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2.3 MATRIX OF LINEAR TRANSFORMATION WITH STANDARD 

BASES 

1. Find the matrix of the linear transformation 𝑻: 𝑹𝟐 → 𝑹𝟐 given by 

𝑻(𝒂, 𝒃) = (𝟐𝒂 − 𝟑𝒃, 𝒂 + 𝒃) relative to the basis (i){(𝟏, 𝟎), (𝟎, 𝟏)}   

(ii) {(𝟐, 𝟑), (𝟏, 𝟐)} 

Solution 

Given, 𝑇(𝑎, 𝑏) = (2𝑎 − 3𝑏, 𝑎 + 𝑏) 

(i)The standard bases of 𝑅2 is 𝛽 = 𝛾 = {(1,0), (0,1)} 

Given, 𝑇(𝑎, 𝑏) = (2𝑎 − 3𝑏, 𝑎 + 𝑏) 

∴the matrix of the linear transmission is [𝑇]
𝛽
𝛾

= [
2 −3
1 1

] 

   (ii)the basis is 𝛽 =  {(2,3), (1,2)} 

𝑣1 = (2,3), 𝑣2 = (1,2) 

𝑇(𝑎, 𝑏) = (2𝑎 − 3𝑏, 𝑎 + 𝑏) 

𝑇(𝑣1) = 𝑇(2,3) 

 

= (2(2) − 3(3), 2 + 3) 

= (−5,5) 

The first column of the matrix of   𝑇  is [
−5
5

] 

𝑇(𝑣2) = 𝑇(1,2) 
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= (2(1) − 3(2), 1 + 2) 

= (−4,3) 

 

The second column of the matrix of   𝑇  is [
−4
3

]  

Matrix of   𝑇  is [
−5 −4
5 3

] 

 

2. Let 𝑻: 𝑽𝟐(𝑹) → 𝑽𝟑(𝑹)  and 𝑼: 𝑽𝟐(𝑹) → 𝑽𝟑(𝑹)  be the linear 

transformations respectively defined by 𝑻(𝒂𝟏, 𝒂𝟐) = (𝒂𝟏 +

𝟑𝒂𝟐, 𝟎, 𝟐𝒂𝟏 − 𝟒𝒂𝟐) and 𝑼(𝒂𝟏, 𝒂𝟐) = (𝒂𝟏 − 𝒂𝟐, 𝟐𝒂𝟏, 𝟑𝒂𝟏 + 𝟐𝒂𝟐). Let 𝜷 

and 𝜸 be the standard bases of  𝑽𝟐(𝑹) and 𝑽𝟑(𝑹) respectively. Verify  

[𝑻 + 𝑼]𝜷
𝜸

= [𝑻]𝜷
𝜸

+ [𝑼]𝜷
𝜸

 

 

Solution: 

Given, 𝑇(𝑎1, 𝑎2) = (𝑎1 + 3𝑎2, 0, 2𝑎1 − 4𝑎2) 

    Since  𝛽 and 𝛾 be the standard bases of  𝑉2(𝑅) and 𝑉3(𝑅) 

the matrix corresponds to 𝛽 = [𝑇]
𝛽
𝛾

= [
1 3
0 0
2 −4

] … . . (1) 

   Given, 𝑈(𝑎1, 𝑎2) = (𝑎1 − 𝑎2, 2𝑎1, 3𝑎1 + 2𝑎2). 

Since  𝛽 and 𝛾 be the standard bases of  𝑉2(𝑅) and 𝑉3(𝑅) 

the matrix corresponds to 𝛽 = [𝑈]
𝛽
𝛾

= [
1 −1
2 0
3 2

] … . . (2) 
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(1) + (2) ⇒ [𝑇]
𝛽
𝛾

+ [𝑈]
𝛽
𝛾

= [
2 2
2 0
5 −2

] … . . (3) 

(𝑇 + 𝑈)(𝑎1, 𝑎2) = (𝑎1 + 3𝑎2, 0, 2𝑎1 − 4𝑎2) + (𝑎1 − 3𝑎2, 2𝑎1, 3𝑎1 + 2𝑎2) 

= (𝑎1 + 3𝑎2 + 𝑎1 − 𝑎2, 0 + 2𝑎1, 2𝑎1 − 4𝑎2 +  3𝑎1 + 2𝑎2) 

= (2𝑎1 + 2𝑎2, 2𝑎1, 5𝑎1 − 2𝑎2) 

Since  𝛽 and 𝛾 be the standard bases of  𝑉2(𝑅) and 𝑉3(𝑅) 

the matrix corresponds to 𝛽 = [𝑇 + 𝑈]
𝛽
𝛾

= [
2 2
2 0
5 −2

] … . . (4) 

𝐹𝑟𝑜𝑚 (3) 𝑎𝑛𝑑 (4) ⇒ [𝑇 + 𝑈]
𝛽
𝛾

= [𝑇]
𝛽
𝛾

+ [𝑈]
𝛽
𝛾

 

 

3. Let 𝑻: 𝑽𝟐(𝑹) → 𝑽𝟑(𝑹)    be the linear transformations defined by 

𝑻(𝒂𝟏, 𝒂𝟐) = (𝒂𝟏 + 𝟑𝒂𝟐, 𝟎, 𝟐𝒂𝟏 − 𝟒𝒂𝟐). Let 𝜷 and 𝜸 be the standard bases of  

𝑽𝟐(𝑹) and 𝑽𝟑(𝑹) respectively. Verify  [𝜶𝑻]𝜷
𝜸

= 𝜶[𝑻]𝜷
𝜸

 

Solution 

Given, 𝑇(𝑎1, 𝑎2) = (𝑎1 + 3𝑎2, 0, 2𝑎1 − 4𝑎2) 

    Since  𝛽 and 𝛾 be the standard bases of  𝑉2(𝑅) and 𝑉3(𝑅) 

the matrix corresponds to 𝛽 = [𝑇]
𝛽
𝛾

= [
1 3
0 0
2 −4

] 
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the matrix corresponds to 𝛽 = 𝛼[𝑇]
𝛽
𝛾

= 𝛼 [
1 3
0 0
2 −4

] 

= [
𝛼 3𝛼
0 0

2𝛼 −4𝛼
] … (1) 

 

 We have, 𝑇(𝑎1, 𝑎2) = (𝑎1 + 3𝑎2, 0, 2𝑎1 − 4𝑎2) 

∴ 𝛼𝑇(𝑎1, 𝑎2) = 𝛼(𝑎1 + 3𝑎2, 0, 2𝑎1 − 4𝑎2) 

(𝛼𝑇)(𝑎1, 𝑎2) = (𝛼𝑎1 + 3𝛼𝑎2, 0, 2𝛼𝑎1 − 4𝛼𝑎2) 

    Since  𝛽 and 𝛾 be the standard bases of  𝑉2(𝑅) and 𝑉3(𝑅) 

the matrix corresponds to 𝛽 = 𝛼[𝑇]
𝛽
𝛾

= [
𝛼 3𝛼
0 0

2𝛼 −4𝛼
] … (1) 

𝐹𝑟𝑜𝑚 (1) 𝑎𝑛𝑑 (2) ⇒  [𝛼𝑇]
𝛽
𝛾

= 𝛼[𝑇]
𝛽
𝛾

 

 

4. Let 𝑻: 𝑷𝟑(𝑹) → 𝑷𝟐(𝑹)    be the linear transformations defined by 

𝑻(𝒇(𝒙)) = 𝒇′(𝒙). Let 𝜷 and 𝜸 be the standard bases of  𝑷𝟑(𝑹) and 

𝑷𝟐(𝑹) respectively. Then find  [𝑻]
𝜷
𝜸

 

Solution : 

      Let, 𝛽 = {1, 𝑥, 𝑥2, 𝑥3}  be the standard bases of  𝑃3(𝑅) 

Let, 𝛾 = {1, 𝑥, 𝑥2}  be the standard bases of  𝑃2(𝑅) 

Let, 𝑤1 = 1, 𝑤2 = 𝑥, 𝑤3 = 𝑥2 

 Given, 𝑇(𝑓(𝑥)) = 𝑓′(𝑥). 



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY 

MA8451-PROBABILITY AND RANDOM PROCESSES 

Let, (𝑓(𝑥)) = 1. Then 𝑓′(𝑥) = 0 

𝑇(1) = 𝑇(𝑓(𝑥)) = 𝑓′(𝑥) = 0 = 0.1 + 0. 𝑥 + 0. 𝑥2 

= 0. 𝑤1 + 0. 𝑤2 + 0. 𝑤3 

 

The first column of  [𝑇]
𝛽
𝛾

= [
0
0
0

] 

Let, (𝑓(𝑥)) = 𝑥. Then 𝑓′(𝑥) = 1 

𝑇(𝑥) = 𝑇(𝑓(𝑥)) = 𝑓′(𝑥) = 1 = 1.1 + 0. 𝑥 + 0. 𝑥2 

= 1. 𝑤1 + 0. 𝑤2 + 0. 𝑤3 

The second column of  [𝑇]
𝛽
𝛾

= [
1
0
0

] 

Let, (𝑓(𝑥)) = 𝑥2. Then 𝑓′(𝑥) = 2𝑥 

𝑇(𝑥2) = 𝑇(𝑓(𝑥)) = 𝑓′(𝑥) = 2𝑥 = 0.1 + 2. 𝑥 + 0. 𝑥2 

= 0. 𝑤1 + 2. 𝑤2 + 0. 𝑤3 

The third column of  [𝑇]
𝛽
𝛾

= [
0
2
0

] 

 

Let, (𝑓(𝑥)) = 𝑥3. Then 𝑓′(𝑥) = 3𝑥2 

𝑇(𝑥3) = 𝑇(𝑓(𝑥)) = 𝑓′(𝑥) = 3𝑥2 = 0.1 + 0. 𝑥 + 3. 𝑥2 

= 0. 𝑤1 + 0. 𝑤2 + 3. 𝑤3 

The fourth column of  [𝑇]
𝛽
𝛾

= [
0
0
3

] 
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So,  [𝑇]
𝛽
𝛾

= [
0 1
0 0

0 0
2 0

0 0 0 3
] 

 

 

 

 


