
November 5th, 2009 

MAT240: Abstract Linear Algebra Tutorial: 

𝑇: 𝑃2 𝑅 → 𝑃3 𝑅      𝑇 𝑓(𝑥) = 𝑥𝑓 𝑥 + 𝑓`(𝑥) 

𝑈: 𝑃3 𝑅 → 𝑀2𝑥2 𝑅     𝑈 𝑔 𝑥  =  
𝑔(0) 𝑔(1)

𝑔(−1) −𝑔(0)
  

𝛼 =  1, 𝑥, 𝑥2  basis of  𝑃2(𝑅) 

𝛽 = (1, 𝑥, 𝑥2 , 𝑥3 

𝛾 =   
1 0
0 0

 ,  
0 1
0 0

 ,  
0 0
1 0

 ,  
0 0
0 1

   is the basis of 𝑀2𝑥2(𝑅) 

 𝑇 𝛼
𝛽

=?      𝑈 
𝛽
𝛾

=?     𝑈𝑇 =? 

 𝑈𝑇 𝛼
𝛾

=?      𝑈𝑇 𝛼
𝛾

=  𝑈 
𝛽
𝛾  𝑇 𝛼

𝛽
     𝑈𝑇 𝑥2 + 3x + 1 =? 

𝑇 1 = 𝑥 ∗ 1 + 1` = 𝑥 →  𝑇 1 𝛽  =  

0
1
0
0

  

𝑇 𝑥 = 𝑥 ∗ 𝑥 + 1 = 𝑥2 + 1 →  𝑇 𝑥 𝛽  =  

1
0
1
0

  

𝑇 𝑥2 = 𝑥 ∗ 𝑥2 + 2𝑥 = 𝑥3 + 2𝑥 →  𝑇 𝑥2 𝛽  =  

0
2
0
1

  

 𝑇 𝛼
𝛽

=  

0 1 0
1 0 2
0 1 0
0 0 1

  

𝑈 1 =  
1 1
1 −1

 →  𝑈(1) 𝛾 →  

1
1
1

−1

  



𝑈 𝑥 =  
0 1

−1 0
 →  𝑈(𝑥) 𝛾 →  

0
1

−1
0

  

𝑈 𝑥2 =  
0 1
1 0

 →  𝑈 𝑥2  𝛾 →  

0
1
1
0

  

𝑈 𝑥3 =  
0 1

−1 0
 →  𝑈 𝑥3  𝛾 →  

0
1

−1
0

  

→  𝑈 
𝛽
𝛾

=  

1 0 0 0
1 1 1 1
1 −1 1 −1

−1 0 0 0

  

𝑈𝑇 𝑓 = 𝑈 𝑇 𝑓  = 𝑈 𝑥𝑓 𝑥 + 𝑓` 𝑥  =  
𝑓`(0) 𝑓 1 + 𝑓`(1)

−𝑓 −1 + 𝑓`(1) −𝑓`(0)
  

𝑈𝑇 1 =  
0 1

−1 0
  

𝑈𝑇 𝑥 =  
1 2
2 −1

  

𝑈𝑇 𝑥2 =  
0 3

−3 0
  

 𝑈𝑇 𝛼
𝛾

=  

0 1 0
1 2 3

−1 2 −3
0 −1 0

  

 𝑈 
𝛽
𝛾  𝑇 𝛼

𝛽
=  

1 0 0 0
1 1 1 1
1 −1 1 −1

−1 0 0 0

  

0 1 0
1 0 2
0 1 0
0 0 1

 =  

0 1 0
1 2 3

−1 2 −3
0 −1 0

 =  𝑈𝑇 𝛼
𝛾

 

∴  𝑈𝑇 𝑥2+3𝑥−1  =  

0 1 0
1 2 3

−1 2 −3
0 −1 0

  
−1
−3
1

 =  

3
8
4
3

        ∴ 𝑈𝑇 𝑥2+3𝑥−1 =  
3 8
4 −3

  


