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COURSE OUTLINE:

The course aims to introduce and work through the underlying concepts behind magnetism and superconductivity. Starting from
an electron in a magnetic field, the magnetic response of a collection of atoms in a solid are all worked out. Magnetization and
susceptibility in para and diamagnetic cases, their applications and excitations are discussed. Superconductivity: zero
resistance, Meissner effect, perfect diamagnetism; BCS theory, energy gap, isotope effect and tunneling experiments worked
out. Josephson junctions and their applications, qubits and quantum chips discussed. Novel high-TC superconductor introduced.
The emphasis is on working things out from very simple physical concepts.
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Problems in Condensed-Matter Physics -- Correlated and disordered electronic systems, Phase transitions, Statistical
mechanics including biological and other complex systems



COURSE PLAN:

Week 1: The magnetic moment, Bohr magneton, Bohr-van Leeuwen theorem. Magnetisation and susceptibility;
an isolated atom in a magnetic field, dia, para and ferromagnetic susceptibilities. Hund’s rules. Van Vleck
paramagnetism.

Week 2: Magnetization of a collection of independent ions: Curie’s Law. Adiabatic demagnetization, Pauli
paramagnetism. lons in a solid: Crystal field, Orbital quenching, Jahn-Teller effect.

Week 3: Magnetic resonance technique: concepts of NMR, ESR. Magnetic interactions, relevant energy scales,
dipolar interaction and origin of exchange.

Week 4: 2-electron system, spin Hamiltonian. Direct, super, indirect and itinerant exchange. Magnetic impurity,
RKKY and the concept of GMR.

Week 5: 1D Ising model: mean-field and exact solution. Mermin-Wagner theorem. FM Heisenberg model, AFM
and the concept of frustration.

Week 6: Superconductivity: discovery and phenomena. Zero resistance and Meissner effect. London equation
and two fluid description. Cooper problem.

Week 7: BCS theory, energy gap, isotope effect, transition temperature, Specific Heat. Type-I, Type-lI
superconductors, Abrikosov vortices.

Week 8: Quantum interference, Josephson effect, superconducting junctions, squid and its applications, qubits
and quantum chips. Novel superconductors.
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