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Homework 5: Subspaces

•

Deadline: 17th December, 2023

Exercise 1. (5+3 = 8 Points)

(i) Which of the following subsets are subspaces? Justify your answers.

U1 =
{
x ∈ R3 | x2

1 + x2
2 = x3

3

}
,

U2 =
{
x ∈ R4 | x1 − x2 = 2x3 and x2 + x3 = −x4

}
,

U3 = {x ∈ Rn | Ax = x} , where A ∈ Rn×n is a fixed matrix,

U4 = {x ∈ Rn | x • v = 0} , for a fixed v ∈ Rn,

U5 =
{
x ∈ R2 | x1 ≤ x2

}
.

(ii) For each subset U in (i) that is a subspace, find numbers a, b ≥ 1 and a linear map F : Ra → Rb

such that ker(F ) = U .

Exercise 2. (2+3+3 = 8 Points) Consider the following subspace

W = ker(Pu) =
{
x ∈ R3 | Pu(x) = 0

}
, where u =

⎛

⎝
1
−1
1

⎞

⎠ .

(i) Determine vectors v1, . . . , vm ∈ R3 with W = span{v1, . . . , vm}.

(ii) Find a linear map H : R3 −→ R3 with im(H) = W .

(iii) Calculate ker(H) and ker(Pu ◦H).

Exercise 3. (3+3 = 6 Points)

(i) Let U, V ⊂ Rm be subspaces. Decide whether the union U ∪ V is also a subspace or not.

(ii) Let U, V ⊂ Rm be subspaces. Decide whether the intersection U ∩ V is also a subspace or not.
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