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Exercise 1 (10 points). 1. Let n ≥ 2. Show that Hn+1(K(A,n);Z) = 0 for any abelian group A.

2. Give an example of an abelian group A such that H2(K(A, 1);Z) ̸= 0.

Exercise 2 (15 points). Let n ≥ 2 and let X be an (n− 1)-connected space.

1. Show that the Hurewicz homomorphism

πn+1(X,x) → Hn+1(X;Z) (∗)

is surjective for any x ∈ X.

Hint. Use the previous exercise.

2. Give an example showing that (∗) need not be injective in general.

Exercise 3 (15 points). 1. Let

G0
α0−−→ G1

α1−−→ · · · αk−1−−−−→ Gk
αk−−→ · · · (†)

be a diagram of groups and group homomorphisms. Assume that n = 1 or that n ≥ 2 and all groups
Gk are abelian. We pick a Hausdorff Eilenberg–MacLane space Xk of type K(Gk, n) for every k and
choose continuous maps fk : Xk → Xk+1 realizing αk on πn. Show that the mapping telescope of

X0
f0−−→ X1

f2−−→ · · · fk−1−−−−→ Xk
fk−−→ · · ·

is an Eilenberg–MacLane space of type K(G∞, n), where G∞ is the colimit of (†).

2. Describe maps

S1 f0−−→ S1 f2−−→ · · · fk−1−−−−→ S1 fk−−→ · · ·
such that their mapping telescope is a K(Q, 1), and use this to compute H∗(K(Q, 1);Z).

∗Exercise 4 (10 bonus points). Let G,H be discrete groups, and let BG and BH be CW-complexes that
are Eilenberg–MacLane spaces of type K(G, 1) and K(H, 1), respectively. We assume moreover that BG is
locally compact (this can always be arranged when G is finite, but also for many other groups).

1. We arbitrarily pick basepoints for BG and BH. Show that the space maps∗(BG,BH) of all based
continuous maps (equipped with the compact-open topology) is weakly equivalent to a discrete space.
(Thus, the computation of [BG,BH]∗ from class completely describes this space up to weak homotopy
equivalence.)

2. Show that the space maps(BG,BH) of all continuous (not necessarily basepoint preserving) maps is
weakly equivalent to a topological disjoint union of Eilenberg–MacLane spaces, and determine all its
homotopy groups.

Hint. Explicitly factor the inclusion maps∗(BG,BH) ↪→ maps(BG,BH) into a homotopy equivalence
followed by a Serre fibration.

Remark. The above local compactness condition is merely imposed to avoid some pointset pathologies of
the compact-open topology. Both statements are in fact true without this extra assumption.

Please hand in your solutions by November 17, 2pm via eCampus.


