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Details of subjects to be covered:

1) Linear Response Theory
1.1 Review: classical theory for electric and thermal conduction in metals;
screening and the Thomas-Fermi approximation
1.2 Response to electromagnetic fields: a microscopic approach to quantum
many-body systems
1.3 The fluctuation-dissipation theorem and the Kubo formula; interpretation
of experimental probes: dielectric function, conductivity, dynamical
structure factor and noise
1.4 Causality and conservation laws as encoded in response functions
2) Interacting Particles and Collective Phenomena
2.1 Interacting electrons in metals; the plasmon mode; strangeness of 1d:
Tomonaga-Luttinger liquid, spin-charge separation and Wigner
crystallization
2.2 Interacting Boson systems: symmetry breaking and
superfluidity/superconductivity; the Meisner effect and the Anderson-
Higgs mechanism
2.3 Superfluidity in 2d: topological order and the Kosterlitz-Thouless
transition
2.4 Charge-flux duality and the superconductor-insulator transition
2.5 Phase-slips in superconducting wires
3) Quantum Hall Liquids
3.1 The integer quantum Hall effect: 2d electron gas in a strong magnetic
field
3.2 The fractional quantum Hall liquid: flux attachment and statistics
transmutations
3.3 Quantum Hall edge states
3.4 Quantum Hall effect in graphene and topological insulators




Pre-requisite:
Advanced Quantum Mechanics, Advanced Statistical Mechanics

Course mandatories and Grading:

Homework assignments 100%
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