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Abstract

A single electron is characterized by its mass, charge, and spin,
and the character is understood quantitatively well. However, when
a large number of electrons gather, very rich and unexpected prop-
erties emerge. Superconductivity, ferromagnetism, and the fractional
quantum Hall effect are examples demonstrated by condensed elec-
trons in solids. The eigenstate of many electrons is not necessarily
a plane wave although the eigenstate of a single electron is a plane
wave in a free space. If the repulsive interaction is strong, the plane
wave state becomes unstable, and the many electrons localize sponta-
neously. One may then ask whether the plane wave state (Fermi liquid
state) can survive even if the interaction between electrons are strong.
The answer to this question is actually not simple, and the question
inevitably develops into a deeper one concerning the electronic order
and the duality of electronic states. Here the dimension of the system
plays an essentially important role.

In this lecture, we start with simple examples to understand inter-
esting properties of electrons as a quantum many-body system, and
explain some important basic concepts. Especially, we pursue intu-
itive understanding of Fermi liquids, Kondo effect and heavy electrons,
Mott insulators, fractional quantum Hall states and Wigner crystals.
Moreover, we try to explain the state-of-the-art research status on
quantum many-body systems by choosing examples including recent
experimental results.



