Department of Physics: Proposed STAR Courses

FOR PG
Subject Code: PH-xxx PHT-501 Course Title: Advanced Materials for Energy Harvesting and Storage
L-T-P: 3-0-0 Credits: 3 Subject Area: STAR Course

Outline: Basics of energy conversion processes (thermoelectric, piezoelectric, photovoltaic, hydroelectric, etc.),
Materials for energy harvesting and storage, covering synthesis, characterization. Hydroelectric cells, dielectrics,
quantum dots, perovskite solar cells, and supercapacitors, batteries. Role of nanostructures in enhancing
energy storage performance. Flexible and wearable energy devices

Subject Code: PH-xxx PHT-502 Course Title: Functional Materials
L-T-P: 3-0-0 Credits: 3 Subject Area: STAR Course
Outline: Functional materials are materials that have one or more properties that can be significantly changed in
a controlled fashion by external stimuli (temperature, electric/magnetic field, etc.) and are therefore applied ina
broad range of technological devices for example in memories, displays and telecommunication. This course
aims to provide students with a detailed understanding of a range of functional materials, including magnetic
and superconducting materials, ferroelectric materials, semiconductor materials and 2D materials. These are a
rapidly emerging class of materials that exhibit novel physical properties and find applications in a wide range of
fields such as catalysis, electronic devices, actuators and sensors.

FOR UG
Subject Code: PH-xxx PHT-503 Course Title: Fundamentals of Nanoscience and Technology
L-T-P: 3-0-0 Credits: 3 Subject Area: STAR Course

Outline: Nanoscience, Nanotechnology, Fundamentals, Principles, Applications, Nanostructures, Quantum
Mechanics, Materials Science, Characterization Techniques, Fabrication Methods, Nanomaterials,
Nanoelectronics, Self-assembly, Surface Science, Nanoengineering, Quantum Dots, Carbon Nanotubes,
Nanosensors, Energy Applications, Environmental Implications, Ethical Considerations.

FOR UG/PG
Subject Code: PH-xxx PHT-504 Course Title: Computational Science with Python
L-T-P: 2-0-2 Credits: 3 Subject Area: STAR Course

Outline: Programming in Python, Variables and Array, Control structure, basic numerical algorithms covering
interpolation, integration, differentiation, ODE and PDE solvers, Dense linear algebra (numpy), Sparse linear
algebra (scipy), Plotting, Symbolic computing (sympy), Data processing (pandas), Machine learning basics
(Regression)

Subject Code: PH-xxx PHT-505 Course Title: Quantum Simulations
L-T-P: 2-0-2 Credits: 3 Subject Area: STAR Course

Outline: Basics of quantum computing applied to simulating physical systems. Coding quantum computers for
solving some eigenvalue problems in many-body systems with an adequate introduction to the relevant
algorithms, encodings, and transformations.
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PHT-506

Subject Code: (STAR PG course) To be decided
Course Title: Superconducting Qubits-based Quantum Computing

L-T-P: (3-0-0) Credits: 03 Subject Area: STAR

Course out line & Motivations :(The current hardware developments based on Superconducting

Quantum qubits Materials and Device fabrication focused on advanced Quantum Computing and
Information Technologies as per NQM and my research group efforts in this directions):

The Quantum states in Hilbert space & their superposition’s, entanglement, quantum tunneling, and Josephson
Cooper pair tunneling through array of Quantum Dots, Andreev’s bound states, Josephson quantum dots junction-
based Superconducting qubits, topological qubit and its various existing versions: Charge qubits, Flux qubits, Phase
qubits, and Transman qubits. Transman qubit as Superconducting qubits- based logical circuits as basis of quantum
Computers. Its advantages and hardware advancements based on Coherence time, Operation fidelities and error
corrections satisfying Di-Vincenzo Criteria, and Possible array of superconducting quantum computers. Recent
advancements in terms of Quantum hardware as a leading quantum computing system as on today and future?
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