
Algebraic Topology, 2019/2020, Boris Botvinnik

Homework # 10. Due to Wednesday, January 22, 11:00 am

(1)(60∗ ) Give a detailed proof that the suspension homomorphism

Σ : πq(S
n) −→ πq+1(S

n+1)

is injective for q < 2n− 1.1

(2) (10∗ ) Prove that πn(Sn) ∼= Z for each n ≥ 1.

(3) (10∗ )Prove that π3(S
2) ∼= Z , and the Hopf map S3 −→ S2 is a representative of the generator of

π3(S
2).

(4) (10∗ ) Prove that two maps f, g : Sn −→ Sn are homotopic if and only if deg f = deg g .

(5) (10∗ ) Prove that a map f : Sn −→ Sn , deg f = λ induces the homomorphism f∗ : πn(Sn) −→
πn(Sn) which is a multiplication by λ .

1This is a long exercise, please take your time to write is carefully


