Algebraic Topology I, Spring 2022.
Wed/Fri 1:30-3:05 IBR 4% A112

Instructor: %1% = Weiyan Chen

Email: chwy@tsinghua.edu.cn

Office: =% Ning Zhai W08

Office Hours: Wed 3:20-4:20 or by appointment.
Course website: learn.tsinghua.edu.cn (&= %)

TA: & KM Fupeng Xu
TA’s email: xfp20@mails.tsinghua.edu.cn

Course description. This is a first course on algebraic topology at the graduate level. We
will cover homology and homotopy theory, compute basic examples, and discuss applications.
Topics include singular and cellular homology groups, cohomology rings, Lefschetz fixed-point
theorem, Poincare duality, homotopy groups.

Prerequisites. Abstract Algebra and Topology. We will assume the students are familiar
with groups, rings, modules, point-set topology, covering spaces, and fundamental groups.

Grading. 30% homework + 30% midterm exam + 40% final exam.

Homework. Homework will be assigned weekly. The two lowest homework scores will
be dropped at the end. Students are encouraged to work in group on homework assignment. They
can also use books, papers, and internet. However, each student must write or type up her/his own
solution and include an acknowledgement.

Textbook. Allen Hatcher, Algebraic Topology. The book is available for free on the
author’s webpage: https://pi.math.cornell.edu/~hatcher/AT/AT+.pdf

Make-up policy. Since students can miss two homework with no penalty, we will not make
up for single missed homework. If a student is sick or away for more than two weeks, please
contact me to arrange for make-up works.

Resources for learning. Your best resources for learning are the people around: your
classmates, TA, and instructor. Join the class WeChat group for questions, discussions, and
announcements. Come to office hours often!

Academic Integrity. Any form of cheating or plagiarism will not be tolerated and will be
reported to the department and the university.



https://pi.math.cornell.edu/~hatcher/AT/AT+.pdf
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1. (10 points) Calculate all the homology groups (with Z coefficients) of the space obtained by
gluing parallel sides of a hexagon.

2. (10 points) Let M denote the Mobius band with its boundary homeomorhic to S*. Let X be
the space obtained by attaching a disk D? to M by a homeomorphism of their boundaries.

Compute H,(X;Z) for all n.

3. (10 points, 5 points each) We know that H*(CP?) = H*(S? x 5?) = Z. We wonder if there is
a continuous map that induces such an isomorphism. Is the following statement true or false?
If true, describe an example and prove that it is an example. If false, give a proof.

(a) There is a continuous map f : S% x §? — CP? that induces an isomorphism on H*(—;Z).

(b) There is a continuous map f : CP? — S? x S? that induces an isomorphism on H*(—;Z).

4. (10 points) Prove that we need at least n 4+ 1 contractible open subsets to cover CP".
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