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Quantum magnetism

Magnetism and magnetic effects are deeply rooted in quantum mechanics of
the spin and angular momentum. This lecture focuses on the quantum-mechanical
fundamentals of magnetism, its manifestation in the macroscopic behaviour and its
application.

Starting with aspects of the Schrodinger equation of electrons in a Coulomb
potential including relativistic corrections, i.e. the spin-orbit interaction, the rules
that govern the occupation of single electron states in isolated atoms or ions will
derived. The action of an external magnetic field on the atomic states will be
discussed and its consequences for the occupation of the states in thermal
equilibrium.

As the magnetic moment is a results of angular momenta, its dynamics is not
trivial. We will deduce some of the basic equations of precession of the magnetic
moment when exposed to a static magnetic field plus a radio frequency excitation, i.e.
magnetic resonance.

When single magnetic atoms or ions are placed in a crystal lattice (or in an
organic molecule), the electrons feel the electrostatic potential of the neighboring
atoms or ions breaking rotation symmetry. We will briefly review the physics of the
crystal or ligand field splitting the ground state multiplet even at zero magnetic field
building the fundament of magnetic data storage as well as spin-quibits.

Finally, we will discuss magnetic interactions between individual moments, their
role in forming either classical ground states or highly entangled many-particle states.
We discuss magnetic phase transitions as function of temperature and external
parameters for different dimensions as well as the quantized bosonic excitations
from the ground state.

The theoretical concepts will be supported by experimental examples and their

application in devices will be illustrated.
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- S. Blundell, Magnetism in Condensed Matter, Oxford University Press (2001).

-J. M. D. Coey,

Magnetism and Magnetic Materials, Cambridge University Press
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