
𝒗 𝒘

𝑇(𝑣1, 𝑣2) = (𝑣1 + 𝑣2, 𝑣1 − 𝑣2) 𝒗 = (3, −4) 𝒘 = (3,19)

𝑇(𝑣1, 𝑣2, 𝑣3) = (𝑣2 − 𝑣1, 𝑣1 + 𝑣2, 2𝑣1) 𝒗 = (2,3,0) 𝒘 = (−11, −1,10)

𝑇(𝑣1, 𝑣2, 𝑣3) = (4𝑣2 − 𝑣1, 4𝑣1 + 5𝑣2) 𝒗 = (2, −3, −1) 𝒘 = (3,9)

𝑇: ℝ2 → ℝ2, 𝑇(𝑥, 𝑦) = (𝑥, 1)

𝑇: ℝ3 → ℝ3, 𝑇(𝑥, 𝑦, 𝑧) = (𝑥 + 𝑦, 𝑥 − 𝑦, 𝑧)

𝑇: 𝑀33 → 𝑀33, 𝑇(𝑨) = (
0 0 1
0 1 0
1 0 0

) 𝑨

𝑇: ℝ2 → ℝ3, 𝑇(𝑥, 𝑦) = (√𝑥, 𝑥𝑦, √𝑦)

𝑇: ℝ3 → ℝ3 𝑇(1,0,0) = (2,4, −1) 𝑇(0,1,0) =

(1,3, −2) 𝑇(0,0,1) = (0, −2,2)

𝑇(0,3,1)

𝑇(2, −4,1)

𝑇: ℝ3 → ℝ3 𝑇(1,1,1) = (2,0, −1) 𝑇(0, −1,2) =

(−3,2, −1) 𝑇(1,0,1) = (1,1,0)

𝑇(2,1,0)

𝑇(2, −1,1)

𝑇: 𝑀22 → 𝑀22

𝑇 (
1 0
0 0

) = (
1 −1
0 2

) , 𝑇 (
0 1
0 0

) = (
0 2
1 1

)

𝑇 (
0 0
1 0

) = (
1 2
0 1

) , 𝑇 (
0 0
0 1

) = (
3 −1
1 0

)

𝑇 (
1 3

−1 4
).

𝑇: ℝ3 → ℝ3, 𝑇(𝑥, 𝑦, 𝑧) = (0,0,0)

𝑇: ℝ3 → ℝ3, 𝑇(𝑥, 𝑦, 𝑧) = (𝑥, 0, 𝑧)

: ℝ2 → ℝ2, 𝑇(𝑥, 𝑦) = (𝑥 + 2𝑦, 𝑦 − 𝑥)

𝑇
𝑇(𝒗) = 𝑨𝒗.

𝑨 = (
1 2
3 4

)

𝑨 = (
1 −1 2
0 1 2

)



𝑨 = (

1 2 −1 4
3 1 2 −1

−4 −3 −1 −3
−1 −2 1 1

)

𝑘𝑒𝑟(𝑇) , 𝑛𝑢𝑙(𝑇), 𝑟𝑎𝑛𝑔𝑒(𝑇), 𝑟𝑎𝑛𝑘(𝑇)

𝑇(𝒗) = 𝑨𝒗.

𝑨 = (
−1 1

1 1
)

𝑨 = (
0 −2 3
4 0 11

)

𝑇: 𝑃4 → 𝑃3 𝑇(𝑝) =
𝑑𝑝

𝑑𝑥
𝑃4 𝑃3

𝑇?

𝑇: ℝ3 → ℝ3 𝒖 𝒗 = (2, −1,1)

𝑇 𝑇

𝑇(𝑥, 𝑦) = (𝑥 + 2𝑦, 𝑥 − 2𝑦)

𝑇(𝑥, 𝑦) = (2𝑥 − 3𝑦, 𝑥 − 𝑦, 𝑦 − 4𝑥)

𝑇(𝑥, 𝑦, 𝑧) = (𝑥 + 𝑦, 𝑥 − 𝑦, 𝑧 − 𝑥)

𝒗

𝑇(𝑥, 𝑦) = (−𝑥, −𝑦) 𝒗 = (3,4)

𝑇(𝑥, 𝑦) = (−𝑥, 𝑦) 𝒗 = (2, −3)

𝑇(𝑥, 𝑦) = (𝑥 cos 𝜃 − 𝑦 sin 𝜃 , 𝑥 sin 𝜃 + 𝑦 cos 𝜃) 𝒗 = (4,4) 𝜃 = 135𝑜

𝑇: ℝ2 → ℝ2

ℝ2 𝜃 𝒗 = (1,2) 𝜃 = 60𝑜

𝑥𝑦

𝑥𝑧 𝑦𝑧

𝒗

𝑇 𝒘 = (3,1) 𝒗 = (1,4)

𝑇 𝒘 = (3,1) 𝒗 = (1,4)

𝑇 = 𝑇2 ∘ 𝑇1

𝑇1(𝑥, 𝑦) = (𝑥 − 2𝑦, 2𝑥 + 3𝑦), 𝑇2(𝑥, 𝑦) = (2𝑥, 𝑥 − 𝑦)

𝑇1, 𝑇2: ℝ2 → ℝ2

𝑇1(𝑥, 𝑦) = (−𝑥 + 2𝑦, 𝑥 + 𝑦, 𝑥 − 𝑦), 𝑇2(𝑥, 𝑦, 𝑧) = (𝑥 − 3𝑦, 𝑧 + 3𝑥)
(𝑇1: ℝ2 → ℝ3, 𝑇2: ℝ3 → ℝ2)



𝑇(𝑥, 𝑦) = (𝑥 + 𝑦, 𝑥 − 𝑦)

𝑇(𝑥, 𝑦) = (2𝑥, 0)

𝑇(𝑥, 𝑦, 𝑧) = (𝑥, 𝑥 + 𝑦, 𝑥 + 𝑦 + 𝑧)

𝑇(𝑥, 𝑦) = (𝑥 + 𝑦, 3𝑥 + 3𝑦)

𝑇 𝐵 𝐵′ 𝒗

𝐵 𝐵′

𝐵 𝐵′

 𝑇: ℝ2 → ℝ3, 𝑇(𝑥, 𝑦) = (𝑥 + 𝑦, 𝑥, 𝑦) 𝒗 = (5,4)
     𝐵 = {(1, −1), (0,1)}, 𝐵′ = {(1,1,0), (0,1,1), (1,0,1)}

 𝑇: ℝ3 → ℝ2, 𝑇(𝑥, 𝑦, 𝑧) = (𝑥 − 𝑦, 𝑦 − 𝑧) 𝒗 = (1,2, −3)
     𝐵 = {(1,1,1), (1,1,0), (0,1,1)}, 𝐵′ = {(1,2), (1,1)}

 𝑇: ℝ3 → ℝ3, 𝑇(𝑥, 𝑦, 𝑧) = (𝑥 + 𝑦 + 𝑧, 2𝑧 − 𝑥, 2𝑦 − 𝑧) 𝒗 = (4, −5,10)
     𝐵 = {(2,0,1), (0,2,1), (1,2,1)}, 𝐵′ = {(1,1,1), (1,1,0), (0,1,1)}

𝑨′ 𝑇 𝐵′

𝑇, 𝑨.

𝑇: ℝ2 → ℝ2, 𝑇(𝑥, 𝑦) = (2𝑥 − 𝑦, 𝑦 − 𝑥), 𝐵′ = {(1, −2), (0,3)}

𝑇: ℝ3 → ℝ3, 𝑇(𝑥, 𝑦, 𝑧) = (𝑥, 𝑦, 𝑧), 𝐵′ = {(1,1,0), (1,0,1), (0,1,1)}

𝑇: ℝ3 → ℝ3, 𝑇(𝑥, 𝑦, 𝑧) = (𝑥 − 𝑦 + 2𝑧, 2𝑥 + 𝑦 − 𝑧, 𝑥 + 2𝑦 + 𝑧), 𝐵′ = {(1,0,1), (0,2,2), (1,2,0)}

𝑨, 𝐵

[𝒗]𝐵′ 𝐵′

𝐴 = (
3 2
0 4

) [𝒗]𝐵′ = (−1,2)

     𝐵 = {(1,3), (−2, −2)}, 𝐵′ = {(−12,0), (−4,4)}

𝐴 = (

3/2 −1 −1/2
−1/2 2 1/2

1/2 1 5/2
) [𝒗]𝐵′ = (1,0, −1)

     𝐵 = {(1,1,0), (1,0,1), (0,1,1)}, 𝐵′ = {(1,0,0), (0,1,0), (0,0,1)}


