COURSE OUTLINE

(1) GENERAL

School of Science
Physics
Undergraduate

10EK403

Contemporary Quantum Mechanics & Applications

Lectures (theory and exercises) 4 6

Specialised knowledge

No

Greek

Yes, in the English language for Erasmus students

https://eclass.uoa.gr/courses/PHYS253/
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(2) LEARNING OUTCOMES

The first objective of the course is to introduce the concepts of density matrix, mixed states,
multipartite systems, quantum entanglement, quantum information, qubits, quantum teleportation
and quantum cryptography.

The second objective of the course is to provide an introduction to classical and quantum open
systems, decoherence, non-unitary evolution, Kraus operators and Lindblad equations.

With the completion of the course the student:

e Becomes familiar with time-dependent perturbation theory.

e Becomes familiar with the use density matrix formalism to solve problems of multipartite
quantum systems.

e Understands the basic concepts concerning quantum correlations such as entanglement,
discord, mutual information, etc .

e Becomes familiar with the basic ingredients of quantum information theory.

e Becomes familiar with the theoretical basis of the recent developments in quantum technology
(teleportation, quantum cryptography, etc.).

e [s able to solve problems of non-unitary evolution.

e  Becomes familiar with decoherence and its impact on quantum interference.

By developing these skills, students will be able to:

e Solve problems related to radiation-matter interaction.
e Solve problems in open quantum systems and multipartite quantum systems.
o  Follow the recent developments in quantum information and technology.
e Upgrade his conception of quantum mechanics.

Understand the role of environment in quantum mechanical applications.

By successfully attending and completing the course the student will acquire the following skills:

¢ Ability to search, analyze and compose data and information, using the appropriate technological
tools.

* Ability to work autonomously.

¢ Train free, creative and inductive thinking.

¢ Train analytical and synthetic thinking.

e Ability to solve problems.




(3) SYLLABUS

. Time-dependent perturbation theory. Matter-radiation interaction. Applications.

o Open quantum systems, Density matrix.

. Quantum coherence-decoherence.

] Quantum entanglement. Elements of measurement theory. The EPR paradox. Bell
inequalities.

. Elements of quantum information and quantum computers.




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Yes

eclass platform

Electronic communication with the students using ICT
(Information and Communications Technology)
Computer-aided lectures, use of Overhead Projectors,

Lectures 39
Exercises 13
Individual Study/ Study and 95
Analysis of bibliography /

Preparation

Writing reports/ essays 3
Course Total 150

Final written exams in Greek
Open-ended questions, Problem solving




(5) ATTACHED BIBLIOGRAPHY

Lectures notes of the tutors (in greek).




