
Calculus
Quiz 6

06/11/’23

You may use your class notes during the quiz. No other sources are permitted

Name:

1. Let e1, . . . , en be the standard basis of Rn, and let φ1, . . . , φn be the dual basis.

(a) Show that φi1 ∧ · · · ∧ φik(ei1 , . . . , eik) = 1.

(b) Let v1, . . . , vk ∈ Rn, and let A be the k × n matrix (vi,j) whose (i, j)-th entries
are the coefficients in the expressions vi =

∑
j vi,jej , i, j = 1, . . . , n. Show that

φi1 ∧ · · · ∧ φik(e1, . . . , ek) is the determinant of the k × k minor of A obtained by
selecting columns i1, . . . , ik.

(c) Let f : Rn → Rn be a linear map. Let f∗ : ∧kRn → ∧kRn be the pullback of
k-forms. When is f∗ injective?
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