Aleksander Wittlin, Superconductivity

Begin of the course: March 6, 2025; end: June 19 2025

The course is prepared for students of the International PhD Studies at the Institute of Physics of the Polish
Academy of Science.

After completing the course, the participants should understand fundamental discoveries, concepts, theories,
experimental techniques and the state of the art of research in the field of superconductivity. They should be
able to undertake studies of superconductivity and of superconducting materials.

1. Introduction and historical overview part I: low temperatures, fundamental discoveries.
2. Introduction part I1: superconducting elements, phase diagrams, phenomenological models.

3. Electrodynamics of superconductors part I: Model by Londons, the critical current, Meissner-Ochsenfeld
effect.

4. Ginzburg-Landau theory.

6. Superconductors in magnetic field, superconductors of the I and the Il type, flux quantization, vortex matter
etc.

7. Elements of the BCS theory I, order parameter
8. Elements of the BCS theory Il, physical interpretation of the Ginzburg-Landau y(x) function.

8. Experimental confirmations of the BCS theory, superconducting gap, ultrasound attenuation, Hebel-Slichter
peak.

9. The Josephson effect, SQUID magnetometers, quantum detectors, quantum gates etc.

10.Superconductivity in low-dimensional structures. The Kosterlitz-Thouless transition, introduction to
topological superconductors.

11.Experimental techniques of studies of the superconductivity, part I, general techniques

12.Experimental techniques of studies of the superconductivity, part I1, spectroscopy and other advanced
techniques

13.High Tc superconductivity, the discovery, present landscape of research and of applications.
14.Critics of the BCS theory and modern state of the art of the theory of the high Tc superconductivity.

15.Current research, modern and exotic superconducting materials, results and challenges.
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