specific problem.

Refercnces:
1. Steven C. Chapra and Raymond P. Canale, Mumerieal Methods for Engineers,
MeGraw-Hill Education (2015),

2. Too Pang, An Introduction to Computational Physics, Cambnidge University Prass,
{2004),

3. Computationsl Physics Course by Richord Fitzpatrick ot Umversity of Texns, Austin.
hittps:farside photexas edu/teaching/329/329 hitml

Applicable Tom Acadenle Year 2H22-2023 cnwnrds
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PPHY-301 Advanced Spectroscopy 4 Cr

Course Ohjectives:

1 Spectroscopy is an indispensable (ool for a physicist to validate their scientific models
and theory. After [earning vanous Modemn Physes lopes al the undergraduate level and
other core physics papers at the Master's level, (his wlvanced speclroscopy colrse is
designed with the objeotive of learning the theoretical detaile and applications of a wide
range of spectroscopic techniques.

2. The course aims to impant essential knowledpe of charscterization at the atomic,
maolecular, and elemental levels through familianzation of varous spectrofcopic fonls.

3. Cumulatively, the student could be able to appreciate the complete theoretical framework
of all faclors contributing to individual speciroscopy technique and their related
applications.

Course Outcomes:
Oin completing this course the students will

2z
%
4

¥

Ly
'

6.
-

E.
9.

1,
11,

12

F oS

13.

be able to understand the fundamenta] formulations of observed atomic and molecolar
phenomens,

. be able o understand the experimental design of each of the spectroscopic technigue.

be able to appreciate vanous Atomic spectroscopy techniques

be able to understend and analyze the Zeeman and Stark cffects arismg [rom
contribution from spin of the electrons in the context of Atomic spectroscopy and their
umigque applications.

be able 1o derve the Atomic spectrozcopic terms for any given electronic configuration
be able to learn about selection rules poverning various electronic transitions

. be able W employ advenced X-ray spectroscopy techniques and ther mdustnal

applications.

be able to appreciate vanous aspects of Molecular spectroscopy techniques

be able to differentiate the rotational and vibrational spectroscopic trunsitions in Yarous
molecules

be able 1o learn abowi selection rules governing various eergy transitions

be able tp leamn aboul very useful nature of molecular spectroscopic techniques that are
applied across many  industrial (Non-destructive), space msearch & biomedical
domains.

b able to appreciate Magnetic Resonance phonomenon, and its application as NMRE
spectroscopy for Molccular structure clucidation and also understand proton NME
which the boasis for MBI scans in biomedizal imaging.

Over all, each student can gain insights on Analytical applications of cach of the
spectroscopic teol and integrate them fcomplementing them effectively far atomic and
moleculear Gongerprinting or detection,

Syvllnbus:

1. Atomic Spectroscopy: 8§ by

Applieable foom Acailenic ¥ear 2022-2023 oivwarnils

n. Electronic configuration, vector coupling of angular momenia, Rossoll- Saunders
mnd J-J coupling;

b. Atomic term symbaols; Hund™s rule loe ground state determinstion for Multi-clectron
atomic svatem {ex: Alkali dtoms);

Fawe 33 of 69
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¢. Interaction in external fields
i. Zeeman effect (ZE): Normal ZE, Anomalous & Paschen-Bach ZE; Ohservation of
£E modes,
ii. Stark Effect & its applications.

1. Magnetic Resonance Spectroscopy: B hre
a. Nuclear Mognetic Resonnnos (SMR):
i. Nuclear magneton; Larmor precession; Boltzmann distribution in MhME; NME
spectiometer
ii. NMR- Bloch equations;, Mechanisins of spin-lattice and spin-spin relaxations;
iii. Application of NMR spectroscopy: Chemical shift im NMER spectroscopy,;
Magnetic Resonance Imaging.

. Electron Spin resonance (ESIR):
i, Principle of ESE, Hyperfine strootire, ESR spectrometer
it. ESR spectrum of hydrogen aton,

3. X-Bay Spectroscopy 4 his
a. X-Ray Phatoelectron Spectroscopy (XPS): XPS Spectromieter, Applications o
Materials Charactenzation.

b. X-Ray Fluorescence spectroscopy (XRF), Types of XRF spectromeiers and
XRF for Elemental Analyeis

4. Molecular Spectroscopy
a. Rotational/Microwave speciroscopy: & hrs
Rigid rotator model; non-rigid rotator model for diatemic molecules; polyatomic
molecules: linear moleculas, symmetric rotor, sphencal rotator and asymmetric
rator malecules; Stark effect in diatomic, lincar and symmetric rotor molecules;
Microwave spectmscapy Spectrometer; Micrownve spectroscopy Application,

b. Vibirational Speciroscopy: 1E hr=
i. Infrared Spectroscopy: IR gpectromeler-instrumentation; Hormonie  and
anbarmonic oscillator models for distomic melesules & selection rules-
fundamental, harmonics/overiones & hot bands; diatomie vibrating rotator —

selection rules; vibrutions of polyatomic molecules & their normal modes of

vibrations

i, Vibration-rotation spectroscopy of differeat maolecules; selection Tules.

. Raman spectroscopy. Raman  spectrometer  —instrumentation; Raman
gpectroscopy of (i) dintomic molecules; (i) pobyntomic moecules;

iv. Rotational Raman spectroscopy- symmetric and asymmetric rotor; selection
mles.

5. Electronic Spectroscopy: 12 hrs
a. Vibrational & Rotationnl eoarse structure of electronic bands: Bom-
Oppenheimer Approximation; Deslapders tables and dissociation energies;

Applicable from Academic Yonr 20222023 omwnrds

Reapos
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Frinck - Condon Principle - intensity of wvibrational electrome spectm;
Rotational structure of electronic bands;

b. Fluoreseence spectroscopy: Jablonski diagram of representation; Case siudy of
oripin ol Fluorescence spectrum of rare—earth jons and thewr pholonic &
optoslectionic applications based on their photo-physical property.

Relersnces:

1. J. Micheal Hollas, Modern Spectroscopy, 4™ edition, John Wiley & Sons, Ltd. (2004),

2. Herzherg, G: Molecular spectra and Molecular Structure: Vol. 1, 2™ edition, Van
Wosteand (1950,

3. Rita Kakkar, Atomic and Mofccular Spectroscopy, Cambridge University Press (2017).

4. Peter Atkins & Ronald 8, Friedman, Molecular Quantum Mechasics, Oxford University

Press, LISA (20100,

5. Bemath, P, T, Specten of Atoms and Melecules, 3 edition, Oxford University Press,
(2016),

6. Amuldhas, Molecular Structure and Spectroscopy, 2™ edition, PHI, India (2007).

7. 1. B. Lakowicz, Principies of Fluorescence Spectroscopy, 3 edition, Kluwer Academic
{20086).

]

Applicable from Acaleosc Yeni EﬂIE-?HEEI_:.UHT'H:Jj
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PPHY-302 Solid State Physics 4Cr

Course Ohjectives:
1. Introducing the physics of solids,
2. Imparting knowledpe of micmacopic structure of folids and streotuom] interpretation,
3, Infer interaction of atoms in solids by studying Inttice vibrations and phonons,
d, Inferprel etectrical, thermyl, optieal and megnetic beleviom of solids Ly stod ying (he
electronic structure in solids: metals, semiconduciors and nsulaiors.

Course Quloomes:
(n completion of this course the students will

. Understand the shorteomings of the ¢lagsical picture in predicting the propertics of
melals.

2, Leam the quantum pieture of selids: electrons in o periodic potential, and formation of
energy baids using fondamental quantum mechanical models by applying perturbation
theary.

3, Be able to infer electron motion in bands and understand the concept of holes.

Be able o understand the true physical (electrical, thennal, optical and magnetic)
behaviour of solids, after leaming the energy band structure of salids,

i)

Svllabms:

1. Crystal Structure and Reciproeal Lattice: Review 5 his
Lattices, crysta]l structures, diffraction of waves by crystals, reciprocal lattice,
diffraction condition, Brillouin zones, structure factor of lattice and atomse form factor.

2. Lattice dynamics: Phonons Thrs
Dintomic linear chain, density of sfates, thermal energy of harmonic oscillator,
specific heat capacity, anharmomnicity, heat conduction by phonons.

i, Free clectron theory of metals B hrs
Drude model: do and ac conductivity, thermal conductivity, Hall Effect and
miagnetoresisiance,

Sommerfeld model: Free electron gas in an infinite square well potential, Fenmi pas at
T= 0K, Fermi-Dirac distribution at different temperatures, specific heat capacily of
electrons, thermionic and ficld emiszion,

4. Band theory of solids 12 hrs
Bloch theorem, Kronig-Penney model, nearly free-electron model-zone schemes,
tight-binding modet-ge, bee, and foe, density of states

5. Electron Dynamics 3 his
Motion of elecirons in bands, effectivie mass, currénis in bands and holes,

. Optical properties T hs
Lrpale osciliator model, Kmmers-Kronig relations, interband absorption: interband
transitions, transition rate for direct absoiption, band edge absorption in direct gap and
indirect gap scmiconductons, excitons, free excitons in external electric and magnetic

feld,

Applicable-from Acadamic Year 2023-102 3 anwards
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7. Magnetism and superconductivity 12 hrs
Diamagnetism and Paramagnelism, cxchenge inleractions, exchange interaction
between free electrons, band model of ferromagnetism and tempersture behaviour,
ferromagnetic conpling, supercondoctivity, London equations, Josephson junclions.

Rioferences:

1. Harald Thach and Hans Luth, Solid State Physics, 4" edition, Springer (2009).
2. C. Kittel, Introduction to Solid State Physics, 8" edition, Wiley (2004).

3. N. W, Ashcroft and N, D. Mermin, Solid State Physics, Saunders (1976].

4, Mark Fox, Optical Propertics of Solids, Oxfond {2041},

5. AL Dekker, Solid State Physics, Macmillan (1969).

-
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PPHY-305 Advanced Physics Lab 3Cr

Course Objectives;

This laboratory courso is-mimed et raining the pracuate sludents perfonming and famlinnzng
with expenimental techniques which are related 1o advanced research domamns perluiiing o
varions physics sub-disciplines like Photonics, Materials Scicnee (including Nanoscience),
Materials Characterization, Molecular & Atomic Speciroscopy, Nonlinear Optics and Fiber
optics technologies.

Course Outcomes:

The studenis based on the core and elective papers opted in their course work will perform a
total of NINE experiments from the cohort of listed experiments.

1. Materials Characterization Technigwes: The student while undertaking Materials
Chareclerization Technique experiments like Electron Microscopy (Scamning &
Tranzmission Electron Microscopy), Scanning Tusneling Microscopy, will attempt to leam
the fundamentats physice principles employed in its construction and application for
investigating functional and struciural msterials:

2. Molecular & Atomic Spectroscopy methods: Spectroscopy experiments involving
molecular fingerprinting technigques like Raman spectroscopy or FT-IR will enable students
to understand moelecular vibrations in organic molecules predominantly. Extending to
nanostructures, they could also appreciate the role of size dependency on vibrational modes.
Further, electron spin resonance and X-Ray fluorescence spectroscopy technique will aid
them to understand advanced spectroscopy techniques in identification of elemental and

maolecular moietics,

3, Linear & Nonfinear Optical Spectrascapy; Exposure to optical detection techniques
widely adapted in industry like Absorption spectroscopy and Light scattering technigque will
enhance student’s skill set. Further, learning intense light (Laser} matter miermotions and
their applications: like Second Harmonio Generation thet are widely used mn Photonics

industry will be beneficial for students.

4, Photonics & Fiber Opticy Technology: Expeniments engineered for understanding &
applying optical imterferomelry technigques like optical coberence tomography, optical
vibrometry mnd a gemut of Gber oplics based oplical wave puiding complements students
Lo reahize know-lows of optical technologies,

5. Experimeninl Automation and fwterfacing:  Stodents are encowraged 1o handle &
integrate advanced equipment to design their in-hovse experiments for attaining higher
sepgilivity and for erfical measurement that ave manually impossible, This is achieved by
training them in using robust automation software platfonns. This promotes their creativity
in building efficient experimental setups.

G Phystes Simwlations: Beyond computational physics techniques, students embark on
learning additionsl simulations rendered to apprecizgte nanoscale physics to test theoretical
models and property predictions

Applicable fromm Acadenic Year 203-H05 nowards
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Syllabus:

1. Speetroscopy A: Raman Spectroscopy- Vibrational modes of
Perowskite/ CHT/G raphepe/Orgnnic Bolecules in ambient'non-ambient conditions

2. Spectroscopy B: FTIR- Molacufar finger-printing based chameterization of
Polymesrganse molecules

Spectroscopy C: XRF ~Instumentation & Elemental Analysis of functional materials

e

Spectroscopy D: ESR- Demonstration of Electron Spin Resonance

Ly
'

Materials Characterization A: Familiarization with Flechon microscopy techniques -
SEM and TEM along with Simulators training

6, Materials Characterization B: Optical propertics measurements {n, k determnation) of
thin films fabricated by RF/DC sputtering {deposition) technique

=3

Materials Characterization C: Photovoltaics-Demonstrating working of a Solar Simulater

£ Materials Characterization D: STM- Scanning Tunnelling Microscopy for Demonstration
of Quantum Tunnelling effect and oblaining Alomic resolution image of HOPG

9, Optieal Characterization A: Dynamic Light Scattering for particle size determination

10. Optical Characterization B: Determination of SPR peak for Nanoparticle using UV-
Visible spectroseopy

11. Fiber Optics A: Launching light in a SMF and MMF and Numerical aperture
meASUrements,

12, Fiber Optics B: Measuring perameters of a 2x2 single mode optical fiber coupler

13, Fiber Optics C: Demonstration and measnrement of the lazer output paramelers of a mode
locked ! CW [ Q-gwitched fiber laser

14. Fourier Domain Optical Coherence Tomography A: Measurement and visualisation of
3D enmple features

| 5. Fourier Domain Optical Colierence Tomography B: J. Null technique for vibrometry

16. Noolinear Optics: (Femtosecond Four Wave Mixing) —Box car gesmetry for
measurement of thind order nonlinear suscepibility

17, Automation Training: Using LebVIEW or any equivalent software platform for
sutomating expenments and interfncing

18, Nanoscale Physics Simulation for predicting Materials properties ot the nenoscale.
References:

1. Ewen Smith, Geoffrey Dent, Modern Raman Spectroscapy, A Practical Approach,
Wiley Publishers {2013); Characterizing Carbon Materials with Raman Spectroscapy -
Application Notes- $1901 from ThermoDXR microseope on Handbook of Vibmtional
Spectroscopy, Wiley Publishers, DO 10.1002/0470027320 (2006),

Applicable from Acecdemic Yenr 2002-2023 s
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8,

9

Douglas Skoog, F. Holler, Stanley Crouch, Principles of Instrumental Arsalysis, Tth
edition, Brooks-Caole Publishers, (2017).

Matorials Characterization: Introduction to Microscopic and Spectroscopic Methods,
2nd Bdition, Yang Leng, Wiley-VCH publishers (2013).

Moleenlar Strueture and Spectroscopy, by G. Arulhag, PIN Leaming Publisher {2007),
The materials science of thin films, by Milton Ohring, Academic Pross ([992).
Chline twlorial in AMMRF- Myscope portal Virlual Labs effered by Microscopy
Australia,

Ajoy Ghatak, K. Thyagarajan, An Introduction to Fiber Optics, Cambridge University
Press {193E8).

AK, Ohatuk & M.E. Shenoy, Fiber Optics through Experiments , World Scientific
Publishing Co Pre Lid (1997).

Roberl Boyd, Monlmear Optics, Academic Press (2008).

10, hitps:ifnolmenpress. com/readfoptical-ooherence-tomography- for-everyonapaperback
11. H. Nendakumar, 5.F. Mallick, §. Srivastava, “Sensing high frequency sub-nanometes

vibrations wsing optical coherence tomopgraphy with real-time profilometry of multiple
inmer layers™, Optics and Lasers in Engineering, 127, 105992, (2020) Elzevier
htpasfidoi.org/10,1016/] optlaseng, 2019, 105992

12, Thesis “Developments and applications of four wave mixing speciroscapies in the

picozecond and femiosecond time regimes”, by Gumy Jeane Clande, Institut de
Chimie Physique, de |"Université de Fribourg (Suisse) (2000)
https:fidoc.rero.chirecord 3680/ filea' GumyIC.pdf
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Elective Courses

(PPHY-303/304/401/402/403) 3Cr

'The lollowing electiver are offered erther n the I or the 1V semester of the M NS¢ "hysies
programme,

All elective courses are 3 credits.

EL-1: Principles of Laser Physics

Course Objectives;
Learn the underlying physics of lasers and Inser systems by combining the knowledge of gain
media together with the aspects of design, configuration and eperation of lasers.

Course Ouicomes:

Students will understand basic light-matter interaction

Know the charsctenstics of atomic transitions and line broadening mechanisms
Recopnize the necessary and sufficient conditions for laser operstion
Understand basic laser beam characteristics and 1ts relation to cavity parameters
Differentiate between steady-state and transienl operations

Calculate threshold requirements.

Know the different types of lasers and laser applications.

b Rl B S S

Svltabus:

1.

Atomic radiation: Review of basic concepls; broadening of spectral lines: hine-ghape;
Homogenous and inhomogeneous broadening mechanisms; expressions for line shape
functions due 1o different broadening mechanisms. 8 hrs

2. Ray tracing in optical cavities: Eay tracing in an optical gystem; Application of my tracing
in aptical cavities; the siability diagram. 4 hrs
3. Gaussian beams: TEM waves; TEMap mode and its physieal description; Higher-onder
mixdes, 6 hrs
4, Laser resonance and eavity modes: ABCD law for Geossian Benms, Gaussian beams in
stable resonators; ABCD law applicd to cavities; Mode volune, Resonance; Q- faclor &
finesse; Photon Tifetime; Resonance of Hemmite — Geussian miodes & hrs
5. Laser oscillation: Threshold condition; Oscillation frequency, Oscillation wnd
sgmplification in & homogeneously broadened transition; Gain saturation; Oscillations in an
mhomogeneous aystem; Hole burning & Lamh dip, " hrs
6. Generation of laser pulses: Q- Switching; Mode — locking; generation of ultrashort pulses.
£ hrs

Apmienble Tromn Acndemic Y ear 20072083 L‘I'II'.'I.'.?.n'I:‘nI.
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References:

I g R

Verdeyen, 1.T.: Laser Electronics, 3 edition, Prentice Hall, (1995).

Svelio O Prnciples of Lasers, 5% edition, Springer, (2010).

Willian Sillvast, Laser Fundamentsls, Canbaidge press, (2004),

A Ghatak and K. Thyagarajan; Optical Electronses, Cambridge Universily Presy, {19%6).
A E Siepman, Lasers, Universily Science Dooks, Califomia, (1986),
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EL-2: Concepts in Magnetism and Superconductivity

Course Objectives: This course applics the principles of gquantum mechanics,
eleciromagnetism and statistical mechenics 1o understand the plivsics of solids,
The course aims:

1. Tao explum the fundamentals of magneic and superconducting properties of solids.
2. To develop varipus theoretical models wsed o understand these propertics,

Course Onteomes:

1. Understand that magnetism and supereonductivity are purely guantum mechanical
phenomens,

2. Understand the theories of vanous types of magnetic order.

3. Understand different properties of superconductors.

4. Apply Landau’s theary of phase transition to understand ferromagnetism and

saperconductivity.

Be familiar with high temperature supercondoctors.

Be familiar with novel spplicetions of magnetic matenals and superconductors,

2 1

Syvllabus:

1. Diamagnetism and Paramagnetism: interaction of solids with magnetic fields,
Lamor diamagnetism, Hund's rales, Van-Vieck paramagnetism, Cune's law for free
ions and solids, adiabatic demagnetization, Pauli parsmapnetizm, conduction electron
diamagnetism. 10 hrs

2. Electron interactions and magnetic structure: electrostatic origing of magnetic
interactions, magnetic propertics of a two-clectron system, Gilures of the independent
electron approximation, Spin Hamiltonians, Direct Exchange. 8 hrs

3. Magnetic ordering: types of magnetic structure, thermodynamic properies at the onset
of magnetic ordening, ground state of the Heisenberg ferro- and antiferra-magnet, Spin
waves, high temperature  susceptibility, Mean feld theory, domaing and
demagnetization faciors 10 hry

4. Supercondoetivity: discovery and phenomena, critical tempersture, persistent currents,
thermoelectric properlies, magnetic properties, Type-l, Type-ll superconductors,
specific heat, London equations, qualitative features of microscopic BCS theoty. B s

5, Superconducting Devices: Quantum interfercnoe, Josephson effect, supereondacting
Jjunetions, SQUID and its applications, qubits and quantum chips & hrs

References:

i s b

of
Applicabile fvom Acodénie Year 10?1-2@'3.%}##!'[5

Neil W Ashcraft, N: David Mermin, Solid State Physics, Saunders College Publishing,
Philadelphin, (1976).

1. M. D. Coey, Mapnetism and Magnefic Materials, Cambridge University Press, (2010).
Stephen Blundell, Magnetism in Condensed Mntter, Oxford Umversity Fress, (2001,
lomes F. Ammest, Superconductivity, Superfluids and Condensates, Oxford University
Press, {2004),

Eoin O'Reilly, Quantam Theory of Solids, CRC Press (2002).

Page 43 of 69

K




EL -3: Semiconductor Device Physics

Course Objectives:

The objective of this course is o provide the theoretical basis and the physics behind the
vpetalions of senjcondueto Jovices like dipdes, liosistors, MOSFETs and uptuelectrome
devices,

Course Chiteomes:

At the end of the course studenis will be able 1o appreciate the physics of semiconductons and
the various aspects of semiconductor devices such ag

Fernu Levels in a semiconductor

Current carryimg mechanisms

Concept of holes

PN junction formation

Diode equations and I-V characteristics

Tunction capacitances and junction breakdown

Transistor current cquations and ambipolar transports

MOSFET= and their uses

Physics of photovoltaic devices and semiconductor materials for different applications

o B B

Syllabus:

1. Physies and propertfes of semiconductors: Semiconductor materinls; Crystal structure;
Valence bonds; Energy bands; Density of states; Intrinsic carrier concentration; Domors and
acceptors; Cerrier drift; mobility effects; Camier diffusion; diffesion current density, Carnier
imjection: Generation and recombination processes. 9 hrs

2. pn Junetion: Basic strugture of the pn junction; thermal equilibriuvm condition; built-in potential
barrier; depletion repion; the space charge width and electric field; forward and reverse bias
operation; depletion capacitance and storage cepacitance; cument-voltage chammctenstics; Junction
breskdown mechnnisms; one-sided junctions; lineardy graded junctions; pn junction current —
minority carrier distribution, ideal pn junction curren! equation. s

3. Metal-Semiconductor and semiconductor heterajunctions: Schotky bairies dinde - junciion
properlics; keterojunctions = encrgy band dingrarm, ourrent vollape charmciensics. 6 s

4, Bipolar Deviees: The trangistor action; curtenl gain; charge distribution in each region; different
modes of operation; cunent-voltage characteristics: of common-base and  common-emitter
confipuralions; base widili modulation, high injection and emitter band gap narrowing elfects;
Frequeney response and switching of bipolar tmnsstors; Helerojunction bipalar trangisiors.

8 lus

5. Fundamentals of MOSFETs: Introduction; the two tenninal MOS structure — emergy band
dingram; depletion layer thickness; work function differences; MOSFET basic charnctenstics and
the operating principle; types of MOSFETS — depletion and enhancement type; NMOS and CMOS,

& lirs

6. Phvsics of photonic devices and photovolfnics: Solar celis: projunction solar eell, conversion
efMciency; photo-detectors: PTH and Avalanche photodiade 4 hrs

.ﬂ.p;ﬂi:nhlz from Aosdermic Year ll'lﬂ-]l.'__lg_:-l_nu_wrl|rll.
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References:

1. Sze 8. M., Semiconductor Devices: Physics and Technology; John Wiley and Soas, (2000).

7 Streetman and Ranerjee, Semiconductor Blectronic Devices. Pearson Eastern Education, (2000).

3, Neamen 13, Semicondector Devices, 3 edition, 'Fata MeGiraw Hill, (20004},

4, Bedrn AL 5. and Smith K. C., Microclootranie Cirelits, 8 adition, Oxford University Press
(2019),

5. Kasap 8. 0, Optoelecironics and Photonics, Pearson International edition, {2012},

6. Gerd Keiser, Optical Fiber Communications, Tala MeGraw Hill, (2008).

7. Yacohi, B.G., Semiconductor Materdals, Springer (2003).
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EL-4: Concepts in Materials Science

Course Objectives:
Tl olsjenctive ol tiis coumse is o expose e sfodents (o e Tondamental aspects of mulorisls
science and teach varions methods 1o synthesize materials,

Course Ouleomes:
The learning outcomes of this course are

Understanding materials and their different classifications

Knowledge of erysial structure and symmetries: point groups and space groups,
Represent symmetry equivilent points of different point groups using slercograms
Understand symmetry-property comelations

Lesrn different methods 1o synthesize materials at different length scales: saft
chemistry routes and physical methods

Understand the advantageous and uniqueness of differont synthesis methods
Learning different types of defects in materials and their role on material properties

Svilabwus:

Ui ik B e

e B

1. Classification of materials: States of Matter — solids, liquids, gases and plasmea; structural
& functional materials; Amorphous/Glasses, pelyerystalline and single crystalline materials;
Materials classification based on their physical properties - metals, semiconductors, insulators,
polymers, composites, 3hrs

2. Basics of crystallography: Crystal systems, Bravais lattices, point groups, space proups,
genergtion of point groups, symmetry dependent physical properties. 7 hrs

3. Preparation of Funetional Materials in Different Configurations: Bulk-polyerysialline
powders, ceramies, thin films, single crystals, glasses and gless-ceramics preparation.

Synthesiz of pelyerystalline materials at different length scales: Solid-State Reaction
Route, Kinetics of Solid-State Rexctions: Mechanocliemical Synthesis (Mechanical
Allowing), Yhes

Soft Chemistry Routes: SolvothenualHydrothermal Method, Sol-Gel Method,
Co-precipitation method. i lars

Fabrieation of Ceramies: consolidation of polyerystalline powders, ealcmation, sinlering.
3 hurs

Thin film preparation: Physical and Chentical vapour deposition, RE/DC sputtering, lnser
ahlation technigues, & hrs

Crysial growih technigues: Solid-Solid, Liguid-Salid, Gas-Solid Equilibria: Czochralski
method, Bridgman and Stockbarger method, zone melting, flux method.
& hrs

4. Defects in solids: different types of defects; Linear, planar and volume defecis: Edge
dislocations, screw dislopstions, partinl and mixed dislocations, planar defecis {extemal

Appligable from Acodeatic Yeor J022-2023 onwords
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surfaces, grain boundaries, phase boundaries, twin boundaries, antiphase boundaries), volume
defects (precipitates); influence of defects on physicel properiies. 8 hrs

Heferemeos:

1.
£,

Agpllicable Fom Acedemee Y eas 200 _Er‘;m_i:fll"ljl'.hrdh 3

W. I, Calligter, Materinls Science and Engineering, Wiley, (2010).
C. Barry Carter, M. Grant Norton, Ceramic Materials: Science and Engineering, Springer
{2013},

3. Anthony R West, Solid State Chemistry and its Applications, Wiley, (2014).
4.
5, James T, Shackelford, Intecduction to Materials Science for Engineers, Prentice Hall,

W. F. Hosford, Materials Science: An Intermoediate Text, Cambridge Univ, Press, (2011,

(2015).
R 1. . Tilley, Understanding Solids: The Science of Materials, Wiley, (2013},
H. L. Bhat, Introduction 1o Crystal Growth: Principles and Practice, CRC Press, (2014).

L
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EL-5: Nuclear Spectroscopy

Course Objectives:
Undersiand basic propertics of nuclei, vartious phenomenological madels of nucler, practical
aspocts of alphs, bela and pama spootroseopy and theur mtorproetations.

Course Outeomos:

1. Studeniz can interpret noclear rotational and vibrational specira in (he conlex! il 1hie
collective model

2. will be able to calenlate quadrupole moments and predict ground state properties (pin
and parity) of nuclei

3. Detailed knowledge of alpha, beta and gamma spectroscopy of nuelei and interpretation
of nuclear structure from these

Evllabus:

1.

The Two-body Problem and Nuclear Forces; Ground slale ond  excited states of
denteron; Low energy n-p scattering; scattering length; spin dependence of n-p scatlenng;
pinglet state in n-p scatfering; Effective range theory and Zero-mange theory in n-p

scattering: Charge dependence of Nuclear foress - isolopic epin. Q'hrs

2. Nuclear Models: Introduction; single paricle arbits; extreme single particle model and
spin; single particle model; configumation mixing. 6 hrs

3. Collective Nuclear Motion: Introduction; Collective modes of motion; coupling of
particles in collective motion; weak coupling; strong coupling: particle states m distorted
nucled; caloulstion of equilibriwm shape; levels of distonied odd-A nuclei; values of ingrtial
parameters; comparizon of nuclear models. 10 hirs

4, Static Electromagnetic moments: Shell model with intorections; collective model; electnic
guadrupole moments. 3 hrs

5. Gamma Transitions and Nuclear Models: Single particle trangition rates; electrie dipole,
magnetic dipole and electne quadrupole transitions. 4 hrs

6, Experimental Teelinbques and Instromentation: Spin parity determination; lifetime
messurements; in-beam spectioscopy; physics with radioactive jon beams; muclear strocture
with radioactive ion beams; production and acceleration of radicactive ion beams; Compton
suppression systems, BGOs, Crystal balls; nultiplicity detectors; Gamma detection anay;
Multi Chiannel analyzers; CAMAL systems; elechon transporiers. 10 hes

Relerenees:

1. Cerny.J. Nuclear §pectroscopy and Reactions, Academic Press (1974),

2. Roy, R. B, and Nigam, B. P.; Nuclear Physics, Wiley Eastem, (197%),

3. Emilio Segre: Nuclei and Particles, 2™ edition, The Benjamin/Cummings Publishing
Company, Reading, Massachusells, (19771

4. M. A Preston, Physics of the Nueleus, Addison Wesley (1962)

5.

Applicnble fiom Acnlemic Yenr 2022-2023 onwands

e

K. N. Mukhin, Expenniental Muclear Phivsics — Vol, 12 Physies-of Atomic Noclevs, Mir
Publishers (1987)

. H. Ejin, Electrom Gamma Spectroscopy, Oxford (19%))

Fege 48 of 60
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EL-~6: Fiber Optics

Course Objectives:

Opheal Fibers are now the work horee of muny lechnologies, meluding ite magor sppliention i
optical eommunications. This course is designed to give an exposure to the fundamentals of
Fiber Optics and Optical Fiber Technology to s Masters student.

Conrse Ouicomes:

1. Enowledpe of the physics behind the light guiding mechanism and physical
characteristics of light propagation in optical fibers

7. Understand different mechanisms that couse signal atienuation and dispersion in
different tvpes of optical fibers: their minimizing criteria

1. Understanding guided modes in fibers and obtain allowed modes that can propagate in
en optical fiber

4, Knowledge of special fibers and their unique applications

5. Ability to explain the working principle of fiber optic coupler and its usape in fiber optic

SENEOTE.

Understand fiber optic based sensors and their principles

Fiber lasers principles and methods to create intense pulsed fiber lasers

R

Svliabus:

pr
i

Ray paths and pulse dispersion in planar optical waveguides: Review of basic fiber
optics concepts; The one dimensional ray equation; Rey paths in a homogencous medium;
Ray paths in square law media; Transit time calculations; Pulse dispersion in a parabolic
index medmm, 6 hrs

Dispersion: Pulse dispersion in graded index optical fibers; Material dispersion and its
calculation: Materin] dispersion in pure and doped silica; Material dispersion in fuoride
wlasscs, 4 hrs

Step Index Fiber: Sealar modes in the weakly guiding approximation; Modal analysis for
n step index fiber; Fractional modal power in the core; single mode fibers; the Gaussian
approsunation; Splice loss, T hirs

Mensurement methods in Optical Fibers: Measurement of attenuation; Measurement of
vefractive index profile; the wansmited near field (TNF) method; the refmeted near field
(RNF) method; Measurement of NA. 6 hrs

Special Fibers and FBGs (overview): Photonic: crystal fibers, photonic band-gap fibers,
hollow fibers, doped fibers, large-mode area fibers, highly nonlinear fibers, dispersion
compenzating fibers, Basic Concepls, Fabrication techniques, grating characleristics, types
of FBG's, applications. 4 hre

Optical Fiber Sensors: Optical fiber dircetional coupler, Pringipke, Power exchange;
Coupling coefTicient of identical fiber dircctional couplers; Practical parameters of o
coupler; Mach Zehnder interferometnic sensor; Fiber oplic relation sensor (Gyroscopel;
Inlensily sensors. 7 hrs

Apnlicable from Acsdemic Yenr :'l.i]_].:;f:.m AL

Fage 49 al £9

-




7. Fiber Lasers (FLs): CW Erbum doped fiber lpsers; pulsed fiber lasers) active mode-
locked Fls, passive mode-locked FLs; super-continuum fiber lusers; cavity design, 8 hrs

Referemees:

1. Ghatak, A. and Thyagarajan, K.: Introduction 1o Fiber Optics, 3% edition, Cambridpe
University Press (2007).

B. Kahsynp, Fiber Bragg Gratings, 2™ edition, Academic Press, Amsterdam, (20109,

. Culzhaw B., Optical Fiber Sensors, Academic Press (2000).

. Agarwal G. P., Applications of Nonlinear Fiber optics, 2* edition, Academic Press, {2008),
. Keiger, Gerd: Optical Fiber Communications, 3™ edition, McGraw Hill (2000).
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EL-7: Functional Ceramics and Devices

Course Ohjectives:

1. This cowrse is designed 10 provide a defailed vnderstanding of ceramic materials and
their applications in devices.

2. This will aid the stdents to underlake developing and designing sensor using
various interesting features of functions] materials of technological and strategic
ImpPOrTance.

Course Ouleonmes:

At the end of this course; students will

1. Have a thorough overview of salient features of varioss functional ceramic materials
2. Beable to understand both micro and maero level of functional properties like
Piezoelectricity, Famelectricity, Pyroelectricity
3. Acquire knowledge of how to choose ceramic materials for specific applications like
a. Communication technology
b, Information technology & Dala storage
c.  Biomedical and sensing applications
d. Be able to appreciate the microsiruciural and physical properties of various
functional materials, thereby leading to desiving their critical imporiant structure-

property correlation
e. To optimize stucture-property correlation for enhance device operation built using
these functional materials.
Byliabus:
1. Introduction: Functional ceramics; High-Permittivity Dielectrics: Ceramic capacitors,
Multilayer capacitors, Relaxor ferroelecines, & hre
T, Piezoelectriclty: Piezoceramies, Ultrusonic transducers, Ultrasanic imaging, Piezoelectric
Transformers, energy harvesting applications, 5 hr=
3. Pyroelectriclty: Figure of merit and applications: Temperalure/Infrared Sensors, 4 lrs
4, Ferreelectricity: Material Designing and Dopant effects, Ferroelecinie Memory Devices:
DREAM, FellAM, MFSFET. G hrs
5. Electro-Optic Devices: Review, Transparent Electro-Optic Ceramics, Bulk Electro-Uiptic
Devices, Waveguide Modulators, 7 hos
6. Magnetic Ceramics: Sofl & Hard Ferites, Information stomge and optical signal
processing, Microwave devices, Thrs
7, Ceramie Conductors: Olmic and Voltage-dependent resistors (varistors), Temperature-
sensitive resistors, High transition temperature supereonductors, NTC & PTC materials as
thermistors. 7 hrs
References:
1. Kenji Uchino, Feroclectric deviees, CRC Press, (2010).

-

Applicable from Acadamic ¥enr 203 3- X223 0iiiarls

A. 1. Moulson, 1. M. Herbert, Blectroceramics; Materials, Properties, Applicatians, John
Wiley & Sons, Lid, (2003).
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EL-8: Nuclear Reactions

Course Objectives:
Meovide an advinced knowledpe sl the heoty of differem vorieties of noclear reactions.

Lourse Coteomes:

1. Undérstand the properties of N-N scattering,

2. Know the basic properties of alpha, bets, and pammea emission from maclei,

3, Determine the specira and spin and parities of deoghter nucled in alpha, beta, and gamma
eI ESSIon,

4. Understand the theory of various muclear reactions and their possible outcomes.

Syllabns:

L]

Introduction to nuelear reaetions: Center of masg co-crdinate system, types of reactions,
energy and mass balunce, conserved quantities, cross sections, attemuation of beam, a typicsl
accelerator experiment, coulomb seattering, coulomb excitation, polarization, angular
commelations. 8 hrs

Qualitative Teatures of nuclear reactions: Compound nucleus formation and divect
reactions, compound resonances, reaction times, energy spectra, branching ratics, Giant
resonances and strength functions, importance of direct reactions, characteristic angular
distributions, coulomb effects, 8 hrs

Compound nuclens, Resonance and Optical Model: Introduction, General features of
cross-sections; Inverse reaction = detailed balpnce; Resction mechanisms — Qualitative
deseription of Compound nuclews; Formal description — scattering matrix; Resonances;
Optical model; Compound nucleus = Leve] density. O hrs

Direct Reactions: Introduction and general properties of direct reactioms; parlinl
peneiration of Deuteron into 4 nucleus; stripping reactions; Butler's semi classical theory;
Fission processes. 8 hrs

. Heavy-lon Reactions: Introduction and general features; Techniques of operation with

heavy ions; Review of reactions by heavy ijons; Heavy 1on interactions with nocle at
Tion = Bey Heavy ion interactions with muclei at Tiw > Be. 9 hirs

Relerences:

1,

Satchler G, Introduction o Nuclear Beactions, Macmillan Education Lid, 2 edition,
(154D},

2. Cerny J. Nuclear Spectrozcopy and Reactions, Acsdenic Tress, (1974)
3, M.A. Preston, Physies of the Nuocless, Addison Wesley, {1%02],
4, Mukhin K.N., Expenmente] Nuclear Physics, MIIL Publishers, (1987)

_l'|.|u|'_||'ir_-a'b|{: freom Acndemic Yenr 2032223 onwards
- 1]

LR

{
m ‘_j: f Tnge SX of GO
o -
I=t &
- iy | A
\ t{-:. u.:. .I:- L J
7F

T T R T L T e e B o e e e e B

O™ ™ M MY Ty

=

BB :Nala:R:RoBalels



O OO0 0 N nO0

" |

EL-9: Photovoltaics for Energy Conversion

Course Objectives:

|, Gain g fundamentnl undarstanding ol solar cell physics

2. Understand hasic soler cell operation, design amd Jimitations

1. Understand the physical concepts and operation of advanced phatovollaics
4. Gain appresiation of competing solar cell technologies and their applications

Course Outcomes:

1. Student will know some peneral facts on energy and the current status of PV in the
warld

2. Explain the basic working of solar cells

3. Elsborate on generation and recombination mechanisms, and introduce difTerent types
of semmconductor junctions

4, Dretermine the most importenl paremeters for characterizing solar cells, the efficiency
limits of photovalteic devices, some general design mles.

5. Gain knowledge of different PV technologies, erystalline silicon technology, different
thin-film technologies, few processing technologies and how to fabricate PV modules
from solar cedls,

Syllzbus:
1. Solar radiation: Radiometric properties, Blackbody radiation, Solar spectra. 2 hrs
2. Generntion and recombination of electron-hole pairs: Bandgap-to-bandgep processes,

ek

Applicable froa Acodemic Year ‘]Dli-_l"'ﬁﬂ s

Shockloy—Read-Hall recombination, Auger recombination, Surface recombination, Carrier
concentration  in  non-equilibrium; Semiconductor junctions: pen  homojunchons,
Heterajunctions, Metal-semiconduetor junctions & hrs

. Solar cell parameters and equivalent cirenit: Extemal solar cell parameters, external

quantum efficiency, the equivalent circuit. 4 hrs

. Losses and efficiency limits: The thenmodynamic limit, The Shockley-Queisser limit,

additional losses, Design nales for salar cells, 4 hrs

. Crystalline silicon solar cells: Crystalline silicon, Production of silicon walers, Designing

e-5i solar cells, fabricating ¢-51 solar cells, High-efficiency concepls; 4 hrs

. Thin-film solar cells: Transparent conducting oxides, The II-V PV technology, Thin-film

silicon technology; Chalcogenide solar cells, Organic photovoliaies, Hybrid organie-
inorganic solar cells; Plasma-enhanced chemical vapour deposition, Physical vapour
deposition, Sereen printing technology, Electroplating technology; & his

. PV modules: Series and parallel connections in PV modules, PV medule parametoss, Bypass

diodes, Fabrication of PV medules, PV module lifetime testing, Thin-film modules,
Concentratar photovoliaics (CPY), 4 hrs

. Third generation concepts: Multi-junction solar eells, Spectral conversion, Multi-exeion

poneration, Intermiedinte band solar cells, Hol carner solar calls 6 hira

Pnpe ¥ nl 6o
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9. Hybrid Solar Cells-Materials, Interfaces, and Devices: Background on Hybeid
Photovoliaics, Materiala development, Types of Hybrid solar cells, Efficient Hybrd
Photovoltaics Based on Ordered Structures, Interface manipulation. 4 hrg

Relerences:

1. Amo Smets, Klaus Jager, Olindo  Isabella, Mire Zeman, René van  Swaegj, “Solar
Encrgy: The Physics ond Engincenng of Photovoltmc Conversion, Technologies and
Systems”, UIT Cambridge, (2016).

. Xinodong Wang, Zhiming M. Wang (Editors), Springer Series in Matenals Science-Volume
190, “High-Efficiency Solar Cells: Physics, Materials, aind Devices" (2014},

3. Jenny Nelson, The Physics of Solar Cells, Imperisl College Press, (2003),

f
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EL-10: Ultrafast Nonlinear Optics

Course Objectives:

Thix course provides Tundumentol nuderstonding and worling knowladge of viviou aspocts ol
2 and 3" arder nonlinear optical processes. The course also aims o provide insight into
various modemn applications of ultrafast nonlinear optics including effects of dispersion and
nonlinearity on ultrashort pulse propagation and the methods to characlerize ullrashort pulses.

Course Outcomes: Al the end of this course, the students should be able to do the following:

1, Understand second / third order nonlinear suseeptibility tensors and their properties

2. Be sble to understand annlyee and calculate details for seiting up a Typeld&:Typel 1

phase matched SHG experiment for any unisxial crystal, with known Sellemier

cocfAcients, including the effect of crystal dispersion & thickness on the output pulse.

Be able to understund and analyze four-wave mixing (FWM) expermments meluding

optical phase conjugation

4. Useresults of FWM and Z-scan 1o calculate 3" order susceptibilities of materials.

5. Be able to calculite details for setting up 8 SHG sutocorrelation, FROG and SPIDER
device

6. Be able to understand the hmitations imposed by material and anpgular dizpersion and
be able to make the right choice of lenses, murors, prisms in oh optical system design
using femiosacond pulses,

7. Gain knowledge of various processes that affect ulteashort pulse propagation in

nonlingar media including dispersion, SPM, XPM, delayed Raman, Self-steepening,
FWM, diffraction, self-focusing, and Soliton formetion.

I

Syllabus:

-

Applicable from Academio Year 20227023 onwards

Introduction: Description of Nonlinear interactions and overview of various 2* and 3*
order nonlinear effects, Classical anharmonic oscillator model, Nonlinear optical
susceptibility tensor, Properties of nonlinear susceptibility

& hrs

. Second order effects: Coupled wave equation for sum frequency generation, Manley-Rowe

relations, sum frequency genermtion, Second Harmonic Generzlion, coupled-wave analysis
of SHG, Type | and Type I phase matching, Quasi phase matching.
B hts

. Intensity dependent Refiactive Index: Deseription of intensity dependent refractive index,

Tensor natare of third onder susceptibility, Optical phase conjugation, setf-focusing of light,
measurement of nonlinear optical susceptibility using, Z scan and four-wave mixmg.
Shre

. Ulirs shart pulse propagation equation and interpretation in terms of effect of Self Phase

Modulaton, Dispersion, Solitons, Sclf-Steepening, and Delayed Raman responsc,
Mumerical Solution using Splie Siep Fourier Technique. Tme resolved ultrafast nonlinsar
pump-prolie speciroscopy,

6 hrs

. Dispersion and Dispersion Compensation: Temporal Dispersion Based on Anpular

Dispersion; Dispersion of Grating Pairs, Dispersion of Prism Pairs; dispersive Properies
of Lenses
T lrs

I"ape 55 o 69
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&, Ultrashort Pulse Charactenization: Electric ficld and SHG Inlensity Autocorrelation,
Freguency resobved optical gating (FROCG) and spectml phase interferometiy for diﬂ_mt
electric {ield reconstruction (SPIDER); Characlerization of Noise and Titer.

7 hre

References:

|. Robert Boyd, Nonlinear Optics, 4™ edition, Academic Press (2020).

2. Andrew Weiner, Ultrafast Optics, 1% edition, Wiley Series in Pure and Applied Optics,
(2003).

1. Geoffrey New, Introduction to Nenlinear Optics, Cambridge University Press, 2™ edition
(20113,

LY o]
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EL-11: Accelerators, Reactors & Detectors

~ 5 M,

=

=

Course Objectives:

This sl vanced level course is moant 1o cover the theony mud practical aspects of ditferent typee
of particle accelerators, the phosics of nuclear reactors and desipn aspects and principles of
radiation detection,

Course Outcomes:
At the-end of the course the students will know

Physical principles behind the operations of particie aceelerators

Different types of particle accelerators

Practical aspects involved in reactor designs

Interaction of radiation with matter and different types of rndintion detectors
Aspects of radiation safety

o gl LR e

Syllabus:

1. Aceelerator Physics:
Ton Sources: Production of charged parlicles, space charge limitation; extrection &
focusing geomctrics, positive and negative ion sources, radio frequency sources, penning
ionization source, Duoplasmatron, sputter ion source, ECR source {room temperature and
superconducting). 4 hrs

Accelerators & their Applications: Principle of tandem aceelerator, Pelletron accelerator,
Pulsed accelerators - cyclotron, synchrotron; Radio frequency lmecar acoclerators;
Superconducting linac, Radio frequency quadrapole; Drift tube linac; Stomge rings,

5 hrs

Trace clement analysis: RBS - measurement of elemental ratios & concentrations,
channeling RBS, Nuclear Reaction Analysis (NRA), Particle Induced X-ray emnssion
(PIXE) stucies, Medical applications of accelerators 4 hrs

Beam Optics and Beam Traunsport; Motion of charged particles in electric and magnetic
ficlds: Phase space - longituding! and imnsverse, and Liouville's theorem, Focusing devices:
Einzel lens, solenoid magnet, quadrupole; magnetic and clectric sector fields, Matnx
method, Aberrations, Design of a beam line for beam transport, 4 hrs

2. Repctor Physics
Reactors Types: Based on fuel elanents— Enriched Usanjum and Natursl Uranmom
leactors;
Based on moderator vsed = Light waler readtors, Heavy waler reactors,
angd Graphite moderated reaciors;
Based on fee! consumption — Thermal breeder reastors and Fast breeder reactors.
4 hrs:

Design of Reactors: Thenmal Reactors: Foel element fabrication; Moderator design,
Coalant selection, primary-and secondary coolant cycle; Design of control seds; Start up
and Shul down of the reactor; Reprocessing of spent foel; Fast Reaclor: Fissionable and

1

il ITT
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Fertile materials; Utilization of fission nentrons for sustaining chain reaction and breeding;
Coolant désipn for fust resctors; Contro] of fnst reactors. 8 hre

Reactor Safety and Safepuards: Assessment of reactor accident risk; Regulatory process;
Muclear suleguards: Domestie and International; Waste disposal problems, 4 hrs

3. Detectors & Transducers:
Review of gas filled counters, semtillntion detéctors and semiconductor detectors; multi-
wire proportional counter; channel electron multipliers and micro-channel plates; position
semgitive detectors, magnetic spectrometens; particle identification technigues & time of

flight; neatron detectors for fast and slow neatron; 7 hrs

Referenees:

. Wiedemann H, Particle Accelerator Physics T, Springer, (1999),

2. Stanley H, Prnciples of Charped Particle Acceleration, John Wiley & Sons, (1986).

3. Klaus Wille, J. McFall, The Physics of Particle Acceleérators: An Introduction, Clarendon
Press (2001).

4, W. R Leo, Technigues for Muclear and Particle Physics experiments, Springer — Verlag,

(1994},

5, Glenn F. Knoll, Radiation Detection and Measurement, 4™ edition, Wiley (2010).

6. 8. 5. Kapoor and V', 8. Remamurthy, Nuclear Radiation Deteclors, New Age Intemutionil
(P} Lad (2014),

7. Jehn R. Lamarsh, Anthony J, Baratta, Introduction to Muclear Engineerimg, 3™ edition,
Pearson (20114).

8. Lewis E E, Fundamentals of Nuelear Reactor Physics, Academic Press (2008),

9, Samuc] Glasstone, Alexander Sesonske, Nuclear Reactor Engineering- Reactor Diesign
Basics 4% edition, Vol. 1, CBS publishers (2004 reprint).

10. Weston M. Stacey, Nuclear Reactor Physies, 3™ revised edition, Wiley (2018).

LI
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EL-12: Biomaterials

Course Objectives:

The objective of the course i 1o introduee various types of Divmatonols, designmp siealegues,

their properties and medical applications.

Course Outcomes:

Students will gain knewledge of

1. Biomaterinls and understanding varions fornms biomatenials

2. Chemical gonstituents of human body and skelatal system: concept of biocompatibility
materials

3. Toxicity and comosion related issues in developing biomatenials: stralegies to develop
medical grade alloys

4. Importance of mechanical properties and their different aspects in the human body system:
accordingly desipning boomaterials

5, Belection of different biomaterials for different applications

Syllabus:

1.  Definitions: Biomaterials, Biomedical materials and Biological materials;
Biocompatibility, 2 hrs

2. Toxiclty and corrosion: Elements in the bady, Biclogical roles and Toxicitics of trace
elements, Selection of metallic elements in Medical-Grade alloys, Corrosion of Metals,
Environmen! inside the Body, Minimization of Toxicity of Metal Implants, Biological
Rales of Alloving Elements. G hrs

3. Mechanical Propertics of Blomaterfals: Role of Implant Biomatenals, Mechamcal
Properties of General Importance - Hardness, Resilience and Stretchability, Failure,
Essential Mechanical Properties of Orthopedic Implant Biomaterials. Qhrs

4,  Metallic Biomaterialg: Development of Metailic Bimmaterials, Stainless Steels, Cobalt-
Based Alloys, Titaniom Alloys, Companson of Stainless Steels, Cobalt, snd Titanium
Alloys, Dental Materials, Ni-Ti Shepe-Memory Alloys, Other Clinically Applied Metallic
Metenals, Mew Metallic Matenals: Magnesivin Alloys, B hirs

5. Biolnert Ceramics: Overview of Bioceramics, Inert Bioceramics: AlsOy, Zr0y;, Types of
Joints, Total Jaint Replacement. T hirs

6. Biomaterials for dental applications; Polymeric Biomatenals and Bioinert Polymers, 5 hrs
Special Topio: Bioactive Materials 2 hrs
References:

1. Lamy L Hench, An Introduction 10 Bioceramics, 2™ edition, Imperial Callege Press,
(2013),

Qirhi Chen, Georpre Thouas, Biomaterinle: A Basic Introduction, CRC Press (2014).
Diavid Willimms, Essential Biomaterials Science, Cambridge University Press (2014)
Joon Park, Bioceramics; properties, characterizations, and spphications, Springer
(2008). s
Applicalile from Acsdemic Year 2022203 anwmiyl
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EL-13: Molecular Simulations (2 Cr Theory + 1 Cr Practical)

Course Dhjectives:

1. 'The main ot of ths course 15 W nbrodues the Moleeular Dynamscs (M1 wod Monte Cialo
{MC7 smoulation methiods.

2. Calculation of various stuctuml and dysamical properties of systems using MD and MO
gimulation methods.

Course Outcomes:

1. Students will understand the introduction to various miemchon potentials used in molecular

simulations,

2. Students become familiar with concepis like periodic boundary conditions, minimum image
comventions, long-range corrections, and different integration schemes and their imporiance in
moleculsr simulstions.

. Students will be introduced to vardous thermostats and barostats used in molecular simuletions.

. Smudents will be fmiliar with melwopolis algorithm and varions (NVE, NVT and NIPT)
enscmbles vsed in molecular simuolations.

5, Students understond the caleulation of various propertics of systems like radial dizstnbution

functions, diffusion, and free energy calenlations, etz.

e

EL-13(T) 2Cr
Syllabus:

1. Malecular dynamics (MDY); Interaction potentials, penodic boundary conditions and
minimum image convention, long-range corrections, mtegration schemes: verled, velocity
verlet, leapfrog; constraint dynamics; extended Lagrangian dynamics; thermostats and
barostats. 12 hrs

2. Monte Carlo (MC) methods! Introduction to MC methods; Metropolis algorithm; NVE,
NVT and NPT simulations. 6 hrs

3. Estimation of pressure, chemical poiential, redie! distribution function, auto-corrslation
funetion, Ewald summuation; umbrells sampling. 10 hars

References:

1. D, J. Tildesley and M., Allen, Computer Simulation of Liquids, 2 edition, Oxford
University Press, (2017).

2, Berend Smit and Daan Frenkel, Understanding Molecular Simulation: From Algorithms (o
Applications, 2™ edition, Academic Press, (1996).
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EL-13(P) 1Cr

Course Objectives:

1. This course iz mainly (o implement the Molecula Dynamics (MD) and Monte Carlo (ML)
simulation techniques.

2. Computing the structurall dynamical/ thermodynamical wsing MD & MC simulation
trajeciones.

3. Apply these simulation methods to realistic/physical systems,

Conrge Cutconies:
1. At the end of the course, the student will wnte MD & MC codes for a simple Lennard-Jones

system,
2. Student is able to use one oul of the choice of availsble simulation software packapges (hike
LAMMPS, GROMACS, NAMD and AMBER) to perform MD simulations of realistic systems.
3. Compate various properties like radial distobution functions, diffusion etc using MD simulation
{rajoctorics.
4, Stedent performs the potential of mean foree calenlations using the umbrells sumpling nvedbod.
5, Compute the free energy calculations using the umbrella sampling trajectories.

sylabuas:
1. Writing the codes for MD and MC simulations of model Lennard-Jones sysiem. 6 hrs

2. MD simulations of realistic systems using LAMMPS/GROMACS/NAMD/AMBER
simulation packages 10 brs

3. Writing the codes for radial distnbution function (RDF), mean-squarc-displacement
(MSD) and velocity-velocity auto-comrelation function vsing the MD trajeclories.

& hrs
4, Computation of potential of the mean force (MF) calculations using the umbrelli
sampling methad 6 hez
Feferences:

. D.J Tildesley and M.P. Allen, Computer Simulation of Liquids, 2% adition, Cixfiord
University Press, (2017).

2. Berend Smit and Dasn Frenkel, Understanding Maolecular Simulation: From
Algarithms 1o Applicstions, 2™ edition, Academic Press, (1996).

3, Online Resources from Computational Biophysics Workshop, NIH Center for
Macrosneslzcular Medeling and Bininformatics Beckman Instinge at UTUC, 2021,

4. Gromacs Tutorials by Justin A. Lembul, Department of Biochemistry al Virginia Tech

£ & F
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EL-14: Microelectronics

Course Objectives:

1. Introduce students o the ficld of diginl ntegrated circuits ond fundamentals of CMOS
edreuils.

2, This will enable the siudents 1o earn hard skills related (o Microelectronie eircait
designing that sre crucial to indusirial semiconductor fabrication processes and make
them highly employable.

Course Ohitoomes;

The students will be exposed to following focused leaming outcomes

leaming inteprated circuits and their performance metrics

to kmow the MOS transistor operation and functionality i depth

Diesign logic gates using CMOS, CMOS fabrication technology and CMOS circoit
layouts

4, Pamilinrze with varfious electronic memory leclmologies

5. Leam about Microclectronic Circuit designing using VADL tools.

3

Syllabus:
1. Imtroduction to Digital Integrated Cirenits = Quality metncs— [unctionality,
performance, power and cost perspective, 5 hrs
2, The Deviee— MOS tmansistor operation & current models — CMOS inverter functionality,
static and dynamic behavior & power. 4 hrs
3. Combinational Gates— Design of basic and compound gates in Static CMOS. 4 hrs
4. Introduction to CMOS fabrication — Basic masking steps and design rules. 4 hra
5. Layout of CMOS Civenits — Introduetion to physical layout of inverter and basic gates,
4 hrs
fi. Sequential Logle Circnits — Design of static Latche, Flip flops and regesters. S s
7. Daesign tmplementation options = Intoduction to gate wvays, standard cclls and
progrmmahble logie arrays, 4 hirs
5. Datapath - Design of hasic adders, counters, shifters and nmliipliers in CMOS technology.
4 his
9. Memories - Introduction to SEAM, DRAM, FLASH, OTF memaory armays, 4 hr=
11, HOL - Introduction to design ebstraction and Verilog HDL. _ 4 lus

References:

1. Jan M. Rabaey, Ananths Chandeakasan, Borivoje Nicolic, Digital Integrated Circuits — A
Dresipn Perspective, 2™ edition; PH] Learaing (2009),

2, Sameer Palnitkar, Verilog HDL — A Guide o Digital Design and Synthesia, 2 edition,
Pearson Indin, {2003)

Aqntieable from Acadamic Yem Iﬂlll:.?ﬁﬂﬁj';mmm;
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EL-15: Fundamentals of Nanoelecironics

Course Objectives: This cowrse applies the principles of quantum mechanics to understand the
lippidrmontuls of nunoelscloncs,
The course aims:

1. Ta introduce the students o nanoelectronics, spintrontes and molecular electronics.

2. To explain the principle and applications of nanoelectronic devices.

Course Qutcomes:

Understand the size and surface effects on electrical resistance.

Understand that the conduetance in quanium sysiems is quantized.

Understand various techniques for fbricating nanostruciures.

Apply the Boltzoeann transport equation to understand quantum transport and
urslerstand different scattering mechanisms in quantum devices.

Understand the concept of eleciromigration &nd heating effects in nanodevices.
6. Understand the basios of single electron transport and molecular electronics:

e LB

L
Iy

Syllabus:

1. Macroscopie enrrent flow: Origin of elecirical resistance, size effects on electrical
resistance, surface effects, 1 hi's

2. Quantum current flow: Point contacts - from mesoscopic 10 atomic, conductance, guantum
transmission, conductance quantum, Transmission probability and current flow i quanturm
systems - single potential step, single potentinl barrier, double potential bamicr, techniques for
the fabrication of quantum nanestreciures. 10 hrs

3. Mesoscopic transport; Boltzmann transport equation, resistivity of thin films and wires;
surface scattering, prain boundary scattering, measurement of resistance of thin film. 8 hrs

4. Electromigration: fundamentals of electromigration, diffusion of materisl, imporance of
surlnces, filure of wires, corrent induced heating in a nanowire device, electromigration in
micron-geale devices, consequences for nanoslectronics, & hrs

5. Elements of single-electron and melecular electronics: single electron transport and
Coulomb hlockade, mechanism of eleetron transport through molecules, visualizing transpori
through molecules, the contuet resistance problem, contacting molecules - nanogaps formed by
eloctron-besm  lithography, formed by clectromigmtion, mechanically controlled break
junctions, molecular sandwiches, STM probing of molecules. 10 hrs

6. Scanning probe multimeters: quick ieview of STH, AFM, and various modes of aperation,
2 hirs

Referenees:

1. Colm Durkan, Current at the Nanoscale, 2™ edition, World Scientific, (2013)
2. Suprive Datta, Lessons from Nanoelecironics, 2™ edition, World Scientific, (2017).
3. Suprivo Datg, Quantum Transport, Cambridge University Press, (20603),

ERW
Applicable fram Academic Yenr 2023- Mttt
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EL-16: Nanoscale Physics

Course Objectives: This course gives the students a comprehensive description of the
phenomena and clempes that can be expected when macroscopically sized moterinls are reduced
down 1o the nanometer level.
The course aims:
1. To give a theoretical background necessary to understand the effects of size and surface
on electrical, optical and magnetic propertics,
2. To demonstrate some applications of size dependent physical properties

Course Cutcomes:
1. Understand the variation of density of electron energy states as a function of materials’
dimensions.
Understand the role of localized states in electrical transport.
Understand the concept of excitons and the size effects on excitons,
Anahyze optical properties using Mie theory.
Understand the role of surface and size on magnatic properties of matenals.
Understend superparamagnstism and its spplications,

o B

Svllabus:

1. Low dimensionality and eoergy spectrum: Electron DOS of 3D materials with
macroscopic dimensions, Electron DOS in 2D materials {nanosheets), Electron DOS in 1D
materials (nanowires), Quantized condociance in 1D nanowire systems, Electron DOS m 0D
materials (nanodots). B hrs

2, Quantization: 2D square wells, 2D eylindrical wells, Shape effect on the quantized states,
Finite potentinl wells, Edge (surface)-localized states, Chargmg effect, Tunneling phenomena.
0 hrs

1, Size-dependent optical properties; Absorplion and emission, Wannier excitons, Size
effects in high-dielectric-constant materizls, Molecular Frenkel exciton, Size effects in
maleculsr excitons: Coberence length and cooperstive phenomens, Size-dependent seattering
from dieleetric spheres: Mie solutions, Optical properties of melal nanoparticles; Plasmonics,
Locnl field enbancement mnd surface-enhonced Raman scaitenng. 13 hrs

4, Magnetic and magnetotransport propertics of nanescale materials: Quantization of
clectronie strugtures snd the Kubo effect, Surfree magnetism of transition noble metals, Smgle-
domain structures and superparamagnetism, Macroscopie quantum tunneling m magnetic
nanostrociures 12 hrs

References:

Takaaki Tawrumi, Hiroyuki Hiravama, Martin Vecha, Tomoyasu Tanivamn, Nanoscale Physics
for Materials Science, CRC Press, (2(0%)

LR
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EL-17: Foundations of Quantum Optics

Course Objectives: This is & graduate level course on quantum oplics.
I'ho course nums:

1. To provide the basic notions and the analytical methods for the quantam
description of the radinhon field.

2. To discuss the prineipal quantum states of radistion and higher-order interfetametry.

3. To give knowledge and understanding of state-of-the-arl experiments in areas such as
nonlinsar quantum optics, ulracold atoms etc.

Course Chateomes:

1. Understand the statistical nature of Hght and its classilication.

2. Understand higher-order inlerference experiments amd fheir applications.

3. Apply the formalism of creation and annihilation operators to describe quantum states
of light.

4, Amnalyze Hanbury Brown-Twiss experiment using quantum theory.

5. Model resonant light-atom interactions using two-level approximation.

6. Gain basic knowledpe in cavity quantum electrodynamics and few applications like
laser cooling ele.

Syllabus:

5

.

Applicable from Academic Yonr 20222035 oamnis

Photon statistics: Photon-counting statistics, Coherent light, Classifieation of light by
photon statistics, Super-Poissonian light, Sub-Poissonian light, Semi-classical theory of
photodetection, Quantum theery of photodetection, Shot noise in photodicdes, 6 hrs

Photon antibunching: the intensity interferometer, Hanbury Brown-Twiss experiments
and classical intensity fluctustions, Hanbury Brown-Twiss expenments with photons,
Photon bunching and antibunching, Single-photon sources. 6 hrs

Caoherent states and squeezed light: Light waves as clnssical hammonic oscillators, Light
Az o quantum harmonic oscilistor, the vacoem field, Coherent states, Shol noise and
number—phase uncertainty, Squeezed stales. 6 hrs

. Photon number states; Operator solution of the harmonic oscillater, the mmber siate

representation, Photon mamber stales, Coherent slates, Quantum theory of Hombury
Brown-Twiss experiments. & hrs

Resonant light-atom interactions: Twe-level atom  approximation, Coherent
superposition states, denéity matrix, time-dependent Schodinger equation, the weak-field
nnd strong field limit, The Bloch spherve. & hre

. Atoms in cavities: Optical cavities, Aln—cavity coupling, Weak coupling - Free-space

spantaneous emission, Spentancous emission in a singls-made cavily, Swong coupling -
Cavity quanmtum electrodynamics, Applications of cavity elfects & hre

Cold atems: Laser cooling - Basie principles of Doppler cooling, Magnelo-optic atom
traps, Cooling mnd tmpping of ons, Atom lasers, 6 hrs

P B A Puge 65 of (9




References:

Mark Fox, Ceantum Optics - An Introduction, Oxford University Press, (2006).

Harry Paul, Introduction to Ouantum Opties, Cambridge University Pross, (2004}

Viatko Vedial, Moden Foundations of Quantum Optics, Imperial College Press, (2005).
Marlan €. Seully, M, Subail Zubary, Quantum Upties, Cambridge University I'ress,
(1997),

Gilbert Grynberg, Alain Aspect, Claude Fabre, Introduction to Quantum Oplics: From the
Semi-classical Approach to Quantized Light, Cambridge University Press, {2010).
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EL-18: Quantum Computing

Course Objectives: Quanium computing is an interdisciplinary field that lies at the intersection
of coanpulet science, malbetnatics, al pliysics. This is & madoale Jevel course on guantui
eompuling,
The course anms:

. To provide a self-contained, comprehensive introduction o quantum computing,

focusing on the desipn and analysis of quastum algorithms.,
2. To explain the basics of quantum cryptography and quantum computing,
3. Todeseribe some methods o implement quantum algorthms,

Course Outcomes:
1. Understand the basics of quantum measurément.
2. Understand basic quantum algonthms.
3. Gain knowledpe of some aspects of quantum computing based on NMR and linear

aptics.
4. Guin knowledge of some aspects of quantum computing based on spintronies and ion
iraps.
5. Umderstand the basics of quantum feleportation and gnantum cryplography.
6. Familiarization with some applications of quantum computing in solving physica
problems.
Svllabus:
I. Computational tools, Quanium measurement and teleportation, Quantum teleporiation and
eryptography. 7 hrs
2. D7 algorithm and implementation aspects, Grovet's algorithm, Basies of Shor's algorithm
and Quantum Fourier Trana{lorm. 7 hrs
3. Basic concepts of NMR Quantum Computing; G hrs
4. Lincar optical approaches fowards Quantum Computing, laser cxpenmental
implementation for Grover's algorithm, 8 hrs
5. Implementing Quantam Computing using foen traps, ¥ s

6. Qubits used in commercinl quantum compiiing, Spintronics quantum compuling.
T hre
References:

1. Michael A. Niclsen and Issac L. Chueng; Quantum Computation and Quantuim

Information, Cambndge (2010}

Riley Tipton Perry, Quantum Compoting from the Ground Up, World Seeitilie

Fublishing Ltd (2012).

Seoll Aaronson, Quanmm Compnting since Demoentus, Cambridge (2013).

4. T Kok, B. Loveit, Introduction to Optical Quantum Information Processing, Cambridge
{200y,

B
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EL-19: Industry 4.0- IoT, Artificial Intelligence & Additive
Manufacturing

(2 Cr Theory + 1 Cr Practical)

Course Objectives:

1. To iutisdoce Industry 4.0 requirement for technological development that will enable
emplovabifity of students st postgraduate level.

2. To familiarize students with latest trend in various components that constitute Industry 4.0
revalution globally and nationally,

3. It is imperative to train students in allied areas of applied science and technology, which will
enhance them in preparation as a skilled work force for Industrial 4.0 revelution at National
level.

Conurse Outcomes:

1.

Students will be familiar with ToT emabled technology and tools required to build
applications in different industry.

Students will be trained in the theoretical framework of generic Deep learning technique
and its application.

Students will be able to leamn novel skill sets related to Additive manufacturing and
prototyping for both academic research and for industrial applications,

EL-19(T) 2Cr

Syllabus:

1.

Applicable from Acmdemic Year J0R3-D0 b -arwards

Industry 4.0: Overview of factors enabling and constituting Industrial 4.0 revolution
2 hrs

. Internet of Things (IoT). Components of IoT driving Industry 4.0 - [IOT enmabled

wechnological Applications in Biomedical, Automotive and Delense domaing; Smart
Sensors & Actuators for loT enabled technological applications {Agricultural,
Vehicular & Healtheare 10Ts); IoT conncotivity & communication tschnologios; Ie'T
ennbled Robatics: Introduction 1o Acvial Robotics’ Drone Technology Building Drones,
Diegign and Development of Unmanned Aerial and Groand Vehicle. 10 hrs

. Artificinl Intellipence applications in Industry 4.0: Introduction to Arificial

Tntelligence, Machine Leaming ani Deep Leamning concepts; Theoretical framework of
artificial & convoluted Neural Networks; Implementation of Theep leaming fechniques
in Physics & related domsins like Imege processing, Signal processing & Daia
processing with case studies from different Industries. o hrs

Industrial Manufactoring Pipeline: Additive Manufuctonng Technology (AMT)
Orrerview of CAD; Rapid Prototyping & Stereclithography processes; AMIT v
Conventional Manufacturing; Classificetion and Types of AM techmigues; Application
of AMT in various manulacturing Indostries 8 hrs
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References:

1, Sudip Misra, Anandarup Mukhegee, Ardjit Roy, Intreduction to loT, Cambridge
Trniversily Press, (FO70)

2. Nitin Goval, Sharad Sherma, Amn Kumar Bana, Suman Lats Tripathi, Infernet of
Things: Robotic and Drone Technology, CRC Press (2022),

A Ronald T. Kneosel, Practical Decp Learning, No Starch Press, Ine (2022).

4. lan Gibson, David Rosen, Brent Stucker, Mahyar Khorasani, Additive Manufactuning
Technologies, Third Edition, Springer Nature Switzerland AG (2021).

EL-19 (P}: Industry 4.0- IoT, Artificial Intelligence & Additive Manufacturing
1Cr

Students are expected to complete a minimum of three experiments from the list* below

Byilabus:
1. IoT (a): Industrdal Automation: LabVIEW based IoT automation and Computer

Interfacing.

1oT (b): Drone /Autanomeons Technology -Build your own Drone and coding the
microcontroller using open source programming.

loT(c): Raspberry Pi based loT for Smart Indusiry applications.

1aT(d): Smart Contral systems (PID) for IoT & Robaotics Applications-Design and
uning technigues.

2. Al{s): Implementing Deep leaming based models for image, signal and datn
procesging.
Alib): Implementing Deep leaming based models for signal processing,
Alfc): Implementing Deep lemming based models for data processing and mining,

3. AMT{a): Familiorization with CAD designing tools for Mechatronics/Opto-
mechanical/Opieelectronic applications.
AMT(B): Device desipning vsing Mulliscale Physics Simulator-COMSOL /
Bauivalent Open source FEM/Oplical Designing —Zemax software platforms.
AMTIe): Additive Manufacturing: 3D printing — Hands-on Training in vanous AM
techriques

(*Moi limiting 1o the sbove lsted topics, additional taining will be grven with concurren!
trends from Indusiry perspective)

References:
1. John Baichtal, Building Yout Own Drones: A Beginners” Guide (o Drones, UAVs; and
ROWs, Que Publishing, (2016),
2, Ahmed Fawezy Gad and Fatimn Ezzahrn Jarmooni, Introduction o Deep Learning and
Mearal Metworks with Python- A Practical Guide, Academic Press {2021),

3. Ladia Cling, 30 Printing wiils Auwtedesk 123D, Tinkercad, and MakerBol, MoGraw-
Hill'TAB Elcctronics Publishess (2014).

LS
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