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2. Show that πn(S1) = 0 for n > 1.

Hint. Let f : Sn = In/∂In → S1 be a pointed map and let q : In → Sn be the
quotient map. Since In is starlike from 0, there is a unique lifting f̃ : In → R such
that e ◦ f̃ = f ◦ q and f̃(0) = 0. It follows that

f̃(∂In) ⊆ e−1(1) = Z ⊆ R.

Since ∂In is connected when n > 1, f̃(∂In) is a connected subspace of Z and so f̃ |∂In

is a constant map. Because f̃(0) = 0, f̃(x) = 0 for any x ∈ ∂In and so f̃ induces a
map f̄ : In/∂In → R such that f̃ = f̄ ◦ q. It follows that f = e ◦ f̄ : Sn → S1. Since
R is contractible, f̄ is null homotopic and so f = e ◦ f̄ is null homotopic. �

3. Let λ and µ be paths in X from x to y. Suppose that X is simply connected.
Then λ ' µ.

Hint. [λ ∗ µ−1] = [εx] because π1(X, x) = 0. It follows that

[µ] = [εx][µ] = [λ ∗ µ−1][µ] = [λ][µ−1][µ] = [λ].
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