
MATH 6510, Algebraic Topology, Spring 2017
Homework 10, Due in class 24 April

Reading

• A proof of why singular homology satisfies the excision axiom is on pages 119–125 of
Hatcher.

• Here’s Künneth’s wikipedia page.

• “What is a cohomology theory (seriously)?” on MathOverflow. You thought cohomology
was abstract? Look at the setting Urs Schreiber puts it in. There’s a huge amount on the
pages Schreiber points to. The long list of other (co)homology theories there might be of
particular interest at this stage.

• Ext and Tor are fully defined in Appendix A.3 of Weintraub.

Exercises

1. Hatcher, page 158, question 36.

2. Hatcher, page 159, question 42.

3. (Weintraub page 93, Exercise 5.8.4). Compute H∗(RPn ×RPm;G) where (a) G = Z2 and
(b) G = Z.

4. Consider an n-simplex [v0, . . . , vn] as a CW-complex with the faces being the cells. Show
that the cellular boundary formula (Hatcher, page 140) applied to its n-cell (which we
also denote [v0, . . . , vn]) yields d[v0, . . . , vn] =

∑n
i=0(−1)i[v0, . . . , v̂i, . . . .vn] (which you will

recognize for its similarity to the definition of singular homology’s ∂).

The special case of cellular homology in which the complexes are assembled by gluing simplices
together by identifying some of their lower dimensional faces is called simplicial homology—
see Hatcher pages 104ff. He calls these ∆-complexes. (They are more general than simplicial
complexes, which have the additional restriction that no two simplices have the same set of
vertices.) The n-chains are finite formal sums of n-simplices and the boundary map is defined on
simplices as per Question 4 and is then extended linearly to n-chains. Calculations of homology
groups for Sn, S1 × S1, and RP 2 using simplicial homology can be found on Hatcher pages
106–7.

5. Hatcher, page 205, question 6.

6. Use the universal coefficient theorem (page 195 of Hatcher, or use its corollary on page
196) to re-derive the cohomology groups you encountered in the previous question from
the integral homology groups of the spaces.

7. Exhibit elements α, β, γ of H1(S1 × S1;Z2) each of order two and with the property that
α+ β = γ as (families of disjoint) curves on the torus (in the manner of the discussion on
page 188 of Hatcher).
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