
Self-checking work no. 2 
 

1. Let A be an operator in three-dimensional space R3 of vectors 𝑥⃗ = {x1;x2;x3} = x1 𝑖 + x2𝑗 + 

x3𝑘⃗⃗ which is defined by an expression given below. Check whether or not the operator A 

is linear, if so find its matrix representation in the usual basis {𝑖;𝑗; 𝑘⃗⃗}? 

Variant 1 Variant 2 Variant 3 

𝑨𝑥⃗ = (𝑎⃗, 𝑥⃗)𝑏⃗⃗ − 2[𝑏⃗⃗, 𝑥⃗] 

𝑎⃗ = −𝑖 + 2𝑘⃗⃗ 

𝑏⃗⃗ = −𝑗 + 𝑘⃗⃗ 

𝑨𝑥⃗ = (𝑎⃗, 𝑥⃗, 𝑏⃗⃗)𝑏⃗⃗ 

𝑎⃗ = 𝑖 + 2𝑗 − 3𝑘⃗⃗ 

𝑏⃗⃗ = 𝑖 + 𝑘⃗⃗ 

𝑨𝑥⃗ = [𝑎⃗, [𝑥⃗, 𝑏⃗⃗]] − 𝑥⃗ 

𝑎⃗ = 𝑖 − 2𝑗 + 2𝑘⃗⃗ 

𝑏⃗⃗ = 2𝑖 + 𝑗 

 

 

2. Let A be an operator in three-dimensional space R3 of vectors 𝑥⃗ = {x1;x2;x3} = x1 𝑖 + x2𝑗 + 

x3𝑘⃗⃗ which is defined by a projection of the vector  𝑥⃗ on a given plane . Check whether 

or not the operator A is linear, if so find its matrix representation in the usual basis {𝑖;𝑗; 

𝑘⃗⃗}? 

Variant 1 Variant 2 Variant 3 

𝑦 − 2𝑧 = 0 𝑥 + 𝑦 + 𝑧 = 0 𝑥 + 2𝑦 − 𝑧 = 0 

 

 

3. Let A be an operator in three-dimensional space R3 of vectors 𝑥⃗ = {x1;x2;x3} = x1 𝑖 + x2𝑗 + 

x3𝑘⃗⃗ which is defined by (a) either a mirror of the vector  𝑥⃗ with respect to a given plane  

or (b) a rotation about a given axis on a given angle  in the anticlockwise direction. Check 

whether or not the operator A is linear, if so find its matrix representation in the usual basis 

{𝑖;𝑗; 𝑘⃗⃗}? 

Variant 1 Variant 2 Variant 3 

 𝑥 − 𝑦 = 0 𝑥 + 𝑦 + 𝑧 = 0 2𝑥 + 𝑦 − 𝑧 = 0 

Ox,  = 
𝜋

2
 Oy,  = 

𝜋

2
 Oz,  = 

𝜋

2
 

 

 

4. Let A be an operator in the space Pn(t) of polynomials 𝑝(𝑡) of the power n in the usual 

basis which is defined by an expression below. Check whether or not the operator A is 

linear, if so find its matrix representation in the basis given below? 

Variant 1 Variant 2 Variant 3 



n=3 n=3 n=2 

𝑨𝑝(𝑡) = 𝑡2𝑝′′′(𝑡) + 2𝑡𝑝′′(𝑡)
− 𝑝(𝑡)   

𝑨𝑝(𝑡) = 𝑡2𝑝′′′(𝑡) + 𝑝(𝑡)   𝑨𝑝(𝑡) = 𝑡3𝑝′′′(𝑡) + 2𝑝′′(𝑡) 

{1; 𝑡; 𝑡2; 𝑡3} 
{1; (𝑡 − 1); (𝑡 − 1)2; (𝑡

− 1)3} 

{1; (𝑡 + 1); (𝑡 + 1)2; (𝑡
+ 1)3} 

 

5. Let A be an operator in the space of functions 𝑥(𝑡) spanned by the functions  
{1; cos 𝑡 ; sin 𝑡} which is defined by an expression below. Check whether or not the 

operator A is linear, if so find its matrix representation in the basis of functions 
{1; cos 𝑡 ; sin 𝑡}? 

Variant 1 

𝑨𝑥(𝑡) = ∫ cos(𝑡 − 𝑢) 𝑥(𝑢)𝑑𝑢
𝜋

0

 

Variant 2 

𝑨𝑥(𝑡) = ∫ sin(𝑡 − 𝑢) 𝑥(𝑢)𝑑𝑢
𝜋/2

0

 

Variant 3 

𝑨𝑥(𝑡) = ∫ cos(𝑡 − 4𝑢) 𝑥(𝑢)𝑑𝑢
𝜋/2

0

 

 

6. Let A be an operator in the space R4 of vectors 𝑥⃗ = {1;2;3,4} which is defined by an 

expression given below. Check whether or not the operator A is linear, if so find its matrix 

representation in the usual basis? 

Variant 1 

𝑨𝑥⃗ = {2𝜉1 − 𝜉4; 2𝜉2 − 𝜉4; 2𝜉3 + 𝜉4 + 3𝜉1; 3𝜉2 − 𝜉3 + 𝜉4} 

Variant 2 

𝑨𝑥⃗ = {𝜉1 + 𝜉4; 𝜉2 − 𝜉3; 𝜉3 + 𝜉4 − 3𝜉1; 𝜉2 + 2𝜉3 − 𝜉4} 

Variant 3 

𝑨𝑥⃗ = {2𝜉1 + 𝜉4; 2𝜉2 + 𝜉4; 2𝜉3 − 𝜉4 + 3𝜉1; 3𝜉2 + 𝜉3 + 𝜉4} 

 

7. Let A be a linear operator in the space R3 which transforms the vectors a1, a2, a3 into the 

vectors b1, b2, b3. Find its matrix representation in the usual basis? 



Variant 1 Variant 2 Variant 3 

𝒂1 = {1,2,5}, 

𝒂2 = {1,3, 2}, 

𝒂3 = {−2, −7,1} 

𝒃1 = {6,16,16} 

𝒃2 = {6,16,12} 

𝒃3 = {0,0,7} 

𝒂1 = {1,2,3}, 

𝒂2 = {−2,3, −2}, 

𝒂3 = {3, −4, −5} 

𝒃1 = {6,16,12} 

𝒃2 = {0,0,7} 

𝒃3 = {20,3, −8} 

𝒂1 = {2,2,3}, 

𝒂2 = {1, −1,4}, 

𝒂3 = {4, −3, −5} 

𝒃1 = {20,3, −8} 

𝒃2 = {7,4,11} 

𝒃3 = {−4,4,12} 

 

8. Find eigenvalues and eigenvectors of the linear operator presenting by a matrix given 

below: 

Variant 1 Variant 2 Variant 3 

𝐴 = (
6 −2 −1

−1 5 −1
1 −2 4

) 𝐴 = (
4 −4 2
2 −2 1

−4 4 −2
) 𝐴 = (

3 −2 2
2 −1 2
2 −2 3

) 

 

9. A linear operator representing by a matrix given 𝐴𝑔 in the basis of vectors {𝒈1, 𝒈2}. Find 

the matrix of the linear operator in the other basis {𝒇1, 𝒇2}, i.e. 𝐴𝑓?  

Variant 1 Variant 2 Variant 3 

𝐴𝑔 = (
1 2
0 1

) 𝐴𝑔 = (
3 −2
3 −4

) 𝐴𝑔 = (
4 1
2 4

) 

𝒈1 = {1, −4}, 

𝒈2 = {12, 3}, 

𝒇1 = {1, −1} 

𝒇2 = {2,1} 

𝒈1 = {7,1}, 

𝒈2 = {12, 3}, 

𝒇1 = {1,4} 

𝒇2 = {2, −1} 

𝒈1 = {2, −1}, 

𝒈2 = {5, 4}, 

𝒇1 = {2,3} 

𝒇2 = {1,2} 

 

1. Let A be an operator in the space P(t) of polynomials 𝑝(𝑡) = 𝑎𝑡 + 𝑏 which is represented 

by a given matrix in the usual basis. Find the matrix of the linear operator in the other basis 

{ 𝑝1(𝑡), 𝑝2(𝑡)}? 

Variant 1 Variant 2 Variant 3 

𝐴 = (
1 −1
0 1

) 𝐴 = (
2 0

−1 1
) 𝐴 = (

3 −3
0 1

) 

𝑝1(𝑡) = 𝑡 + 2, 

𝑝2 = −3𝑡 + 2, 

𝑝1(𝑡) = 2𝑡 − 1, 

𝑝2 = 𝑡 + 1 

𝑝1(𝑡) = 𝑡 + 3, 

𝑝2 = 3𝑡 + 1 

 


