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1. Let Xn = S1 ∨ Sn.

a) Describe the universal covering of Xn and the monodromy action of π1(Xn) on it.

b) Deduce that there is a group isomorphism πn(Xn) ∼= Z[t, t−1] for n ≥ 2 and
describe the natural action of π1(Xn) on Z[t, t−1].

2. Let X and Y be CW complexes and consider the suspension sequence

[X,Y ]
Σ−→ [ΣX,ΣY ]

Σ−→ [Σ2X,Σ2Y ] −→ · · ·

Suppose that X is finite. Use Freudenthal suspension theorem to show that these maps
eventually become isomorphisms.

3. Let E be a contravariant functor from the category of basepointed CW complexes to
the category of abelian groups, satisfying the homotopy and additivity axioms. Let X
and K be CW complexes and f, g : ΣX −→ K two basepoint-preserving maps. Prove
that E(f + g) = E(f) + E(g).


