
Answer on Question #80859 – Math – Linear Algebra 

 

Question 

 

 

Define 𝑇: ℝ3 → ℝ3 by 𝑇(𝑥, 𝑦, 𝑥) = (𝑥 + 𝑦, 𝑦, 2𝑥 − 2𝑦 + 2𝑧). Check that 𝑇 

satisfies the polynomial  (𝑥 − 1)2(𝑥 − 2). Find the minimal polynomial of  𝑇. 

 

Solution 

 

𝑇 = [
1 1 0
0 1 0
2 −2 2

] 

Find (𝑇 − 𝐼)2(𝑇 − 2𝐼) 

𝑇 − 𝐼 = [
1 1 0
0 1 0
2 −2 2

] − [
1 0 0
0 1 0
0 0 1

] = [
0 1 0
0 0 0
2 −2 1

] 

 

(𝑇 − 𝐼)2 = [
0 1 0
0 0 0
2 −2 1

] ∙ [
0 1 0
0 0 0
2 −2 1

] = 

= [

0(0) + 1(0) + 0(2) 0(1) + 1(0) + 0(−2) 0(0) + 1(0) + 0(1)

0(0) + 0(0) + 0(2) 0(1) + 0(0) + 0(−2) 0(0) + 0(0) + 0(1)

2(0) − 2(0) + 1(2) 2(1) − 2(0) + 1(−2) 2(0) − 2(0) + 1(1)

] = 

= [
0 0 0
0 0 0
2 0 1

] 

 

𝑇 − 2𝐼 = [
1 1 0
0 1 0
2 −2 2

] − 2 ∙ [
1 0 0
0 1 0
0 0 1

] = [
−1 1 0
0 −1 0
2 −2 0

] 

 

(𝑇 − 𝐼)2(𝑇 − 2𝐼) = [
0 0 0
0 0 0
2 0 1

] ∙ [
−1 1 0
0 −1 0
2 −2 0

] = 

= [

0(−1) + 0(0) + 0(2) 0(1) + 0(−1) + 0(−2) 0(0) + 0(0) + 0(0)

0(−1) + 0(0) + 0(2) 0(1) + 0(−1) + 0(−2) 0(0) + 0(0) + 0(0)

2(−1) + 0(0) + 1(2) 2(1) + 0(−1) + 1(−2) 2(0) + 0(0) + 1(0)

] = 

= [
0 0 0
0 0 0
0 0 0

] 

 

Thus, the characteristic polynomial is obtained as 

𝑝(𝜆) = det(𝑇 − 𝜆𝐼) = (𝜆 − 1)2(𝜆 − 2) 



(𝑇 − 𝐼)(𝑇 − 2𝐼) = [
0 1 0
0 0 0
2 −2 1

] ∙ [
−1 1 0
0 −1 0
2 −2 0

] = 

= [

0(−1) + 1(0) + 0(2) 0(1) + 1(−1) + 0(−2) 0(0) + 1(0) + 0(0)

0(−1) + 0(0) + 0(2) 0(1) + 0(−1) + 0(−2) 0(0) + 0(0) + 0(0)

2(−1) − 2(0) + 1(2) 2(1) − 2(−1) + 1(−2) 2(0) − 2(0) + 1(0)

] = 

= [
0 −1 0
0 0 0
0 2 0

] ≠ [
0 0 0
0 0 0
0 0 0

] 

 

The minimal polynomial of  𝑇 is 

𝑚𝑇(𝑥) = (𝑥 − 1)2(𝑥 − 2) 

Answer:  𝑚𝑇(𝑥) = (𝑥 − 1)2(𝑥 − 2). 
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