
5 - Domáćı cvičeńı č. 5

Př́ıklad 5.1. Rozhodněte, zda dané zobrazeńı je lineárńı.

1. L: R3 −→ R2 dané předpisem
L([a, b, c]T ) = [2a− b+ c, a+ b− 2c]T ,

2. L: R4 −→ R2 dané předpisem
L([a, b, c, d]T ) = [a+ b+ 2c+ 1 + d, a− 2b+ c− d]T ,

3. L: R3 −→ R5 dané předpisem
L([a, b, c]T ) = [a− b+ c, 2a+ b− c, a+ b+ c, a− b+ 2c, 2a+ b+ 3c]T ,

4. L: R3 −→ R3 dané předpisem
L([a, b, c]T ) = [a− b+ 2c,−2a+ 2b− c,−a+ b+ c]T ,

5. L:P2 −→ R4 dané předpisem
L(ax2 + bx+ c) = [a− 2b+ c, a+ b+ c, a+ 4b+ c, 2a− b+ 2c]T ,

6. L:P3 −→ M2,2 dané předpisem

L(ax3 + bx2 + cx+ d) =

[
a− b+ c− d a+ 2b− c+ 2d

2a+ b+ d a− 4b+ 3c− 4d

]
.

Př́ıklad 5.2. Určete dimenzi a najděte alespoň jednu bázi jádra KerL a obrazu ImL.

1. L: R3 −→ R2 dané předpisem
L([a, b, c]T ) = [2a+ 3b− c, 4a− b+ 3c]T ,

2. L: R3 −→ R5 dané předpisem
L([a, b, c]T ) = [a− b+ 3c, b+ c, 2a+ b− c, 0,−a+ b+ 2c]T ,

3. L: R3 −→ R3 dané předpisem
L([a, b, c]T ) = [a+ 3b− c,−2a− b+ 5c,−a+ 2b+ 4c]T ,

4. L:P2 −→ R4 dané předpisem
L(ax2 + bx+ c) = [a+ b− 4c,−2a+ 2b+ c,−a+ 3b− 3c, 4b− 7c]T ,

5. L:P3 −→ M2,2 dané předpisem

L(ax3 + bx2 + cx+ d) =

[
a+ 2b− c+ d −2a− b+ 3c+ d

−a+ b+ 2c+ 2d a+ 5b+ 4d

]
.

Př́ıklad 5.3. Je dáno lineárńı zobrazeńı L:U −→ V. Určete matici A zobrazeńı L v báźıch
u1, u2, ... prostoru U , v1, v2, ... prostoru V.

1. L: R3 −→ R2 dané předpisem
L([a, b, c]T ) = [a+ 2b− 3c, 2a− b+ 4c]T ,
R3: u1 = [1, 1, 0]T , u2 = [0, 1, 1]T , u3 = [1, 0, 1]T ,
R2: v1 = [1, 2]T , v2 = [2, 1]T ,

2. L: R3 −→ R5 dané předpisem
L([a, b, c]T ) = [a+ b+ c,−2a+ b− c, a− b+ 2c, a+ 2b− c, a− b− c]T ,
R3: u1 = [1, 1, 1]T , u2 = [0, 1, 1]T , u3 = [0, 0, 1]T ,
R5: v1 = [1, 1, 1, 0, 0]T , v2 = [0, 1, 1, 1, 0]T , v3 = [0, 0, 1, 1, 1]T , v4 = [1, 0, 0, 1, 1]T ,
v5 = [1, 1, 0, 0, 1]T ,



3. L: R3 −→ R3 dané předpisem
L([a, b, c]T ) = [−a+ 2b− c, 2a− b− c,−a− b+ 2c]T ,
R3: u1 = [2, 1, 1]T , u2 = [1, 2, 1]T , u3 = [1, 1, 2]T ,
R3: v1 = [1, 1, 0]T , v2 = [1, 0, 1]T , v3 = [0, 1, 1]T ,

4. L:P3 −→ R4 dané předpisem
L(ax3 + bx2 + cx+ d) = [4a− 2b+ c+ d, a+ b− c+ 2d, 3a− 3b+ 2c− d, 5a− b+ 3d]T ,
P3: u1 = x3 + 1, u2 = x2 + 1, u3 = x+ 1, u4 = 1,
R4: v1 = [1,−1, 1,−1]T , v2 = [1,−1,−1, 1]T , v3 = [1, 1,−1,−1]T , v4 = [1, 1, 1,−1]T ,

5. L:P3 −→ M2,2 dané předpisem

L(ax3 + bx2 + cx+ d) =

[
a+ 2b− c+ d a− b+ c− d

−2a+ b− c+ 2d 2b− c+ 2d

]
,

P3: u1 = x3 + x2 + x, u2 = x2 + x+ 1, u3 = x+ 1, u4 = 1,

M2,2: v1 =

[
2 1
1 1

]
, 22 =

[
1 2
1 1

]
, v3 =

[
1 1
2 1

]
, v4 =

[
1 1
1 2

]
.

Př́ıklad 5.4. Je dáno lineárńı zobrazeńı L:U −→ V. Určete matici A zobrazeńı L ve stan-
dardńıch báźıch e1, e2, ... prostoru U , f1, f2, ... prostoru V a matici B lineárńıho zobrazeńı L v
báźıch u1, u2, ... prostoru U , v1, v2, ... prostoru V.

1. L: R3 −→ R2 dané předpisem
L([a, b, c]T ) = [a+ 3b− c,−2a+ 2b+ 5c]T ,
R3: e1 = [1, 0, 0]T , e2 = [0, 1, 0]T , e3 = [0, 0, 1]T ,
R2: f1 = [1, 0]T , f2 = [0, 1]T ,
R3: u1 = [1, 1, 1]T , u2 = [0, 1, 2]T , u3 = [0, 0, 1]T ,
R2: v1 = [1, 2]T , v2 = [2, 1]T ,

2. L: R3 −→ R5 dané předpisem
L([a, b, c]T ) = [a+ b, b+ c, a+ c, a+ 2b+ c, a+ b+ 2c]T ,
R3: e1 = [1, 0, 0]T , e2 = [0, 1, 0]T , e3 = [0, 0, 1]T ,
R5: f1 = [1, 0, 0, 0, 0]T , f2 = [0, 1, 0, 0, 0]T , f3 = [0, 0, 1, 0, 0]T , f4 = [0, 0, 0, 1, 0]T ,
f5 = [0, 0, 0, 0, 1]T

R3: u1 = [1, 1, 0]T , u2 = [0, 1, 1]T , u3 = [1, 1, 1]T ,
R5: v1 = [1, 1, 0, 0, 0]T , v2 = [0, 1, 1, 0, 0]T , v3 = [0, 0, 1, 1, 0]T , v4 = [0, 0, 0, 1, 1]T ,
v5 = [0, 0, 0, 0, 1]T ,

3. L: R3 −→ R3 dané předpisem
L([a, b, c]T ) = [2a+ b− c,−a+ b+ 2c, a+ 2b+ c]T ,
R3: e1 = [1, 0, 0]T , e2 = [0, 1, 0]T , e3 = [0, 0, 1]T ,
R3: f1 = [1, 0, 0]T , f2 = [0, 1, 0]T , f3 = [0, 0, 1]T ,
R3: u1 = [1, 2, 1]T , u2 = [2, 1, 1]T , u3 = [1, 1, 2]T ,
R3: v1 = [1, 2, 1]T , v2 = [2, 1, 1]T , v3 = [1, 1, 2]T ,

4. L:P2 −→ R4 dané předpisem
L(ax2 + bx+ c) = [a+ b− c, a− b+ c,−a+ b+ c, a+ b+ c]T ,
P2: e1 = x2, e2 = x, e3 = 1,
R4: f1 = [1, 0, 0, 0]T , f2 = [0, 1, 0, 0]T , f3 = [0, 0, 1, 0]T , f4 = [0, 0, 0, 1]T ,
P2: u1 = x2 + x, u2 = x+ 1, u3 = x2 − x+ 1,
R4: v1 = [1, 1, 1,−1]T , v2 = [1, 1,−1, 1]T , v3 = [1,−1, 1, 1]T , v4 = [−1, 1, 1, 1]T ,



5. L:P3 −→ M2,2 dané předpisem

L(ax3 + bx2 + cx+ d) =

[
a+ 2b− c+ d a− b+ c− 2d
−a+ b+ 2c− d a+ b+ c+ d

]
,

P3: e1 = x3, e2 = x2, e3 = x, e4 = 1,

M2,2: f1 =

[
1 0
0 0

]
, f2 =

[
0 1
0 0

]
, f3 =

[
0 0
1 0

]
, f4 =

[
0 0
0 1

]
,

P3: u1 = x3 − x2 + x− 1, u2 = x3 + x2 + x+1, u3 = x3 + x2 − x+1, u4 = −x3 + x2 + x− 1,

M2,2: v1 =

[
1 1
0 0

]
, v2 =

[
0 1
1 0

]
, v3 =

[
0 0
1 1

]
, v4 =

[
1 0
0 −1

]
.

Př́ıklad 5.5. Jsou dána lineárńı zobrazeńı:
L1: R3 −→ P1 předpisem L1([a, b, c]

T ) = (2a− b+ 3c)x+ (a+ b− 2c),
L2:P1 −→ R4 předpisem L2(ax+ b) = [a+ b, a− 2b,−a+ 3b, a− b]T .
Určete:

a) složené zobrazeńı L: R3 −→ R4,

b) matici A1 zobrazeńı L1 ve standardńıch báźıch e1 = [1, 0, 0]T , e2 = [0, 1, 0]T ,e3 = [0, 0, 1]T

prostoru R3, p1 = x, p2 = 1 prostoru P1

matici A2 zobrazeńı L2 ve standardńıch báźıch p1 = x, p2 = 1 prostoru P1 , b1 = [1, 0, 0, 0]T ,
b2 = [0, 1, 0, 0]T ,b3 = [0, 0, 1, 0]T , b4 = [0, 0, 0, 1]T prostoru R4,

c) matici A složeného zobrazeńı L ve standardńıch báźıch e1 = [1, 0, 0]T , e2 = [0, 1, 0]T ,e3 =
[0, 0, 1]T prostoru R3, b1 = [1, 0, 0, 0]T , b2 = [0, 1, 0, 0]T , b3 = [0, 0, 1, 0]T , b4 = [0, 0, 0, 1]T

prostoru R4,

d) určete matici A2 ·A1,

e) matici B1 zobrazeńı L1 v báźıch v1 = [1, 2, 1]T , v2 = [2, 1, 1]T ,v3 = [1, 1, 2]T prostoru R3,
q1 = x+ 3, q2 = −x+ 2 prostoru P1

matici B2 zobrazeńı L2 v báźıch q1 = x + 3, q2 = −x + 2 prostoru P1 , y1 = [1, 1, 1,−2]T ,
y2 = [1, 1,−2, 1]T ,y3 = [1,−2, 1, 1]T , y3 = [−2, 1, 1, 1]T prostoru R4,

f) matici B složeného zobrazeńı L v báźıch v1 = [1, 2, 1]T , v2 = [2, 1, 1]T ,v3 = [1, 1, 2]T prostoru
R3, y1 = [1, 1, 1,−2]T , y2 = [1, 1,−2, 1]T , y3 = [1,−2, 1, 1]T , y4 = [−2, 1, 1, 1]T prostoru R4,

g) určete matici B2 ·B1.

Př́ıklad 5.6. Jsou dána lineárńı zobrazeńı:

L1: R3 −→ M2,2 předpisem L1([a, b, c]
T ) =

[
a+ 2b b+ 2c
a− c a+ b+ c

]
,

L2:M2,2 −→ P1 předpisem L2(

[
a b
c d

]
) = (a+ b− c− d)x+ (a− b+ 2c− 3d).

Určete:

a) složené zobrazeńı L: R3 −→ P1,

b) matici A1 zobrazeńı L1 ve standardńıch báźıch e1 = [1, 0, 0]T , e2 = [0, 1, 0]T , e3 = [0, 0, 1]T

prostoru R3, p1 =

[
1 0
0 0

]
, p2 =

[
0 1
0 0

]
, p3 =

[
0 0
1 0

]
, p4 =

[
0 0
0 1

]
prostoru M2,2

matici A2 zobrazeńı L2 ve standardńıch báźıch p1 =

[
1 0
0 0

]
, p2 =

[
0 1
0 0

]
, p3 =[

0 0
1 0

]
, p4 =

[
0 0
0 1

]
prostoru M2,2, b1 = x, b2 = 1 prostoru P1,



c) matici A složeného zobrazeńı L ve standardńıch báźıch e1 = [1, 0, 0]T , e2 = [0, 1, 0]T ,e3 =
[0, 0, 1]T prostoru R3, b1 = x, b2 = 1 prostoru P1,

d) určete matici A2 ·A1,

e) matici B1 zobrazeńı L1 v báźıch v1 = [1, 2, 3]T , v2 = [2, 3, 1]T ,v3 = [3, 1, 2]T prostoru R3,

q1 =

[
1 1
1 0

]
, q2 =

[
1 1
0 1

]
, q3 =

[
1 0
1 1

]
, q4 =

[
0 1
1 1

]
prostoru M2,2

matici B2 zobrazeńı L2 v báźıch q1 =

[
1 1
1 0

]
, q2 =

[
1 1
0 1

]
, q3 =

[
1 0
1 1

]
, q4 =[

0 1
1 1

]
prostoru M2,2, y1 = x− 3, y2 = 2x+ 1 prostoru P1,

f) matici B složeného zobrazeńı L v báźıch v1 = [1, 2, 3]T , v2 = [2, 3, 1]T ,v3 = [3, 1, 2]T prostoru
R3, y1 = x− 3, y2 = 2x+ 1 prostoru P1,

g) určete matici B2 ·B1.

Př́ıklad 5.7. Jsou dána lineárńı zobrazeńı:

L1: R4 −→ M2,3 předpisem L1([a, b, c, d]
T ) =

[
a+ b b− c c+ d
a+ c b+ d b+ c

]
,

L2:M2,3 −→ P2 předpisem L2(

[
a b c
d e f

]
) = (a−c+2e)x2+(b+d−f)x+(a+b+c+d+e+f).

Určete:

a) složené zobrazeńı L: R4 −→ P2,

b) matici A1 zobrazeńı L1 ve standardńıch báźıch
e1 = [1, 0, 0, 0]T , e2 = [0, 1, 0, 0]T , e3 = [0, 0, 1, 0]T , e4 = [0, 0, 0, 1]T prostoru R4,

p1 =

[
1 0 0
0 0 0

]
, p2 =

[
0 1 0
0 0 0

]
, p3 =

[
0 0 1
0 0 0

]
, p4 =

[
0 0 0
1 0 0

]
, p5 =

[
0 0 0
0 1 0

]
,

p6 =

[
0 0 0
0 0 1

]
prostoru M2,3

matici A2 zobrazeńı L2 ve standardńıch báźıch

p1 =

[
1 0 0
0 0 0

]
, p2 =

[
0 1 0
0 0 0

]
, p3 =

[
0 0 1
0 0 0

]
, p4 =

[
0 0 0
1 0 0

]
, p5 =

[
0 0 0
0 1 0

]
,

p6 =

[
0 0 0
0 0 1

]
prostoru M2,3,

b1 = x2, b2 = x, b3 = 1, prostoru P2,

c) matici A složeného zobrazeńı L ve standardńıch báźıch
e1 = [1, 0, 0, 0]T , e2 = [0, 1, 0, 0]T , e3 = [0, 0, 1, 0]T , e4 = [0, 0, 0, 1]T prostoru R4,
b1 = x2, b2 = x, b3 = 1, prostoru P2,

d) určete matici A2 ·A1,

e) matici B1 zobrazeńı L1 v báźıch
v1 = [1, 2, 3, 0]T , v2 = [0, 1, 2, 3]T ,v3 = [2, 1, 3, 0]T , v4 = [3, 0, 1, 2]T prostoru R4,

q1 =

[
1 1 1
0 0 0

]
, q2 =

[
0 1 1
1 0 0

]
, q3 =

[
0 0 1
1 1 0

]
, q4 =

[
0 0 0
1 1 1

]
, q5 =

[
−1 0 0
0 1 1

]
,

q6 =

[
−1 −1 0
0 0 1

]
prostoru M2,3

matici B2 zobrazeńı L2 v báźıch

q1 =

[
1 1 1
0 0 0

]
, q2 =

[
0 1 1
1 0 0

]
, q3 =

[
0 0 1
1 1 0

]
, q4 =

[
0 0 0
1 1 1

]
, q5 =

[
−1 0 0
0 1 1

]
,



q6 =

[
−1 −1 0
0 0 1

]
prostoru M2,3,

y1 = x2 + 2x+ 1, y2 = 2x2 + x− 1, y3 = −x2 + x+ 1 prostoru P2,

f) matici B složeného zobrazeńı L v báźıch
v1 = [1, 2, 3, 0]T , v2 = [0, 1, 2, 3]T ,v3 = [2, 1, 3, 0]T , v4 = [3, 0, 1, 2]T prostoru R4,
y1 = x2 + 2x+ 1, y2 = 2x2 + x− 1, y3 = −x2 + x+ 1 prostoru P2,

g) určete matici B2 ·B1.


