PROJECT TOPICS
MATTHIAS NAGEL

The following projects are suggestions for topics of a bachelor thesis or a semester
project under my supervision. The descriptions below are preliminary and should
only give you an idea what the project is about. Very likely we adapt (or even
change) them over the course of the thesis.
1. Knots in homology spheres
This project is based on the article [AR99]. Give background on homology
spheres, nullhomotopic knots, Seifert surfaces and the Alexander polynomial. State
the result of Freedman-Quinn that knots with trivial Alexander polynomial are
topologically slice. Explain the proof of Theorem 1. Illustrate it with examples.
2. Orbifolds
Introduce orbifolds as in Chapter 13 of Thurston’s notes [Thu]; see also [CHK00,
Chapter 2.1]. Introduce Seifert fibred manifolds [Hat, Chapter 2.1]. Show that
Seifert fibred manifolds are fibre bundles over an orbifold [Bon02, p.47]; see also
[CHK00, Chapter 2.7] and [Orl72, Chapter 5.1]. Illustrate this relationship with
examples.
3. Fox calculus and the cellular chain complex
This project is roughly based on the chapter [Tur01, Chapter II.16]. Construct
a CW-structure on a knot exterior XK . Introduce the (universal) cellular chain
complex C• (XK ; Z[π1 (XK )]), which is the cellular chain complex of the universal
eK and the chain modules are modules with a π1 (XK )–action. Compute
cover X
the boundary maps ∂2 and ∂1 explicitly. Use the chain complex C• (XK ; Z[t±1 ]) to
get a presentation matrix for H1 (XK ; Z[t±1 ]), and compute the Alexander polynomial ∆K of K; see also [Rol90, Chapter 8], [Lic97, Chapter 6] and [Lic97, pp. 116119]. Compute examples.
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