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this is mainly a lecture on the historical side of the subject
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Title:

From atoms to quarks: an overview of the fundamental interactions between particles

Abstract:

An historical overview on the fundamental structure of matter is given, starting from the first atomic
models to the modern view of the elementary particles as given by the standard model. In this
model, the fundamental particles are the leptons and the quarks constituting the hadrons, plus the
guanta of the fundamental interactions between them.
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Title:

Atomic models and atomic spectra

Abstract:

In this lecture the Thomson, Rutherford and Bohr atomic models are presented, which led to the
birth of quantum mechanics. In particular, it is discussed how the Bohr model, and quantum
mechanics, give a good explanation of the main aspects of the spectral lines and the spectral series
of the hydrogen atom.
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Title:

Phenomenology of radiative processes and the Einstein coefficients

Abstract:

The phenomenology of the basic radiative processes, that is absorption of radiation and stimulated
and spontaneous emission of radiation, is discussed in terms of the Einstein coefficients. Rate
equations and their solution are also discussed from a physical point of view.
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Vacuum fluctuations and their physical consequences: Lamb shift and Casimir forces

Abstract:

The main consequences of the existence of zero-point fluctuations of the quantum electromagnetic
field are discussed. In particular it is shown how they lead to important phenomena such as the
Lamb shift of spectral lines, the spontaneous emission of radiation and finally to Casimir and
Casimir-Polder forces, which are forces of electromagnetic nature between neutral objects
(atoms/molecules or macroscopic bodies).
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Title:

Quantum dots

Abstract:

Quantum-confined structures such as quantum wells, wires and dots are discussed. The properties
of the electrons in such structures are discussed and compared to the case of bulk systems. Optical
properties of quantum dots, and phenomena such as vacuum Rabi oscillations and vacuum Rabi
splitting, observed in recent experiments, are also discussed.
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Partially dressed atoms and dynamical Casimir-Polder forces

Abstract:

We consider the dynamical Casimir-Polder force on an atom placed near an infinite conducting wall.
The system is initially in a nonequilibrium configuration such as a bare or a partially dressed state,
and its time-evolution is considered as well as the time-dependence of the atom-wall Casimir-
Polder interaction. A possible scheme to generate experimentally the initial partially dressed state
and to detect the dynamical Casimir-Polder force is discussed.
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