sem

Courses Credits
PHL-551 PHL-553 PHL-555 PHL-557 PHP-561
Classical Mathematical Quantum Electronics Laboratory |
| Mechanics Physics Mechanics (3-1-0)4 (0-0-8)4 20
(3-1-0)4 (3-1-0)4 (3-1-0)4
PHL-552 PHL-5XX PHL-556 PHL-558 PHP-562 PE-01
Electrodynamics | Quantum Mechanics Statistical Applied Laboratory (3-0-0)3
I (3-1-0)4 I Mechanics Optics Il 22
(3-0-03 (3-1-0)4 (3-1-0)4 (0-0-8)4
PHL-554 | PHL-567 | PHL-569 | PHP- PHD- | PE-02 | OE-01 | DS-01
Solid State | Atomic and Nuclear 563 561 (3-0-0)3 | (3-0-0)3 | (3-0-0)3
I Physics Molecular and Adv. Lab. | Project | 23/26
(3_1_0)4 PhySICS Particle (0'0'8)4 (0_0_6)3
(3-0-0)3 Physics
(3-0-0)3
PHD-562 PE-03 PE-04 OE-02 DS-02
Project Il (3-0-0)3 (3-0-0)3 (3-0-0)3 (3-0-0)3
(0-0-12)6 15/18
IV




List of Core Courses

The list below contains those courses which will be floated as electives by the Department,
but will NOT be a part of the DS set. They have been lifted from the courses of Study.
Please go through the list and advise if any of them may be removed either because (i) it
has not been floated for a long time, or (ii) the new courses have made it superfluous.

1. Mathematical Physics

2. Classical Physics

3. Quantum Mechanics I

4. Quantum Mechanics I1

5. Electrodynamics

6. Statistical Mechanics

7. Electronics

8. Applied Optics

9. Solid State Physics

10. Atomic and Molecular Physics

11. Nuclear and Particle Physics



List of Programme Electives (not in DS list)

The list below contains those courses which will be floated as electives by the Department,
but will NOT be a part of the DS set. They have been lifted from the courses of Study.
Please go through the list and advise if any of them may be removed either because (i) it
has not been floated for a long time, or (ii) the new courses have made it superfluous.

1. PHL658 Miniproject

2. PHL653 Semiconductor electronics

3. PHL656 Microwaves

4. PHL702 Science and tech of Thin films
5. PHL723 Vacuum science and technology
6. PHL725 Physics of amorphous materials
7. PHL726 Nanostructured materials

8. PHL792 Optical electroncs

9. Experimental methods in Physics (New course)



List of MSc Electives for Departmental specialization

10.
11.
12.

13.

10.

Optics Electives

. Laser physics
. Fiber and integrated optics (to be formulated)

. Photonic devices

Guided wave components and devices (to be formulated)
Statistical optics (to be formulated)

nonlinear optics (to be formulated)

quantum optics (to be formulated)

Ultrafast optics and applications

Biophotonics (to be formulated)

Laser spectroscopy (new course)

Liquid crystals (new course)

quantum information and computation (new course)

quantum electronics

Condensed Matter Electives

. Advanced Solid State Physics (to be formulated)

Science and and Technology of Thin Films

Low temperature Physics (To be formulated)

. Quantum Electronics (New course)

Quantum Heterostructure

Semiconductor Physics

Characterization of materials (to be formulated)

Computational Techniques for Solid State Physics (to be formulated)
Soft condensed Matter physics (to be formulated)

Magnetism and spintronics (to be formulated)



11.
12.

13.

10.

11.

Energy Materials (to be formulated)
Selected topics in condensed matter physics (to be formulated)

Advanced condensed matter theory

Theory Electives

. Nonequilibrium Statistical Mechanics

. Advanced Statistical Mechanics

Group Theory and its Applications

Field theory and quantum electrodynamics

High Energy physics (New Course)

General Relativity

Quantum Information and Computation (new course)
Advanced Condensed Matter theory (new course)
Quantum Optics (new course)

Plasma Physics

Advanced Plasma Physics (new course)
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COURSE TEMPLATE

1. Department/Centre PHYSICS
proposing the course
2. Course Title NON-EQUILIBRIUM STATISTICAL MECHANICS WITH
(< 45 characters) INTERDISCIPLINARY APPLICATIONS
3. L-T-P structure 3-0-0
4, Credits 3
5. Course number ~600
6. Status UG/PG/Ph. D.
(category for program)
7. Pre-requisites UG: PYL202/STATISITCAL PHYSICS
(course no./title) PG: PYL556/STATISTICAL MECHANICS
Ph. D. : NIL
8. Status vis-a-vis other courses (give course number/title)
8.1 | Overlap with any UG/PG course of the Dept./Centre NIL
8.2 | Overlap with any UG/PG course of other Dept./Centre NIL
8.3 | Supercedes any existing course NIL
9. Not allowed for NIL
(indicate program names)
10. | Frequency of offering | [ |Everysem [ Jistsem [X]2ndsem [ ]Either sem
11. | Faculty who will teach the course
DR. SUJIN B. BABU, DR. VARSHA BANERJEE, DR. RAHUL MARATHE
12. | Will the course require any visiting NO
faculty?
13. | Course objective (about 50 words):
To introduce students to advanced topics to study non equilibrium phenomena
and their application to biological and soft-condensed matter systems.
14. | Course contents (about 100 words) (Include laboratory/design activities).

Review of equilibrium systems. Systems out of equilibrium, kinetic theory of
gases, Boltzman equation and its application to transport problems, Master
equation and irreversibility. Time correlation functions, linear response theory,
Kubo formula, Onsager relations. Random walks, Brownian motion and
diffusion, Langevin equation, fluctuation dissipation theorem, Einstein relation,
Fokker-Planck equation. Rachets, driven diffusive systems. Fluctuation
theorems, Jarzynski Equality. Percolation, polymers, soft condensed matter
systems. Biological systems applications to Molecular motors, stochasticity in
gene expression. Stochastic growth models. Monte-Carlo simulations of
Random walks and their applications to polymers, percolation, diffusion limited
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\ aggregation and other growth models.

15. Lecture Outline (with topics and number of lectures)

Module Topic No. of
no. hours
1 Review of Equlibrium systems 2
2 Systems out of equilibrium, Boltzmann equation 4
3 Master equation, irreversibility 4
4 Linear Response theory, Kubo formula, Onsagar relations 6
5 Random walks, Brownian motion, diffusion, Fokker-Planck 8
equation, fluctuation dissipation theorem, Einstein relation.
6 A few topics from the following list will be discussed: Ratchets, 12
driven diffusive systems. Stochastic growth models
like Random Deposition, EW, KPZ, DLA etc. Jarzynski equality,
fluctuation theorems, percolation, polymers. Applications to Soft
condensed matter systems. Biological systems like molecular
motors, stochastic gene expression etc.
7 Monte-Carlo simulations of Random walks, percolation, polymers, 6
DLA and other growth models
8
9
10
11
12
COURSE TOTAL (14 times ‘L)
16. Brief description of tutorial activities
17. Brief description of laboratory activities
Module Experiment description No. of
no. hours
1
2
3
4
5
6
7
8
9
10

COURSE TOTAL (14 times ‘P

18. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

1) Balkrishnan V., Elements of non-equilibrium statistical mechanics, 1%
edition, Ane-book New Delhi (2008).

2) Van Kampen N. G., Stochastic processes in Physics and Chemistry, 2" Edition, Elsevier
Science (2007).
3) Gardiner C. W., Handbook of Stochastic Methods, 4" edition, Springer Science (2010)
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4) Risken H., The Fokker Planck Equation, 2™ edition, Springer-Verlag (1996).
5)Binder K., Heermann D. W., A Guide to Monte Carlo Simulations
Statistical Physics, 3" Edition, Cambridge University Press (2013).

19. Resources required for the course (itemized & student access requirements, if any)

19.1 | Software Matlab

19.2 | Hardware

19.3 | Teaching aides (videos, etc.)

19.4 | Laboratory

19.5 | Equipment

19.6 | Classroom infrastructure

19.7 | Site visits

20. Design content of the course (Percent of student time with examples, if possible)

20.1 | Design-type problems

20.2 | Open-ended problems

20.3 | Project-type activity

20.4 | Open-ended laboratory work

20.5 | Others (please specify)

Date: 27/03/2015 (Signature of the Head of the Department)
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COURSE TEMPLATE

1. Department/Centre PHYSICS
proposing the course
2. | Course Title NONLINEAR OPTICS
(< 45 characters)
3. L-T-P structure 3-0-0
4., Credits 3
5. Course number
6. Status Programme Elective
(category for program)
7. Pre-requisites
(course no./title)
8. Status vis-a-vis other courses (give course number/title)
8.1 | Overlap with any UG/PG course of the Dept./Centre
8.2 | Overlap with any UG/PG course of other Dept./Centre
8.3 | Supercedes any existing course
9. Not allowed for
(indicate program names)
10. | Frequency of offering | [ ]Everysem [ Jistsem [ ]2ndsem [ ]Either sem
11. | Faculty who will teach the course
K Thyagarajan, M R. Shenoy, Joyee Ghosh, Kedar Khare
12. | Will the course require any visiting
faculty?
13. | Course objective (about 50 words):
This course will detail the student about the field of Nonlinear Optics and its
tremendous applications in generating new frequencies, modulating and
manipulating a light signal, observing new effects possible due to material
nonlinearities.
14. | Course contents (about 100 words) (Include laboratory/design activities):

Wave propagation in anisotropic media. Origin of optical nonlinearity,
Nonlinear optical polarization; Second order and third order processes;
Nonlinear optical wave equation;

Second order nonlinear processes; Second harmonic generation, difference
and sum frequency generation, phase insensitive and phase sensitive optical
parametric amplifiers, spontaneous parametric down conversion; Birefringence
and quasi phase matching; optical parametric oscillators.

Third order nonlinear processes; third harmonic generation, self phase
modulation, cross phase modulation and four wave mixing; impact of nonlinear




Page 2

effects in lightwave communication systems; supercontinuum generation;
Phase conjugation and applications,

Stimulated Raman and Brillouin scattering; applications of stimulated
processes.

Electro optic, photorefractive and acousto optic effects and their applications
Ultrafast and intense field nonlinear optics.

Special topics




15. Lecture Outline (with topics and number of lectures)

Page 3

Module Topic No. of
no. hours
1 Review of wave propagation in anisotropic media. 3
2 Origin of optical nonlinearity, Nonlinear optical polarization; Second 2
order and third order processes; Nonlinear optical wave equation;
3 Second order nonlinear processes; Second harmonic generation 15
(SHG), Birefringence and quasi phase matching, Difference (DFG)
and sum frequency generation (SFG), Optical parametric amplifiers
(OPA) -- Phase insensitive and phase sensitive, Manley-Rowe
Relations, Optical Parametric Oscillators (OPO), Spontaneous
Parametric Down-Conversion (SPDC)
4 Third order nonlinear processes; third harmonic generation, self phase 4
modulation, cross phase modulation and four wave mixing; impact of
nonlinear effects in lightwave communication systems;
supercontinuum generation; Phase conjugation and applications,
5 Stimulated Raman and Brillouin scattering; applications of stimulated 4
processes.
6 Electro Optic, Photorefractive and Acousto optic effects and their 10
applications
7 Ultrafast and intense field nonlinear optics. 2
8 Special topics: EIT materials, slow light, Metamaterials, photonic 2
crystals
9
10
11
12
COURSE TOTAL (14 times ‘L) 42
16. Brief description of tutorial activities
|
17. Brief description of laboratory activities
Module Experiment description No. of
no. hours
1
2
3
4
5
6
7
8
9
10
COURSE TOTAL (14 times ‘P’)

18. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

1. Nonlinear Optics, R W Boyd, Academic Press, Amsterdam, 2008
2. Nonlinear fiber optics, G P Agarwal, Academic Press, Boston, 1989
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3. The principles of nonlinear optics, Y R Shen, Wiley, New York, 1984
4. Quantum Electronics, A Yariv, Wiley, New York, 1975

19.

Resources required for the course (itemized & student access requirements, if any)

19.1

Software

19.2

Hardware

19.3

Teaching aides (videos, etc.)

19.4

Laboratory

19.5

Equipment

19.6

Classroom infrastructure

19.7

Site visits

20.

Design content of the course (Percent of student time with examples, if possible)

20.1

Design-type problems

20.2

Open-ended problems

20.3

Project-type activity

20.4

Open-ended laboratory work

20.5

Others (please specify)

Date:

(Signature of the Head of the Department)




COURSE TEMPLATE

(Please avoid changing the number of tables, rows and columns or text in dark black, but fill only the columns
relevant to the template by editing the columns in grey letters or blank columns: this would help in automating
the processing of template information for curricular use)

1. |Department/Centre/School proposing thePHYSICS
course

2. Course Title Classical Mechanics
3. |L-T-P structure 3-1-0
4.  |Credits 4 Non-graded Units
5. |Course number PHL-551
6. Course Status (Course Category for Program) PG

Institute Core for all UG programs No

Programme Linked Core for:

Departmental Core for:

Departmental Elective for:

Minor Area / Interdisciplinary Specialization Core for:
Minor Area / Interdisciplinary Specialization Elective for:

Programme Core for: M.Sc. Physics

Programme Elective for:

Open category Elective for all other programs (No if Institute Core) (Yes / No)
7. |Pre-requisite(s) NIL

8. Status vis-a-vis other courses

8.1|List of courses precluded by taking this course (significant overlap)
(a) Significant Overlap with any UG/PG course of the NIL
Dept./Centre/ School
(b)  [Significant Overlap with any UG/PG course of other NIL
Dept./Centre/ School
8.2/Supersedes any existing course NIL

0. Not allowed for NIL




10.

Frequency of offering

(check one box)

[ lEvery semester Xl sem [ ]Il sem [ ]Either semester

11.

Faculty who will teach the course Ajit Kumar, Sujeet Chaudhary, Shantanu Ghosh, Sankalp
Ghosh, Varsha Banerjee, Amruta Mishra, Sujin Babu, Rahul Marathe, V Ravishankar

112,

\Will the course require any visiting faculty? \ No

13.

Course objectives “On successful completion of this course, a student should be able to...understand the basics of
Classical Mechanics and its formal aspects thoroughly”

14.

Course contents: constraints, generalized coordinates, action principle, symmetries and
conservation laws, Hamilton’s equations, poisson brackets, canonical transformations, central potentials,
small oscillations, normal modes, rigid body dianamics.

15.

Lecture Outline(with topics and number of lectures)

Module

no.

Topic

No. of hours

1

Constraints, Principle of virtual work, D'Alembert's Principle and generalized coordinates,
Examples.

2

. Principle of stationary action, Lagrange's equations in generalized coordinates, Lagrange's
equation with undetermined multipliers, Velocity-dependent potentials, Dissipation function,
Applications of Lagrange's formulation.

Symmetry of the Lagrangian, Noether's theorem and conserved currents, Spatial translations,
temporal translation, and spatial rotations and the related conservation laws, Examples.

. Canonical equations of motion (Hamilton's equations), cyclic coordinates and conservation
laws, Poisson bracket formalism, Canonical transformations, Examples of canonical
transformation, Symplectic approach to canonical transformations, Action-angle variables in
systems in one dimension and for separable systems, Phase space, Liouville's equation.

. Motion in a central Field, Equivalent one-dimensional problem and the classification of orbits,
Virial theorem, Equation for the orbit, stability and the condition for closed orbits, Kepler's
problem, Integrable power-law potentials, scattering in a central field.

Coupled Oscillators, small oscillations, normal modes, characteristic frequencies, forced




oscillations, parametric resonance.

7 Rigid body motion, Euler's angles and Euler's theorem, Angular momentum and the kinetic 8
energy about a point, Moment of inertia tensor, Eigenvalues of the inertia tensor and the
principal axis transformation, Solution of problems with Euler's equations, Symmetrical top.

Total Lecture hours (14 times ‘L)

16. Brief description of tutorial activities:

Module Description No. of hours
no.

Problem sessions and clarification of doubts.

Total Tutorial hours (14 times ‘T")

17. Brief description of Practical / Practice activities

Module Description No. of hours
no.

Total Practical / Practice hours (14 times ‘P?)

18. Brief description of module-wise activities pertaining to self-learning

component (Only for 700 / 800 level courses) (Include topics that the students would do self-
learning from books / resource materials: Do not Include assignments / term papers etc.)

Module Description
no.




19. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

1. "Classical Mechanics" ( Addison Wesley, Third Edition) - H. Goldstein, C. Poole and J. Safko.
2. "Mechanics (Theoretical Physics Vol. 1) - L. Landau and E. Lifschitz.

20. Resources required for the course (itemized student access requirements, if any)

20.1 | Software

20.2 | Hardware

20.3 | Teaching aids (videos, etc.) Projection System

20.4 | Laboratory

20.5 | Equipment

20.6 | Classroom infrastructure Yes

20.7 | Site visits

20.8 | Others (please specify)

21. Design content of the course (Percent of student time with examples, if possible)

21.1 | Design-type problems

21.2 | Open-ended problems

21.3 | Project-type activity

21.4 | Open-ended laboratory work

21.5 | Others (please specify)

Date: (Signature of the Head of the Department/ Centre / School)

\Date of Approval of Template by Senate \

The information on this template is as on the date of its approval, and is likely to evolve with time.



(Please avoid changing the number of tables, rows and columns or text in dark black, but fill only the columns
relevant to the template by editing the columns in grey letters or blank columns: this would help in automating
the processing of template information for curricular use)

COURSE TEMPLATE

1. |Department/Centre/School proposing thePhysics
course

2. [Course Title Electrodynamics
3. |L-T-P structure 3-1-0
4. [Credits 4 Non-graded Units
5. |Course number PHL-552
6. |Course Status (Course Category for Program) PG

Institute Core for all UG programs (Yes / No)

Programme Linked Core for:

Departmental Core for:

Departmental Elective for:

Minor Area / Interdisciplinary Specialization Core for:

Minor Area / Interdisciplinary Specialization Elective for:

Programme Core for: Msc. Physics

Programme Elective for:

Open category Elective for all other programs (No if Institute Core) (Yes / No)
7. |Pre-requisite(s)

Status vis-a-vis other courses

8.1

List of courses precluded by taking this course (significant overlap)

NIL

(@) [Significant Overlap with any UG/PG course of the
Dept./Centre/ School
(b)  [Significant Overlap with any UG/PG course of other NIL
Dept./Centre/ School
8.2/Supersedes any existing course NIL

Not allowed for NIL




10. [Frequency of offering | |Every semester [ JIsem [XIlsem [ ]Either semester
(check one box)

11. |Faculty who will teach the course H.KMali, Ajit Kumar, Amruta Mishra, V. Ravishankar.

112. |Will the course require any visiting faculty? | NO

13. |Course objectives “On successful completion of this course, a student should be able to understand basic
electrodynamics and it's applications to various phenomenon.”

14. |Course contents

: Electrostatics, conductors, dielectrics, magnetostatics, boundary conditions,
time dependent fields, waves in a medium, relativistic formulations of maxwell’s equations, radiation
from accelerating charges, scattering of electromagnetic waves.

15. Lecture Outline(with topics and number of lectures)

Module Topic No. of hours
no.
1 Electrostatics in free space 3

The static limit of Maxwell's equations, Coulomb law; continuum limit; Gauss'’s law; field
produced by a charge distribution, multipole expansion for the electrostatic potential;
electric dipole and quadrupole, energy density of a charge distribution.

2 |[Electrostatics of conductors 4

Microscopic and macroscopic fields; electrostatic field of
conductors; Capacitance matrix; Poisson and Laplace’s equations;
boundary value problems; Green’s functions; method of images.

3  |Electrostatics of dielectrics 4




Dielectric permittivity; conductors as a limiting case; electrostatic
energy of a dielectric; sign of permittivity; brief discussion of
dielectric permittivity for crystals and piezo- electrics; boundary
conditions at interfaces.

Magnetostatics

Biot Savart Law; Ampere’s law; vector potential; magnetic fields
produced by current distributions; magnetic dipole moment;
magnetic permeability of a medium; magnetization; boundary
conditions on B” and H” fields; diamagnetic and paramagnetic
materials; permanent magnets; hysteresis; Ohm’s law and
conductivity tensor; Hall effect.

Time dependent fields in media

Quasi time dependent fields, Maxwell’s equations for slowly
varying fields, Law of Induction, Inductance, inductance of a long
straight wire and a circular loop, eddy currents, skin effect,
complex resistance.

Electromagnetic waves in a medium

Constitutive Maxwell’s equations; Fresnel’s laws of reflection and
refraction, surface impedance of metals, wave propagation in
plasmas, electromagnetic waves in wave guides, anomalous
dispersion and negative refractive index, metamaterials and
applications.

Relativistic formulation of Maxwell’s
equations

Brief review of relativity, 4-vectors, Maxwell’s equations in
covariant form, transformation formula for electric and magnetic
fields, Invariants of fields, field produced by a uniformly moving
charged particle.

Accelerating charges and radiation

Field of an accelerating charged particle, Lienard -Wiechert
potentials, radiation from a dipole, Larmor formula, synchrotron
radiation, radiation losses, radiation reaction, Abraham-Dirac-
Lorentz equation.

Scattering of electromagnetic waves

Rayleigh scattering, Mie scattering, colour of the sky and clouds,
critical opalascence.

Total Lecture hours (14 times ‘L)




16. Brief description of tutorial activities:

Module
no.

Description

No. of hours

Problem solving sessions and clarifications of doubts.

Total Tutorial hours (14 times ‘T’

17. Brief description of Practical / Practice activities

Module
no.

Description

No. of hours

Total Practical / Practice hours (14 times ‘P’)

18. Brief description of module-wise activities pertaining to self-learning

component (Only for 700 / 800 level courses) (Include topics that the students would do self-
learning from books / resource materials: Do not Include assignments / term papers etc.)

Module
no.

Description

19. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

J.D.Jackson, Classical Electrodynamics.
Landau ans Lifschitz, Vol.-2.
D.J.Griffiths, Introduction to Electrodynamics.




20. Resources required for the course (itemized student access requirements, if any)

20.1 | Software

20.2 | Hardware

20.3 | Teaching aids (videos, etc.) Projection System

20.4 | Laboratory

20.5 | Equipment

20.6 | Classroom infrastructure

20.7 | Site visits

20.8 | Others (please specify)

21. Design content of the course (Percent of student time with examples, if possible)

21.1 | Design-type problems

21.2 | Open-ended problems

21.3 | Project-type activity

21.4 | Open-ended laboratory work

21.5 | Others (please specify)

Date: (Signature of the Head of the Department/ Centre / School)

IDate of Approval of Template by Senate |

The information on this template is as on the date of its approval, and is likely to evolve with time.



COURSE TEMPLATE

(Please avoid changing the number of tables, rows and columns or text in dark black, but fill only the columns
relevant to the template by editing the columns in grey letters or blank columns: this would help in automating

the processing of template information for curricular use)

1. |Department/Centre/School proposing thePHYSICS
course

2. Course Title Mathematical Physics
3. |L-T-P structure 3-1-0
4.  |Credits 4 Non-graded Units
5. |Course number PHL-553
6. Course Status (Course Category for Program) PG

Institute Core for all UG programs No

Programme Linked Core for:

Departmental Core for:

Departmental Elective for:

Minor Area / Interdisciplinary Specialization Core for:

Minor Area / Interdisciplinary Specialization Elective for:

Programme Core for:

Programme Elective for:

Open category Elective for all other programs (No if Institute Core) (Yes / No)
7. |Pre-requisite(s) NIL
8. Status vis-a-vis other courses

8.1

List of courses precluded by taking this course (significant overlap)

NIL

(a) Significant Overlap with any UG/PG course of the
Dept./Centre/ School
(b)  [Significant Overlap with any UG/PG course of other NIL
Dept./Centre/ School
8.2/Supersedes any existing course NIL

Not allowed for NIL




10. [Frequency of offering  [_]Every semester [X]Isem [ ]Il sem [ ]Either semester
(check one box)
11. |[Faculty who will teach the course Rahul Marathe, Amruta Mishra, Sankalpa
Ghosh, Ajit Kumar, Saswata Bhattacharya, Sujin Babu, Varsha Banerjee, V. Ravishankar.
\12. \Will the course require any visiting faculty? \ No
13. |[Course objectives “On successful completion of this course, a student should be able to have
requisite mathametical skills required by every physist.”
14. |Course contents
: Linear Algebra, complex analysis, fourier transfors and delta functions, Sturm-
Liouville’s theorem and orthogonal functions, ordinary differential equations, Green Functions.
15. Lecture Outline(with topics and number of lectures)
Module Topic No. of hours
no.
1 Linear Algebra- 10
Vector spaces, metric spaces, linear operators and their algebra, eigen values
and eigen vectors, N-dimensional vector spaces, matrix algebra.
2 Complex analysis - 8
analytic functions, conformal transformations, series of analytic functions,
calculus of residues, multivalued functions, Reimann surfaces, integrals of
complex functions, dispersion relations, analytic continuation, method of
steepest descent, gamma functions.
3 Fourier transforms (FTs), Dirac _ functions, properties of FTs, convolution and 6
deconvolution, correlation functions and energy spectra, Parseval's theorem,
applications.
4 Sturm-Liouville (SL) theory- 6




SL operators, expansions in orthogonal functions, Rodrigues
formula, recurrence relations, di_erential equations satis_ed by classical
polynomials (Bessel, Legendre, Hermite, Jacobi, etc.)

5 Ordinary di_erential equations — 6
The Hypergeometric equation, functions related to the Hy-
pergeometric function (Bessel, Legendre, Hermite, Jacobi, etc.).

6 Green's function (GF) for solutions of di_erential equations- 6

eigen functions method, method of images, integral transforms.

Total Lecture hours (14 times ‘L)

16. Brief description of tutorial activities:

Module
no.

Description

No. of hours

Problem solving sessions and clarification of doubts.

Total Tutorial hours (14 times ‘T")

17. Brief description of Practical / Practice activities

Module
no.

Description

No. of hours

Total Practical / Practice hours (14 times ‘P’)

18. Brief description of module-wise activities pertaining to self-learning

component (Only for 700 / 800 level courses) (Include topics that the students would do self-
learning from books / resource materials: Do not Include assignments / term papers etc.)

Module
no.

Description




19. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

Mathematics for Physicists : Dennery and Krzywicki, Dover Publications.

Mathematical Methods for Physics and Engineers : Riley, Hobson and Bence,
Cambridge University Press.

Mathematical Methods of Physicis : Mathews and Walker, Addison-Wesley Pub-
lishing Company.

Mathematical Methods in the Physical Sciences M. L. Boas, Wiley.
Mathematical Methods for Physicists : Arfken, Academic Press.

Methods of Theoretical Physics | and Il, P. M. Morse and H. Feshback, McGraw
Hill.

Complex Analysis, L. Ahlfores, McGraw Hill.

20. Resources required for the course (itemized student access requirements, if any)

20.1 | Software

20.2 | Hardware

20.3 | Teaching aids (videos, etc.) Projector

20.4 | Laboratory

20.5 | Equipment

20.6 | Classroom infrastructure Yes

20.7 | Site visits

20.8 | Others (please specify)




21. Design content of the course (Percent of student time with examples, if possible)

21.1 | Design-type problems

21.2 | Open-ended problems

21.3 | Project-type activity

21.4 | Open-ended laboratory work

21.5 | Others (please specify)

Date: (Signature of the Head of the Department/ Centre / School)

\Date of Approval of Template by Senate \

The information on this template is as on the date of its approval, and is likely to evolve with time.
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COURSE TEMPLATE

1. Department/Centre PHYSICS
proposing the course
2. | Course Title SOLID STATE PHYSICS
(< 45 characters)
3. L-T-P structure 3-1-0
4, Credits 4
5. Course number
6. Status Program Core (PC)
(category for program)
7. Pre-requisites None
(course no./title)
8. Status vis-a-vis other courses (give course number/title)
8.1 | Overlap with any UG/PG course of the Dept./Centre No
8.2 | Overlap with any UG/PG course of other Dept./Centre | NO
8.3 | Supercedes any existing course PHL554
9. Not allowed for
(indicate program names)
10. | Frequency of offering | [ ]Everysem [ Jistsem [ ]2ndsem [X]Either sem
11. | Faculty who will teach the course
Pankaj Srivastava, Neeraj Khare, Ratnamala Chatterjee,Sankalpa Ghosh,
Sujeet Chaudhary, BR Mehta, Pinto Das
12. | Will the course require any visiting No
faculty?
13. | Course objective (about 50 words):
14. | Course contents (about 100 words) (Include laboratory/design activities):

Crystal lattices, Reciprocal lattice, Equivalence of Bragg and Laue
formulations, Ewald Construction, Bonding & packing in crystals.

Free electron theory: Drude and Sommerfield’s model of conductivity.
Electrons in a Periodic Potential, Bloch Theorem in lattice and reciprocal
space, origin of band gap in a weak periodic potential, Kronig-Penney Model,
Band structures, Metal, Insulator Semiconductor, Concepts of Effective mass,
light and heavy holes in semiconductor, optical properties of semiconductors.
Wannier functions, Tight binding model and Calculation of Band structure,

Fermi Surfaces.




Page 2

Thermal Properties: Classical & Quantum Theory of Harmonic Crystal in one-,
two-, & three dimensions, Specific Heat at high and low temperatures, Normal
Modes & phonons, Einstein & Debye models of specific heat.

Special class of Dielectrics & Polarizability, Ferroelectric, Piezoelectric.
Magnetism: Diamagnetism, Paramagnetism, Hunds Rule, Curie’s Law, Cooling
by Diamagnetism, Pauli Paramagnetism, Curie’s weiss Law Ferromagnetism
and Antiferromagnetic ordering, Domains.

Superconductivity: Basic Phenomenology, Meissner effect, London penetration
depth, coherence length, Flux quantization,




15. Lecture Outline (with topics and number of lectures)

Page 3

Module Topic No. of
no. hours
1 Crystal lattices, Reciprocal lattice, Equivalence of Bragg and Laue 7
formulations, Ewald Construction, Bonding & packing in crystals.
2 Free electron theory: Drude and Sommerfield’s model of conductivity. 3
3 Electrons in a Periodic Potential, Bloch Theorem in lattice and 7
reciprocal space, origin of band gap in a weak periodic potential,
Kronig-Penney Model, Band structures, Metal, Insulator
Semiconductor, Concepts of Effective mass, light and heavy holes in
semiconductor, optical properties of semiconductors.
4 Wannier functions, Tight binding model and Calculation of Band 5
structure, Fermi Surfaces.
5 Thermal Properties: Classical & Quantum Theory of Harmonic Crystal 5
in one-, two-, & three dimensions, Specific Heat at high and low
temperatures, Normal Modes & phonons, Einstein & Debye models of
specific heat.
6 Special class of Dielectrics & Polarizability, Ferroelectric, Piezoelectric. 3
7 Magnetism: Diamagnetism, Paramagnetism, Hunds Rule, Curie’s Law, 6
Cooling by Diamagnetism, Pauli Paramagnetism, Curie’s weiss Law
Ferromagnetism and Antiferromagnetic ordering, Domains.
8 Superconductivity: Basic Phenomenology, Meissner effect, London 6
penetration depth, coherence length, Flux quantization, Type I, Type
Il, BCS theory, Energy gap, Josephson effect & SQUID.
9 Hi
10
11 ##
12
COURSE TOTAL (14 times ‘L") 42

16. Brief description of tutorial activities

Problem sessions will be incorporated in the lectures. Also, term papers on various topics
will be given as a self study component.

17. Brief description of laboratory activities

Module Experiment description No. of
no. hours
1 HitH
2
3
4
5
6
7
8
9
10
COURSE TOTAL (14 times ‘P’) HHH




Page 4

18. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

19. Resources required for the course (itemized & student access requirements, if any)

19.1 | Software

19.2 | Hardware

19.3 | Teaching aides (videos, etc.) | Projection System

19.4 | Laboratory

19.5 | Equipment

19.6 | Classroom infrastructure YES

19.7 | Site visits

20. Design content of the course (Percent of student time with examples, if possible)

20.1 | Design-type problems

20.2 | Open-ended problems

20.3 | Project-type activity

20.4 | Open-ended laboratory work

20.5 | Others (please specify)

Date: (Signature of the Head of the Department)




Page 1

COURSE TEMPLATE

1. Department/Centre Physics
proposing the course
2. | Course Title QUANTUM MECHANICS 1
(< 45 characters)
3. L-T-P structure 3-1-0
4., Credits 3
5. Course number
6. Status M Sc.
(category for program)
7. Pre-requisites DEPARTMENT CORE
(course no./title)
8. Status vis-a-vis other courses (give course number/title)
8.1 | Overlap with any UG/PG course of the Dept./Centre
8.2 | Overlap with any UG/PG course of other Dept./Centre | NONE
8.3 | Supercedes any existing course PHL555
9. Not allowed for
(indicate program names)
10. | Frequency of offering | [ ]Everysem [ Jistsem [ ]2ndsem [ ]Either sem
11. | Faculty who will teach the course
SANKALPA GHOSH, V RAVISHANKAR, AMRUTA MISHRA, JOYEE GHOSH,
AJIT KUMAR, ANY OTHER MEMBER iIN THEORY GROUP
12. | Will the course require any visiting ,NO
faculty?
13. | Course objective (about 50 words):
FAMILIARIZING STUDENTS WITH THE THEORETICAL FRAMEWORK OF
NON RELATIVISTIC QUANTUM MECHANICS AND ITS APPLICATIONS TO
SIMPLE PROBLEMS
14. | Course contents (about 100 words) (Include laboratory/design activities):

Introductiion, Quantum Mechanical Wave function, Born interpretation, Basic
Formalism ( Dirac bra-ket formalism), State vectors, operators and their
representation, Review of one dimensional example, One dimensional
harmonic oscillator, creation and annihilation operator, Landau Problem,
Symmetries in Quantum Mechanics, Hydrogen atom, Entanglement




15. Lecture Outline (with topics and number of lectures)

Page 2

Module Topic No. of
no. hours
1 lintroduction: Problems with classical physics: Double-Slit 3
experiment;  Quantum mechanical wave function and Born
interpretation:
2 Basic Formalism: Dirac’s bra-ket formalism, matrix representation of 10
vectors and operators: Postulates of Quantum Mechanics in bra-ket
language. Schroedinger Equation.
3 One dimensional Examples: A brief review of problems involving 2
Schroedinger Equation in one dimension ( Box potential, potential
barrier and tunneling, potential well)
4 1D Harmonic Oscillator: One-dimensional harmonic oscillator, creation 5
and annihilation and number operators and construction of stationary
states wave functions.
5 Landau Problem: Quantum Mechanics of a charged particle in a 3
uniform magnetic field.
6 Symmetries in Quantum Mechanics : Translational, Rotational and 4
Parity.
7 Quantum Theory of Angular momentum: Raising and Lowering 7
Operator, eigenvalues and eigenfunctions, Spin angular momentum,
Addition of angular momentum and C-G coefficients
8 Hydrogen atom: Schroedinger Equation of a particle moving in a 5
central force field: Hydrogen atom, energy levels and eigenvalues,
bound states. The full electronic wavefunction in co-ordinate and spin-
space and Pauli formalism.
9 Entanglement: Entangled State, EPR Paradox, Bell's Inequalities 4
10 2
11
12

COURSE TOTAL (14 times ‘L")

16. Brief description of tutorial activities

Problems will be solved in tutorials to understand the concepts better. Any difficulties in
lecture will be addressed.

17. Brief description of laboratory activities

Module Experiment description No. of
no. hours
1 iaidii
2
3
4
5
6
7
8
9
10
COURSE TOTAL (14 times ‘P Hihh




Page 3

18. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

Principles of Quantum Mechanics - R Shankar, Springer ( Indian Edition), Second Edition
Lectures on Quantum Mechanics- Ashoke Das, Hindusthan Book Agency, 2003
Modern Quantum Mechanics- J. J. Sakurai, Pearson Education ( LPE),

19. Resources required for the course (itemized & student access requirements, if any)

19.1 | Software

19.2 | Hardware

19.3 | Teaching aides (videos, etc.)

19.4 | Laboratory

19.5 | Equipment

19.6 | Classroom infrastructure

19.7 | Site visits

20. Design content of the course (Percent of student time with examples, if possible)

20.1 | Design-type problems

20.2 | Open-ended problems

20.3 | Project-type activity

20.4 | Open-ended laboratory work

20.5 | Others (please specify)

Date: (Signature of the Head of the Department)




COURSE TEMPLATE

(Please avoid changing the number of tables, rows and columns or text in dark black, but fill only the columns relevant to tt
by editing the columns in grey letters or blank columns: this would help in automating the processing of template information
curricular use)

1. |Department/Centre/School proposing the Physics

course
2. |Course Title Statistical Mechanics
3. |[L-T-P structure 3-1-0
4. [Credits 4 Non-graded Units
5. Course number PHL556
6. |Course Status (Course Category for Program)

Institute Core for all UG programs No
Programme Linked Core for:

Departmental Core for: M. Sc. Physics Program
Departmental Elective for:

Minor Area / Interdisciplinary Specialization Core for:
Minor Area / Interdisciplinary Specialization Elective for:
Programme Core for:

Programme Elective for:
Open category Elective for all other programs (No if Institute Core) No

7. |Pre-requisite(s)

8. [Status vis-a-vis other courses

8.1[List of courses precluded by taking this course (significant overlag)
(a)  [Significant Overlap with any UG/PG course of the NO
Dept./Centre/ School
(b)  Significant Overlap with any UG/PG course of other NO
Dept./Centre/ School
8.2Supersedes any existing course NO

0. Not allowed for UG




10. Frequency of offering | [Everysemester | |lsem [</llsem [ [Either semester
(check one box)
11. [Faculty who will teach the course
Dr. Varsha Banerjee, Dr. Sujin B. Babu, Dr. Saswata Bhattacharya, Dr. Rahul Marathe,
any other faculty in Statistical Mechanics, Condensed matter Physics Group.
12. Will the course require any visiting faculty? | No
13. (Course objectives :
To introduce the students to the general notions of Statistical Mechanics viz. The Gibb's
ensemble theory. Using this approach to calculate properties of classical systems. Density
matrix approach for Quantum mechanical systems. Fermions, Bosons and their statistics.
Introduction to phase transitions in classical spin systems like Ising model.
14. (Course contents
Introduction to statistical methods. Some basic notions of Random walks, Poisson distribution,
Gaussian Distribution. Statistical basis for thermodynamics: Macrostates, microstates, Gibb's
paradox. Gibb's ensemble theory: Phase space perspective, Liouville's theorem.
Microcanonical, Canonical and Grand Canonical ensembles. Partition function. Calculations of
Physical properties of classical systems using ensemble approach. Thermodynamic relations.
Applications of ensemble theory. Quantum statistical Mechanics: Density matrix approach,
Statistical Mechanics of Bosons and Fermions, Bose-Einstein condensation, Pauli
paramagnetism, Landau diamagnetism. Quantum statistics of Harmonic oscillators. Non-ideal
gases, virial expansion. Brief introduction to Phase transitions, critical phenomena. Transfer
matrix approach, application to 1d Ising model.
15. Lecture Outline(with topics and number of lectures)
Module Topic No. of hours
no.
1 Random walks and its properties 3
2 Basic notions of Probability theory 3
3 Phase Space and Liouville's theorem 2
4 Gibb's ensemble theory Micro-canonical, Canonical, Grand-Canonical 7
ensembles and related topics.
5 Calculations of Physical properties using ensemble theory approach. 9
Applications of Gibb's ensemble theory to classical prototype systems.
[Thermodynamic relations
6 Quantum statistical mechanics. Density matrix approach for Quantum 9

mechanical systems, statistical mechanics of Bosons, Fermions. Bose-Einstein
condensation. Paramagnetism, diamagnetism. Quantum statistics of Harmonic
oscillators.




Non-ideal gases, virial expansion
Introduction to phase transitions, critical phenomena, classical spin models.

O|W

o ol©|wlN

Total Lecture hours (14 times ‘L) 42

16. Brief description of tutorial activities:

Module Description No. of hours
no.
1 Problem solving session on Lecture modules 1-2 2
2 Problem solving session on Lecture modules 3-5 5
3 Problem solving session on Lecture modules 6-7 4
4 Problem solving session on Lecture modules 8 3
Total Tutorial hours (14 times ‘T’) 14
17. Brief description of Practical / Practice activities
Module Description No. of hours

no.

Total Practical / Practice hours (14 times ‘P’)

BiB:Af description of module-wise activities pertaining to self-learning component
(Only for 700 / 800 level courses) (Include topics that the students would do self-learning from books /
resource materials: Do not Include assignments / term papers etc.)

Module Description
no.




19. Suggested texts and reference materials

STYLE: Author name and initials, Title, Edition, Publisher, Year.

1) Pathria R. K., Statistical Mechanics, 2™ Edition, Elsevier (1996).

2) Huang K., Statisitcal Mechanics, 2" Edition, Wiley (2008).

3) Landau L., Lifschitz E. M. Statistical Physics Part. 1, vol. 5 in course of Theoretical
Physics, 3™ edition, Elsevier Science (1980).

4) Plischke M., Begersen B., Equilibrium statistical Physics, 2nd Edition, World Scientific
(1994).

20. Resources required for the course (itemized student access requirements, if any)

20.1

Software

20.2

Hardware

20.3

Teaching aids (videos, etc.)

20.4

Laboratory

20.5

Equipment

20.6

Classroom infrastructure

20.7

Site visits

20.8

Others (please specify)

21.

Design content of the course (Percent of student time with examples, if possible)

21.1

Design-type problems

21.2

Open-ended problems

21.3

Project-type activity

214

Open-ended laboratory work

21.5

Others (please specify)

Date: (Signature of the Head of the Department/ Centre / School)

Date of Approval of Template by Senate |

The information on this template is as on the date of its approval, and is likely to evolve with time.













COURSE TEMPLATE
(Please avoid changing the number of tables, rows and columns or text in dark black, but fill only the columns

relevant to the template by editing the columns in grey letters or blank columns: this would help in automating
the processing of template information for curricular use)

1. |Department/Centre/School proposing the|PHYSICS
course
2. |Course Title Electronics
3. L-T-P structure (3-1-0)
Credits 4 Non-graded Units
Course number PHL557
Course Status (Course Category for Program) PG

Institute Core for all UG programs No
Programme Linked Core for:

Departmental Core for: M.Sc (Physics) Programs
Departmental Elective for:

Minor Area / Interdisciplinary Specialization Core for:
Minor Area / Interdisciplinary Specialization Elective for:
Programme Core for:

Programme Elective for:

Open category Elective for all other programs (No if Institute Core) (Yes / No)

7. Pre-requisite(s)

8. Status vis-a-vis other courses
8.1|List of courses precluded by taking this course (significant overlap)

(a) Significant Overlap with any UG/PG course of the
Dept./Centre/ School

(b)  [Significant Overlap with any UG/PG course of other
Dept./Centre/ School

8.2Supersedes any existing course




Not allowed for

10.

Frequency of offering  [_]Every semester [X]Isem [ _]llsem [_]Either semester
(check one box)

11.

Faculty who will teach the course Dr Mukesh Chander, Dr J.P Singh

\Will the course require any visiting faculty? \ No

13.

Course objectives

This core course is for M.Sc (Phy) students to make them familiar with basic and
advanced analog and digital electronics used in circuit and instrument designing. To
provide practical knowledge electronic based design problems are included.

14.

Course contents

Basics of semiconductor devices such as diode, transistor, FET and MOSFET; BJT and
FET based amplifiers, oscillators, switches, circuit analysis by hybrid and r parameters,
Operational amplifier and their applications, timer circuit, dc power supplies, Filters and
digital circuits, counters, registers, ADC and DAC and microprocessor.

15.

Lecture Outline(with topics and number of lectures)

Module Topic No. of hours
no.

Basics of p-n junction devices, transistor , FET and MOSFET devices

Small or large signal amplifiers, feedback amplifier, multistage amplifiers

Hybrid and r parameters, circuit analysis

JFET, MOSFET and their applications

DC differential amplifier, Operational amplifier,

Circuits using op amp.: amplifiers, Schmitt trigger, clipping and clamping,

Sample and hold circuit, Logarithmic and antilog amplifiers, multivibrators and
oscillators, active RC filters

DC Power supplies and Regulators, Switching mode power supplies

Digital circuits: Logic gates, combinational logic, K-Map, flip flop,

Shift register, counters, DAC and ADC converter,

(e
RBlo|lol ~Njo|u|hswN(F

Microprocessor, controller, memory devices, 1/0O device

Blo|slos| plwlw|s|w|s|w

Total Lecture hours (14 times ‘L)




16. Brief description of tutorial activities:

Module Description No. of hours
no.

Total Tutorial hours (14 times ‘T")

17. Brief description of Practical / Practice activities

Module Description No. of hours
no.

Total Practical / Practice hours (14 times ‘P?)

18. Brief description of module-wise activities pertaining to self-learning

component (Only for 700 / 800 level courses) (Include topics that the students would do self-
learning from books / resource materials: Do not Include assignments / term papers etc.)

Module Description
Nno.

19. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

=

A.P. Malvino, Electronic Principles

J.Millman and C.C. Halkias, Integrated electronics ,Tata McGraw Hill

3. R.L.Boylestad and L. Nashelsky, Electronic Devices and Circuit Theory (8" Ed.) Pearson
Education Asia

4. Malvino and Leech , Digital Electronics,

no




20. Resources required for the course (itemized student access requirements, if any)

20.1 | Software PSpice software for electronic circuit design on PC

20.2 | Hardware

20.3 | Teaching aids (videos, etc.)

20.4 | Laboratory

20.5 | Equipment

20.6 | Classroom infrastructure

20.7 | Site visits

20.8 | Others (please specify)

21. Design content of the course (Percent of student time with examples, if possible)

21.1 | Design-type problems 30% time will be used on design problems and examples

21.2 | Open-ended problems

21.3 | Project-type activity

21.4 | Open-ended laboratory work

21.5 | Others (please specify)

Date: (Signature of the Head of the Department/ Centre / School)

\Date of Approval of Template by Senate \

The information on this template is as on the date of its approval, and is likely to evolve with time.



COURSE TEMPLATE

(Please avoid changing the number of tables, rows and columns or text in dark black, but fill only the columns
relevant to the template by editing the columns in grey letters or blank columns: this would help in automating
the processing of template information for curricular use)

1. Department/Centre/School proposing the PHYSICS
course
2. Course Title APPLIED OPTICS
3. L-T-P structure 3-1-0
4. Credits 4 Non-graded Units
5. Course number PYL558
6. Course Status (Course Category for Program) PC
Institute Core for all UG programs No

Programme Linked Core for:

Departmental Core for: PHS (M.Sc - Physics)
Departmental Elective for:

Minor Area / Interdisciplinary Specialization Core for:
Minor Area / Interdisciplinary Specialization Elective for:
Programme Core for:

Programme Elective for:

Open category Elective for all other programs (No if Institute Core) No

7. Pre-requisite(s)

8. Status vis-a-vis other courses

8.1|List of courses precluded by taking this course (significant overlap)

(a) Significant Overlap with any UG/PG course of the
Dept./Centre/ School

(b)  [Significant Overlap with any UG/PG course of other
Dept./Centre/ School

8.2/Supersedes any existing course PHL558

0. Not allowed for




10.

Frequency of offering  [_IEvery semester [ ]isem [ ]ilsem [ ]Either semester
(check one box)

11.

Faculty who will teach the course

\Will the course require any visiting faculty? \ No

13.

Course objectives: To provide foundations of advanced topics in Optics and some of
the optical phenomena, and their applications in Science and Engineering. The course
is at a level complementing an undergraduate course or a first course in Optics.

14.

Course contents : E. M. Waves in a Medium: Review of Maxwell's equations
and propagation of e. m. waves, Various states of polarization and their analysis.
Anisotropic Media, Plane waves in anisotropic media, Uniaxial crystals, some
polarization devices. Diffraction: Scalar waves, The diffraction integral, Fresnel
and Fraunhofer diffraction, Diffraction of a Gaussian beam, Diffraction grating.
Fourier Optics and Holography: Spatial frequency and transmittance function,
Fourier transform by diffraction and by lens, Spatial-frequency filtering, phase-
contrast microscope. Holography: On-axis and off-axis hologram recording and
reconstruction, Types of hologram and some applications. Coherence and
Interferometry: Spatial and temporal coherence, fringe visibility, Michelson stellar
interferometer, Optical beats, Multiple beam interference,  Fourier transform
spectroscopy. Guided Wave Optics: Modes of a planar waveguide, Optical fibers:
Step-index and graded index fibers, Waveguide theory and Quantum Mechanics,
Applications of optical fibers in Communication and Sensing.

15.

Lecture Outline(with topics and number of lectures)

Module Topic No. of hours
no.

E. M. Waves in a Medium: Review of Maxwell's equations 3
and propagation of e. m. waves, reflection and refraction of e.
m. waves, total internal reflection and evanescent waves.
\/arious states of polarization and their analysis.

Anisotropic Media, Plane waves in anisotropic media, Wave 4
refractive index, Uniaxial crystals, some polarization devices.

Diffraction: Scalar waves, The diffraction integral, Fresnel 7




and Fraunhofer diffraction, Single-slit, Circular aperture,
Resolving power, Diffraction of a Gaussian beam, Diffraction
grating.

Fourier Optics: Basics of Fourier transform operation,
Definition of spatial frequency and transmittance function,
Fourier transform by diffraction and by lens, Spatial-
frequency filtering, types of filters, Abbe-Porter experiments,
phase-contrast microscope.

Holography: Principle of holography, On-axis and off-axis
hologram recording and reconstruction, Types of hologram
and some applications.

Coherence and Interferometry: Basics of coherence theory,
spatial and temporal coherence, fringe visibility, Michelson
stellar interferometer, Optical Dbeats, Multiple beam
interference, The Fabry-Perot interferometer, and its
application to spectral analysis. Fourier transform
spectroscopy, Laser speckles.

Guided Wave Optics: Guided wave structures, Ray analysis,
Modes of a planar waveguide, Physical understanding of
modes, Optical fibers: Guided modes of step-index and graded
index fibers, Waveguide theory and Quantum Mechanics,
Applications of optical fibers in Communication and Sensing.

Total Lecture hours (14 times ‘L)

42

16. Brief description of tutorial activities:

Module Description No. of hours

no.

1 Basic concepts, examples and numerical problems related to Reflection, 4

refraction and polarization of EM waves

2 Gaussian beams and diffraction, basics examples and numericals 2

3 Fourier integral and its applications in spatial frequency filtering 2

4 Two beam and multiple beam interferometry and applications through 3

examples and numericals
5 Basics of guided wave optics, examples, numericals, and applications 3
Total Tutorial hours (14 times ‘T’) 14




17. Brief description of Practical / Practice activities

Module Description No. of hours
no.

Total Practical / Practice hours (14 times ‘P’)

18. Brief description of module-wise activities pertaining to self-learning
component (Only for 700 / 800 level courses) (Include topics that the students would do self-
learning from books / resource materials: Do not Include assignments / term papers etc.)

Module Description
no.

19. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

REFERENCE BOOKS:

1. Ajoy Ghatak, Optics, Tata McGraw Hill, New Delhi, (Fifth Edition) 2012

2. E. Hecht, Optics, Pearson Education Inc. (Fourth Edition) 2002,

3. Ajoy Ghatak and K. Thyagarajan, Optical Electronics, Cambridge University Press
(1989).

4. J. W. Goodman, Fourier Optics, Viva Books Pvt. Ltd., New Delhi, (Third Edition)
2007.

5. Ajoy Ghatak and Arun Kumar, Polarization of Light with Applications in Optical
Fibers, Tata McGraw Hill, New Delhi, 2012




20. Resources required for the course (itemized student access requirements, if any)

20.1 | Software

20.2 | Hardware

20.3 | Teaching aids (videos, etc.)

20.4 | Laboratory

20.5 | Equipment

20.6 | Classroom infrastructure

20.7 | Site visits

20.8 | Others (please specify)

21. Design content of the course (Percent of student time with examples, if possible)

21.1 | Design-type problems

21.2 | Open-ended problems

21.3 | Project-type activity

21.4 | Open-ended laboratory work

21.5 | Others (please specify)

Date: (Signature of the Head of the Department/ Centre / School)

\Date of Approval of Template by Senate \

The information on this template is as on the date of its approval, and is likely to evolve with time.



COURSE TEMPLATE

(Please avoid changing the number of tables, rows and columns or text in dark black, but fill only the columns
relevant to the template by editing the columns in grey letters or blank columns: this would help in automating
the processing of template information for curricular use)

1. |Department/Centre/School proposing the/Physics Department
course

2. Course Title Atomic and Molecular Physics

3. |L-T-P structure 3-0-0

4. |Credits 3 Non-graded Units Ni

5. [Course number PHL567

6. Course Status (Course Category for Program) PHL
Institute Core for all UG programs No
Programme Linked Core for: No
Departmental Core for: No
Departmental Elective for: Physics
Minor Area / Interdisciplinary Specialization Core for: No
Minor Area / Interdisciplinary Specialization Elective for: No
Programme Core for: No
Programme Elective for: M.Sc. (Physics)
Open category Elective for all other programs (No if Institute Core) No

7. |Pre-requisite(s) No

8. Status vis-a-vis other courses

8.1|List of courses precluded by taking this course (significant overlap) Nil

(a) Significant Overlap with any UG/PG course of the Nil
Dept./Centre/ School

(b)  [Significant Overlap with any UG/PG course of other Nil
Dept./Centre/ School

8.2/Supersedes any existing course Nil

0. Not allowed for




10.

Frequency of offering  |Either semester
(check one box)

11.

Faculty who will teach the course : Professor R.K. Soni, Professor Sujeet

Choudhary, Dr.A.K. Shukla, Dr.Amartya Sengupta, Dr. Rajendra S. Dakha

\Will the course require any visiting faculty? \ No \

13.

Course objectives :

To provide a detailed understanding of the structure of atoms and molecules and an
understanding of the interactions between electromagnetic radiation and matter and
their applications.

14.

Course contents

Course objectives (about 50 words. “On successful completion of this course, a student
should be able to...”):

Hydrogen and alkali metals, double fine structure of atoms, two electron atom,
Zeeman and Paschen-back effect, X-ray spectra, general factors influencing spectral
line width (Collision, Doppler effect, Heisenberg) and line intensities (transition
probability, population of states, Beer- Lambert law), Molecular symmetry, irreducible
representations, Rotational and vibrational spectra of diatomic molecules, FTIR and
Laser Raman spectroscopy, electronic spectra, Franck-Condon principle, bond
dissociation energies, Molecular orbital and models, laser cooling of atom.

15.

Lecture Outline(with topics and number of lectures)

Module Topic No. of hours

Theory of atoms 9
Hydrogen atom, the quantization of energy, Alkali atom, Energy level diagram,
Effective quantum number and quantum defect, Lamb shift, Two electron atom,
LS and jj coupling, X-ray spectra: energy levels, Emission and absorption
spectra.

Interaction of atoms with electric and magnetic field 6
Magnetic effects, Processional motion, Spin-orbit interaction, fine structure,
Influence of external magnetic field: Zeeman and Paschen-back

effects in one and two electron atom, g-factor.

Line width and broadening 4
General factors influencing spectral line widths (collisional, Doppler
Heisenberg), transition probability, population of states, Beer- Lambert law

Molecular Physics 9
Molecular symmetry, irreduciable representation
Rotational Spectra of diatomic molecule, intensity of spectral lines,
Effect of isotope substitutions, non-rigid rotator




Vibrational spectra of diatomic molecules, harmonic and anharmonic
Vibrator-rotational spectra

Pure rotational Raman spectra, linear and symmetric top molecules,
vibrational Raman spectra, rotational fine structure, selection rule,
overtone spectra,

Electronic properties of molecules

Electronic spectra of diatomic molecules: Born-Oppenheimer

Approximation, Franck-Condon principle, Dissociation energy and dissociation
products, rotational fine structures, pre-dissociation of molecules

Orbital theory of molecules
Molecular orbital theory, shape of molecular orbitals, classification of
States, spectrum of hydrogen molecules

Laser cooling of atoms

Total Lecture hours (14 times ‘L")

42

16. Brief description of tutorial activities: Nil

Module
no.

Description

No. of hours

Total Tutorial hours (14 times ‘T’)

17. Brief description of Practical / Practice activities: Nil

Module
no.

Description

No. of hours

Total Practical / Practice hours (14 times ‘P?)

18. Brief description of module-wise activities pertaining to self-learning

component (Only for 700 / 800 level courses) (Include topics that the students would do self-
learning from books / resource materials: Do not Include assignments / term papers etc.): Nil

Module
no.

Description




19. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.
1. Introduction to Atomic Spectra, H.E.White, McGraw Hill, 1934
2. Basic Atomic and Molecular Spectroscopy- Basic Aspects and Practical Applications,
Svanberg Sune, Springer, 4th ed., 2004
3. Quantum Physics of Atoms, Molecules, Solids, Nuclei and Particles, Robert
Eisenberg and Robert Resnick,2ed Ed, John Wiley & Sons, 2004.
4. Fundamental of Molecular Spectroscopy, Colin N. Banwell and Elaine M. McCash,
4th ed,2004
20. Resources required for the course (itemized student access requirements, if any) : Nil
20.1 | Software
20.2 | Hardware
20.3 | Teaching aids (videos, etc.)
20.4 | Laboratory
20.5 | Equipment
20.6 | Classroom infrastructure
20.7 | Site visits
20.8 | Others (please specify)
21. Design content of the course (Percent of student time with examples, if possible):Nil
21.1 | Design-type problems
21.2 | Open-ended problems
21.3 | Project-type activity
21.4 | Open-ended laboratory work
21.5 | Others (please specify)




Date: (Signature of the Head of the Department/ Centre / School)

\Date of Approval of Template by Senate \

The information on this template is as on the date of its approval, and is likely to evolve with time.



COURSE TEMPLATE

(Please avoid changing the number of tables, rows and columns or text in dark black, but fill only the columns
relevant to the template by editing the columns in grey letters or blank columns: this would help in automating
the processing of template information for curricular use)

1. |Department/Centre/School proposing thePHYSICS
course

2. Course Title Nuclear And Particle Physics
3. |L-T-P structure 3-0-0
4.  [Credits 3 Non-graded Units
5. |Course number PHL-569
6. Course Status (Course Category for Program) PG

Institute Core for all UG programs No

Programme Linked Core for:

Departmental Core for:

Departmental Elective for:

Minor Area / Interdisciplinary Specialization Core for:

Minor Area / Interdisciplinary Specialization Elective for:

Programme Core for: MSc. Physics.

Programme Elective for:

Open category Elective for all other programs (No if Institute Core) (Yes / No)
7. |Pre-requisite(s) NIL

8. Status vis-a-vis other courses

8.1|List of courses precluded by taking this course (significant overlap)

(a) Significant Overlap with any UG/PG course of the
Dept./Centre/ School

(b)  [Significant Overlap with any UG/PG course of other
Dept./Centre/ School

8.2/Supersedes any existing course

0. Not allowed for




10.

Frequency of offering

(check one box)

[ 1Every semester DXl sem [ ]Il sem [ |Either semester

11.

Faculty who will teach the course Amruta Mishra, A.K.Shukla, Shantanu Ghosh, V. Rvishankar.

\Will the course require any visiting faculty? \ No

13.

Course objectives Tointroduce the student to basic aspects of nuclear and sub-nuclear physics.

14.

Course contents

: N-N interaction, iso-spin symmetry, nuclear models, beta decay, detectors and

particle accelarators, quark model, deep inelastic scattering, nuclear astrophysics, fundamental particles.

15.

Lecture Outline(with topics and number of lectures)

Module

no.

Topic

No. of hours

1

Basic properties of Nucleons and Nuclei

A quick review of masses, radii, spins and magnetic momenta of the nucleons
and nuclei,

the Weiz acker Mass formula, stable and unstable nuclei.

The nucleon- nucleon (N - N) interaction

The deuteron and its properties, non-central nature of nuclear force, absence of
proton-proton and neutron-neutron bound states, Isospin, Nucleon-Nucleon
scattering, conse-quences of isospin symmetry and experimental evidence in N-
N and pi- N scattering,realistic potentials.

Nuclear models
Thomas Fermi; nuclear shell model, magnetic moments and spin parity of nuclei,

the




magic numbers; The collective model and application to even-even nuclei, their

spectrum
and selection rules for radiation.
* |Beta Decay 4
Fermi's theory of Beta decay, the Curie plot, mass of the neutrino, Fermi and
Gamow Teller transitions, allowed and forbidden transitions. parity violation in
beta decay and its experimental evidence.
> |Detectors and Particle Accelerators 3
Particle detetctors and accelerators, simple applications to material science and
medicine
®  Nucleon Structure | 6
Strongly interacting particles, hadrons { baryons and mesons, Hagedorn
temperature, degeneracy in Baryon and meson spectra, SU(3) symmetry,
strangeness, Gellmann-quark model, color quantum number.
" Nucleon Structure I /
Brief review of Rutherford scattering, electron-nucleon elastic scattering, form
factors, charge and current distributions , inelastic scattering, deep inelastic
scattering, structure functions, scaling laws, quark-parton model, evidence for
colour, need for gluons and experimental evidence. Introduction to QCD. Some
open problems.
®  NNuclear Astrophysics 5
Stellar structure, Nuclear burning stages { hydrogen and helium burning, core
collapse, Chandrashekhar limit, supernova, white dwarf, neutron stars, pulsars
and black holes; synthesis of nuclei in stars.
9 4

Fundamental Particles

Fundamental interactions and their properties, strengths and ranges, leptons
and baryon generations, Gauge bosons and the Higgs, conservation laws, the
particle zoo.

Total Lecture hours (14 times ‘L")

16. Brief description of tutorial activities:

Module
no.

Description

No. of hours

Total Tutorial hours (14 times ‘T")




17. Brief description of Practical / Practice activities

Module
no.

Description

No. of hours

Total Practical / Practice hours (14 times ‘P’)

18. Brief description of module-wise activities pertaining to self-learning

component (Only for 700 / 800 level courses) (Include topics that the students would do self-
learning from books / resource materials: Do not Include assignments / term papers etc.)

Module
no.

Description

19. Suggested texts and reference materials

STYLE: Author name and initials, Title, Edition, Publisher, Year.

M.G.Bowler, Femto Physics.

A.Das and T.Ferbel, Introduction to nuclear and particle physics.
F. Halzen and A.D.Martin,Quarks and Leptons.
I.J.R.Aitchison and A.J.G.Hey, Guage Theories in Particle Physics.

20. Resources required for the course (itemized student access requirements, if any)

20.1 | Software

20.2 | Hardware

20.3 | Teaching aids (videos, etc.)

Projector Systems

20.4 | Laboratory




20.5 | Equipment

20.6 | Classroom infrastructure Yes

20.7 | Site visits

20.8 | Others (please specify)

21. Design content of the course (Percent of student time with examples, if possible)

21.1 | Design-type problems

21.2 | Open-ended problems

21.3 | Project-type activity

21.4 | Open-ended laboratory work

21.5 | Others (please specify)

Date: (Signature of the Head of the Department/ Centre / School)

\Date of Approval of Template by Senate \

The information on this template is as on the date of its approval, and is likely to evolve with time.



COURSE TEMPLATE

(Please avoid changing the number of tables, rows and columns or text in dark black, but fill only the columns
relevant to the template by editing the columns in grey letters or blank columns: this would help in automating
the processing of template information for curricular use)

1. |Department/Centre/School proposing thePHYSICS
course

2. Course Title Quantum Mechanics I
3. |L-T-P structure 3-0-0
4.  [Credits 3 Non-graded Units
5. |Course number PHL-5XX
6. Course Status (Course Category for Program) PG

Institute Core for all UG programs NO

Programme Linked Core for:

Departmental Core for:

Departmental Elective for:

Minor Area / Interdisciplinary Specialization Core for:

Minor Area / Interdisciplinary Specialization Elective for:

Programme Core for: MSc. Physics

Programme Elective for:

Open category Elective for all other programs (No if Institute Core) (Yes / No)
7. |Pre-requisite(s) PHL-555

8. Status vis-a-vis other courses

8.1|List of courses precluded by taking this course (significant overlap)
(a) Significant Overlap with any UG/PG course of the NIL
Dept./Centre/ School
(b)  [Significant Overlap with any UG/PG course of other NIL
Dept./Centre/ School
8.2/Supersedes any existing course NIL

0. Not allowed for NIL




10. [Frequency of offering  [_]Every semester [ JIsem [X]Il sem [ ]Either semester
(check one box)

11. |Faculty who will teach the course

\12. \Will the course require any visiting faculty? \ NO

13. |Course objectives

14. |Course contents
: Time independent perturbation theory, time dependent perturbation theory,
approximation techniques, identical particles, interaction of atoms with radiation, relativistic particles.

15. Lecture Outline(with topics and number of lectures)

Module Topic No. of hours
no.
1 Time independent Perturbation Theory 9

Rayleigh Schr odinger Perturbation theory for degenerate and non-
degenerate cases; Applications to bound state problems such as anharmonic
oscillator, The Zeeman effects,Stark effect; second order perturbation,
suscptibility and non-linear e

ects, limitations of Rayleigh-Schr odinger perturbation theory; variational
techniques, generic properties of variational wave functions for energy
eigenstates, simple examples and application to Helium Atom.

2 Time dependent perturbation Theory 9
Schr odinger, Heisenberg andilnteraction representations,
application to time dependent external potentials, NMR, rotating
wave approximation, Rabi oscillations, Energy-time uncertainty
relation, Schwinger-Dyson expansion, concept of S matrix,




M oller operators, scattering cross-section

Identical particles
Concept of identity and permutation symmetry, symmetric and antisymmetric
states, exclusion principle, the periodic table, scattering of identical particles.

Approximation Techniques

Born approximation, Rutherford scattering, WKB approximation and expansion
in powers of 6 h, application to tunneling and bound state problems, Adiabatic
and sudden approximations with examples, Hartree and Hartree Fock
approximations, Slater determinants and application to Atomic systems.

Interaction of atoms with radiation
Semiclassical treatment of interaction with radiation, multipole expansions, the
dipole approximation, photoelectric effect, atomic transitions, selection rules.

Relativistic Particles

The Klein Gordon Equation, Klein paradox, The Dirac equation, standard
solutions, interaction with electromagnetic eld, reduction to Pauli equation, spin
and g-factor of the electron, negative energy solutions, antiparticles { Dirac and
Feynman-St uckelberg interpretations.

Total Lecture hours (14 times ‘L)

16. Brief description of tutorial activities:

Module
no.

Description

No. of hours

Total Tutorial hours (14 times ‘T")

17. Brief description of Practical / Practice activities

Module
no.

Description

No. of hours

Total Practical / Practice hours (14 times ‘P’)

18. Brief description of module-wise activities pertaining to self-learning




component (Only for 700 / 800 level courses) (Include topics that the students would do self-
learning from books / resource materials: Do not Include assignments / term papers etc.)

Module
no.

Description

19. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

R. Shankar, Principles of Quantum Mechanics.
J.J.Sakurai, Modern Quantum Mechanics.

W. Griener, Quantum Mechanics and Introduction.
W.Griener, Relativistic Quantum Mechanics.

20. Resources required for the course (itemized student access requirements, if any)
20.1 | Software

20.2 | Hardware

20.3 | Teaching aids (videos, etc.) Pojection System

20.4 | Laboratory

20.5 | Equipment

20.6 | Classroom infrastructure Yes

20.7 | Site visits

20.8 | Others (please specify)

21. Design content of the course (Percent of student time with examples, if possible)
21.1 | Design-type problems

21.2 | Open-ended problems

21.3 | Project-type activity

21.4 | Open-ended laboratory work




| 21.5 | Others (please specify) |

Date: (Signature of the Head of the Department/ Centre / School)

\Date of Approval of Template by Senate \

The information on this template is as on the date of its approval, and is likely to evolve with time.



COURSE TEMPLATE

(Please avoid changing the number of tables, rows and columns or text in dark black, but fill only the columns
relevant to the template by editing the columns in grey letters or blank columns: this would help in automating
the processing of template information for curricular use)

1. Department/Centre/School proposing the Physics
course
2. |Course Title Biophotonics
3. |L-T-P structure 3-0-0
4.  [Credits 3 Non-graded Units
5. |Course number PHL-760
6. Course Status (Course Category for Program)
Institute Core for all UG programs (Yes/ No)
Programme Linked Core for:
Departmental Core for:
Departmental Elective for:
Minor Area / Interdisciplinary Specialization Core for:
Minor Area / Interdisciplinary Specialization Elective for:
Programme Core for:
Programme Elective for:
Open category Elective for all other programs (No if Institute Core) (Yes / No)
7. Pre-requisite(s)
8. Status vis-a-vis other courses
8.1|List of courses precluded by taking this course (significant overlap)
(a) Significant Overlap with any UG/PG course of the
Dept./Centre/ School
(b)  [Significant Overlap with any UG/PG course of other
Dept./Centre/ School
8.2/Supersedes any existing course

Not allowed for




10. [Frequency of offering  [_]Every semester [ Jisem [ ]Il sem [ ]Either semester
(check one box)

11. |Faculty who will teach the course D.S. Mehta, Kedar Khare

\12. \Will the course require any visiting faculty? \ (Yes/no)

13. |[Course objectives X
Bio-photonics is the emerging area of advanced photonics technologies which are important for light-
tissue interaction, non-contact, non-invasive imaging, sensing and diagnostics in biology and medicine.
The objective is to develop understanding and experience about the Physics of medical imaging and
Biophotonics and their principles and imaging concepts. Following the completion of this course,
students will have a basic understanding of the different optical signatures found in biological systems
and the various methods and instruments used to measure them. This will enable the student to evaluate
modern bio-photonic instrumentation and understand the most recent literature in the field of bio-
photonics.

14. |Course contents:

Introduction to Biophotonics: Photobiology: Light-tissue interactions and light induced effects
in Biological systems.

Optical properties of tissue — absorption, scattering, diffraction, and emission.

Spectroscopy: Fluorescence, Raman and diffuse reflectance spectroscopy: Physics and their
applications

Basic principles of optical imaging and spectroscopy systems. Principles of standard optical
microscopy/fluorescence microscopy/ endoscopy and instrumentation.

Confocal microscopy: Principles and instrumentation and applications. Two-photon and multi-
photon microscopy.

Physics of optical tweezers and it’s applications in biology. Bio-medical applications of lasers:
Laser scissors, Photo-dynamic therapy.

Optical coherence tomography (OCT): Physics, imaging concepts and applications. Photo-
acoustic tomography (PAT): physics, imaging concepts and applications.
Radiation physics, X-Ray imaging:Physics and working principles.

Magnetic resonance imaging (MRI): Physics, working principles and imaging and applications.

Ultrasound imaging: physics, principles, imaging concepts and application.




15. Lecture Outline(with topics and number of lectures)

Module Topic No. of hours
no.
1 Introduction to Biophotonics: Light-tissue and light-biological cell 3
interaction/Light induced effects in Biological systems.
2 Spectroscopy: Fluorescence, Raman and diffuse reflectance spectroscopy: 4
Physics and their applications.
3 Optical microscopy/fluorescence microscopy/endoscopy and confocal 4
microscopy, two-photon and multi-photon microscopy
4 Optical coherence tomography (OCT): physics, imaging concepts and 6
applications.
5 Photo-acoustic tomography (PAT): physics, imaging concepts and 6
applications.
6 Optical tweezers: physics and applications in biology and Biomedical 4
applications of lasers.
7 Radiation physics, X-Ray imaging:Physics and working principles. 3
8 Magnetic resonance imaging (MRI): Physics, working principles and imaging 3
and applications.
9 Ultrasound imaging: physics, principles, imaging concepts and applications 3
10 Optical Biosensors: fiber optic, evanescent wave, surface plasmon resonance 3
and Nano-Biophotonics
11 Nanoscopy: Advanced biomedical imaging 3
Total Lecture hours (14 times ‘L) 42

16. Brief description of tutorial activities:

Module
no.

Description

No. of hours

Total Tutorial hours (14 times ‘T")

17. Brief description of Practical / Practice activities

Module
no.

Description

No. of hours

Total Practical / Practice hours (14 times ‘P’)




18. Brief description of module-wise activities pertaining to self-learning
component (Only for 700 / 800 level courses) (Include topics that the students would do self-
learning from books / resource materials: Do not Include assignments / term papers etc.)

Module Description
Nno.

19. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

i. Biomedical Photonics Handbook by Tuan Vo-Dinh, CRC Press, 2003.
ii. Introduction to Biophonics by P.N. Prosad, John-Wiley 2003.
iii. Optical Imaging and Microscopy, Peter Torok, Fu-jen Kao (Eds.), Springer 2003
iv. Handbook of Optical Coherence Tomography, By Bouma and Fujimoto, 2002.
v. Optical Coherence Tomography:Technology and Applications by Wolfgang Drexler and
J.G. Fujimoto, Springer 2008
vi. Optical Trapping and Manipulations by laser,Arthur Ashkin, 2006, World Scientific
vii. Coherent Light Microscopy : Imaging and Quantitative Phase Analysis:
By Pietro Ferraro, Adam Wax, Zeev Zalevsky, Springer 2011.
viii. Principles of optics, By Born and Wolf.
ix. Biomedical Optics: Principles and Imaging, Lihong Wang and H. Wu, Wiley 2007

20. Resources required for the course (itemized student access requirements, if any)

20.1 | Software

20.2 | Hardware

20.3 | Teaching aids (videos, etc.)

20.4 | Laboratory

20.5 | Equipment

20.6 | Classroom infrastructure

20.7 | Site visits

20.8 | Others (please specify)




21. Design content of the course (Percent of student time with examples, if possible)

21.1 | Design-type problems

21.2 | Open-ended problems

21.3 | Project-type activity

21.4 | Open-ended laboratory work

21.5 | Others (please specify)

Date: (Signature of the Head of the Department/ Centre / School)

Date of Approval of Template by Senate |

The information on this template is as on the date of its approval, and is likely to evolve with time.
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COURSE TEMPLATE

1. Department/Centre PHYSICS
proposing the course
2. | Course Title ADVANCED STATISTICAL
(< 45 characters) MECHANICS
3. L-T-P structure 3-0-0
4. Credits 3
5. Course number ~700
6. Status PG/Ph. D.
(category for program)
7. Pre-requisites PG: PHL556/STATISITCAL MECHANICS
(course no.fitle) Ph. D. : NIL
8. Status vis-a-vis other courses (give course number/title)
8.1 | Overlap with any UG/PG course of the Dept./Centre NIL
8.2 | Overlap with any UG/PG course of other Dept./Centre NIL
8.3 | Supercedes any existing course NIL
9. Not allowed for uG
(indicate program names)
10. | Frequency of offering | [ |Everysem [X]istsem [ |2 sem [ ]Either sem
11. | Faculty who will teach the course
DR. SUJIN B. BABU, DR. VARSHA BANERJEE, DR. RAHUL
MARATHE
12. | Will the course require any visiting NO
faculty?
13. | Course objective (about 50 words):
To introduce students to more advanced level techniques of statistical
mechanics, theory of phase transitions and critical phenomena, renormalization
group and to related computational techniques.
14. | Course contents (about 100 words) (Include laboratory/design activities):

Review of basic thermodynamics, thermodynamic potentials, equation of state.
Theory of ensembles, density matrix. Thermodynamics of phase transitions,
concept of thermodynamic stability, metastability and instability, Van der Waal
eqguation of state, phase coexistence and Gibbs phase rule. Lattice models to
describe phase transition e.g Ising model, Heisenberg model etc. Landau
theory of second order phase transitions, scaling hypothesis, critical exponents
and universality classes, spatial correlation, correlation length, importance of
fluctuations near critical point. Mean Field theory, Transfer matrix method.




Page 2

Concept of renormalization group. Ising model, renormalization in one
dimension. Related numerical methods, Monte-Carlo simulations of spin

systems.
15. Lecture Outline (with topics and number of lectures)
Module Topic No. of
no. hours
1 Review of Basic Thermodynamics 3
2 Thermodynamics of phase transition 4
3 Critical phenomena, lattice models 6
4 Landau Theory of phase transition 6
5 Scaling hypothesis, critical exponents 4
6 Mean Field theory and transfer matrix method 5
7 Computational techniques 8
8 Renormalization Group 6
9
10
11
12
COURSE TOTAL (14 times ‘L)
16. Brief description of tutorial activities
17. Brief description of laboratory activities
Module Experiment description No. of
no. hours

Blo|o|N|o (o~ |w|n|-

COURSE TOTAL (14 times ‘P

18. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

1) Pathria R. K., Statistical Mechanics, 3" edition, Elsevier India Pvt. (2011).

2) Huang K, Statistical Mechanics, 2" Edition, Wiley India Pvt. Ltd. (2008)

3) Goldenfeld N., Lectures on Phase Transitions and the Renormalization Group, 1% Edition,
Sarat Book House (2005).

4) Kadanoff L., Statistical Physics: Statics, Dynamics and Renormalization, 1% edition, World
Scientific (2000).

5) Plischke M., Begersen B., Equilibrium statistical Physics, 2nd Edition, World Scientific
(1994).

6) Chaikin P. M., Lubensky T. C., Principles of Condensed Matter physics, Cambridge
University Press, 4™ edition (2000).




Page 3

6) Binder K., Heermann D. W., A Guide to Monte Carlo Simulations in Statistical Physics, 3"
Edition, Cambridge University Press (2013).

19. Resources required for the course (itemized & student access requirements, if any)

19.1 | Software MATLAB

19.2 | Hardware

19.3 | Teaching aides (videos, etc.)

19.4 | Laboratory

19.5 | Equipment

19.6 | Classroom infrastructure

19.7 | Site visits

20. Design content of the course (Percent of student time with examples, if possible)

20.1 | Design-type problems

20.2 | Open-ended problems

20.3 | Project-type activity

20.4 | Open-ended laboratory work

20.5 | Others (please specify)

Date: 27/03/2015 (Signature of the Head of the Department)




COURSE TEMPLATE

(Please avoid changing the number of tables, rows and columns or text in dark black, but fill only the columns
relevant to the template by editing the columns in grey letters or blank columns: this would help in automating
the processing of template information for curricular use)

1. Department/Centre/School proposing the
course

2. Course Title

3. L-T-P structure
4. Credits Non-graded Units
5. Course number
6. Course Status (Course Category for Program)
Institute Core for all UG programs (Yes/ No)

Programme Linked Core for:

Departmental Core for:

Departmental Elective for:

Minor Area / Interdisciplinary Specialization Core for:

Minor Area / Interdisciplinary Specialization Elective for:

Programme Core for:

Programme Elective for:

Open category Elective for all other programs (No if Institute Core) (Yes / No)

7. Pre-requisite(s)

8. Status vis-a-vis other courses

8.1|List of courses precluded by taking this course (significant overlap)

(a) Significant Overlap with any UG/PG course of the
Dept./Centre/ School

(b)  [Significant Overlap with any UG/PG course of other
Dept./Centre/ School

8.2/Supersedes any existing course

0. Not allowed for




10. [Frequency of offering  [_]Every semester [X]Isem [ ]Il sem [ ]Either semester
(check one box)
11. |Faculty who will teach the course
\12. \Will the course require any visiting faculty? \ No
13. |[Course objectives
On successful completion of this course, a student should be able to learn some fundamental concepts of experimental
methods to characterize materials. This course also includes some state of the art experimental techniques to understand low
dimensional physical systems.
14. |Course contents):
Structural studies: X-ray diffraction, Electron diffraction; Composition analysis: Backscattering
spectrometry, secondary ion mass spectrometry, X-ray photoelectron spectroscopy, X-ray absorption;
Morphological study: Electron microscopy, Scanning probe microscopy.
Four probe resistivity method, Mobility and carrier concentration analysis,UV-visible spectrometry,
Photoluminescence, Magnetometry, Thermal studies.
15. Lecture Outline(with topics and number of lectures)
Module Topic No. of hours

1.1 XRD basics, geometry, instrumentation, Peak indexing and analysis of
cubic and hexagonal system.

1.2 Strain, crystallite size, precise lattice parameter and mixed phase analysis.

1.3 Electron diffraction: Phase identification and cross sectional analysis.

2.1 Rutherford backscattering spectrometry, secondary ion mass spectrometry
identification of elements and depth profile.

2.2 X-ray photoelectron spectroscopy, X-ray absorption

3.1 Scanning probe microscopy: Scanning electron microscopy, scanning
tunneling microscopy and atomic force microscopy

3.2 Transmission electron microscopy, dark field, bright field imaging, high
resolution mode.

4.1 Electrical transport measurements

4.2 Optical studies, UV-visible and photoluminescence spectroetry

4.3 Vibration sample and SQUID magnetometry

4.4 Thermal studies: TGA.

Svwlwlw| & gfls Aaj0] o

Total Lecture hours (14 times ‘L)

16.

Brief description of tutorial activities:




Module Description No. of hours
no.

Problems related to above topics will be discussed during lecture classes.

Total Tutorial hours (14 times ‘T")

17. Brief description of Practical / Practice activities

Module Description No. of hours
no.

Total Practical / Practice hours (14 times ‘P?)

18. Brief description of module-wise activities pertaining to self-learning

component (Only for 700 / 800 level courses) (Include topics that the students would do self-
learning from books / resource materials: Do not Include assignments / term papers etc.)

Module Description
Nno.

19. Suggested texts and reference materials
STYLE: Author name and initials, Title, Edition, Publisher, Year.

1. Fundamentals of Nanoscale Film Analysis, Alford, Feldmen and Mayer, Springer,
2007.
2. Expeimental Techniques , Sam Zhang, CRC Press, 2009.




20. Resources required for the course (itemized student access requirements, if any)

20.1 | Software

20.2 | Hardware

20.3 | Teaching aids (videos, etc.)

20.4 | Laboratory

20.5 | Equipment

20.6 | Classroom infrastructure

20.7 | Site visits

20.8 | Others (please specify)

21. Design content of the course (Percent of student time with examples, if possible)

21.1 | Design-type problems

21.2 | Open-ended problems

21.3 | Project-type activity

21.4 | Open-ended laboratory work

21.5 | Others (please specify)

Date: (Signature of the Head of the Department/ Centre / School)

Date of Approval of Template by Senate |

The information on this template is as on the date of its approval, and is likely to evolve with time.
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