
MATH 251 MIDTERM EXAM FALL 2016

All solutions must include a carefully written explanation.

1. [5 marks.] Determine whether the following subsets of R3 are subspaces of R3.

(a) Is
W1 = {(a1,a2,a3) ∈ R

3 : a1 = 3a2 and a3 = −a2}

a subspace of R3?

(b) Is
W2 = {(a1,a2,a3) ∈ R

3 : 5a2
1 − 3a2

2 + 6a2
3 = 0}

a subspace of R3?

2. [5 marks.] Determine whether the given set is a basis for the given vector space.

(a) Is {(1,−1,2), (2,0,1), (−1,2,−1)} a basis of R3?

(b) Is
{[

1 0
−2 1

]
,

[
0 −1
1 1

]
,

[
−1 2

1 0

]
,

[
2 1
−4 4

]}
a basis of M2×2(R)?

3. [5 marks.] Find the basis of the subspace of R4 which is a subset of the solution
set of

x1 − x2 + x3 − x4 = 0
2x1 − 3x2 + x3 + x4 = 0.

4. [5 marks.] Let V = M2×2(R),

W1 =

{[
a a
b c

]
: a, b, c ∈ R

}
, and W2 =

{[
0 0
d e

]
: d, e ∈ R

}
.

Find the dimensions of W1, W2, W1 +W2, and W1 ∩W2.

5. [5 marks.] Let T : V → W be a linear transformation. Let {w1,w2, . . . ,wk} be a
linearly independent subset of R(T). Prove that if S = {v1, v2, . . . , vk} is chosen so
that T(vi) = wi for each i, 1 ≤ i ≤ k, then S is linearly independent.

6. [5 marks.] Let T : R2 → R3 be defined by T(a1,a2) = (a1 − a2,a1,2a1 + a2).
Let α = {(1,2), (2,3)} and β = {(1,1,0), (0,1,1), (2,2,3)} be bases of R2 and R3

respectively. Find [T]βα.
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