
Foundation Modules MSc Mathematics 

Winter Semester 2022/23 

F4A1-V3A2 Algebra II (Class Field Theory) Dr. Edgar Assing

Contents:

Class field theory builds a bridge between abelian extensions of local and global fields and 
the arithmetic of the underlying field. It is considered to be one of the crowning achieve-
ments of 20th century mathematics. In this lecture we will develop the theory using the 
cohomological approach, roughly following Neukirch’s Bonn lectures. We aim to cover:

• Local Fields; 

• Cohomology of finite groups (following Tate);

• Class formations and abstract class field theory;

• Local and global class field theory.

Prerequisites:

The course requires good knowledge in Galois theory and other basic algebraic concepts. 
Furthermore we will build on the lecture Algebra 1 taught in the summer term 2022. 
Particularly important are some basics in homological algebra (with a view towards group 
cohomology) and basic algebraic number theory. More precisely it would be helpful to have 
some familiarity with the following topics1: 

1. (Finite) Galois Theory: Basic definitions; Extensions and Galois groups of finite fields;
Fundamental theorem of Galois theory for finite extensions. 
(See for example the lecture notes [4].) 

2. Homological Algebra: Definition of (co)-homology from (co)-chain complexes; The 
long exact sequence of cohomology; Hilbert 90. (See for example [1], [2].) 

3. Algebraic Number Theory: Dedekind rings and class groups; Splitting behavior of 
primes in (Galois) extensions; Finiteness of the class group for rings of integers in 
number fields. (See for example [3].)

References:

[1] D. S. Dummit and R. M. Foote: Abstract algebra (Third edition), 
John Wiley & Sons, Inc., Hoboken, NJ (2004)

[2] S.Lang: Algebra (Third edition), Graduate Texts in Mathematics 211 (2002) 

[3] D. A. Marcus: Number fields, Universitext (2018) 

[4] J. S. Milne: Fields and Galois Theory (v5.00, 2021), 
Available at www.jmilne.org/math/

1 Point 1 was covered in Einführung in die Algebra (winter term 2021/22) and points 2 and 3 were treated in 
Algebra 1 (summer term 2022).



Foundation Modules MSc Mathematics 

Winter Semester 2022/23 

F4A1-V3A4 Foundations in Number Theory Prof. Dr. Valentin Blomer

Contents:

• Analytic number theory, in particular arithmetic functions,

• prime number theory, 

• zeta- and L-functions, 

• sieves. 

In more detail: 

• What can we say about the distribution of primes or the distribution of sums of two 
squares 

• and how can we translate such genuinely arithmetic question into statements of 
analytic functions and solve them by complex analysis? 

Other questions along these lines: 

• How are primitive roots modulo p distributed? 

• What can we say about the smallest quadratic non-residue modulo p? 

• In how many ways can a number be written as a sum of four squares? 

• How does all of this work in algebraic number fields etc. 

Prerequisites:

• Basic algebra and analysis, 

• Complex analysis.

References:

• Davenport: Multiplicative Number Theory

• Iwaniec-Kowalski: Analytic Number Theory



Foundation Modules MSc Mathematics 

Winter Semester 2022/23 

F4C1-V3C2 Combinatorics, Graphs, Matroids Prof. Dr. Bernhard Korte /
Dr. Ulrich Brenner 

Contents: 

• Combinatorics of finite sets, 

• elementary counting techniques, 

• graphs, trees, cycles, 

• connectivity, planarity, 

• coloring of graphs, 

• matroids, 

• planar and combinatorial duality.

 

Required qualifications:

• Contents of the module 'Algorithmische Mathematik I'

Recommendable books:

• M. Aigner: Discrete Mathematics. 
AMS, 2007 

• R. Diestel: Graph Theory. 
Springer, fourth edition 2010; 
in particular chapters 1, 3, and 4 

• B. Korte, J. Vygen: Combinatorial Optimization: Theory and Algorithms. 
Springer, sixth edition 2018 
(in particular chapters 2 and 13) 

• J. Oxley: Matroid Theory. 
Oxford University Press 1992 
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F4D1-V3D1 Topology I Dr. Viktoriya Ozornova

Topics:

The central theme of this course is an introduction to algebraic topology. The main idea of 
this subject is to study geometric objects - in the most general setup, topological spaces - 
via algebraic invariants, such as groups, rings, vector spaces etc. You have already met the
first such invariant, namely, the fundamental group of a topological space. 

Our objective in this course will be to become acquainted with two other families of 
algebraic invariant, singular homology and higher homotopy groups, with the focus lying on 
the former. This very computable invariant, whose properties we will study in detail, allows 
to distinguish already many topological spaces. Higher homotopy groups, depending on the 
viewpoint, are a complete homotopical invariant, but generally much harder to compute. 
Time permitting, we will start studying these invariants and their relationship to homology 
groups. 

Preliminaries:

To follow this course, you will need some preliminary knowledge 
• about topological spaces (e.g. notions of compactness and connectedness), 
• about their fundamental groups (in particular, the notion of homotopy between 

continuous maps, van Kampen theorem and the relationship of fundamental group 
and covering spaces) as well as 

• basic algebra (including basic properties of abelian groups and more generally R-
modules over a unital commutative associative ring R, quotients of such, short exact 
sequences). 

• Typically, it is sufficient to acquire a good understanding of the courses "Einführung 
in die Geometrie und Topologie" as well as "Algebra". If you haven't attended these 
courses, I would recommend the following sources.

Literature:

• Bosch, Algebra

• Hatcher, Algebraic Topology, Chapter 1
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Winter Semester 2022/23 

F4D1-V3D3 Foundations of Analysis and Geometry Prof. Dr. Matthias Lesch
on Manifolds

Contents:

The title of this course is the program. We will cover the basics of analysis and geometry on
manifolds. This course will be followed by a Global Analysis course (Fourier analysis, 
distributions, pseudodifferential operators) in the summer 2023. 

In the present course we will cover:

• smooth manifolds, tangent bundle, smooth maps

• Sard's Theorem and basic differential topology

• vector fields and dynamical systems

• vector bundles

• differential forms and Stokes' Theorem

• de Rham cohomology and Hodge theory.

Prerequisites:

• Real Analysis and Linear Algebra. 

• Basic knowledge of differential topology and functional analysis is helpful but not 
mandatory.

The course comes with a recitation class and weekly exercises.

Literature:

• John M. Lee: Introduction to smooth manifolds, Springer Grad. Text 2013.

• Bredon: Geometry and Topology, Springer 
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F4F1-V3F1 Foundations of Stochastic Analysis Prof. Dr. Anton Bovier

Contents:

This course gives an introduction to the theory of stochastic analysis. 

The following key concepts are covered:

• Continuous time martingales 

• Brownian motion 

• Stochastic integrals 

• Stochastic differential equations 

• Dirichlet problems   

Prerequisites:

The course builds on the lectures 'Einführung in die Wahrscheinlichkeitstheorie' and 
'Stochastic processes'. Lecture notes for both courses and more are available at 
https://wt.iam.uni-bonn.de/bovier/lecture-notes/. 

• You are expected to have a reasonable knowledge of measure theory, 

• know what conditional expectations are, 

• have seen the construction of stochastic processes through the Daniell-Kolmogorov 
theorem, 

• know key properties of martingales in discrete time, stopping times, and Markov 
processes. 

Before attending the lecture, you should have spent some time studying the topics covered 
in Stochastic Processes. Otherwise this course will be too advanced.

References:

• Lecture notes of the winter semester 2020/21  

• Website of the winter semester 2020/21  

https://wt.iam.uni-bonn.de/florian-kreten/teaching/introduction-to-stochastic-analysis
https://www.dropbox.com/s/vyoa2qqyw4zsa8o/stochana.pdf?dl=0
https://wt.iam.uni-bonn.de/kaveh-bashiri/teaching/stochastic-processes-ss-2020
https://wt.iam.uni-bonn.de/bovier/lecture-notes/

