
MATH 148
Final Exam Material

You are responsible for everything covered in class lectures and homework problems.
The topics listed in the midterm review page are still relevant. However, the exam will
focus on the material since that time. Since the midterm, we covered the last two sections
of Chapter 3, and all of Chapters 4, 5 and 6, with the exception of sections 9, 11 and 12
in Chapter 5. (We proved the theorems in section 9 by other means in the homework,
though.) There was also some extra material on knots.

1: General version of Van Kampen’s theorem.
2: Universal properties of free products and amalgamated free products.
3: Torus knots. Decomposition of S3 into two solid tori.
4: Wirtinger presentation of fundamental group of S3 −K, K a knot.
5: Basic properties of covering spaces: path lifting, homotopy lifting.
6: Uniqueness of lifting of f : (Y, y0)→ (X,x0) agreeing at a point.
7: Properties of p∗(π1(X̃, x̃0)): injectivity, image equals closed curves that lift to closed

curves, group theory criterion for lifting f : (Y, y0)→ (X,x0).
8: Homomorphisms and isomorphisms of covering spaces, group criterion for existence.
9: Action of fundamental group on {p−1(x0)}. Identification with right cosets of H =

p∗(π1(X̃, x̃0)).
10: Automorphism group of covering space. Identification with N(H)/H. Normal covering

spaces.
11: Correspondence between subgroups of the fundamental group and covering spaces,

assuming existence of universal cover.
12: Properly discontinuous group actions. Topology of quotient space and covering map.
13: Proof of the existence of a universal cover for a semi-locally simply connected space.
14: Basic properties of finite graphs: reduced paths, trees, fundamental group, Euler

characteristic.
15: Finding generators of the image subgroup coming from the fundamental group of a

covering space of a wedge of circles.
16: Creating a covering space of a wedge of circles, corresponding to a subgroup of the

free group.
17: Topology and properties of general graphs, particularly non-locally finite ones.


