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Problems

1. Find the matrices of a linear transformation ϕ in the standard bases and also in bases A,B:

• ϕ : R3 → R2, ϕ((x1, x2, x3)) = (x1 − x2 + 4x3,−3x1 + 8x3),A = {(3, 4, 1), (2, 3, 1), (5, 1, 1)},B =
{(3, 1), (2, 1)},

• ϕ : R2 → R4, ϕ((x, y)) = (3x+ y, x+ 5y,−x+ 4y, 2x+ y),A = {(3, 1), (4, 2)},
B = {(1, 0, 1, 0), (0, 1, 1, 1), (0, 1, 2, 3), (0, 0, 0, 1)},

• ϕ : R3 → R3, ϕ((x, y, z)) = (4x+ y+ z, 3x+2y+ z, 3x+2y+ z),A = {(3, 1, 1), (1, 0, 0), (5, 1, 0)},B =
{(1,−1, 1), (4, 1, 1), (2, 0, 1)}.

2. Let ϕ : R3 → R3 be a linear transformation with matrix

M(ϕ)BA =

 1 1 42 1 3
0 1 1


in bases A = {(3, 1, 1), (1, 0, 0), (5, 1, 0)}, B = {(3, 4, 5), (4, 1, 1), (2, 0, 1)}. Find the formula for ϕ.

3. Let ϕ : V → W,ψ : W → Z be linear transformations with M(ϕ)BA =
[
2 1 4 5
1 0 1 3

]
and M(ψ)CB = 3 12 5

0 1

 in bases A,B, C of spaces V,W,Z, respectively. Let α ∈ V have coordinates 1,−1, 3,−2 with
respect to A. Find the coordinates of ϕ(α) with respect to B, the coordinates of (ψ ◦ ϕ)(α) with respect
to C and the matrix M(ψ ◦ ϕ)CA.

Homework

1. Find the matrix of linear transformation ϕ : R4 → R2, ϕ((a, b, c, d)) = (5a − 2b + 3c − d, 3a + 4b + 6d) in
bases A = {(2, 1, 0, 1), (1, 0, 3, 1), (2, 1, 1, 3), (3, 1, 2, 1)},B = {(5, 2), (3, 1)}.

2. Let ϕ : R2 → R3 be a linear transformation with matrix

M(ϕ)BA =

 1 12 1
0 1


in bases A = {(−1,−1), (2, 0)},B = {(1, 1, 1), (1,−1,−1), (4, 3, 2)}. Find the formula for ϕ.

3. Let A = {(0, 1, 0), (1, 2, 3), (5, 7, 1)},B = {(0, 1), (1, 1)}, C = {(2, 1), (1, 0)} and let ϕ : R3 → R2 be a

linear transformation with matrix M(ϕ)BA =
[
1 3 2
2 4 3

]
, and let ψ : R2 → R2 be given by formula

ψ((y1, y2)) = (y1 − y2, y1 + y2). Find:

• M(ψ ◦ ϕ)CA ,
• the formula for ψ ◦ ϕ.
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