
Math 6510 - Homework 8
Due in class on 12/12/13

1. Let T ∈ T k(V ) and S ∈ T l(V ) be tensors on a vector space V with Alt(S) = 0. Show that
Alt(T

⊗
S) = Alt(S

⊗
T ) = 0.

2. Let ω̄ : Λ(M)×· · ·×Λ(M)→ C∞(M) be a function such that ω̄(X1, . . . , fXi+gX ′i, . . . , Xk) =
fω̄(X1, . . . , Xi, . . . , Xk) + gω̄(X1, . . . , X

′
i, . . . , Xk). Show that there exists a ω ∈ T k(M) with

ω = ω̄.

3. Let α be a k-form and show that d(α ∧ β) = dα ∧ β + (−1)kα ∧ dβ. This can be found in
many books but you should try to do it yourself.

4. Let dxI = dxi1 ∧ · · · ∧ dik and dxI′ = dxi1 ∧ · · · ∧ dik−1
. Let ω = gdxI and ω′ = gdxI′ . Show

that dω = dω′ ∧ dxik .

5. Let M be an n-dimensional manifold. Show that the bundle of n-forms is a product if and
only if M is orientable.

6. For the product manifold M × I, where I is and interval, let πM : M × I → M and πI :
M × I → I be the projections to each factor. If ω is a k-form on M × I show that there exists
one parameter families of k-forms αt and k − 1-forms ηt, both on M , such that

ω(p, t) = (π∗Mαt)(p, t) + (π∗Idt ∧ π∗Mηt)(p, t).
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