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1. Let linear transformation ϕ,ψ : R3 → R2 be such that ϕ((2, 2, 1)) = (19, 12), ϕ((1, 1, 0)) = (10, 0),
ϕ((1, 0, 0)) = (3, 1) and ψ((−1, 2, 1)) = (5, 11), ψ((−1, 1, 0)) = (4, 1), ψ((0, 0, 1)) = (3, 9). Find a formula
for ϕ+ 3ψ.

• ϕ((1, 0, 0)) = (3, 1)

• (0, 1, 0) = (1, 1, 0)− (1, 0, 0), so ϕ((0, 1, 0)) = (10, 0)− (3, 1) = (7,−1)
• (0, 0, 1) = (2, 2, 1)− 2(1, 1, 0), thus ϕ((0, 0, 1)) = (19, 12)− 2(10, 0) = (−1, 12)
• (1, 0, 0) = (−1, 2, 1)− 2(−1, 1, 0)− (0, 0, 1), therefore ψ((1, 0, 0)) = (5, 11)− 2(4, 1)− (3, 9) = (−6, 0)
• (0, 1, 0) = (−1, 2, 1)− (−1, 1, 0)− (0, 0, 1), so ψ((0, 1, 0)) = (5, 11)− (4, 1)− (3, 9) = (−2, 1)
• ψ((0, 0, 1)) = (3, 9)

Hence, ϕ((x, y, z)) = (3x+7y−z, x−y+12z) and ψ((x, y, z)) = (−6x−2y+3z, y+9z). So (ϕ+3ψ)(x, y, z) =
(−15x+ y + 8z, x+ 2y + 39z).

2. Let A =


1 0 −1
3 2 0
0 1 0
1 −1 −2

 and B =

0 3 −1
1 2 −1
2 1 0
2 3 1

. Find A+2B. Find a matrix C, such that A+C = B.

A+ 2B =


1 0 −1
3 2 0
0 1 0
1 −1 −2

+

0 6 −2
2 4 −2
4 2 0
4 6 2

 =

1 6 −3
5 6 −2
4 3 0
5 5 0



C = B −A =


0 3 −1
1 2 −1
2 1 0
2 3 1

−

1 0 −1
3 2 0
0 1 0
1 −1 −2

 =

−1 3 0
−2 0 −1
2 0 0
1 4 3


3. Calculate A ·B for

• A =
[
1 0 2
1 3 1

]
and B =

 0 3 −1 −21 2 0 −1
0 1 0 2



• A =


3 4
1 3
2 2
−1 0
0 1

 and B =
[
4 3 −1
0 2 −1

]

• AB =
[
1 · 0 + 0 · 1 + 2 · 0 1 · 3 + 0 · 2 + 2 · 1 1 · (−1) + 0 · 0 + 2 · 0 1 · (−2) + 0 · (−1) + 2 · 2
1 · 0 + 3 · 1 + 1 · 0 1 · 3 + 3 · 2 + 1 · 1 1 · (−1) + 3 · 0 + 1 · 0 1 · (−2) + 3 · (−1) + 1 · 2

]
=[

0 5 −1 2
3 10 −1 −3

]
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• AB =


3 · 4 + 4 · 0 3 · 3 + 4 · 2 3 · (−1) + 4 · (−1)
1 · 4 + 3 · 0 1 · 3 + 3 · 2 1 · (−1) + 3 · (−1)
2 · 4 + 2 · 0 2 · 3 + 2 · 2 2 · (−1) + 2 · (−1)
(−1) · 4 + 0 · 0 (−1) · 3 + 0 · 2 (−1) · (−1) + 0 · (−1)
0 · 4 + 1 · 0 0 · 3 + 1 · 2 0 · (−1) + 1 · (−1)

 =

12 17 −7
4 9 −4
8 10 −4
−4 −3 1
0 2 −1


4. Check whether for all A,B ∈Mn×n(R), AB = BA.

No, e.g.
[
0 1
0 0

]
·
[
0 0
1 0

]
=
[
1 0
0 0

]
, ale

[
0 0
1 0

]
·
[
0 1
0 0

]
=
[
0 0
0 1

]
.
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