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Title: Magnetism in the nanoscale: a basic introduction of principles and applications
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Title: Introduction to magnetism

Abstract:

At first a brief historic account of magnetism and its importance for now day technology is presented. Then,
the basic principles of magnetism are explained in a simple way avoiding as much as possible the use of
guantum mechanics and statistical physics. Following the motion of an electron in an electric and a
magnetic field the concepts of diamagnetism and paramagnetism are introduced. The magnetisation of a
paramagnet and the Curie and Curie-Weiss laws are then calculated. All along the lecture interactions
between students and the professor in the form of questions and answers are stimulated with the double
purpose of forcing the practice of English by the student and maintaining their attention alive.
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Title: Magnetic interactions and magnetic ordering. Basic principles of neutron techniques
Abstract:

In the first part of the lecture and following the previous one, magnetic interactions are introduced in a
descriptive way, as it is the interaction Hamiltonian. The concept of magnetic ordering as a second order
phase transition is explained together with that of the order parameter and the necessary conditions required
for a magnetic system to undergo magnetic ordering. The concepts of spin and lattice dimensionalities are
carefully explained together with the effects such dimensionalities have in the magnetic ordering process.
The phenomenological behavior of simple magnetic arrangements, such as ferro-, antiferro-, ferri- and
weak-ferromagnetism are reviewed using simple experimental cases. In the second part of the lecture, the
neutron scattering technique is briefly introduced and compared with the use of x-rays to investigate
magnetic phenomena in solids. A description of neutron sources and facilities is also given.
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Title: Basic concepts on Magnetism
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Title: Magnetic interactions and magnetic ordering. Introduction to magnetic disorder

in solids
Abstract:
In the first part of the lecture magnetic interactions are introduced together with the interaction Hamiltonian.
Direct exchange, including SOMO - SOMO and SOMO - LUMO interactions and superexchange
interaction are explained with some detail. The concept of magnetic ordering as a second order phase
transition is explained together with that of the order parameter and the necessary conditions required for a
magnetic system to undergo magnetic ordering. The concepts of spin and lattice dimensionalities are
carefully explained together with the effects such dimensionalities have in the magnetic ordering process.
The phenomenological behavior of simple magnetic arrangements, such as ferro-, antiferro-, ferri- and
weak-ferromagnetism and field-induced phase transitions are reviewed using simple experimental cases. In
the second part of the lecture, the disorder types and their effect in magnetic systems are reviewed and
discussed. All along the lecture interactions between students and the professor in the form of questions and
answers are stimulated with the double purpose of forcing the practice of English by the student and
maintaining their attention alive.
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Title: Magnetic disorder in solids: a case example. Basic principles of neutron scattering
Abstract:

Following the introductory presentation of types of disorder in magnetic systems and their effects in the
magnetic properties of solids, several simple model systems are explained. Then, the case of substitutional
disorder in antiferromagnetic lattices at very low magnetic fields is described and discussed in detail. In the
second part of the lecture, fundamental concepts of neutron scattering are introduced and the technique is
compared with the use of x-rays to investigate magnetic phenomena in solids. Basic principles of neutron
diffraction and polarised neutron experiments are explained and several examples briefly discussed.
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Title: Thermometry in the nanoscale
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