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1. Pullback

Let M,N be smooth manifolds and F : N → M be a smooth map. For ω ∈ Ωs(M) and θ ∈ Ωt(M) prove that

a) F ∗(ω ∧ θ) = F ∗ω ∧ F ∗θ,

b) F ∗(dω) = d(F ∗ω).

2. Volume Forms

Let M be an m-dimensional manifold. A volume form ω on M is a nowhere vanishing m-form, that is, ωp ̸= 0

(∈ Λm(TM∗
p )) for all p ∈ M .

Prove that there is a volume form on M if and only if M is orientable.

3.

Let M and N be two compact, oriented smooth manifolds of dimension m. Show that if F,G : M → N are

smoothly homotopic maps and ω ∈ Ωm(N) is an m-form on N , then

ˆ
M

F ∗ω =

ˆ
M

G∗ω.
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