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1. Introduction

The Department of Physics at the Indian Institute of Technology Jodhpur proposes to offer a 4-Year
undergraduate programme, Bachelor of Science (B.S.) in Engineering Physics. This programme is designed
to bridge the gap between fundamental physics and modern engineering applications, preparing students to
drive innovation in next-generation technologies that shape national priorities and global relevance.

Engineering Physics is an emerging domain that integrates core principles of physics with engineering
methodologies to deal with complex technological challenges. The programme aims to develop scientifically
grounded, innovation-driven graduates to excel in academia, industry, and entrepreneurial ventures. The
discipline links scientific discovery and technological innovation, making it highly relevant for areas such as
Semiconductor and Device Engineering, Quantum Technologies, Energy Materials and Sustainability,
Engineering Optics and Optoelectronics, Plasma and Thin Film Technologies;and related emerging fields.

The programme interfaces core physics with engineering applications, enriched by AI/ML and computational
approaches, to create a multifaceted academic experience. The curriculum covers a broad spectrum of
subjects, including classical and quantum physics, mathematical methods, probability and statistics,
computational physics, machine learning along with specialized courses in electronics, optics, condensed
matter, semiconductor device engineering, and quantum information. The curriculum sets an equal emphasis
on theory, laboratory courses and project-based learning, ensuring students excel in both research and
industries, while contributing to the emerging science and technology challenges aligned with the National
vision.

2. Objectives of the Program
The primary objective of the B.S. in Engineering Physics programme is to provide students with a strong
foundation in fundamental and applied physics while seamlessly integrating these principles with
cutting-edge engineering and technological domains. The programme is designed to develop analytical
thinking, computational proficiency, and robust problem-solving abilities, enabling students to tackle
complex real-world challenges. It also aims to foster innovation, nurture research aptitude, and cultivate an
entrepreneurial mindset. Ultimately, the programme prepares graduates to assume leadership roles in
emerging technology sectors, contribute meaningfully to scientific and technological advancement, and
pursue the following potential career options:
e Physics-driven engineering research, applying physical principles to design, model, and optimize
advanced systems and technologies with a broad range of applications.
e Fundamental research and academic profession, including higher studies and research in physics,
engineering, or interdisciplinary sciences.
e R&D in relevant industries for emerging technologies, including semiconductor manufacturing,
photonics, quantum technologies, and energy.
Roles in data science, Al, and computational modeling.
Positions in R&D organizations and national laboratories.
Entrepreneurial ventures and technology startups.
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3. Expected graduate attributes
The Graduates of the UG programme in Physics are expected to have the following attributes:

4.

Possess a deep understanding of fundamental and applied physics, along with engineering principles
to address complex technological challenges.

Apply critical scientific reasoning and quantitative analysis to identify, formulate, and solve complex
real-world problems.

Practical expertise in modern scientific instrumentation and experimental design.

Proficiency in computational tools, AI/ML, and data analytics to model complex systems.

Foster a strong research aptitude for critical evaluation of literature and innovation-driven problem
solving.

Commitment to continuous learning in rapidly evolving scientific and technological landscapes
towards leadership roles.

Learning outcomes

The Graduates of the UG programme in Physics will be able to:

Acquire knowledge of fundamental and applied physics principles along with the required
understanding of computing, mathematics, and engineering.

Create, select, and apply appropriate physics tools to solve complex engineering problems with an
understanding of the limitations through laboratory, design projects, and industrial exposure.

Apply the concepts in emerging technologies, including Quantum information and technology, Thin
Film and Device Engineering, Semiconductors, Photonics, Sustainable Energy.

Pursue knowledge to acquire new skill sets for research and innovation with professional ethics and
social responsibilities.

Develop an attitude for product design and entrepreneurial activities.

5. New skill sets targeted
The programme aims to develop the following key skill sets:

Problem-solving and computational analytics, including machine learning for contemporary
scientific and technological practice.
Scientific skills, including laboratory exposure to physical systems and devices, with experience in
frontline areas such as quantum technologies, semiconductor systems, Engineering optics, plasma
technologies, and green energy.
Professional skills, including scientific rigor and analytical ability for research and industry readiness
in emerging areas of science and engineering.
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B.S. in Engineering Physics Programme Structure and Curriculum

S. No. Course Type Course Category Credits
1. Institute Core (I) Engineering (IE) 16
Science (IS) 17
Humanities (IH) 06 39
3. Programme Core (P) Programme Compulsory (PC) 66
90
Programme Electives (PE) 18
BS Project 6
4. Open (O) Electives (OE) 12 12
Total (Graded) 141
5. Essential Audit (EA) Humanities (NH) 3
Engineering (NE) 3 12
Industry-Academia Summer 4
Internship outside IIT Jodhpur
(two summers, minimum 45
days)
Design Credit (ND) 2
Total (Graded + Non Graded) | 153
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Semester wise plan for BS in Engineering Physics

I Semester II Semester
Cat Course LTP CH |[(GC |NC Cat Course LTP CH | GC NC
Eneineerin Introduction to
IE & . 8 3-0-0 | 3 3 IE Machine 3-0-2 |5 4
Mechanics .
Learning
Introduction to
1IE Computer 3-0-2 5 4 IS Chemistry 3-0-0 |3 3
Science
IS [Physics 300 |3 |3 jg  |Mmwroductionto -y )4 3
Bioengineering
IH HSS I 3-0-0 | 3 3 IS Chemistry Lab 0-0-2 |2 1
IS Physics Lab 0-0-2 | 2 1 IH |HSSII 3-0-0 |3 3
IS Mathematics I 2-1-0 3 3 IS Mathematics II 2-1-0 3 3
IE Engln-eermg 0-0-2 ) 1 IE Engineering 0-0-2 ) 1
Drawing Workshop
NE  |Fheineenng 002 |2 |- |1 |ng |[Fhemeering 002 |2 |- |1
Design I Design II
NH Communlcatlon 0-0-2 ) ) | NE Introduf:tlon to 002 |2 i |
Skill Profession
Social Connect
NH and 0-0-1 1 - 0.5
Responsibilities
NH Performing Arts 0-0-1 | ) 0.5
I /Sports 1
Total 18 |3 Total 18
IIT Semester IV Semester
Cat Course LTP |CH |GC |NC | Cat Course LTP CH |GC NC
Envi
IE nvironmentand |, 0| 5| 5 PC  |Modern Physics [3-0-0 |3 | 3
Sustainability
Semiconducting
Classical and
P -1- 4 4 P -0-
¢ Mechanics 3-10 ¢ Optoelectronic 3-0:013 3
Devices
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Mathematical
Methods fi
PC crhoes or 310 |4 |4 PC |Crystallography (300 [3 | 3
Engineering
Physics
Scientific
PC  |Thermal Physics |3-0-0 |3 3 pc |Computingand i, o o s 3
Machine
Learning
Electromagnetic Quantum
PC  |Fields and 310 (4 |4 pc [ <uamEm 300 3 |3
Information
Plasma
General
Engineering
PC 0-0-6 |6 3
Physics Lab
Total 18 Total 18
Summer Internship 2
V Semester VI Semester
Cat Course LTP |CH |GC |NC | Cat Course LTP CH |GC NC
Quantum Thin Film and
PC - 300 |3 |3 PC  [Device 300 |3 |3
Mechanics . .
Engineering
PC Stat1§t1c31 300 | 3 3 PC Nuc.lear and ' 3-0.0 3 3
Physics Particle Physics
Atomic and
PC Electronics 3-0-0 | 3 3 PC  |Molecular 3-0-0 3 3
Spectroscopy
Engineerin, Advanced
P ics £ 3000 |3 |3 PC  |Quantum 300 |3 |3
p Mechanics
Applied Optics
PC  |and Electronics  [0-0-6 | 6 | 3 pc |Condensed 300 |3 |3
Matter Physics
Lab
Advanced
Enoi .
OE  |OpenElectivel [3-0-0 | 3 |3 pc | Emecng 006 |6 |3
Physics Lab
Professional Programme
N Ethics 1 R ok PE Rlective 1 30013 |3
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Total 18 1 Total 21
Summer Internship 2
VII Semester VIII Semester
Cat Course LTP |CH |GC |NC | Cat Course LTP CH |GC NC
PP BS Project | 0-0-3 - 3 PP  |BS Project 11 0-0-3 - 3
Programme Programme
PE Elective II 3-0:0 3 3 PE Elective IV 3-0:013 3
Programme Programme
PE Elective 111 3-0:0 3 3 PE Elective V 3-0:013 3
. Programme
OE Open Elective I ~ [3-0-0 3 3 PE Elective VI 3-0-0 |3 3
Electi
OE  |OpenElectivelll [3-0-0 |3 |3 OE ?\f’en CVE 1300 |3 | 3
Total 15 Total 15
Total of Graded Credit 141
Total of Non-Graded Credit 12
Grand Total 153

6. Eligibility Criteria & Admission Process:

Admissions to B.S. Programmes are made once a year (in July) through the all-India level Joint Entrance
Examination (JEE) conducted by IITs. The procedures and other requirements for admission are specified in
the JEE Information Brochure brought out every year.


https://www.iitj.ac.in/physics/en/undergraduate-program

https://www.iitj.ac.in/physics/en/undergraduate-program

Programme Core (PC) Courses

S. No. Course Name L-T-P Contact Hours Credits
1. Classical Mechanics 3-1-0 4 4
2. Mathematical Methods for Engineering 3-1-0 4 4

Physics
3. Thermal Physics 3-0-0 3 3
4. Electromagnetic Fields and Plasma 3-1-0 4 4
5. Modern Physics 3-0-0 3 3
6. Semiconducting and Optoelectronic Devices 3-0-0 3 3
7. Crystallography 3-0-0 3 3
8. Scientific Computing and Machine Learning 3-0-0 3 3
9. Quantum Information 3-0-0 3 3
10. Quantum Mechanics 3-0-0 3 3
11. Statistical Physics 3-0-0 3 3
12. Electronics 3-0-0 3 3
13. Engineering Optics 3-0-0 3 3
14. Thin Film and Device Engineering 3-0-0 3 3
15. Nuclear and Particle Physics 3-0-0 3 3
16. Atomic and Molecular Spectroscopy 3-0-0 3 3
17. Advanced Quantum Mechanics 3-0-0 3 3
18. Condensed Matter Physics 3-0-0 3 3
19. General Engineering Physics Lab 0-0-6 6 3
20. Applied Optics and Electronics Lab 0-0-6 6 3
21. Advanced Engineering Physics Lab 0-0-6 6 3

Total

[
(o)
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Minor in ‘Engineering Physics’ (6 PC courses)

S. No. | Name L-T-P
1. [ Thin Film and Device Engineering 3-0-0
2. | Electromagnetic Fields and Plasma 3-1-0
3. Quantum Mechanics 3-0-0
4, Quantum Information* 3-0-0
5.  Engineering Optics 3-0-0
6. Nuclear and Particle Physics 3-0-0

* The students who have done the ‘Quantum Information’ course must opt for ‘Modern Physics’ in order to
complete the credit requirements for the ‘Minor in Engineering Physics’.
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Programme Elective (PE) Courses

1 Medical Physics 400 3-0-0 3 3
2 Sustainable Nuclear Energy Engineering 400 3-0-0 3 3
3 Industrial Plasma Applications 600 3-0-0 3 3
4 Quantum Materials and Devices 600 3-0-0 3 3
5 Introduction to Soft Matter Physics 600 3-0-0 3 3
6 Nanoscience and Nanotechnology 700 3-0-0 3 3
7 Semiconductor Materials and Devices 400 3-0-0 3 3
8 Hydrogen Generation, Storage and 700 3-0-0 3 3
Applications
9 Electromagnetic Astronomy 400 3-0-0 3 3
10 High Energy Physics 700 3-0-0 3 3
11 Statistical Methods for Data Analysis 700 3-0-0 3 3
12 Particle Accelerators and Detectors 600 3-0-0 3 3
13 Quantum Communication QCL4010 3-0-0 3 3
14 Quantum Cryptography and Coding QCL7320 3-0-0 3 3
15 Quantum Computing QCLA4020 3-0-0 3 3
16 LED Technology 600 3-0-0 3 3
17 Nonlinear Optics 600 3-0-0 3 3
18 Laser Technologies and Ultrafast Optics 700 3-0-0 3 3
19 Entrepreneurship for Physicists 400 3-0-0 3 3



https://www.iitj.ac.in/physics/en/undergraduate-program

https://www.iitj.ac.in/physics/en/undergraduate-program

Course Content of
Programme Core Courses
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Title Physics Number PHL1010
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S/B.Tech. 1* Year Type IS
Prerequisite Nil

Objectives:

1. Provide an understanding of electric and magnetic field distribution and electromagnetic nature of radiation
2. Provide an understanding of electromagnetic wave propagation in different media.

Learning Outcomes:
1. Apply gradient, divergence, and curl to solve EM field problems.
2. Solve electrostatic and magnetostatic boundary value problems.
3. Explain EM wave propagation and optical phenomena (interference, diffraction, polarization).

Contents:

ELECTROMAGNETISM

Calculus of Fields: Concepts of Gradient, Divergence and Curl, Stokes and Green's theorems, Curvilinear
coordinates and Dirac delta function. [5 Lectures]

Electrostatics: Coulomb’s law, Divergence and Curl of electrostatic fields, electrostatic potential, conductors,
boundary conditions, Laplace’s equation, boundary value problem: Method of images, Electric dipole, Polarization,
Electric fields in matter, capacitors. [8 Lectures]

Magnetostatics: Lorentz force, Biot-Savart’s law, Divergence and Curl of magnetic fields, Vector potential,
Magnetic dipole, magnetization, Field of a magnetized object. [8 Lectures]

Magnetic Induction: Faraday’s law, Lenz’s law, self and mutual inductance, energy stored in magnetic field,
boundary conditions. [S Lectures]

Electromagnetic Waves: Displacement current, Maxwell’s equations in free space and medium, Poynting vector,
plane wave solutions of Maxwell’s equations.[5 Lectures]

OPTICS

Wave Nature of Light: Interference: Division of wavefront and amplitude, Diffraction: Fresnel and Fraunhofer
diffraction, Polarization: ordinary and extraordinary rays; plane, circular and elliptically polarized light,
birefringence, wave plates.

|8 Lectures]

Textbooks:
1. Griffiths, D.J., (2015), Introduction to Electrodynamics, 4™ Edition, Pearson Education India.
2. Ghatak, A K., (2017), Optics, 6™ Edition, McGraw Hill Education India.

References:
1. Ida, N, (2015), Engineering Electromagnetics, 3" Edition, Springer Nature
2. Hecht, E., (2017), Optics (Schaum's Outline Series), McGraw Hill Education India
3. Born, M. and Wolf, E., (1999), Principles of Optics: Electromagnetic Theory of Propagation, Interference
and Diffraction of Light, 7" Edition, Cambridge University Press.

Self Learning Material:
1. Ghosh, D.K., Electromagnetic Theory, Department of Physics, Indian Institute of Technology Bombay,
https://nptel.ac.in/courses/115101005/
2. Electricity and Magnetism, Department of Physics, Massachusetts Institute of Technology, MIT
OpenCourseWare, Course Number 8.02, (Spring 2007).:

11
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https://ocw.mit.edu/courses/physics/8-02-physics-ii-electricity-and-magnetism-spring-2007/#, License:
Creative Commons BY-NC-SA.

Title Physics Laboratory Number PHP1010
Department Physics L-T-P [C] 0-0-2 [1]
Offered for B.Tech. 1* Year Type IS
Prerequisite Nil

Objectives:

1. Provide understanding on usage of electrical, mechanical and optical systems for various measurements.
2. Provide understanding on applying analytical techniques, error estimation and graphical analysis to the
experimental data.

Learning Outcomes:
1. Understand interplay of electricity, magnetism and light
2. Develop idea of linear, rotational and vibrational motion and mechanic

Contents:
Laboratory Experiments
1. e/m ratio: Determination of charge-to-mass ratio of a charged particle
Basic current balance: Understanding electromagnetic forces
Dispersive power: Measuring the dispersive power of a prism using spectrometer
Diffraction of light wave: Examining the diffraction and interference pattern using single slit and double slits
Fresnel bi-prism: Determination of wavelength of monochromatic light source
Newton's rings: Study of Newton's rings in thin air-film
Hall effect: Determination of charge carrier density
Faraday rotation: Studying the effect of a magnetic field on the transmission of a linearly polarized light
. Air Track and Friction Experiments
10. Moment of Inertia of Flywheel
11. Vibration of string
12. Malus’s Law Experiment

O N U R LN

Textbooks:
1. Griffiths, D.J., (2015), Introduction to Electrodynamics, 4™ Edition, Pearson Education India.
2. Ghatak, A K., (2017), Optics, 6™ Edition, McGraw Hill Education India.

References:
1. Shukla, R.K. and Srivastava, A., (2006), Practical Physics, New Age International

2. Electromagnetism and Optics Laboratory Manual, Indian Institute of Technology, Jodhpur.
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Title Classical Mechanics Number PHL2XXX
Department Physics L-T-P [C] 3-1-0 [4]
Offered for B.S (Engineering Physics ) Type Program Core
Prerequisite

Objectives:

The Instructor will:
1. Discuss the fundamental principles of classical mechanics.
2. Provide concepts and problem-solving approaches related to dynamics of rigid bodies.

Learning Outcomes:

The students are expected to have the ability to:
1. Understand the basic methodology of classical mechanics.
2. Design and solve problems related to mechanical systems.

Contents:

Newtonian Framework of Single Particle System: Overview of Newton's laws and their interpretation in
describing physical systems. Definition of inertial reference frames, force, and mass. Galilean transformation.
Non-inertial frames and fictitious forces. Central force and motion under the inverse square law of force, Kepler’s
laws, equation of orbit. [7 Lectures]

Many-Particle Systems: System of particles, internal and external forces. Linear and angular momentum, torque,
and conservation laws. Centre of mass motion and the two-body problem. [5 Lectures]

Rigid body dynamics: Constraints defining the rigid body. Degrees of freedom of a rigid body. Moment of inertia
tensor. Moments and products of inertia of some symmetrical bodies. Euler's equations of motion. Symmetric top. [7
Lectures]

Lagrangian Approach to Mechanics: Constraints and their classification. Principle of least action. D'Alembert's
principle. Generalized coordinates, Euler-Lagrange's equations of motion. Generalised force. Applications of the
Lagrangian formulation: harmonic oscillators, simple pendulum, spherical pendulum.

[7 Lectures]

Hamiltonian formalism: Canonical conjugate momenta. Legendre transformation. Hamilton's equations of motion.
Cyclic coordinates and Noether’s theorem. Applications of Hamilton's equations. [7 Lectures]

Canonical Transformation: Generating functions. Canonical transformations. Poisson brackets and conservation
theorems in the Poisson bracket formalism. Transition from Poisson brackets to quantum commutators.
[6 Lectures]

Textbook:
1. Goldstein, H., Classical Mechanics, Pearson India Limited, New Delhi (2011).
2. Kleppner, Daniel; Kolenkow, Robert, An Introduction to Mechanics, Cambridge University Press (2021)
3. K. Raychaudhuri, Classical Mechanics, OUP India (1983)

References:
1. Rana & Joag, Classical Mechanics, Tata McGraw-Hill (1991)
2. Robert Resnick, Introduction to Special Relativity, Wiley (2021)
3. J. B. Hartle, Gravity: An Introduction to Einstein's General Relativity, Cambridge University Press (2021)
4. Landau, L.D. and Lifshitz, E.M., Mechanics, Pergamon Press, (1960).
5. N David Mermin, it’s about Time: Understanding Einstein's Relativity, Princeton University Press (2021)
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Online Course Material:
1. Banerjee D., Classical Mechanics, Indian Institute of Technology Kharagpur, Kharagpur,
https://nptel.ac.in/syllabus/115105098/

Title Mathematical Methods for Engineering Physics  |Number PHL2XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics) Type Program Core
Prerequisite

Objectives

This course aims to equip students with the advanced mathematical tools necessary to model and solve physical
problems. By the end of the semester, the students should be able to:
1. To understand the origin and properties of Legendre, Bessel, and Hermite functions in physical contexts like
electromagnetism and quantum mechanics.
2. To develop proficiency in solving second-order linear partial differential equations, e.g., Laplace, Wave, and
Heat equations, using various analytical methods including integral transforms.
3. To understand the theory of complex variables and apply residue calculus to evaluate contour integrals.

Learning Outcomes:
Upon successful completion of this course, students will be able to:
1. Identify and apply recurrence relations and Rodrigues' formulas for special functions to solve boundary
value problems.
2. Formulate and solve the Heat equation (diffusion), Wave equation (vibration), and Laplace equation
(potentials) using the method of separation of variables and integral transforms.
3. Apply the Cauchy Residue Theorem to evaluate definite integrals.

Contents:

Special Functions and Integrals: Ordinary and singular points of a linear differential equation, Beta and Gamma
functions, Dirac-delta function, Hypergeometric functions, Legendre, Hermite, Laguerre polynomials and their
associated polynomials, Bessel and spherical Bessel functions, Recurrence relations, Rodrigues formula, Integral
expressions, Applications in potential theory and wave mechanics such as evaluation of wave functions for Quantum
harmonic oscillator, Hydrogen atom, etc. [13 Lectures + 4 Tutorials]

Partial Differential Equations (PDEs) and Integral Transforms: PDEs in natural science, First order PDEs,
Classification of second order PDEs and reduction to canonical forms, Laplace and Poisson equations, Application
to boundary value problems in potential theory and steady-state thermal conduction, Heat equation and application
to molecular diffusion, Wave equation and application to vibrational modes of a string/membrane, Method of
separation of variables in different coordinate systems, Method of integral transforms. [13 Lectures +5 Tutorials]

Complex Analysis: Review of complex numbers and elementary functions, Analytic functions, Cauchy-Riemann
conditions, Harmonic functions, Classification of singularities, Order of poles and zeros, Cauchy’s residue theorem,
Contour integration and application to solving definite integrals, Jordan’s lemma, Evaluation of indefinite integrals,
Convergence of a power series, Taylor and Laurent series, Analytic continuation. [13 Lectures+ 4 Tutorials]

Textbooks:
1. G. B. Arfken, H. J. Weber, and F. E. Harris, Mathematical Methods for Physicists, Elsevier, 7th Ed., 2012.
2. S. D. Joglekar, Mathematical Physics: The Basics, Universities Press, 1st Ed., 2005.
3. S.D. Joglekar, Mathematical Physics: Advanced Topics, Universities Press, 1st Ed., 2006.
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References:
1. L. N. Sneddon, Elements of Partial Differential Equations, Dover, 2006.
2. M. L. Boas, Mathematical Methods in the Physical Sciences, John Wiley & Sons, 2005.
3. V. Balakrishnan, Mathematical Physics with Applications, Problems and Solutions, Ane Books, 2017.
4. M. R. Spiegel, Complex Variables, Schaum’s Outline Series, McGraw-Hill, 1999.

Self-Learning Material
1. Selected topics in Mathematical Physics, NPTEL course (by Prof. V. Balakrishnan, Department of Physics,
IIT Madras).

2. Linear Partial Differential Equations, MIT OpenCourseWare, Fall 2006,
3. https://ocw.mit.edu/courses/mathematics/18-303-linear-partial-differential-equations-fall-2006/index.html,
(by Dr. Matthew Hancock, Veryst Engineering, LLC)

Title Thermal Physics Number PHL2XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics ) Type Program Core
Prerequisite None

Objectives

The Instructor will:
1. To provide basic understanding and knowledge of fundamental and applied aspects of thermal physics.

2. To introduce the basic understanding of statistical physics.

Learning Outcomes:
The students are expected to have the ability to:
1. Understand the fundamentals of thermodynamics, kinetic theory of gases, and statistical physics.
2. Apply the concepts of thermal physics to various thermodynamic systems and processes in different
domains of physics and technology, including condensed matter and semiconductor materials and devices.

Contents:

Thermodynamics: Fundamentals of thermodynamics, Temperature and Entropy, Thermodynamic potentials,
Legendre transformations, Maxwell’s relations, Helmholtz and Gibbs free energies, General conditions for
thermodynamic equilibrium, First and second order phase transitions, Phase diagram, Gibbs phase rule, Equation of
state for ideal and Real gases, Virial expansion. [15 Lectures]

Kinetic theory of gases and Radiation: Maxwell-Boltzmann speed distribution law, Molecular collisions and mean
free path, Fundamentals of transport phenomena, Brownian motion and its significance, Random walks and
Einstein’s theory of molecular diffusion, Transport coefficients, Energy density and pressure of radiation, Blackbody
radiation, and Kirchhoff’s law. [16 Lectures]

Fundamentals of statistical physics: Principles of statistical physics, Concept of ensembles and introduction to
different statistics, Equipartition theorem, Degrees of freedom, Specific heats of monoatomic, diatomic, and
polyatomic gases, Specific heat of solids. [8 Lectures]

Textbooks:
1. Zemansky M W and Dittman R H, Heat and Thermodynamics, McGraw-Hill, 2017
2. Rief, F., Fundamentals of Statistical and Thermal Physics, Waveland Press, 2009
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References:
1. Schroeder, D., An Introduction to Thermal Physics, Oxford University Press, 2021
2. Kittel, C., and Kroemer, H., Thermal Physics, W. H. Freeman Publication, 1980
3. Callen, H. B. Thermodynamics and an Introduction to Thermostatistics, Wiley, 2nd Edition, 1985.
4. Blundell S. J. and Blundell, K. M., Concepts in Thermal Physics, Oxford University Press, 2009

Self-Learning Material:
1. Banerji D., Thermal Physics, NPTEL course material, Department of Physics, IIT Kharagpur
https://onlinecourses.nptel.ac.in/noc22_ph21/preview
2. Anand, T. N. C., Thermodynamics, NPTEL course material, Department of Mechanical Engineering, IIT

Madras https://onlinecourses.nptel.ac.in/noc20_ce27/preview

Title Electromagnetic Fields and Plasma Number PHL2XXX
Department Physics L-T-P [C] 3-1-0 [4]
Offered for B.S (Engineering Physics ) Type Program Core
Prerequisite

Objectives

The instructor will:
1. Provide basic understanding of electromagnetic (EM) fields and their applications.
2. Introduce plasma as the fourth state of matter and role of EM fields in differentiating it from the other
three thermodynamical states of matters.
3. Develop conceptual reasoning to connect EM fields and plasma theory to real-world plasma applications
(magnetically confined fusion plasma, astrophysical plasma and industrial plasma)
Learning Outcomes
The students are expected to have the ability to:
1. Explain and solve problems based on classical electrodynamics
2. Describe the role of EM fields in governing plasma behavior.
3. Explain the basic principles behind applications of plasma in Controlled Thermonuclear Fusion, Space
and industrial plasma systems
Contents
Electromagnetic (EM) Fields: Maxwell’s equations, Electromagnetic Waves, Wave Behavior in different Media,
Polarization, Fresnel’s equations, Waveguides, EM Radiations, EM fields applications in applied branches of
physical sciences. [12 Lectures+ 5 Tutorials]

Plasma Introduction: Plasmas in nature, Plasma definition and relevant characteristic parameters, basic plasma
concepts, Debye Shielding, Collision rates and mean-free paths, Plasma regimes and classification, Atomic
processes in plasmas, and scope of plasma applications. [5 Lectures + 4 Tutorials]

Single particle motions in EM Fields: Charged particle motion in uniform electromagnetic fields, Charged particle
motion in non-uniform magnetostatic field, Charged particle motion in time varying electromagnetic fields,
Adiabatic invariants. [7 Lectures+2 Tutorials]

Plasma as a fluid: Continuity equations, Convective derivative, Equations of state, Single fluid approximation,
MHD equilibria, Generalised Ohm’s Law, Cold plasma waves, Thermal effects on plasma waves, Electron plasma
waves, Electromagnetic waves in plasma, Equilibrium and stability. [8 Lectures+2Tutorials]
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Plasma Applications: Concepts of magnetically confined fusion plasma, astrophysical plasma and industrial
plasma systems. [7 Lectures]

Textbooks
1. Griffiths, J. David, Introduction to Electrodynamics, Prentice Hall.
2. Jackson, J. D., Classical Electrodynamics, Wiley India Pvt. Ltd., 2007.
3. F. F. Chen, Introduction to Plasma Physics and Controlled Fusion, Volume 1: Plasma Physics, NY,
Plenum Press, 1984
Reference Books
1. Lorrain, P. and Corson, D., Electromagnetic Fields and Waves, CBS Publishers, 2003.
2. R.J Goldston and Paul H. Rutherford, Introduction to Plasma Physics, Institute of Physics Publishing,
Bristol 1995.
3. John Wesson, Tokamaks, Clarendon Press- Oxford, 2004
4. P.I John, Plasma Sciences and the Creation of Wealth, Tata McGraw-Hill Education Company Pvt. Ltd.,
New Delhi, 2005

Self-Learning course material
1. Dighe, A., Electrodynamics, Tata Institute of Fundamental Research, Mumbai,
https://nptel.ac.in/syllabus/115101004/.
2. Online course material https://nptel.ac.in/courses/115102020/

Title Modern Physics Number PHL2XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics) Type Program Core
Prerequisite None

Objectives

The Instructor will:
1. Introduce the fundamental ideas of modern physics, including relativity, quantum theory, and the structure
of atoms and nuclei.
2. Explain the experimental basis and physical reasoning behind these concepts.
3. Connect these ideas to simple physical systems and real-world applications.

Learning Outcomes:

The students are expected to have the ability to:
1. Explain the core concepts of modern physics and interpret key experiments and physical phenomena.
2. Apply basic principles to simple problems and relate them to real physical systems and applications.

Contents:

Special Theory of Relativity (STR): Inertial frames and Galilean relativity, Postulates of STR, Failure of Ether
Hypothesis, Spacetime interval and Minkowski geometry, Time dilation and Length contraction, Lorentz
transformation and its application, Relativistic momentum, Energy, and the Energy—Momentum relation,
Relativistic Doppler effect, Twin paradox, introduction to General Relativity. [14 Lectures]|
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Early Quantum Theory: Failure of classical physics, Planck’s quantum hypothesis, Photoelectric effect, Compton
effect, Pair production, Wave Particle Duality, De Broglie Hypothesis, Davisson-Germer Experiment, Heisenberg
uncertainty principle, Stern-Gerlach Experiment, Schrodinger’s wave equation (time-dependent form), Wave
function and its physical interpretation, Particle in a one-dimensional box. [16 Lectures]

Atomic and Nuclear Physics Foundations: Rutherford scattering experiment and the nuclear model of the atom;
Bohr model of the hydrogen atom, Atomic Spectra, Franck—Hertz experiment, limitations of the Bohr model,
Atomic Transitions and Einstein coefficients, Lifetime of Excited states, Introduction to lasers. [9 Lectures]

Textbook:
1. Beiser, Arthur, Concepts of Modern Physics, McGraw-Hill, 6th edition, 2003.
2. Tipler, Paul A., and Llewellyn, Ralph A., Modern Physics, W. H. Freeman and Company, 6th edition, 2012.

References:
1. Eisberg, R., and Resnick, R., Quantum Physics, John Wiley & Sons, 2nd edition, 1985.
2. Serway, Raymond A., Moses, Clement J., and Moyer, Curt A., Modern Physics, Brooks/Cole, Cengage
Learning, edition not specified, year not specified.
3. Verma, H. C., Quantum Physics, Surya Publications, edition not specified, year not specified.

Self-Learning Material:
1. NPTEL Course Material, Prof. V. Balakrishnan, Department of Physics, IIT Madras
https://nptel.ac.in/courses/ 122106034/.
2. MIT OpenCourseWare: https://ocw.mit.edu/courses/8-04-quantum-physics-i-spring-2016/

Title Semiconducting and Optoelectronic Devices Number PHL2XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics) Type Program Core
Prerequisite Thin film and Device Engineering

Objectives:

The Instructor will:
1. Develop understanding of carrier transport and nonequilibrium physics
2. Analyze semiconductor devices (pn junction, MOSFET, BJT)
3. Understand optoelectronic devices (solar cells, LEDs, photodetectors, lasers)
4. Bridge device physics with real-world applications.

Learning Outcomes:
The students are expected to have the ability to:
1. Analyze carrier transport and recombination mechanisms
2. Model semiconductor devices
3. Understand optoelectronic device operation
4. Apply device physics to real-world problems
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Contents:
Carrier Transport Phenomena: Drift current, mobility, conductivity, Velocity saturation and high-field effects,
Diffusion current and Einstein relation. [4 Lectures]

Nonequilibrium Carrier Dynamies: Generation—recombination mechanisms, Continuity equation, Ambipolar
transport, Quasi-Fermi levels, Carrier lifetime. [5 Lectures]

pn junction physics: Built-in potential and depletion region, Electric field and charge distribution, Reverse bias
and capacitance, Breakdown mechanisms. [5 Lectures]

pn junction diode: Ideal diode equation, Minority carrier distribution, Recombination-generation currents.
[4 Lectures]

Metal-Semiconductor & Heterojunctions: Schottky diode, Ohmic contacts, Heterojunction band diagrams.
[3 Lectures]

MOS Physics & MOSFET: MOS capacitor and C—V characteristics, Threshold voltage, MOSFET operation,
Short-channel effects. [6 Lectures]

Bipolar & Field Effect Transistors: BJT operation and current gain, Modes of operation [2 Lectures]

Optoelectronic Devices: Optical absorption: absorption coefficient, electron-hole pair generation, p-n junction
solar cells, conversion efficiency, heterojunction solar cells, amorphous silicon solar cells, photoconductor,
photodiodes, phototransistors, photoluminescence, electroluminescence, LEDs, generation of lights, IQE, EQE,
stimulated emission and population inversion, optical cavity, threshold current, laser diodes. [10 Lectures]

Textbooks:
1. Donald E. Neamen, Semiconductor Physics and Devices, 2nd Ed. Tata Macgraw Hill, New Delhi.
2. S. M. Sze and Kwok K. Ng, Physics of Semiconductor Devices, 3rd Edition, Wiley.
3. Robert F. Pierret, Semiconductor Device Fundamentals, Pearson.

References:
1. Ben G Streetman and Banerjee, Semiconductor Devices, Tata Macgraw Hill, New Delhi.
2. Safaat O. Kasap, Optoelectronics and Photonics: Principles and Practices, 2nd Edition, Pearson.
3. B.E. A. Saleh and M. C. Teich, Fundamentals of Photonics, 2nd Edition, Wiley.

Self Learning Materials

1. Prof. M. R. Shenoy, Semiconductor Optoelectronics, NPTEL course material, Department of Physics, IIT
Delhi, https://nptel.ac.in/courses/115102026

2. Prof. Digbijoy N. Nath, Fundamentals of semiconductor devices, NPTEL course material, [ISc Bangalore
https://www.youtube.com/playlist?list=PLgMDNELGJ1CaNcuuQv9xN07ZWkXE-wCGP;
https://nptel.ac.in/courses/108108122
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Title Crystallography Number PHL2XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics ) Type Program Core
Prerequisite None

Objectives

The Instructor will:
1. Develop a fundamental understanding of crystal structures, symmetry, and lattice concepts in solid-state
systems.
2. Familiarize students with reciprocal lattice concepts, study of diffraction techniques for crystal structure
determination.
3. Explain defects in crystals and their influence on properties of materials.

Learning Outcomes:

The students are expected to have the ability to:
1. Describe and analyze crystal structures using lattice parameters, symmetry elements, and Miller indices.
2. Classify crystalline materials based on symmetry and identify common crystal systems and structures.
3. Explain the role of crystal defects and assess their impact on physical properties of materials.

Contents:

Fundamentals of Crystals and Lattice Geometry: Types of bonding in solids- primary and secondary bonds,
Radius ratio rules and Pauling’s rules, Classification of solids, lattice and basis, Unit cells, primitive and
conventional cells, Wigner—Seitz cell, 2D and 3D crystal systems and Bravais lattices, Interatomic distances,
Coordination number, packing fraction, Close-packed structures. [8 Lectures]

Crystallographic Symmetry: Crystallographic directions and Miller indices, Interplanar spacing and angles
between planes, Symmetry operations- Translation, rotation, reflection, inversion, roto-inversion, quasi crystals,
Point and Space groups, Hermann-Mauguin notation. [7 Lectures]

Reciprocal Lattice and Diffraction: Concept of reciprocal lattice, Construction of reciprocal lattice, Ewald sphere
construction, Diffraction conditions- Laue equations and Bragg’s law, Atomic form factor and structure factor,
intensity of diffracted beams, X-ray diffraction techniques- Laue and Powder method, Single crystal diffraction,
Monocrystalline and Polycrystalline solids, Reciprocal Space Mapping, Introduction to electron diffraction. [11
Lectures]

Common Crystal Structures: NaCl, CsCl, ZnS (zinc blende, wurtzite), Diamond, Graphite and Graphene,
Perovskite and spinel structures, Crystal structure-property relationships, Introduction to polymorphism and
isomorphism. [6 Lectures]

Crystal Defects: Ideal vs real crystals, 0D, 1D, 2D and 3D defects in crystals, Dislocations, Defect thermodynamics
and non-stoichiometry, Effect of defects on mechanical, electrical, and optical properties. Grain and grain
boundaries. [7 Lectures]

Textbooks:
1. Introduction to Solid State Physics, C. Kittel, Wiley India, 2018.
2. Cullity, B. D., and S. R. Stock. Elements of X-Ray Diffraction. 3rd edition.
3. Elements of Solid State Physics, J. P. Srivastava. PHI, 4™ Edition, 2024.
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Reference Books:
1. Structure of Materials, M D Graef and M E McHenry, Cambridge University Press 2007.
2. The Basics of Crystallography and Diffraction, C Hammond, IUCr, Oxford University Press.
3. Geometry of crystals, polycrystals, and phase transformations, H Bhadeshia, CRC Press, 2018.
4. Crystallography Applied to Solid State Physics, A R Verma and O N Srivastava, NewAge International
Publications 2005.

Online Course Material:
1. https://www.youtube.com/playlist?list=PL p6ek2hDcoNCOQUXzKMJ 3DKCI1YwUz6eK
2. https://ocw.mit.edu/courses/3-091-introduction-to-solid-state-chemistry-fall-2018/

Title Scientific Computing and Machine Learning | Number PHL4XXX

Department Physics L-T-P [C] 3-0-0 [3]

Offered for BS (Engineering Physics) & MSc (Physics) Type Program Core
Numerical methods,
Monte Carlo simulation,

Prerequisite None Antirequisite Kernel methods,
Probabilistic models,
Neural networks

Objectives

The instructor will:
1. Introduce numerical methods, computational physics techniques.
2. Provide fundamental understanding of machine learning ideas.

Learning Outcomes:
The students are expected to have the ability to:
1. Solve complex mathematical and physics related problems by using numerical methods.

2. Apply computational and machine learning techniques to model and simulate physical phenomena.

Contents:

Advanced numerical methods Solution of algebraic, transcendental and nonlinear equations: Iterative, bisection
and Newton-Raphson methods, Newton’s and Lagrange’s Interpolations, Least square curve fitting, Numerical
differentiation and integration, LU decomposition, Gauss elimination, Gauss-Jordon and Iterative methods for
solving linear systems, Eigenvalue problems, Euler and Runge-Kutta methods for solving ODEs. [17 Lectures]

Computational Physics and Simulation: Monte Carlo integration, variance reduction, importance sampling,
Markov Chain, Detailed balance condition, Metropolis algorithm, Random processes, Brownian motion, Diffusion
equation. [13 Lectures]

Machine Learning: Linear models, Kernel methods and SVM, Probabilistic models: Gaussian mixture models,
Dimensionality reduction: PCA, Introduction to manifold learning, Neural networks: Multilayer perceptrons,
Backpropagation; and Machine learning in physics.[13 Lectures]

21


https://www.iitj.ac.in/physics/en/undergraduate-program
https://www.youtube.com/playlist?list=PLp6ek2hDcoNCOQUXzKMJ_3DKC1YwUz6eK
https://ocw.mit.edu/courses/3-091-introduction-to-solid-state-chemistry-fall-2018/

https://www.iiti.ac.in/physics/en/undergraduate-program

Textbooks:
1. Chapra, S. C., and Canale, R. P. Numerical Methods for Engineers, 7" Edition, McGraw-Hill
Education.

2. Newman, M., Computational Physics, CreateSpace Independent Publishing Platform, 2012.
3. Press, W. H., Teukolsky, S. A., Vetterling, W. T., and Flannery, B. P. Numerical Recipes: The Art of
Scientific Computing, 3rd Edition, Cambridge University Press, 2007

References:
1. Allen, M. P,, and Tildesley, D. J., Computer Simulation of Liquids, Oxford University Press, 2nd ed.
2017.

2. Landau, D. P. and Binder, K., A Guide to Monte Carlo Simulations in Statistical Physics, 3rd Edition,
Cambridge University Press, 20009.

3. Mackay, D., Information Theory, Inference, and Learning Algorithms, Cambridge University Press,
2005.

Online Course Material:
1. MIT Open CourseWare, 3.320 “Atomistic Computer Modeling of Materials (SMA 5107)”, by Ceder,

G. and Marzari, N.; Spring 2005,
https://ocw.mit.edu/courses/materials-scienceand-engineering/3-320-atomistic-computer-modeling-of-
materials-sma-5107-spring-2005/

Title Quantum Information Number PHL2XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics) Type Program Core
Prerequisite None

Objectives

The Instructor will:
1. Build foundational knowledge and mathematical formalism as applied to quantum information processing.
2. Introduce students to the basics of quantum information.

Learning Outcomes:
The students are expected to have the ability to:
1. Apply quantum mechanical principles to analyze and describe quantum information aspects including
entanglement and nonlocality.
2. Implement and evaluate quantum information processing protocols such as cryptography, teleportation, and
error correction.

Contents:

Mathematical formalism: Brief history and foundations of quantum mechanics, pure and mixed states, density
operators and Bloch sphere, Schrodinger’s cat, Einstein- Podolsky-Rosen paradox, qubits, quantum gates and
quantum circuits. [11 Lecture]

Entanglement and Nonlocality: Bi-partite and multipartite states, quantum entanglement, quantum parallelism,
Bell states, Classical versus quantum correlations, Bell inequality and nonlocality, quantum steering. [7 Lectures]



https://www.iitj.ac.in/physics/en/undergraduate-program

https://www.iiti.ac.in/physics/en/undergraduate-program

Quantum information: No-cloning theorem, information and entropy, von- Neumann entropy, relative entropy
and interpretation, trace distance, fidelity. [6 Lectures]

Quantum Information Processing: Dense coding, teleportation, entanglement swapping, quantum cryptographic
protocols, quantum games. |7 Lectures]

Quantum Noise and operations: Quantum operations, Kraus operators and operator- sum representation,
examples and effects of noisy channels on entanglement, quantum error correction. [6 Lectures]

The State of the Art: Overview and state of the art, Difficulties and open questions, Experiments, Facts versus
fiction. [2 Lectures]

Textbooks:
1. Nielsen, M. A. and Chuang, I. L., (2010), Quantum Computation and Quantum Information, 10th
Anniversary addition, Cambridge University Press.

References:
1. Griffiths, D. J., (2016), Introduction to Quantum Mechanics, Reprint edition, Pearson Prentice Hall, 2006.
2. Bouwmeester, D., Ekert, A. and Zeilinger, A., (2000), The Physics of Quantum Information, Reprint
edition, Springer Berlin Heidelberg.
3. Bellac, M. L., (2006), A Short Introduction to Quantum Information and Quantum Computation,
Cambridge University Press

Self-Learning Material:
1. Goswami, D., Quantum Computing, NPTEL course material, Department of Chemistry, IIT Kanpur
https://www.youtube.com/watch?v=xnmpW{fOKPSE&Ilist=PLg-GmOyRYwT]7Fs6jyzYa83HErSrpXePQ
2. Preskill, J., Lecture Notes for Quantum Computation, Preskill Lecture Notes, California Institute of

Technology
Title General Engineering Physics Lab Number PHP2XXX
Department Physics L-T-P [C] 0-0-6 [3]
Offered for B.S (Engineering Physics ) Type Program Core
Prerequisite None
Objectives:

The Instructor will:
1. Provide an experimental understanding of Electromagnetic Waves and Fields and their significance in
various equipment.
2. Provide the experimental techniques regarding the fundamental concepts of Modern physics using different
measurement techniques
3. Introduce Numerical techniques, Monte Carlo methods and machine learning to solve real problems in
natural sciences.
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Learning Outcomes:
The students are expected to have the ability to:
1. Understand the basics related to the EM waves, working principles of various measurement techniques.
2. Develop computer programs and machine learning techniques to solve problems in science and engineering.

3. Apply the concepts and become familiar with experimental aspects of Modern Physics

Contents:
1. Optical etalon and Collimator:
a. To construct a Collimator and a Beam Expander using required optical components and measure the
expansion in the laser beam spot size.
b. To measure the FSR (free spectral range) and spacing of the etalon using Fabry-Perot etalon.
2. EM Field distribution Analysis:
a. Electrodynamics Numerical Solver: Electrostatic field distribution and its characterization for
circular geometrical structures
b. Electrodynamics Numerical Solver: Electrostatic field distribution and its characterization for
rectangular geometrical structures
3. Field pattern measurements:
a. To measure polar pattern and gain of a waveguide antenna.
b. Characterization of parabolic dish antenna, effect of impedance measurement for different coaxial
cables and their frequency dependence.
4. Atomic Spectra in free space and in magnetic field:
a. Recording of Mercury Spectra
b. Zeeman effect- Atom in a magnetic field
5. Measurements of electron charge and charge to mass ratio
a. Charge of Electron- Millikan Oil drop method
b. Measurement of charge to mass ratio of an electron (e/m ratio)
6. Measurements of fundamental constants
a. Measurement of Planck’s Constant
b. Recording of Hydrogen Spectra - Rydberg Constant
7. Resonances in atoms
a. Frank-Hertz Experiment
b. ESR Spectroscopy- Solids

Computational Physics and ML lab:

Solution of algebraic and transcendental equations

Solution of simultaneous linear equations

Numerical Differentiation and Integration

Random Number Generators and Monte Carlo integration
Calculation of Pi, Importance Sampling, Metropolis algorithm
MC simulation of a random walk

Classification and performance evaluation

Clustering and dimensionality reduction

PN R WD =

Textbooks:
1. Griffiths, J. David, Introduction to Electrodynamics, Prentice Hall.
Melissinos Adrian C. and Napolitano J. Experiments in Modern Physics 2003, Academic Press
Chapra, S. C., and Canale, R. P. Numerical Methods for Engineers, 7" Edition, McGraw-Hill Education.

Newman, M., Computational Physics, CreateSpace Independent Publishing Platform, 2012.
Géron, Aurélien., Hands-On Machine Learning with Scikit-Learn, Keras and TensorFlow, 3™ Edition,
O’Reilly Media

2
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References:
1. Lorrain, P. and Corson, D., Electromagnetic Fields and Waves, CBS Publishers, 2003.
2. Kaufmann, E. N., Characterization of Materials, Wiley, 2012

Self-Learning Materials:
1. Dighe, A., Electrodynamics, Tata Institute of Fundamental Research, Mumbai,
https://nptel.ac.in/syllabus/115101004/.
2. Alagarsamy P., Characterization of Materials, NPTEL course material, Department of Physics, IIT
Guwahati, https://nptel.ac.in/courses/115103030
3. Manuals of the Experiment.

Title Quantum Mechanics Number PHL4XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for BS (Engineering Physics) & MSc (Physics) Type Program Core
Prerequisite None

Objectives

The Instructor will:
1. Address the limitations of classical mechanics and illustrate how quantum mechanics can overcome them.
2. [lllustrate the postulates, basic descriptions of quantum systems, and important applications of quantum
mechanics.

Learning Outcomes:

The students are expected to have the ability to:
1. Understand the necessity and the domain of applications of the quantum mechanical approach.
2. Solve Schrodinger’s equation for model systems.
3. Understand the operator algebra of quantum mechanical angular momentum.

Contents:

Need for Quantum Physics: Failure of classical physics: The black body radiation, Photoelectric effect, Dual
nature of light, Failure of Rutherford’s atomic model, Bohr’s theory and Franck-Hertz’s experiment, Introduction
to Sommerfeld quantization; harmonic oscillator, hydrogen atom and Space quantization, De Broglie hypothesis
and Applications; State of a system and wavefunction, Fundamental Postulates, superposition of states, wave
packets, the uncertainty principle. [8 Lectures]

Schrodinger’s equation and its applications: Schrodinger’s equation, One-dimensional and extension to
three-dimensional, time-independent and time-dependent, Operator for variables, special functions (Hermite,
Legendre) in quantum mechanics, Particle in a box, Particle in an infinite and finite potential well, Potential barrier
(tunneling), Linear Harmonic oscillator. [11 Lectures]

Mathematical Formalism: Vector spaces and Hilbert space, Operators and eigenvalue problems, eigen vectors,
Commutation relations, Expectation values and uncertainties, Dirac notation (bra-ket formalism), Matrix
representation of operators. Representation of states, time evolution operator, Pictures: Schrodinger, Heisenberg,
Interaction, Ehrenfest theorem, Ladder operators, Harmonic oscillator in operator formalism. [10 Lectures]
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Theory of Angular Momentum: Orbital Angular Momentum and Commutation relations, Spin angular
momentum and Pauli Matrices, Addition of angular momentum - Clebsch-Gordan coefficients, selection rule, the
hydrogen atom. [10 Lectures]

Textbooks:
1. Shankar, R., Principles of Quantum Mechanics, Springer, 2nd edition, 2014.
2. Griffiths, D. J., and Schroeter, D. F., Introduction to Quantum Mechanics, Cambridge University Press, 3rd
edition, 2018.

References:
1. Feynman, R. P., Leighton, R. B., and Sands, M., The Feynman Lectures on Physics, Vol. 3: Quantum
Mechanics (The New Millennium Edition), Pearson Education, 1st edition, 2012,
2. Merzbacher, E., Quantum Mechanics, Wiley, 3rd edition, 1998.
3. Zettili, N., Quantum Mechanics, Wiley India Pvt. Ltd., 2nd edition.

Self-Learning Material:
1. NPTEL Course Material, Balakrishnan, V., Department of Physics, [IT Madras
https://nptel.ac.in/courses/ 122106034/
2. NPTEL Course Material, A. Ghatak, https://nptel.ac.in/courses/115102023

3. Prof. H. C. Verma, lIT Kanpur, https://hcverma.in/QuantumMechanics

Title Statistical Physics Number PHL4XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for BS (Engineering Physics) & MSc (Physics) Type Program Core
Prerequisite Basics of Thermodynamics

Objectives

The Instructor will:
1. Introduce various aspects of quantum statistics.
2. Build analytical skills for solving complex systems in fields like condensed matter, biophysics.

Learning Outcomes:
The students are expected to have the ability to:
1. Apply the fundamental principles of statistical physics.
2. Ability to appreciate and apply concepts of statistical physics in real world problems.

Contents:
Review of Thermodynamics: Thermodynamic potentials, Conditions for phase equilibrium and stability,
Thermodynamics of Phase Transitions. [6 Lectures]

Statistical Ensembles: Ensembles, Non-interacting ideal systems, Energy fluctuations in canonical/grand
canonical ensemble, Equipartition and Virial theorems, Partition function for various systems. [14 Lectures]

Quantum Statistics: Bose-Einstein and Fermi-Dirac distributions; Ideal Bose gas, Bose-Einstein condensation,
Blackbody radiation; Ideal Fermi gas, Magnetism of ideal Fermi gas, Electron gas in metals. [12 Lectures]

Statistical Mechanics for Interacting Systems: Introduction, Ising Model, Transfer matrix method, Mean field
theory. [7 Lectures]
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Textbooks:
1. Huang, K., Statistical Mechanics, John Wiley and Sons, 1987.
2. Pathria, R. K. and Beale, P. D., Statistical Mechanics, Academic Press, 3rd Ed. 2011.

References:
1. Chandler, D., Introduction to Modern Statistical Mechanics, Oxford University Press, 1987.
2. Landau, L. D. and Lifshitz, E. M., Statistical Physics, Part 1, Pergamon Press, 1980.
3. Blundell S.J. and Blundell K.M. Concept in Thermal Physics, Oxford University Press, 2009.

Self-Learning Material:
1. NPTEL course material, Balakrishnan, V., Department of Physics, IIT Madras
https://nptel.ac.in/courses/122106027.

Title Electronics Number PHL4XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for BS (Engineering Physics) & MSc (Physics) Type Program Core
Prerequisite Basics of Semiconductors Semiconductor
Antirequisite Devices, Op-amps,
Oscillators, Timing
Circuits

Objectives
The Instructor will:
1. To provide an understanding of semiconductor devices and their application in analog electronic circuits.
2. To design and analyze circuits, filters, oscillators, timers and switchers.
3. To understand and implement analog signal conversion techniques, including current/voltage converters.
4. To introduce practical analog system components such as sample-and-hold circuits, comparators, and
precision rectifiers.
5. To develop an understanding of digital electronics, including number systems, Boolean algebra, and logic
circuit design.

Learning Outcomes:
Upon successful completion of this course, students will be able to:
e Explain the operation and characteristics of semiconductor devices and their role in analog circuits.
e Design and evaluate filters, oscillators, timing circuits, and signal conversion circuits for practical
applications.
o Analyze and design digital circuits using Boolean algebra, combinational and sequential logic principles.

Contents:

Semiconductor & Device Review: Semiconductor basics (bands, carriers, doping), p-n junction, BJT overview
(structure, operation), small signal models (hybrid-pi), transconductance, input/output resistance, BJT
characteristics (input/output, regions: cutoff, active, saturation), Configurations: CE, CB, CC, Biasing techniques,
load-line analysis, FET overview (structure, operation), BIT and FET as switch. [8 Lectures]

Feedback and Operational amplifier: Feedback concepts: type of feedback, effect on gain, bandwidth and
impedance Op-amp basics & characteristics (ideal vs real), inverting and noninverting amplifier, unity gain buffer,
summer, Differential amplifier, integrator and differentiator, instrumentation amplifier.

Signal conversion: Current mirror, voltage to current converters, current to voltage converter.|7 Lectures]
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Op-amp Applications: Precision diode, ac to dc converters using precision diodes, comparator, Schmitt trigger
and Square wave oscillators

Active Filter circuits: Classification of filters, their specifications and transfer functions, First order and second
order filter transfer functions and their implementation using active filters (Sallen and Key structure), all pass
filters.

Oscillators: RC oscillators (phase shift, Wien bridge) and LC oscillators (Hartley, Colpitts), Voltage-controlled
oscillators.[8 Lectures]

Timing Circuits: 555 times and its applications, astable and monostable operation, sample and hold circuits,
operation and applications, aperture error, droop rate. [3 Lectures]

Sample and hold (S/H) circuits: Introduction to S/H circuits and their applications, Basic circuits, Performance
parameter of S/H circuit, Non-ideal behavior of S/H circuits, sampling theorem and aliasing, introduction to
quantization. ADC (flash, SAR). [4 Lectures]

Digital: DAC (binary weighted, R-2R ladder), quantization error and noise, Basic logic gates, canonical forms
(SOP, POS), Karnaugh map, flip flops, registers and counters. [9 Lectures]

Textbooks:
1. Jacob Millman and Arvin Grabel, Microelectronics, 2nd Ed. Tata Macgraw Hill, New Delhi., 1998
2. Operational Amplifiers & Linear Integrated Circuits: Theory and Application, by James M. Fiore, 3rd ed,
2000
3. Digital Principles and Applications by Leach, Malvino, Saha, 8th ed, McGraw Hill, 2010

Reference Books:
1. Donald Neamen, Electronic Circuit Analysis, McGraw-Hill, 2001
2. R. Gayakwad, Op-Amps and Linear Integrated Circuits, 4th Edition, Pearson, 2001
3. Taub and Shilling, “Digital Integrated Electronics”, McGraw Hill, 1998

Self-Learning Materials:
1. A. Aggarwal, Circuits and Electronics, 2007, MIT OpenCourseWare : http://ocw.mit.edu/6-002S07

Title Engineering Optics Number PHL4XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics) Type Program Core
Prerequisite Basics of Optics

Objectives:

The Instructor will:
1. Understand geometrical optics including paraxial (matrix) method and optical aberrations.
2. Analyze diffraction, interference, and Fourier optics in imaging systems.
3. Explore polarization, anisotropic media, and light manipulation techniques.
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Learning Outcomes:

The students are expected to have the ability to:
1. Apply ray transfer matrices for paraxial image formation and understand aberration analysis.
2. Evaluate diffraction, interference, and resolution limits in optical systems.
3. Use polarization concepts (Jones calculus, birefringence) in optical design.

Contents:

Matrix Formulation in Paraxial Optics: Paraxial approximation and ray optics fundamentals, Ray transfer matrix
formulation, Image formation using matrix methods, Optical aberrations: Chromatic and monochromatic (spherical,
coma, astigmatism, field curvature, distortion) aberrations. [12 Lectures]

Diffraction: Fresnel diffraction, near-field formulation, Fraunhofer diffraction: Single slit (rectangular aperture),
Circular aperture (Airy pattern), Diffraction Grating, Resolving power and diffraction limits, Gaussian beams,
Fourier Optics: Lens as a Fourier transforming device, Spatial frequency filtering, Optical image processing
concepts, Holography: Principle of recording and reconstruction, Basic holographic setups. [8 Lectures]

Interference: Two-beam interference, Multiple beam interference, Michelson interferometer, Fabry—Perot
interferometer, Sagnac Interferometer, Temporal coherence and line width, Thin Films: Interference in thin films,
Multilayer coatings, Anti-reflection coatings and applications. [8 Lectures]

Polarization: States of polarization, Linear, circular, and elliptical polarization, Representation on Poincaré sphere,
Jones calculus: Jones vectors, Jones matrices for polarizers and retarders, Production of polarized light: Polarization
by reflection (Brewster’s law), Scattering, Selective absorption, Birefringence and double refraction, Polarizing
Prisms, Wave plates (quarter-wave and half-wave plates), Propagation in anisotropic media.

[11 Lectures]

Textbooks:
1. A Ghatak, Optics, 8 th ed., Tata McGraw-Hill, 2025
2. E. Hecht, A. R. Ganesan, Optics, Pearson Education, 2020.
3. F. L. Pedrotti, L. M. Pedrotti, L. S. Pedrotti, Optics, Pearson 3rd edition, 2014

References:
1. Max Born and Emil Wolf, Principles of optics, 7th edition, Cambridge University Press, 1999
J W Goodman, Introduction to Fourier Optics, 3rd edition, Robert and Company, 2005
Ajoy Ghatak and K. Tyagrajan, Optical Electronics; Cambridge University Press, Cambridge, 1989.
Saleh, B. E. A. and Teich, M. C., Fundamentals of Photonics, Wiley, 2018
Modern Optics, B.D. Guenther, Oxford University Press, 2e, 2015

N wn

Self-Learning Material:
1. NPTEL Course by Prof. Shanti Bhattacharya, I[IT Madras, “Optical Engineering”
nptel.ac.in/courses/108106161

Title Applied Optics and Electronics Lab Number PHP3XXX
Department Physics L-T-P [C] 0-0-6 [3]
Offered for B.S (Engineering Physics) Type Program Core
Prerequisite None
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Objectives
The Instructor will:
1. Provide experimental understanding regarding fundamental optical phenomena such as Interference,
Diffraction, Polarization, Total internal reflection, etc.
2. To design and characterize analog amplifier and filter circuits by measuring gain, bandwidth, CMRR,
offset, and Q-factor.
3. To implement and analyze digital logic, flip-flop, DAC, and ADC circuits using logic optimization, timing,
sampling, and quantization concepts.

Learning Outcomes:
The students are expected to have the ability to:
1. Perform optical characterisations and their correlation with different physical properties
2. Design and characterize analog electronic circuits by measuring gain, bandwidth, cutoff frequencies,
CMRR, offset, and Q-factor.
3. Implement and analyze digital electronic circuits using logic optimization, flip-flop timing, DAC operation,
and ADC sampling/quantization concepts.

Contents:

Interference and Diffraction:
a. To determine the wavelength of monochromatic light and the refractive index of the glass slide
using the Michelson Interferometer
b. To observe the diffraction pattern due to different single slits and to calculate the slit widths and the
uncertainty in momentum from the patterns of different slits, and to confirm the uncertainty
principle
Polarization experiments:
c. To understand the polarization properties of light and to find the Brewster’s angle of a particular
medium
d. Polarization studies using Quarter-wave plate and Half-wave plate & plot the graph at different
angles of these wave plates
Optical fiber and diode characterization:
e. To determine the numerical aperture of the given optical fiber and study its bending loss.
f. Characteristic study of a diode laser to estimate the beam spot size and beam divergence
Electro-Optic Effect:
g. To study the Pockel Effect & calculate the birefringence using the LiNbO3 birefringent crystal
h. Find the extinction ratio of LiNbO3.

Analog Electronics Experiments
1. To study the gain of a Common Emitter Amplifier and validate its small-signal model
2. To study the frequency response of an amplifier and determine its cutoff frequencies and bandwidth
3. To study the Differential Amplifier and determine its CMRR and offset voltage
4. To design and study second-order active filters and estimate their Q-factor

Digital Electronics Experiments
1. To perform K-map based logic optimization and implement the optimized logic circuit
2. To study the timing characteristics of D, S-R, and J-K Flip-flops
3. To design and study a Digital-to-Analog Converter using the R-2R ladder network
4. To study Analog-to-Digital Conversion and understand sampling and quantization effects
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Textbooks:
1. Ghatak A., Optics, McGraw-Hill
2. Introduction to Optics, Frank L. Pedrotti and Leno S Pedrotti, Pearson, 3rd Edition
3. Microelectronic Circuits, Adel S. Sedra, Kenneth C. Smith, 7th Edition / International 7th Edition, Oxford
University Press, 2014
4. Electronic Principles, Albert Malvino, David J. Bates, Patrick E. Hoppe, 9th Edition, McGraw Hill
Education, 2021

References:
1. Microelectronics, Jacob Millman, Arvin Grabel, 2nd Edition, McGraw-Hill / Tata McGraw-Hill, 1987
2. Digital Design: With an Introduction to the Verilog HDL, VHDL, and SystemVerilog, M. Morris Mano,
Michael D. Ciletti, 6th Edition, Pearson Education, 2018
3. Digital Fundamentals, Thomas L. Floyd, 11th Edition, Pearson, 2015

Self-Learning Material:
1. Lab Manuals

Title Thin Film and Device Engineering Number PHL3XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics) Type Program Core
Prerequisite None

Objectives:

The Instructor will:
1. Provide basic understanding of thin-film technology and engineering.
2. Provide a basic understanding of thin-film nucleation and growth modes, while establishing the critical role
of vacuum science in maintaining the purity and kinetic control of the deposition environment.
3. Explain the technical knowledge of performing structural characterization and executing multi-step
nanofabrication for device engineering.

Learning Outcomes:
The students are expected to have the ability to:
1. Evaluate specific material requirements to select the appropriate growth method and justify these choices
based on growth modes like Frank-van der Merwe or Volmer-Weber.
2. Validate the growth with different characterization techniques like XRD, Raman and AFM.
3. Design a complete device fabrication flow, including lithographic patterning, etching, and contact
engineering.
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Contents:

Basic Physics of This film: Why thin films; Overview of applications; Processes involved in thin film growth:
Frank-van der Merwe (Layer-by-layer growth), Volmer-Weber (Island/3D growth), Stranski-Krastanov
(Layer-plus-island growth); Influence of temperature and pressure on film morphology; different types of thin
films: epitaxial, polycrystalline, and amorphous. [7 Lectures]

Vacuum Technology: Mean free path, impingement rate, and gas flow regimes (viscous vs. molecular); Vacuum
Pumps: Operating principles of Rotary, Diffusion, Turbo-molecular, and Cryogenic pumps; Vacuum Gauges: Pirani,
Penning, and lonization gauges. [8 Lectures]

Thin film deposition: Physical methods: Thermal evaporation, sputtering DC and RF, PLD; Chemical methods:
Chemical vapor deposition, ALD, Plasma Enhanced Chemical Vapor Deposition (PECVD), Electrochemical
Deposition; solution based techniques: sol-gel, spin coating. [8 Lectures]

Characterization: Stylus Profilometry; Structural & Morphological Characterization; XRD: Phase identification,
strain analysis, and the Scherrer equation for grain size; Raman Spectroscopy: Analyzing vibrational modes,
defects, and doping in thin films; AFM (Atomic Force Microscopy): Surface roughness and 3D topography. [8
Lectures]

Device fabrication: Photo resist processing methods and resolution enhancement; Photolithography; e-beam
lithography; etching techniques: plasma etch mechanisms, selectivity and profile control of plasma etch chemistries
for various films, reactive ion etching, Ar-ion etching; lift-off processes; ion implantation; Schottky vs. Ohmic
contacts; Standard Hall bar devices; electrode deposition; device characterizations: IV. [8 Lectures]

Textbooks:
1. Milton Ohring, Materials Science of Thin Films: Deposition and Structure, Elsevier, 2nd edition (2001)
2. Donald L. Smith, Thin Film Deposition: Principles and Practice, McGraw-Hill Education, (1995)
3. K. L. Chopra, Thin Film Phenomena, Robert E. Krieger, (1979)

References:
1. B. D. Cullity and S. R. Stock, Elements of X-Ray Diffraction, Pearson, 3rd edition (2001)

Self-Learning Material:
1. https://nptel.ac.in/courses/127105231
2. https://nptel.ac.in/courses/127105531

Title Nuclear and Particle Physics Number PHL4XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for BS (Engineering Physics) & MSc (Physics) Type Program Core
Prerequisite

Objectives:

The Instructor will:
1. Develop a conceptual foundation of the nuclear system and interactions.
2. Introduce the principles of nuclear processes and decays, and their applications
3. Provide an overview of elementary particles and fundamental interactions.
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Learning Outcomes:
The students are expected to have the ability to:
1. Apply theoretical models to explain nuclear structure, properties, and stability.
2. Evaluate radioactive decay, nuclear reactions, and radiation detection techniques using experimental and
analytical approaches.
3. Interpret the classification and interactions of elementary particles in the context of fundamental forces and
current developments.

Contents:

Nuclear Structure and Properties: Nuclear properties, Angular momentum, Spin and Parity, Binding energy,
Magnetic dipole and Electric quadrupole moments, Isospin, Experimental determination of nuclear properties:
Hofstadter’s experiment, nuclear forces and their spin dependence, deuteron problem. [13 Lectures]

Radioactivity, Nuclear Forces and Models:

Radioactivity and decay laws, a-decay with quantum tunneling, p-decay including Fermi theory and parity
violation, y-decay including multipole radiation and transition probabilities, nuclear forces and nucleon—nucleon
interactions, mean-field description of nuclei, and nuclear models including Liquid Drop, Shell and Collective
models. [10 Lectures]

Nuclear Reactions, Detectors, and Applications:

Nuclear reactions and mechanisms, Q-value, Compound nucleus, Nuclear fission and fusion, Stellar energy and
nucleosynthesis, Interaction of radiation with matter and energy loss of charged particles, Basic principles of
radiation detection, Detectors: Gas-based, Semiconductor, Scintillation, Cerenkov and Calorimeters. [9 Lectures]

Elementary Particles:
Discovery and classification of elementary particles, Fundamental interactions, Conservation laws and symmetry
principles, Properties of Pion, Muon, strange mesons, hyperons and resonance particles. [8 Lectures]

Textbook:
1. Krane, K. S., Introductory Nuclear Physics, Wiley, 1st edition, 1987.
2. Ghoshal, S. N., Nuclear Physics, S. Chand, edition not specified, 2011.
3. Griffiths, D., Introduction to Elementary Particles, Wiley-VCH, 2nd edition, 2008.

References:
1. Cohen, B. L., Concepts of Nuclear Physics, McGraw-Hill, edition not specified, 2017.
2. Wong, S. S. M., Introductory Nuclear Physics, Prentice Hall, edition not specified, 1998.
3. Burcham, W. E., and Jobes, M., Nuclear and Particle Physics, John Wiley & Sons, 1st edition, 1995.
4. Povh, B, Rith, K., Scholz, C., and Zetsche, F., Particles and Nuclei: An Introduction to Physical Concepts,
Springer, 7th edition, 2015.
5. Perkins D.H., Introduction to High Energy Physics, Cambridge University Press, 4th edition

Self-Learning Material:
1. NPTEL - H. C. Verma, Nuclear Physics: Fundamentals and Applications
https://nptel.ac.in/courses/115104043/
2. MIT OpenCourseWare:
https://ocw.mit.edu/courses/8-701-introduction-to-nuclear-and-particle-physics-fall-2020/?
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Title Atomic and Molecular Spectroscopy Number PHL4XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for BS (Engineering Physics) & MSc (Physics) Type Program Core
Prerequisite Quantum Mechanics

Objectives:

The Instructor will:
1. Understand atomic structure, spectra, and fine/hyperfine interactions.
2. Analyze atom-radiation interaction and transition mechanisms.
3. Explore multi-electron atoms and molecular spectroscopy fundamentals.

Learning Outcomes:

The students are expected to have the ability to:
1. The students will understand quantum behavior of atoms in external electric and magnetic fields.
2. Apply selection rules and evaluate transition probabilities and line broadening.
3. The students will also learn various types of spectroscopy techniques.

Contents:

One electron atoms: Spectra of hydrogen and hydrogen-like atoms. Fine structure and hyper fine structure:
spin-orbit coupling and relativistic correction to the kinetic energy. Dirac equation in the non-relativistic limit,
Lamb shift. Stark and Zeeman effects. [9 Lectures]

Interaction of one electron atoms with electromagnetic radiation: The dipole approximation, electric dipole,
magnetic dipole and electric quadrupole transitions. Spontaneous and stimulated emissions and Einstein
coefficients, Selection rules, Transition probabilities and intensity of spectral lines. Rabi flopping, Line broadening
mechanisms. Quantization of the electromagnetic field. The spin-statistics theorem. [10 Lectures]

Two electron and Many electron atoms: Electron configurations and spectroscopic notation, equivalent and
non-equivalent electrons and Hund's rules. Hartree-Fock SCF method, proof of Koopmans theorem, Slater's
approximation to exchange. [7 Lectures]

Molecular Spectroscopy: Total Hamiltonian of a molecule. Born -Oppenheimer approximation. Rotational and
Vibrational Spectra of molecules, The Raman effect. Anharmonicity, Franck-Condon principle, Electronic. Infrared
and Raman Spectra analysis. Molecular Orbital and Electronic configuration of Diatomic molecules: H2, C2, 02,
NO and CN; Vibrational structure and vibrational analysis, Dissociation Energy, Rotational Raman spectra and
influence of nuclear spin. [13 Lectures]

Textbooks:
1. Bransden, B.H. and Joachain, C.J., (2004), Physics of Atoms and Molecules, Prentice Hall, 2nd Edition,
Pearson Education, Delhi
2. Colin N. Banwell and Elaine M. McCash, (1995), Fundamentals of Molecular Spectroscopy, McGraw-Hill

References:
1. Condon, E. U. and Shortley, G. H., (1951), The Theory of Atomic spectra, Cambridge University Press
2. Kakkar R. Atomic and Molecular Spectroscopy: Basic Concepts and Applications. Cambridge University
Press; 2015.

Self-Learning Material:
1. NPTEL course material Prof. T. Kundu, IIT Mumbai https://nptel.ac.in/syllabus/115101003/
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Title Advanced Quantum Mechanics Number PHL4XX0
Department Physics L-T-P [C] 3-0-0 [3]
Offered for BS in Engineering Physics, MSc in Physics Type Program Core
Prerequisite Quantum Mechanics and STR

Objectives:

The Instructor will:
1. To extend the principles of quantum mechanics to advanced topics
2. To develop a deeper understanding of relativistic quantum mechanics
3. To provide a conceptual foundation connecting quantum mechanics to modern frameworks, including
particle physics and the need for quantum field theory.

Learning Outcomes:
The students are expected to have the ability to:
1. Analyze quantum systems using scattering theory and approximation techniques
2. Apply symmetry principles and conservation laws
3. Derive and interpret relativistic wave equations, and explain the emergence of antiparticles, chirality, and
the motivation for quantum field theory.|

Contents:

Approximation methods: Perturbation theory - Time independent and time dependent with examples:
Fermi-Golden rules and its applications, WKB approximation: Modified potential box, Variational method: Helium
Atom. [11 Lectures]

Scattering: Identical particles, Scattering experiment, Scattering amplitude, partial wave method, Born
Approximation. [8 Lectures]

Symmetry: Symmetry and degeneracy, Continuous transformation - Space translation, Time translation, Space
rotation, Discrete Transformation - Parity, Charge Conjugation, Time reversal. [7 Lectures]

Relativistic Quantum Mechanics: Limitations of non-relativistic quantum mechanics; Klein-Gordon Equation and
limitations; Dirac Equation; Gamma matrices; Lorentz transformation of spinors; Bilinear covariants; Dirac hole
theory, interaction with EM field and non-relativistic limit; chirality and helicity; projection operators; Weyl
spinors; Klein Paradox.[13 Lectures]

Textbooks:
1. Sakurai, J. J. and Napolitano, J., Modern Quantum Mechanics, Cambridge University Press, 3rd edition,
2020.

2. Bjorken, J. D. and Drell, S. D., Relativistic Quantum Mechanics, McGraw-Hill, 1st edition, 1964.

References:
1. Shankar, R., Principles of Quantum Mechanics, Springer, 2nd edition, 1994,
2. Zettili, N., Quantum Mechanics: Concepts and Applications, Wiley India, 2nd edition, 2009.
3. Greiner, W. and Bromley, D. A., Relativistic Quantum Mechanics: Wave Equations, Springer, 3rd edition,
2000.

Self-Learning Material:
1. Stanford University (Advanced Quantum Mechanics lecture series)
https://www.youtube.com/@stanford/search?query=advanced%20quantum%?20mechanics
2. Advanced Quantum Mechanics with Applications by Prof. S. Basu, IIT Guwahati:
https://nptel.ac.in/courses/115103104
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3. Quantum Mechanics in the Relativistic Regime by Prof. Vempati, [ISc Bangalore:
https://nptel.ac.in/courses/115108791

Title Condensed Matter Physics Number PHL4XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for BS (Engineering Physics) & MSc (Physics) Type Program Core
Prerequisite Basics of Crystallography

Objectives:

The Instructor will:
1. Provide the student with an extended knowledge of the principles and techniques of solid-state physics.
2. Provide an understanding of structure, thermal, electrical and magnetic properties of matter.

Learning Outcomes:
The students are expected to have the ability to:
1. Formulate basic models for electrons and lattice vibrations for describing the physics of crystalline

materials.
2. Develop an understanding of the relation between band structure and the electrical/optical properties of a
material.
Contents:

Bond Formation: Review of crystallography, Reciprocal Lattice, Brillouin Zone, Various bonds in solids: ionic,
covalent, Vander Waals, metallic and hydrogen. [7 Lectures]

Lattice Vibrations: Elastic waves, Enumeration of modes, Density of states of a continuous medium, Specific heat
models of Einstein and Debye, Concept of phonon, Lattice waves, Lattice dynamics of crystals with up to two
atoms per primitive basis, Density of states of a lattice, Thermal Conductivity, Scattering of X-rays, neutrons and
light by phonons. [11 Lectures]

Electronic Properties of Solids: Overview of Drude theory, Free electron theory, density of states, Fermi surface,
Electrons in periodic potential, Band Theory, modification in Fermi surface, Tight Binding, Cellular and Pseudo
potential methods, Symmetry of energy bands. [10 Lectures]

Magnetism & Superconductivity: Introduction to types of magnetism, Curie-Weiss Law, Magnetic Domains &
Hysteresis, Zero resistance, Meissner effect, Thermodynamics of the superconducting transition, Electrodynamics
of superconductivity, BCS theory of superconductivity, Josephson effect. [11 Lectures]

Textbooks:
1. Kittel, C., Introduction to Solid State Physics, Wiley, 8th Edition, 2008.
2. Ashcroft, N., W. and Mermin, N., D., Solid State Physics, Cengage Learning, 1976.
3. Omar, M. A., Elementary Solid State Physics, Pearson, 2009.

References:
1. Simon, H., S. (2013), The Oxford Solid State Basics, Oxford University Press.
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Self-Learning Materials:
1. Rangarajan, G., Condensed Matter Physics, NPTEL Course Material, Department of Physics, Indian
Institute of Technology Madras, https://nptel.ac.in/courses/115106061/.
2. Wen, X-G., Physics of Solids I, MIT open course,
https://ocw.mit.edu/courses/physics/8-23 1-physics-of-solids-i-fall-2006/

Title Advanced Engineering Physics Lab Number PHP3XXX
Department Physics L-T-P [C] 0-0-6 [3]
Offered for B.S (Engineering Physics) Type Program Core
Prerequisite None

Objectives:

The Instructor will:
1. Provide an experimental understanding of the materials' structure and their physical properties, describing
differences in crystalline, polycrystalline, and amorphous materials.
2. Provide practical understanding of nuclear radiation detection, measurement, spectroscopy, particle
interaction techniques, and simulation methods used in nuclear and particle physics research.

98]

Describe techniques to deposit thin films on a substrate
4. Demonstrate the structural, electrical, magnetic, thermal and optical characterization techniques for bulk and
thin film materials

Learning Outcomes:
The students are expected to have the ability to:
1. Understand the materials characteristics and their correlation.
2. Operate radiation detectors, analyze, interpret nuclear measurement results, and use modern particle physics
simulation tools.

Deposit thin films by simple techniques
4. Measure the structural and physical properties viz, electronic, magnetic, optical and mechanical properties

of bulk and thin film samples.

98]

Contents:
Crystal structure measurement:
1. X-Ray Diffraction: X-ray Diffraction measurements for crystalline, polycrystalline, and amorphous
materials.
2. Laue diffraction pattern analysis of crystalline materials.
Electrical Measurement:
3. Four Probe: To find the resistivity and band gap of a crystal using the four-probe method
4. Energy Band Gap: To determine the Energy Band Gap in a Semiconductor using a Junction Diode
Phonon-based experiment:
5. Lattice Dynamics: To study the dispersion relation of the diatomic lattice and the monoatomic lattice
6. Raman/FTIR Spectra: To study the vibrational spectra of bulk materials
Thermal Conductivity:
7. Lee's Disc: To find the thermal conductivity of an insulator using Lee’s disc method
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8. DSC/TGA measurement of bulk materials
Geiger—Miiller (GM) Counter:
9. GM Tube characterization and study of the statistical nature of radioactive decay.
10. Gamma-Ray absorption in the material (Aluminium and Copper).
Gamma-Ray Spectroscopy and Dosimetry:
11. Energy Resolution of a Gamma-Ray Detector Using FWHM and Energy resolution of a gamma-ray
spectrometer.
12. Radiation Dosimeter Calibration Using Gamma Sources
Nuclear Scattering and Alpha-Particle Properties:
13. To study Rutherford scattering and verify the angular dependence of alpha-particle scattering.
14. To measure the energy spectrum of alpha particles using a semiconductor detector.
Particle Physics Simulation:
15. Detector Simulation and Energy Deposition Study Using GEANT4
16. Simulation of Proton—Proton Collisions Using PYTHIA
Thin film deposition:
17. Thin film deposition by spin-coating/dip-coating
18. Thin film deposition by thermal evaporation

Thin film characterization:
19. X-Ray diffraction of thin films and analysis

20. AFM/Profilometer to find thickness, morphology and surface topography

Electrical measurements:
21. Temperature dependent Resistivity and Magnetoresistance by four probe

22. Van der Pauw method/ Hall bar geometry for electrical resistivity

Optical measurements:
23. UV-Vis spectroscopy to find absorption edges of Quantum Dots

24. Raman Spectra of solid sample

Textbooks:
1. Kittel, Introduction to Solid State Physics, Wiley.
2. Pillai, S. O. Solid State Physics, New Age Int. Pvt. Ltd.
3. K. S. Krane, Introductory Nuclear Physics, Wiley, 1987.
4. Ohring, M., Materials science of thin films, Elsevier, 2nd Edition, 2002

References:
1. Schroder D K. Semiconductor Materials and Device Characterization Wiley.
Kaufmann, E. N., Characterization of Materials, Wiley, 2012
Burcham, W. E., and Jobes, M., Nuclear and Particle Physics, John Wiley & Sons, 1995.
Allen, M. P., and Tildesley, D. J., Computer Simulation of Liquids, Oxford University Press, 2nd ed. 2017.
Landau, D. P. and Binder, K., A Guide to Monte Carlo Simulations in Statistical Physics, 3rd Edition,
Cambridge University Press, 2009.
6. Mackay, D., Information Theory, Inference, and Learning Algorithms, Cambridge University Press, 2005.

wbkwd

Self-Learning Material:
1. Manuals of the Experiment.
2. PhET Interactive Simulations
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MIT Open CourseWare, 3.320 “Atomistic Computer Modeling of Materials (SMA 5107)”, by Ceder, G. and
Marzari, N.; Spring 2005,
https://ocw.mit.edu/courses/materials-scienceand-engineering/3-320-atomistic-computer-modeling-of-materi
als-sma-5107-spring-2005/
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Course Content of
Programme Elective Courses
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Title Medical Physics Number PHL4XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics ) Type Elective
Pre-requisite

Objectives:

The instructor will
1. Introduce fundamental physics concepts and principles applied in medical diagnosis and therapeutics.
2. Explain diagnostic techniques used in medical physics using IR, visible, UV, x-ray radiation, and MRI.
3. Provide knowledge of advanced biomedical applications using Plasma and Nuclear medicine.

Learning Outcomes:
The students are expected to have the ability to:
1. Describe the interaction and attenuation of radiations as passes through biological materials such as
tissues, bones, and muscles.
2. Understand the principles of underlying modern physics-based diagnostic tools and techniques used in
medical research and healthcare.
3. Explain the application of physics-based techniques and diagnostic methods in examining specific
organs.

Contents:

Interaction of radiation with matter: Interaction of photons with tissues, molecules, cells and organs,
Attenuation, Thomson and Compton Scattering, Photoelectric effect and Pair Production, Equivalent Doses for
different diagnosis techniques. [7 Lectures]

Radiological imaging: X-ray imaging and Computerized Tomography (CT), Radioisotope imaging,
Positron—emission Tomography, Introduction to the image analysis. [6 Lectures]

Non-radiological imaging:

1. Basics of Optical Microscope, Bright and Dark Field Microscopy, Phase Contrast Microscopy,
Polarization Microscopy and DIC, Fluorescence Microscopy, and Confocal Microscopy, Breaking the
diffraction limit in microscopy, Scanning near-field optical microscopy (SNOM), Super Resolution
Microscopy. [7 Lectures]

2. Principle of Nuclear Magnetic Resonance and Magnetic Resonance Imaging, functional MRI.

[6 Lectures]

Physics in Therapeutic:

1. Plasma for Medicine: Introduction of low temperature plasma technology to medical research, plasma
chemistry, fundamentals of non-equilibrium plasmas and cell biology. Cold plasma applications in the
inactivation of pathogens, anti-bacterial coatings, wound healing, electrosurgery, cancer treatment and
dentistry. [10 lectures]

2. Nuclear Medicine: Radioactivity, Production of radionuclides, Radiation therapy for cancer treatment.

[4 lectures]

Textbooks
1. Cho, Z-H., Jones, J. and Singh, M. (1993), Foundations of Medical Imaging, 1* Edition Wiley
Interscience

2. Pryma, D. A. (2015), Nuclear Medicine, 1* Edition, Oxford University Press

Reference Books
1. Murphy, D. B. and Davidson, M. W. (2012), Fundamental of Light Microscopy and Electronic Imaging,
2" Edition, Wiley-Blackwell
2. Toyokuni, S., Ikehara, Y., Kikkawa, F. and Hori, M. (2018), Plasma Medical Science, 1* Edition,
Academic Press

Online course materials
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1. D. Sheet, Medical Image Analysis, Department of Electrical Engineering, IIT Kharagpur,
https://nptel.ac.in/courses/108105091/

2. MIT Opencourceware, Noninvasive Imaging in Biology and Medicine,
https://ocw.mit.edu/courses/nuclear-engineering/22-56j-noninvasive-imaging-in-biology-and-medicine-f
all-2005/index.htm

Title Sustainable Nuclear Energy Engineering Course No. PHL4XXX
Department Physics L-T-P 3-0-0 [3]
Offered for B.S (Engineering Physics) Type Elective
Prerequisite EM Fields and Plasma

Objectives:

The instructor will
1. Introduce the physical principles and development of advanced nuclear energy systems
2. Provide an overview of the reactor physics, radiation processes, and safety considerations
3. Provide an overview of the fundamentals of magnetically confined thermonuclear fusion systems.

Learning Outcomes:
The students are expected to have the ability to:

1. Understand the basics of nuclear energy generation and reactor physics, analyse radiation interactions and
protection methods, and evaluate reactor safety, waste management, and the role of nuclear energy in
sustainability.

2. Understand the physics of magnetically confined fusion plasmas including particle and energy transport,
plasma-wall interaction and burning plasma concepts

3. Gain knowledge-base about requirements for controlled nuclear energy.

Contents:

Nuclear Energy Fundamentals and History: Basics of Nuclear Energy, Early reactors, Atomic structure and
nucleus, Binding energy, Radioactivity, Fission and fusion, Requirement of nuclear energy for sustainable
development. [4 lectures]

Radiation and Reactor Safety: Types of radiations and radiation detectors, Radiation dose, units and dosimetry,
Shielding and distance effects, Internal exposure, Environmental radiation, Reactor safety systems, Case study:
Chernobyl disaster. [6 lectures]

Reactor Physics and Systems: Neutron-induced fission, slowing down of neutrons and role of moderators, Chain
reaction, Multiplication factor (k, four factor formula), Reactor components, Heat generation and energy
conversion, Nuclear Reactors types and their usage, Indian three-stage nuclear programme (PHWRs, FBRs, U-233
systems). [11 lectures]

Fusion Reactors: Magnetic Fusion, Tokamak equilibrium, Magnetic confinement of plasma particles, Pinch
effects, Beta parameter, Plasma diffusion in magnetic fields, Instability modes, Introduction of Stellarators, Gas
dynamic traps, Field-reversed configurations, Inertial confinement, and Z-pinch. |7 Lectures]

Power balance in fusion devices: Plasma heating modes; Ohmic heating, NBI heating, RF heating, ICRH heating,
ECRH heatings, Lower Hybrid resonance heating Energy loss mechanisms. [4 Lectures]

Future of the Controlled Fusion Energy: Current Status, Strategy, Reactor Requirement, ITER objectives, Linear
Fusion Devices, upcoming startups and spin-offs related to controlled fusion technology. [7 Lectures]
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Textbooks:
1. Johr R. Lamarsh and Anthorny J. Baratta, Introduction to Nuclear Engineering, 3rd Edition, Prentice Hall.
(2001)

2. Elmer E. Lewis, "Fundamentals of Nuclear Reactor Physics", Academic Press, 2008
3. JA Wesson, Tokamaks, 4th edition (Oxford, 2011)

Reference Books:
1. Raymond L. Murray, Nuclear Energy, “An Introduction to the Concepts, Systems, and Applications of
Nuclear Processes, Sixth Edition. Elsevier (2009)
2. Robert E. Masterson, “Nuclear Engineering Fundamentals: A Practical Perspective” CRC Press (2017)
3. AA Harms, KF Schoepf, Principles of Fusion Energy, GH Miley and DR Kingdon, World Scientific
Publishing (2000)

Self-study materials:
1. MIT Opencourceware https://ocw.mit.edu/
2. Specifically the Department of Nuclear Science and Engineering page
3. ITER-Controlled thermonuclear fusion material Attps./www.iter.org/

Title Industrial Plasma Applications Number PHL6XXX
Department Physics L-T-P [E] 3-0-0 [3]
Offered for B.S (Engineering Physics), M.Sc Type Elective
Pre-requisite EM Fields and Plasma

Objectives:

1. The instructor will present an overview of commercially important plasma systems, including the
fundamental principles of their operation, and associated technologies.

Learning Outcomes:
The students are expected to have the ability to:
1. understand the operating principles of the most significant types of experimental plasma sources and
systems
2. will be able to develop an understanding of the concepts required for choosing plasma systems for different
industrial applications.

Topics Cloud
Electrical breakdown of gases; High pressure gas discharges; Industrial plasma overview; Plasma chemistry;
Plasma-surface interactions; Industrial plasma applications.

Contents:

Electrical breakdown of gases: Background ionization, Saturation regime, Townsend discharge and electrical
breakdown condition of gases, Paschen Curve, basic plasma systems and their characteristics, RF-driven
Capacitive coupling, Inductive coupling, Microwave driven, and Magnetically enhanced plasma gas discharges. [8
Lectures]

High pressure gas discharges: Plasma arc discharges, Atmospheric pressure cold discharges, Cold plasma Jets,
Microplasmas. [4 Lectures]

Industrial Plasma Overview: Industrial and economic importance of plasma applications. Light sources, displays,
plasma diagnostics. Chemical conversion, novel materials growth and toxic waste abatement. Surface modification
and micromachining. Environmental aspects of industrial plasma applications. [7 Lecturers]
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Plasma Chemistry: Collision physics, Boltzmann equation, physico-chemical processes and chemical reactions in
nonequilibrium and non-equilibrium low-temperature plasmas. Kinetic and thermodynamic aspects of
plasmochemical reactions and their mechanisms. [6 Lecturers]

Plasma-surface interactions: Surface activation (surface energy, wetability and adhesion), sputtering (sputter
etching, sputter deposition and reactive sputter deposition), Plasma etching, etching characteristics (anisotropy,
residues, selectivity, uniformity, damage), Plasma surface hardening, plasma processing for semiconductor
manufacturing. [7 lectures]

Major Industrial Plasma Applications: Plasma processing (including the plasma surface interaction
mechanisms) Examples will include plasma nitriding, fluorocarbon etching of silicon and SiO,, CH,+H, diamond
deposition, activation of polymers and plasma processing of natural and artificial fibres; Cold plasma applications
in health, food and agriculture, Plasma medicine and bio-decontamination, Plasma lightening devices and Plasma
based nanoscale fabrications. [8 lectures]

Textbooks:
1. Michael Lieberman , Allan J. Lichtenberg, Principles of Plasma Discharges and Materials Processing, John
Wiley (2005)

2. J. Reece Roth, Industrial Plasma Engineering, Vol. 1 & 2, Institute of Physics Publishing, 2003
3. P.JIJohn, Plasma Sciences and the Creation of Wealth, Tata McGraw-Hill Education Company Pvt. Ltd.,
New Delhi, 2005

References:
1. Non-equilibrium Air Plasmas at Atmospheric Pressure by K. H. Becker, R. J. Barker, and K. H.
Schoenbach Institute of Physics Publishing (2004)
2. Plasma Chemistry, L S Polak and Yu A Lebedev, Cambridge International Science Publishing (CISP),
(1998)

Self-Learning course materials:
1. https://nptel.ac.in/courses/112103305

Title Quantum Materials and Devices Number PHL6XXX
Department  |Physics L-T-P [C] 3-0-0 (3)
Offered for B.S (Engineering Physics), M.Sc Type Elective
Prerequisite  |Basic understanding of Condensed Matter Physics

Objective:
The instructor will:
1. Provide an understanding about mathematical topological invariants and the tangible electronic and
magnetic properties of modern quantum topological materials.
2. Correlate the theoretical frameworks of quantum transport phenomenon including various Hall effects with
their experimental signatures.
3. Explain the physical principles and operational advantages of next-generation quantum hardware, including
topological qubits, spintronic memory, and high-precision quantum sensors.

Learning Outcomes:
The students will be able to:
1. Understand the basics of geometric phases and different types of electronic and magnetic properties of
quantum topological materials.
2. Analyze the experimental signatures of various quantum effects, modern magnetism, and apply them to
certain applications.
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3. Assess the technological viability of quantum and topological materials for real-world device applications in
the fields of spintronics, quantum memory, and sensor technologies.

Contents:

Geometric Phases & Dirac Physics: Review of quantum technologies, Aharonov-Bohm Effect: magnetic vector
potential, phase shifts, and charge-flux composites; geometric phases: introduction of Berry phase, Berry
connection, Berry curvature and its dipole; Bloch sphere geometry; Dirac equation in solids; Graphene and Kramer’s
degeneracy. [10 lectures]

Quantum Topological Materials: The integer quantum Hall effect (IQHE): phenomenology of 2D electrons in high
magnetic fields, Landau levels and the role of disorder; Chern number and TKNN invariant, time reversal symmetry
and Z2 invariants; topological insulators (TIs): distinctions between 2D and 3D TIs; Weyl and Dirac semimetals;
topological magnetic materials and vdW magnets; topological superconductors; ARPES (mapping of Brillouin
zone): principles and data interpretation.[10 lectures]

Quantum Transport & Hall Effects: Ordinary, Anomalous, Spin, Topological, and Nonlinear Hall effects;
symmetry restrictions in different Hall effects, driving force, materials, and key observables for each Hall effect; role
of Berry curvature as an effective magnetic field in momentum space.[8 lectures]

Quantum Devices & Applications: Sensing: NV centers & SQUIDs; spintronics: Dutta-Das transistor, MOSFET,
SOT/STT-MRAM; computing: superconducting & topological qubits; quantum memory/batteries, quantum dots in
various applications.[11 lectures]

Textbooks:
1. David Vanderbilt, Berry Phases in Electronic Structure Theory: Electric Polarization, Orbital Magnetization
and Topological Insulators, Cambridge University Press (2018).
2. Shun-Qing Shen, Topological Insulators (Dirac Equation in Condensed Matter), Springer, 2nd Edition
(2017)
3. Sadamichi Maekawa, Sergio O. Valenzuela, Eiji Saitoh, and Takashi Kimura, Spin Current, Oxford
University Press, 1st edition (2012).

References:

1. Supriyo Datta, Quantum Transport: Atom to Transistor, Cambridge University Press (2005)

2. Gabriele Giuliani and Giovanni Vignale, Quantum Theory of the Electron Liquid, Cambridge University
Press (2005)

3. M. Z. Hasan and C. L. Kane, Colloquium: Topological insulators, Rev. Mod. Phys. 82, 3045 (2010) DOI:
10.1103/RevModPhys.82.3045

4. B. Andrei Bernevig (with Taylor L. Hughes), Topological Insulators and Topological Superconductors
Princeton University Press (2013).

Self Learning Material
1. https://onlinecourses.nptel.ac.in/noc25_ ph29/preview
2. Ahn, E.C. 2D materials for spintronic devices. npj 2D Mater Appl 4, 17 (2020).
https://doi.org/10.1038/s41699-020-0152-0
3. Maze et al., Nanoscale magnetic sensing with an individual electronic spin in diamond, Nature, 455,
644-647 (2008).

Title Introduction to Soft Matter Physics Number PHL6XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics), M.Sc Type Elective
Prerequisite Statistical Physics
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Objectives:
1. To understand theoretical concepts in soft matter physics.
2. To understand the structural and thermodynamic properties of soft matter materials.

Learning Outcomes:
1. Ability to apply statistical physics concepts to soft matter.
2. Ability to appreciate the role of self-assembly, liquid crystals, and macromolecular solutions in
technological applications.

Contents:

Fundamentals of Soft Matter Physics: Introduction to soft matter, time, length, and energy scales, intermolecular
forces and interaction potentials, macromolecules, biopolymers, colloids, liquid crystals, membranes, and
self-assembly. [11 lectures]

Theory of Simple Liquids: Partition function for nonideal systems, Densities and distribution functions, energy,
pressure and compressibility, virial expansion, hard-sphere equation of state, and numerical calculation of
Lennard-Jones systems.[15 lectures]

Polymer Physics: Random walks, model systems, distribution functions, polymer chain statistics, end-to-end
distance, radius of gyration, coil-globule transition, polymer solutions, flexibility and semi-flexibility,
self-avoidance, entanglement, viscoelasticity, reptation, and Rouse models.[13 lectures]

Textbooks:
1. Wim van Saarloos, Vincenzo Vitelli, Zorana Zeravcic, Soft Matter: Concepts, Phenomena, and
Applications, Princeton University Press, 2024
2. Doi, M., Soft Matter Physics, Oxford University Press, 2014.
3. Jean-Pierre Hansen and lan R. McDonald, Theory of Simple Liquids with Applications to Soft Matter, 4th
Edition, Academic Press, 2013.

References:
1. Rubinstein M, Colby RH (2003) Polymer physics. Oxford University Press, New York.
2. Jones, R. A. L., Soft Condensed Matter, Oxford University Press,2002.

Self-Learning Materials:
1. NPTEL course by Profs. Sunil Kumar, P. B., and Menon, G. L.,; “Physics of Soft Condensed Matter”;
https:/nptel.ac.in/syllabus/115106063/

Title Nanoscience and Nanotechnology Number PHL7XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S, M.Sc. (Physics) Type Elective
Prerequisite Condensed Matter Physics

Objectives:

1. Understanding the physics of low dimensional objects
2. To comprehend changes in mechanical, electronic, magnetic and optical properties at reduced dimensions.

Learning Outcomes:
Upon successful completion of this course, students will be able to:
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1. Obtain a flavor of nanoscience and nanotechnology and develop insight into the physical concepts behind
nano-scale phenomena.

2. Understanding a few nano-structures for practical device applications will also be discussed.elect
appropriate characterization techniques for specific material properties and applications.

Contents:
Basics of Nanomaterials, Nanoparticles and Clusters:

1. Quantum Confinement and definition of Nano: Electron states, energy bands and density of states for
quantum Systems; Heterojunctions, Type I and Type II Heterostructures, Quantum wells, Quantum wires
and Quantum dots, Effective Mass. [5 lectures]

2. Nanoparticles and Clusters: Metal nanoclusters, Magic numbers, Geometric structures, Electronic
structures, Magnetic and semiconducting clusters and nanoparticles, Rare gas and molecular clusters,
Carbon nanostructures, 2-D materials.[8 lectures]

1. Energy generation/storage: Dye sensitized solar cells, Quantum Dot sensitized solar cell, electrode
materials for rechargeable batteries, supercapacitors, fuel cells, Hydrogen storage in carbon
nanomaterials, nanocatalyst. [9 lectures]

2. Nanotechnology in data storage: Magnetic hard disk drive, Magnetic read and write head, Flash
memory, Solid state drive, Future of data storage. [4 lectures]

Nanotechnology for Water and Healthcare):
1. Nanotechnology in Water/Air purification: Nanomaterials for water and air purification, Water
desalination using carbon nanomaterials. [7 lectures]
2. Nanotechnology in healthcare: Diagnostics using nanomaterials, i.e., biosensors, drug delivery using
magnetic nanoparticles, magnetic hyperthermia for cancer treatment. [6 lectures]

Textbooks:
1. Poole C.P. Jr. and Owens F.J., Introduction to nanotechnology, Wiley-Interscience, 2003
2. Shong C.W., Haur S.C. and Wee A. T. S., Science at the nanoscale, CRC Press, 2009
3. Davis J.H., The physics of low-dimensional semiconductors, Cambridge Uni Press, 2012

References:
1. B. S. Murty, P. Shankar, Baldev Raj, B. B. Rath, James Murday, Textbook of Nanoscience and
Nanotechnology, 1st Edition, 2013, Springer.
2. Chris Binns, Introduction to Nanoscience and Nanotechnology, 1st Edition, 2010, Wiley.

Self-Learning Materials:
1. Quereshi, M., Department of Chemistry, IIT Guwahati, https://nptel.ac.in/syllabus/104103019/.
2. Online review papers in various journals.

Preparatory Course Material
1. Balani, K. and Subramaniam, A., Department of Material Science and Engineering, IIT Kanpur, NPTEL
Course: https://nptel.ac.in/syllabus/118104008/.

Title Semiconductor Materials and Devices Number PHL4XXX
Department  [Physics L-T-P [C] 3-0-0 [3]
Offered for  |B.S (Engineering Physics) Type Elective
Prerequisite  |Basics of Crystallography and Semiconductors

Objectives:
1. To develop a fundamental understanding of semiconductor physics and materials
2. To explain charge transport mechanisms and device operation, linking material properties
3. To introduce modern semiconductor materials and advanced devices
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Learning Outcomes:

Upon successful completion of this course, students will be able to:
1. To develop an understanding of emerging semiconductor materials and technologies.
2. To apply semiconductor concepts to modern and emerging devices.
3. To explain the working principles of modern semiconductor technologies.

Contents:

Advanced Semiconductor Materials: Intrinsic and Extrinsic semiconductors: n-type and p-type, Elementary and
alloy semiconductors, Vegard’s law. Advanced Semiconductor Materials: Compound semiconductors (GaAs, InP),
Wide bandgap materials (SiC, GaN), 2D semiconductors and van der Waals materials, Oxide and Halide Perovskite
semiconductors (structure, advantages, challenges). Organic and polymer semiconductors, Topological
semiconductors,Type 1 and Type II Heterostructure, Semiconductor alloys and tunable bandgap materials. [13
lectures]

Nanostructured and Quantum Materials: Quantum wells, quantum dots, quantum wires and nanowires,
Low-dimensional semiconductor systems, Excitons and confined states, Semiconductor nanocomposites, Plasmonic
semiconductor nanostructures, Quantum transport phenomena, Spintronic materials and devices, Semiconductor
materials for quantum technologies. [12 lectures]

Defects in Semiconductors: Point defects: vacancies, interstitials, antisites, Defect energetics and formation
energy, Deep vs shallow levels, Trap states and recombination centers, type of Recombination (SRH,
radiative, Auger). [6 lectures]

Modern/State-of-the art devices: Neuromorphic and memristive devices, Introduction of quantum devices,
Radiation detectors, Flexible and wearable electronic devices, Semiconductor devices for Al and IoT applications..
[8 lectures]

Textbooks:
1. Donald E. Neamen, Semiconductor Physics and Devices, 2nd Ed. Tata Macgraw Hill, New Delhi.
2. Ben G Streetman and Banerjee, Semiconductor Devices, Tata Macgraw Hill, New Delhi.
3. Safa O. Kasap, Optoelectronics and Photonics: Principles and Practices, 2nd Edition, 2013, Pearson.

Reference Books:
1. S. M. Sze, Kwok K. Ng, Physics of Semiconductor Devices, 3rd Edition, 2006, Wiley-Interscience.
2. Peter Y. Yu, Manuel Cardona, Fundamentals of Semiconductors: Physics and Materials Properties, 4th
Edition, 2010, Springer.

Self Learning Materials
3. Prof. M. R. Shenoy, Semiconductor Optoelectronics, NPTEL course material, Department of Physics, IIT
Delhi, https://nptel.ac.in/courses/115102026
4. Prof. Digbijoy N. Nath, Fundamentals of semiconductor devices, NPTEL course material, [ISc Bangalore
https://www.youtube.com/playlist?list=PLgMDNELGJ1CaNcuuQv9xN07ZWkXE-wCGP;
https://nptel.ac.in/courses/108108122

Title Hydrogen Generation, Storage and Applications Number PHL7XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics) & M.Sc (Physics) Type Elective
Prerequisite Thermal Physics, Condensed Matter Physics

Objectives:

1. Provide knowledge about hydrogen energy, various ways of its production and storage.
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2. Provide the role of materials in hydrogen generation, storage and uses of different hydrogen technologies.

Learning Outcomes:
Upon successful completion of this course, students will be able to:
1. Understand the fundamentals of hydrogen technology, using it as a way to store energy.
2. Gain a better understanding of thermodynamics, electrochemistry and their applications to energy
conversion and storage.
3. Learn how various materials can be exploited to realize the production of green hydrogen and its storage
for various applications.
4. Understand theoretical and practical limits of hydrogen energy conversion among various forms and
corresponding efficiencies.

Content:

Introduction: Renewable Energy Sources, Fundamentals of hydrogen energy, Relevance of hydrogen in relation to
depletion of fossil fuels and environmental considerations, Various types of hydrogen based on its ways of
production. Various factors relevant to safety, use of Hydrogen as Fuel. [6 Lectures]

Hydrogen Generation: Methods for sustainable hydrogen generation, electrochemical and photoelectrochemical
water splitting, working mechanism of electrochemical water splitting, HER mechanism, OER mechanism, Physics
of material characteristics for production of hydrogen, electrochemical potential, artificial photosynthesis,
Parameters for assessing the electrochemical performance: Tafel slope, electrochemical active surface area, turnover
frequency, Faradaic efficiency. [11 Lectures]

Hydrogen Storage: Hydrogen storage methods, compressed hydrogen, liquid hydrogen, Cryogenic hydrogen
storage, Physical and Chemical storage of hydrogen, special features of solid hydrogen storage materials, Structural
and electronic characteristics of storage materials, Carbon storage materials, Metallic and complex hydrides, New
Storage Modes. [11 Lectures]

Hydrogen Applications: Hydrogen in industry, Hydrogen for Electricity Generation, Introduction and overview of
Fuel Cells, Various type of Fuel Cells, Working Mechanism of Fuel Cells, Thermodynamics and reaction kinetics of
fuel cells, Fuel cell characterization, Applications of Fuel Cell, Voltage generation in a fuel cell, Fuel cell modeling
and system integration, Elementary concepts of other Hydrogen Based devices such as Hydride Batteries.

[11 Lectures]

Textbooks:
1. Hydrogen as an Energy Carrier Technologies Systems Economy: Winter, C. J. and Joachim Nitsch.
2. Hydrogen Fuel Production, Transport, and Storage Edited by Ram B . Gupta CRC Press 2008.

Reference Books:
1. Fuel Cells and Hydrogen Production 2 Vol Set 2nd Edt. by Lipman TE, Springer
2. Hydrogen as a Future Energy Carrier: Andreas Zuttel, Andreas Borgschulte and Louis Schlapbach.
3. Fuel Cells Principles, Design, and Analysis By Shripad T. Revankar, Pradip Majumdar, CRC Press 2014

Self-learning Materials
1. NPTEL Course on Fuel Cell Technology by Prof. S. Basu, Dr. Anil Verma.
https://nptel.ac.in/courses/103102015
2. Prof. Pal K., NPTEL Course Material, Hydrogen Production from Electrolysis, Mechanical and Industrial
Engineering, Indian Institute of Technology Roorkee, https://www.youtube.com/watch?v=Nf3r2mphRPI
3. Prof. Pal K., NPTEL Course Material, Hydrogen Storage, Mechanical and Industrial Engineering, Indian
Institute of Technology Roorkee, https://www.youtube.com/watch?v=6EOVaK2Pn9¢
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Title Electromagnetic Astronomy Number PHL4XXX
Department  [Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics ) Type Elective
Prerequisite EM Fields and Plasma, Nuclear and Particle Physics

Objectives:
The Instructor will:
1. Provide the basics of elementary particles and different interactions.
2. Describe observation techniques in astrophysics and their interpretation

Learning Outcomes:
The students are expected to have the ability to:
1. Understand the interactions of elementary particles.
2. Understand details about multi-wavelength astronomy.

Contents:

Properties of stars with optical radiations: Celestial coordinates, brightness, absolute and relative magnitude.
Hertzsprung-Russel (HR) diagram, size, mass and temperature of stars. Reading Hipparcus catalogue for stars and
making the HR diagram for open and closed clusters. [15 Lectures]

X-ray and gamma-ray Astronomy: X-ray and gamma-ray radiation from high-energy astrophysical phenomena:
cataclysmic variables, Neutron Stars, Active Galactic nucleus, gamma-ray bursts, Starburst Galaxies etc. X-ray and
gamma-ray satellite detectors. [10 Lectures]

Cosmic Rays and Neutrinos: spectrum, Direct and Indirect detection of CRs, Origin of Galactic and Extragalactic
CR sources. Solar neutrinos, Supernova neutrinos, Neutrinos as dark matter. Ultra-high energy Neutrinos, Neutrino
Telescopes. [14 Lectures]|

Textbooks:
1. Unsold A., and Baschek B., (2002) The New Cosmos - Introduction to Astronomy and Astrophysics,
Addison-Wesley Press.
2. Peskin M. E., (2019), Concepts of Elementary Particle Physics, Oxford Master Series.

References:
1. Zeilik, Michael, and Stephen A. Gregory. Introductory Astronomy and Astrophysics. 4th ed. Fort Worth,
TX: Saunders College Publishing, 1997.

Self-Learning Materials
1. Saul Rappaport. 8.282J Introduction to Astronomy. Spring 2006. Massachusetts Institute of Technology:
MIT OpenCourseWare, https://ocw.mit.edu

50


https://www.iitj.ac.in/physics/en/undergraduate-program
https://ocw.mit.edu

https://www.iiti.ac.in/physics/en/undergraduate-program

Title High Energy Physics Number PHL7XXX
Department | Physics L-T-P [C] 3-0-0 [3]
Offered for | BS (Engineering Physics), MSc (Physics), PhD Type Elective
Prerequisite | Nuclear and Particle Physics, Relativistic Quantum Mechanics

Objectives:
The instructor will:
1. Introduce fundamental particles, interactions, and underlying symmetry principles.
2. Develop conceptual and analytical understanding of particle interactions and gauge theories.
3. Provide a foundation for the Standard Model and exposure to current directions in high-energy physics.

Learning Outcomes:
Students will be able to:
1. Understand fundamental particles and their interactions, as well as the limitations of the Standard Model.
2. Develop a foundation for experimental and phenomenological research in high-energy physics with
exposure to open problems.

Content:

Fundamentals of Particle Physics: Fundamental particles and interactions, Symmetry principles and basic ideas of
group theory, Conservation laws, Isospin and flavor symmetry, Color Quantum Number and Multiplet structure of
hadrons. [7 Lectures]

Quantum Electrodynamics: Basic principles, Feynman diagrams, interaction vertices, QED scattering processes
such as electron-electron, electron-positron annihilation, and electron-muon, U(1) gauge symmetry.[8 Lectures]

Strong Interactions and Quantum Chromodynamics: Introduction to Yang—Mills theory, Strong interaction, color
charge, SU(3) symmetry, introduction to Quantum Chromodynamics, deep inelastic scattering, Bjorken scaling,
parton model. [7 Lectures]

Weak and Electroweak Interactions: V-A structure, charged and neutral weak current processes, Cabibbo angle,
GIM mechanism, CKM matrix and CP violation, SU(2) symmetry, electroweak unification, gauge bosons and
fundamental fermions, spontaneous symmetry breaking and Higgs mechanism, limitations of the Standard Model:
neutrino properties and oscillations. [9 Lectures]

Textbooks
1. David J. Griffiths, Introduction to Elementary Particles, 2nd Edition, Wiley-VCH, 2008.
2. Francis Halzen and Alan D. Martin, Quarks and Leptons: An Introductory Course in Modern Particle
Physics, Wiley, 1984.
3. Howard Georgi, Lie Algebras in Particle Physics: From Isospin to Unified Theories, 2nd Edition, Westview
Press, 1999.

References:

1. T.-P. Cheng and L.-F. Li, Gauge Theory of Elementary Particle Physics, Oxford University Press.

2. An Introductory Course of Particle Physics by Palash B. Pal, CRC Press.

3. Donald H. Perkins, Introduction to High Energy Physics, 4th Edition, Cambridge University Press, 2000.

4. Michael E. Peskin and Daniel V. Schroeder, An Introduction to Quantum Field Theory, Westview Press,
1995.

5. Y. Grossman and Y. Nir, The Standard Model: From Fundamental Symmetries to Experimental Tests,
Princeton University Press.

Self-Learning Material
1. NPTEL Course on Nuclear and Particle Physics by Prof. Poulose Poulose, IIT Guwahati:
https://mptel.ac.in/courses/115103101
2. NPTEL Course on Particle Physics and the Standard Model by Prof. Nirmal Raj, [ISc Bangalore:
https://nptel.ac.in/courses/115108642
3. MIT OpenCourseWare, Introduction to Nuclear and Particle Physics,
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Title Statistical Method and Data Analysis Number PHL7XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for BS (Engineering Physics), M.Sc (Physics), PhD [Type Elective

Probability Theory, Bayesian
Prerequisite Scientific Computing and ML Antirequisite [Methods, Parameter Estimation
and Statistical Inference

Objectives:

The Instructor will:
1. Understand and apply basic statistical concepts and probability distributions to analyze data.
2. Estimate parameters, quantify uncertainties, and interpret results from experimental or real-world datasets.
3. Use computational methods, including basic Monte Carlo techniques, for data analysis and modeling.

Learning Outcomes:
1. Students will be able to analyze data using statistical methods, estimate parameters, quantify uncertainties,
and apply computational tools for modeling and interpretation.

Contents:
Statistical Foundations and Probability: Probability and Statistics, random variables, discrete and continuous
distributions (Binomial, Poisson, and Gaussian), cumulative distributions, expectation values, mean, variance,
correlation, sampling concepts including population and sample, law of large numbers, and central limit theorem. [9
Lectures]

Uncertainty Analysis and Data Treatment: Statistical and systematic uncertainties, error propagation, covariance
and correlation, uncertainties on derived quantities, and resampling techniques, including bootstrap, Bayesian vs.
frequentist. [9 Lectures]

Parameter Estimation and Statistical Inference: Estimation methods, including least squares and maximum
likelihood, properties of estimators, hypothesis testing, test statistics, significance, p-values, look-elsewhere effect,
Type I and Type II errors, confidence intervals, Neyman construction, limits, and goodness-of-fit tests. [13 Lectures]

Bayesian Methods and Monte Carlo Techniques: Basic Bayesian concepts, including priors, likelihoods, and
posteriors, Monte Carlo methods for sampling and estimation, acceptance—rejection techniques, introduction to
Markov Chain Monte Carlo (MCMC) methods. [8 Lectures]

Textbooks:
1. Cowan, G., Statistical Data Analysis, Oxford University Press, 1998.
2. Louis, L., Statistics for Nuclear and Particle Physics, Addison-Wesley, 1990.
3. Taylor, J. R., An Introduction to Error Analysis, University Science Books, 2nd edition, 1997.

References:
1. Sivia, D. S., and Skilling, J., Data Analysis: A Bayesian Tutorial, Oxford University Press, 2nd edition,
2006.

2. Barlow, R., Statistics: A Guide to the Use of Statistical Methods in the Physical Sciences, Wiley, 1989.

3. Kalos, M. H., and Whitlock, P. A., Monte Carlo Methods, Wiley-VCH, 2nd edition, 2008.

4. Bevington, P. R., and Robinson, D. K., Data Reduction and Error Analysis for the Physical Sciences,
McGraw-Hill, 3rd edition, 2003.

Self-Learning Materials:
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1. Statistical Thinking and Data Analysis, MIT OpenCourseWare;
https://ocw.mit.edu/courses/15-075j-statistical-thinking-and-data-analysis-fall-2011/resources/lecture-notes/?
2. NPTEL, Statistical Methods for Scientists and Engineers https://nptel.ac.in/courses/111105077

Title Particle Accelerators and Detectors Number PHL6XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for BS (Engineering Physics) & M.Sc (Physics) Type Elective
Prerequisite Nuclear and Particle Physics

Objectives:

The Instructor will:
1. To understand the fundamental principles of the interaction of radiation with matter and their role in signal
formation for detection.
2. To learn the working principles and performance of major radiation detectors and accelerator systems.
3. To develop an understanding of modern experimental techniques, including data acquisition, signal
processing, and applications in high-energy, nuclear, and medical physics.

Learning Outcomes:

Students will be able to:
1. Explain the interaction of radiation with matter and the principles of radiation detection.
2. Describe the operation and applications of radiation detectors and particle accelerators.
3. Relate detection and accelerator techniques to modern experimental and research systems.

Contents:
Interaction of Radiation with Matter and Detection: Energy loss mechanisms of charged particles, linear energy
transfer, range and Bragg curve, interactions of charged particles and photons with matter, attenuation of radiation. [6
Lectures]

Particle Accelerators: Motion of charged particles in electromagnetic fields, principles of linear accelerators
(LINAC:S), cyclotrons and synchrotrons, synchrotron radiation, basic ideas of beam control and RF cavities, and an
illustrative example of the Large Hadron Collider and SuperKEKB. [9 Lectures]

Particle Detectors, Systems, and Readout: General detector requirements and resolution of energy, position, and
time; Various types of Detectors, overview of tracking and calorimetric detectors, Modern semiconductor detectors
for fast timing and radiation-hard applications, basic detector electronics, principles of trigger systems, and overview
of the data acquisition. [15 Lectures]|

Applications at Modern High Energy Physics Experiments: Overview of fixed-target and collider experiments,
basic concepts of luminosity, cross-section, and event rate. Introduction to event generators, basic detector simulation
using GEANT4, event reconstruction, and collider observables. [9 Lectures]

Textbooks:
1. Leo, W. R. (1994). Techniques for Nuclear and Particle Physics Experiments: A How-to Approach. Springer.
2. Claus Grupen & Boris Shwartz (2008), Detectors in Particle Physics: A Modern Introduction, Springer.
3. Edwin J. Wilson (2001), An Introduction to Particle Accelerators, Oxford University Press.

References:
1. Knoll, G. F. (2010). Radiation Detection and Measurement (4th ed.). Wiley.
2. Schwartz, M. D. (2014). TASI Lectures on Collider Physics. World Scientific.
3. Introduction to Experimental Particle Physics by Richard Clinton Fernow, Cambridge University Press
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Self-Learning Materials:
1. NPTEL: NOC: Accelerator Physics, https://nptel.ac.in/courses/115101132
2. MIT OpenCourseWare: Introduction to Nuclear and Particle Physics,
https://ocw.mit.edu/courses/8-701-introduction-to-nuclear-and-particle-physics-fall-2020/pages/video-lecture
s/chapter-10--instrumentation/

Title Quantum Communication Number QCLA4010
Department  |Physics L-T-P[C] [3-0-0[3]
Offered for |B.S (Engineering Physics) Type Elective
Prerequisite  |Basics of Quantum Information

Objectives
The course will:
1. Describe characterization and properties of quantum channels for communication, and analyze their
efficiencies in real conditions.
2. Demonstrate applications of quantum channels in preserving and communicating information; and the
challenges therein.

Learning Outcomes
The students are expected to:
1. Learn measures to classify and quantify channels for efficient communication protocols.
2. Analyze quantum communication protocols from the perspective of its efficiency in optimally
communicating the information.

Contents
Foundations: Review of Foundations of Quantum Information and computation, Multiqubit entanglement and
nonlocality, Measures of entanglement and nonlocal correlations. [8 Lectures]

Classical and quantum information: The concept of information, Communication channels, Shannon and Von
Neumann entropy, Distinguishing quantum states, Holevo bound, Coding theorems, Classical and Quantum
information over noisy channels. [9 Lectures]

Quantum Communication Protocols: Classical cryptography, BB84 and E92 Protocols, Quantum key distribution
and other quantum cryptographic protocols, Eavesdropping and security, Remote State Preparation, Controlled
communication protocols, Open destination protocols. [10 Lectures]

Quantum Operations and Noisy Channels: Operator-Sum representation, Sudden death of entanglement,
Examples of quantum communication channels, effect of noise on fidelity and efficiency of communication
protocols, Mechanisms of protecting nonlocal correlations, Preserving quantum information in a noisy channel.

[7 Lectures]

Quantum Error Correction: The need for quantum error correction, bit-flip and phase-flip codes, Shor code,
Calderbank-Shor-Steane codes, Stabilizer codes, The-state-of-the-Art Experiments related to quantum effects, Bell
state measurement, Entanglement generation etc. [5 Lectures]

Textbooks:
1. Nielsen, M. A. and Chuang, 1. L., (2000) Quantum Computation and Quantum Information, 10" edition,
Cambridge University Press, 2000
2. Vedral, V., (2006) Introduction to Quantum Information Science, 1* edition, Oxford University Press, 2000

References:
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1. Bouwmeester, D., Ekert, A. and Zeilinger, A., (2000) The Physics of Quantum Information, 2" edition,
Springer, 2000

2. Bellac, M. L., (2006) A Short Introduction to Quantum Information and Quantum Computation, 1* edition,
Cambridge University Press, 2006

3. Wilde, M. W., (2017) Quantum Information Theory, 2™ edition, Cambridge University Press, 2017

Self Learning Materials:
1. Goswami, D., Quantum Computing, Mathematics for Chemistry, NPTEL Course Material, Department of
Chemistry, Indian Institute of Technology Kanpur https://onlinecourses.nptel.ac.in/noc18 cy07/preview

Title Quantum Cryptography and Coding Number QCL7320
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S (Engineering Physics), M.Sc, Ph.D Type Elective
Prerequisite

Objectives:

The Instructor will:
1. Introduce the students to the fascinating field of cryptography and coding, with specific emphasis on the
quantum aspects of it.
2. Highlight a number of facets of these theories having some parallel with the more familiar classical world.

Learning Outcomes:
The students are expected to have the ability to:
1. Understand the fundamental principles of quantum cryptography and coding.
2. Become familiar with the modern aspects of the theory, including its experimental implementation.

Contents
Cryptography: Various aspects of modern cryptography; number theoretic concepts. [9 Lectures]

Classical Coding Theory: Concepts of entropy, mutual information and related aspects; Shannon's coding
theorem. [9 Lectures]

Basic concepts of Quantum Mechanics: From the perspective of information and cryptography: Hilbert space,
states, operators: Hermitian and Unitary, simple measurements. [S Lectures]

Some basic no-go theorems: With implications to cryptography. [2 Lectures]

Some basic applications pertinent to quantum cryptography: Entanglement, teleportation, dense coding,
Quantum Key Distribution protocols: BB84, B92, Ekert protocol, Goldenberg-Vaidman, counterfactual quantum
cryptography; protocols of quantum dialogue; Quantum secret sharing protocol; Quantum cheating and
cryptography; Protecting information and QKA (quantum key agreement); Shor's factoring algorithm and modern
cryptography; Experimental progress in quantum cryptography. [10 Lectures]

Quantum Coding: Quantum aspects of Shannon coding theorem. [4 Lectures]

Textbooks:
1. Nielsen Michael, A. and Chuang Isaac , ., (2010), Quantum Computation and Quantum Information,
Cambridge University Press, 2010.

References:
1. Benenti, G., Casati, G., and Strini, G., (2004) Principles of Quantum Computation and Information, World
Scientific Press, 2004
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2. Bouwmeester, D., Ekert, A. and Zeilinger, A., (2000) The Physics of Quantum Information, 2™ edition,
Springer, 2000

Self-Learning Materials:
1. Shor, P., Quantum Computation,MIT Open Course, 18.435J Fall 2003, Link
https://ocw.mit.edu/courses/mathematics/18-435j-quantum-computation-fall-2003/

Title Quantum Computing Number QCL4020
Department Physics L-T-P [C] |3—0-0[3]
Offered for B.S Type Elective
Prerequisite Basics of Quantum Information

Objectives:

The course will:
1. Discuss the fundamentals of quantum computation, applications of quantum algorithms, and the need of the
post quantum cryptography era.
2. Demonstrate various implementations of quantum computation frameworks, drawbacks and state-of-the-art.

Learning Outcomes:
The students are expected to:
1. Learn various aspects of quantum computation, applications and threats imposed.
2. Analyze and discuss ways to implement secure encryptions based on fundamental laws of quantum
mechanics.

Contents:

Quantum-Circuit Model: Review of foundations of quantum computation, The joy of superposition and
entanglement, Clauser-Horne-Shimony-Holt inequality as a nonlocal game, single and multi-qubit operations,
Measurements, Reversible versus irreversible gates, Quantum circuits for large networks, Implementing multi-qubit
gates, Universal quantum gates. [8 Lectures]

Quantum Algorithms: Quantum Coin—Deutsch's Algorithm, Deutsch-Jozsa and Bernstein-Vazirani Algorithms,
Simon’s Algorithm, Phase estimation and quantum Fourier transform, Eigenvalue estimation, The order-finding
problem, Shor’s algorithm, Grover’s search algorithm. [16 Lectures]

Applications: Generation, manipulation and distinction of quantum states, Super dense coding and teleportation as
quantum computation, Quantum cryptography and post quantum cryptography, Scalability issues, Fault tolerant
quantum computation. [9 Lectures]

Physical Implementation: Requirements- Preparation of initial states, Performance and limitations of unitary
operations, Measurements, fidelity, Technological candidates for quantum computing, NMR quantum computing,
One-way quantum computation, Harmonic Oscillator quantum computation, Quantum annealing, Optical quantum
computation, limitations and drawbacks, Superconducting and topological qubits, State-of-the-Art, Online Quantum
Experience platforms. [6 Lectures]

Textbooks
1. Nielsen, M. A. and Chuang, I. L., (2000) Quantum Computation and Quantum Information, 10™ anniversary
edition, Cambridge University Press, 2000.

References:
1. Benenti, G., Casati, G., and Strini, G., (2004) Principles of Quantum Computation and Information, World
Scientific Press, 2004
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2. Bouwmeester, D., Ekert, A. and Zeilinger, A., (2000) The Physics of Quantum Information, 2™ edition,
Springer, 2000

3. Bellac, M. L., (2006) A Short Introduction to Quantum Information and Quantum Computation, 1* edition,
Cambridge University Press, 2006

Self Learning Materials:
1. Goswami, D., Quantum Computing, Mathematics for Chemistry, NPTEL Course Material, Department of
Chemistry, Indian Institute of Technology Kanpur
https://onlinecourses.nptel.ac.in/noc18 cy07/preview

Title LED Technology Number PHL6XXX
Department Physics L-T-P [C] 3-0-0 [3]
Offered for B.S. (Engineering Physics) Type Elective
Prerequisite Basics of Semiconductor Devices

Objective:

1. This course aims to introduce fundamentals and working mechanisms of light emitting diodes.
2. To provide comprehensive knowledge on LED device structure and their classifications.
3. To provide the overview of the state-of-the art and advanced LEDs for various applications

Learning Outcomes:
1. The students will be familiar with the materials for LED devices and their characteristics.
2. Understanding the various existing LEDs and their specialty applications.
3. They will acquire knowledge on design and development of advanced LEDs for future applications

Contents:

Radiative and non-radiative processes: Electroluminescence, Radiative electron—hole recombination, Radiative
recombination for low-level and high-level excitations, Non-radiative recombination in the bulk, Competition
between radiative and non-radiative recombination. [7 Lectures]

LED basics -Electrical and Optical: Diode current—voltage characteristic, Carrier distribution in p-n
homojunctions and heterojunctions, Electron injection and blocking layers, Radiation pattern, internal and external
quantum efficiency measurements, The lambertian emission pattern. [11 Lectures]

LED Design parameters: Device structure, Junction and carrier temperatures, High internal efficiency designs,
Doping of the confinement regions, Design of current flow, High extraction efficiency structures. [6 Lectures]

Types of LEDs: Flashing LEDs, Visible-spectrum LEDs (GaAsP, GaP, GaAsP:N, and GaP:N, AlGaAs/GaAs,
AlGalnP/GaAs and GalnN material systems), Organic and polymer LEDs, UV LEDs, LED lasers-Spontaneous
emission from resonant cavities. [6 Lectures]

Applications of LEDs: LEDs and Lighting - LED Light bulbs, High-Brightness (HB) LEDs, LEDs in
communications-IR Remote Operation (TV Remote Control, Remote Control LEDs), LEDs for fiber-optic
communication, Ethernet Networking, LED Displays, UV LED applications in Health care and water treatment. [9
Lectures]

Textbooks:
1. E. Fred Schubert, Light-Emitting Diodes, Cambridge University Press, Second edition,2006
2. Gilbert Held, Introduction to Light Emitting Diode Technology and Applications, CRC Press, 2009

Self Learning Material
1. Semiconductor optoelectronics (Lecture 27 to 31) by Prof. Shenoy, IITD.
http://www.nitttrc.edu.in/nptel/courses/video/115102103/L27.html
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Title Nonlinear Optics Number PHL6XXX
Department | Physics L-T-P [C] 3-0-0 [3]
Offered for | B.S.Engineering Physics and M.Sc. Type Elective
Prerequisite | Fundamentals of Optics

Objectives:
1. Understand fundamentals of nonlinear optical response and susceptibilities.
2. Analyze second- and third-order processes with phase matching.
3. Explore nonlinear wave propagation and photonic applications.

Learning Outcomes:
1. Explain and derive key nonlinear optics concepts and equations.
2. Evaluate Second Harmonic Generation (SHG), Third Harmonic Generation (THG), Self Phase Modulation
(SPM), and Four Wave Mixing (FWM).
3. Apply concepts to modulators, solitons, and supercontinuum generation.

Contents:

Fundamentals of Nonlinear Optics: Linear vs nonlinear optical response, microscopic origin of optical
nonlinearity, Wave propagation in anisotropic media, Nonlinear polarization expansion and susceptibilities,
Kramers-Konig relations, Wave equation in anisotropic and nonlinear media. [10 Lectures]

Second-Order Nonlinear Optics: Second-order susceptibility and symmetry, Sum and Difference Frequency
Generation (SFG/DFG), Second Harmonic Generation (SHG), Electro-optic effect, Phase matching and coherence
length, Birefringent and quasi-phase matching, Optical parametric amplification and oscillation (OPA/OPO). [11
Lectures]

Third-Order Nonlinear Optics: Optical Kerr effect and nonlinear refraction, Third Harmonic Generation (THG),
Self-phase modulation (SPM), Four-wave mixing (FWM), Self-focusing and beam propagation effects.
[10 Lectures]

Nonlinear Wave Propagation: Optical solitons, Supercontinuum generation, Stimulated Raman Scattering (SRS),
Stimulated Brillouin Scattering (SBS), Multiphoton absorption. [8 Lectures]

Textbooks:
1. Robert. W. Boyd, Nonlinear Optics, Academic Press, Elsevier, 2023
2. Yariv, Optical electronics in modern communications, Oxford University Press, 1997
3. A. K. Ghatak and K. Thyagarajan, Optical electronics, Cambridge University Press, 1991

References:
1. Y.R. Shen, Principles of Nonlinear Optics, Wiley Classics Library, 2002
2. Saleh, B. E. A. and Teich, M. C., Fundamentals of Photonics, Wiley, 2018
3. G.S.Heand S. H. Liu, Physics of Nonlinear Optics, World Scientific 2000
4. P. N. Butcher and D. Cotter, The elements of Nonlinear Optics, Cambridge University Press, 1990.

Self Learning Materials:
1. NPTEL course by Prof. K.C. Rustagi, Prof. B.P. Singh, IIT Bombay,” Nonlinear Optics”
https://nptel.ac.in/courses/115101008
2. NPTEL course by Prof. K. Thyagarajan, IIT Delhi, “Quantum Electronics"

https:/nptel.ac.in/courses/115102022
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Title Laser Technologies and Ultrafast Optics Number PHL7XX0
Department | Physics L-T-P [C] 3-0-0 [3]
Offered for B.S./M.Sc./Ph.D Type Elective
Prerequisite | Fundamentals of Optics

Objectives:
1. Understand laser fundamentals, rate equations, and resonator dynamics.
2. Analyze laser operation, coherence, modes, and pulse generation techniques.
3. Explore ultrafast optics, pulse shaping, and advanced laser systems.

Learning Outcomes:
1. Explain laser principles, threshold conditions, and line broadening mechanisms.
2. Apply concepts of mode locking, Q-switching, and beam propagation.
3. Analyze ultrashort pulse generation, measurement, and modern laser applications.

Contents:

Laser Technologies

Fundamentals of Lasers: Spontaneous and stimulated processes, pumping, and relaxation, Einstein coefficients,
Laser oscillator, Laser characteristics, Light amplification, The Threshold Condition, Laser rate equations, Line
broadening mechanisms, modes and mode selection, Laser Line width and broadening, Q-Switching, Stability
condition for resonator, Quality factor, Mode locking, Active mode locking, Passive mode locking, Gaussian Beams
and optical resonators. [13 Lectures]

Types of Lasers and Applications: Basics and technologies of gas lasers, liquid lasers, solid-state lasers, Fiber
lasers, semiconductor lasers with examples. Two-beam interference, Temporal coherence and line-width, Michelson
interferometer (LIGO), Sagnac interferometer. [8 Lectures]

Ultrafast Optics

Ultrashort pulses: Mode locking: Active mode locking, Passive mode locking, Ultrashort pulse (nanosecond,
picosecond, femtosecond and attosecond) generation and propagation, Chirping and Pulse compression, laser
amplifiers, interferometric autocorrelation for pulse measurement, collinear and non-collinear methods [11 Lectures]

State-of-art-lasers: YAG Lasers, (Ti: Sapphire Lasers and Fiber Lasers). Terahertz generation (Optical rectification
in a nonlinear medium), Transient absorption/reflection spectrometer. [7 Lectures]

Textbooks:
1. Sigman, A., Lasers, Mill Valley, Calif. University Science Books, 1986
2. Rulliere, C., Femtosecond Laser Pulses, Springer, 2003.
3. Optical Electronics; Ajoy Ghatak and K. Tyagrajan, Cambridge University Press, Cambridge, 1989.

References:
1. Shen. Y. R., The Principles of Nonlinear Optics, Wiley-Interscience, 2002.
2. Dexheimer. S. L., Terahertz Spectroscopy, CRC Press, 2008.
3. Yariv A & Pochi, Y., Photonics, Oxford University Press, 2006.

Self-Learning Materials:

1. Unique properties of lasers and their applications, Manabendra Chandra,
https://nptel.ac.in/courses/104104085/.

2. Lectures of Rick Trebino https://frog.gatech.edu/talks.html

Preparatory course material
1. Understanding Lasers and Fiber Optics, Prof. Shaoul Ezekiel
://ocw.mit.edu/resources/res-6-005-understanding-la
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Title Entrepreneurship for Physicists Number PHL4XXX
Department Physics L-T-P [C] 3-0-0 [3]
offered for B.S (Engineering Physics) Type Elective
Prerequisite None

Objectives

The Instructor will:

1. Provide students the knowledge about the charms of being an entrepreneur

2. Provide the information about entrepreneurship and important theories, models, tools and usage that could help
students transform an idea into business.

Learning Outcomes

The students are expected to:

1. Clear the doubts and perplexities that physicists have towards everything that is related to business
2. Understand the exciting aspects of the entrepreneurial process that brings ideas to market

Contents

Invention and Innovation: Introduction to Research, Variables and definitions including TRL, Invention and
Innovation, process and product innovation, Innovation driven entrepreneurship, Technology intelligence with case
studies, Entrepreneurship mind set and culture. [9 Lectures]

Intellectual Property and Early Business Processes: Introduction to IPRs, Patent search & Analytics, Patent and
copyright drafting, techno-economic feasibility analysis, understanding Business plan and Funding opportunities for
entrepreneurs, characteristics of entrepreneur, risk factors in entrepreneurship, technology business incubation,
Venture capital. [10 Lectures]

Entrepreneurship Tools and Techniques: Ideation based on available resources, market demands and societal
needs, Hackathon, Pitching, Market push and pull, Project Management Tools & Techniques, scheduling of Project
Plan, Project risk management, Business Canvas, Introduction to detailed project report (DPR). [10 Lectures]

Effectuation theory of entrepreneurship: Principles of Bird-in-Hand, Affordable Loss, Crazy Quilt, Lemonade,
Pilot-in-the-Plane, Effectuation vs. Causation, the effect of effectuation on entrepreneurial intention and
Sarasvathy's theory of Effectuation. [5 Lectures]

Deep Tech innovations: Understanding Deep-Tech innovations and SDGs, Proof-of-Concept development, Lab to
Market translation, Techniques to make market ready products, case studies of physics-based start-ups.
[S Lectures]

Textbooks:

1. Davide lannuzzi “Entrepreneurship for Physicists” Morgan & Claypool Publishers, ISBN: 978-1-6817-4669-2
(2017).

2. K Nagarajan “Project Management” New Age International Publishers, ISBN-13:978-9386286024 (2017).

3. David Bainbridge “Intellectual Property’ Pearson 10th edition (29 May 2018), ISBN-13: 978-1292002644

References:

1. Kunal Upadhyay “Hand book on Non Profit incubator Manager’ Handbook for Incubator Managers.pdf
(niti.gov.in)

2. The Innovator's Toolkit: 10 Practical Strategies to Help You Develop and Implement Innovation / by HBR:
HBR 9781422199909.
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