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Research

Welcome to the homepage! The research focuses on unveiling new physics and advancing material science through innovative integration of Density Functional
Theory (DFT) with Group Theory, Artificial Intelligence, Berry Phase Theory, Ensemble Theory, Badr's Theory, and Méssbauer Theory. By exploring hyperfine
interactions (EFG and HFF), electronic, magnetic, optical, acoustic, elastic, thermoelectric, and superconducting properties, my work contributes to understanding
materials at fundamental levels. This research drives the design and discovery of novel materials in bulk solids, nanostructures (thin films, nanowires, quantum

dots), and biophysical systems, paving the way for groundbreaking applications.

For more details, visit the Research Page.
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o Advanced Computational Physics: This course provides a hands-on introduction to computational met.h:)ds in physics, Ieverag;ingJPythonﬂ;d its
advanced libraries to solve complex problems in quantum mechanics and artificial intelligence. Students will explore numerical techniques for quantum
systems, such as solving Schrédinger’s equation, modeling quantum states, and simulating dynamics, alongside machine learning approaches for data-
driven discovery in physical systems. The course emphasizes practical programming skills, integrating libraries like NumPy, SciPy, Matplotlib, and

TensorFlow, to bridge the gap between theory and cutting-edge computational tools.

For further details and lecture notes, visit the Courses Page.
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The aim of this course is to provide the third year undergraduate student with an introduction to quantum mechanics. Here we prefer to start from differential
(wave) equations point of view instead of state-vector approach to may be closer to the historical approach and to make the theory more transparent.

Our main reference is:

Quantum Physics, by Stephen Gasiorowicz, 1974.

Interested student in the state-vector approach will find excellent the following book:
Principles of quantum Mechanics, by Ramamurti Shankar, 1994.

Quantum Mechanics A Modern Development by Leslie E. Ballentine; lecture notes based on the Ballentine's text book
Other references:

P. W. Atkins and R. S. Friedman, Molecular Quantum Mechanics, (2000).

Quantum Mechanics (2 vol. set) , Claude Cohen-Tannoudji, Bernard Diu, Frank Laloe , (1977) .

J. L. Powell and B. Crasemann, Quantum Mechanics, (1961).

J. J. Sakurai, Modern Quantum Mechanics, (1994).

E. Merzbacher, Quantum Mechanics, (1968).

L. I. Schiff, Quantum Mechanics, (1968).

Leslie E. Ballentine , Quantum Mechanics A Modern Development, (2000).

Consistent Quantum Theory, Robert B. Griffiths, (2003).

Lecture notes:

Introduction, Chapter 2, Chapter 3, Chapter 4, Chapter 5, Chapter 6, Chapter 7, Chapter 8, Chapter 9

Quantum Mechanics Il

The aim of this course is to provide the last year undergraduate student with methods to obtain eigenvalues and eigenvectors of ideal Hydrogen atom, and then
gradually go through a real hydrogen atom taking electromagnetic interactions and relativistic effects into account. In this way we will get familiar with Spin of
electrons and total angular momentum. The time-independent and time dependent perturbation theories as well as variational method will be discussed to go
further beyond the ideal case. Scattering or collision theory, radiation, and finally entanglement (quantum commuters) will be introduced.

References:

1. Quantum Physics, by Stephen Gasiorowicz, third edition (2003).

2. Quantum Mechanics A Modern Development by Leslie E. Ballentine.

3. Consistent Quantum Theory, Robert B. Giriffiths.

3. lecture notes prepared by the students (2005).

4. Audio lectures recorded by the audiences--Be patient when downloading these files, as the sizes of the sound files are more than 60 MB and some of them

Lecture notes:
Chapter 10, Chapter 11, Chapter 12, Chapter 13, Chapter 14, Chapter 15, Chapter 16, Chapter 17, Chapter 18
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