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Chapter 0

Introduction

This course will be concerned with quantum theory, the fundamental theory of nature.
Properties of condensed matter systems, of atoms, molecules and basically the world
surrounding us cannot be understood without resorting to quantum mechanics. The ad-
vent of quantum mechanics constitutes the most radical break from classical mechanics
as it was developed until the end of the 19th century. The fact that quantum mechanics
is an intrinsically statistical theory that does not allow for an interpretation in terms of
classical probability theory is one one of the features of quantum theory in which it is
departing from classical physics.

Building upon what we have learned in the first course on quantum mechanics,
we will now be concerned with advanced topics. In this endeavour, we will spend a
lot of time with dealing with the situation in which many particles of the same kind
come together. This is for a good reason: After all, this is the situation commonly
encountered when thinking of actual materials, of solid bodies of systems are they
are commonly studied in statistical mechanics. We will encounter intriguing quantum
phenomena of conductors having no resistance, fluids with no viscosity. We will have
a look at properties of interacting quantum systems that cannot be explained by just
looking at its parts. There, we will investigate some truly advanced topics, related to
tensor network descriptions of quantum many-body systems. Before coming to that,
however, we will quickly resume the basics of quantum mechanics as such. This will
be brief, but do not worry too much: It will all be content that has been treated in great
detail in the first course anyway.

How to use these lecture notes: It is the point of these lecture notes to summarize
the content of the course. Important definitions or results will be highlighted using
boxes that look like this.

These lecture notes will be dynamically evolving along with the course and are not set
in stone. This comes along with the advantage that not even the course content is fully
set in stone, there is some flexibility here. The course is not based on any specific book.
Having said that, here and there I am shamelessly copying content from other sources,
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if I think this to be appropriate (but of course, credit is given then). The lecture notes
are strictly meant to be of good use concomitant with the lecture. They are no draft
for a book in the making, they are raw and incomplete. Still, they should fulfill a good
purpose, I would think. Having said that, it will be important to read more than one
book along with the course. The subsequent list provides some guidance in this respect.
They are of a very different kind: While the book by Galindo/Pascual is mathematically
much more pedantic and precise, for better or worse, the one by Schwabl is much more
pragmatically minded.
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