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7.1.B2 b)
Rozhodnéte, zda ¢: R? — R3, kde

@((wl’xZ)) = (21‘1 + T2, %2, T2 — l‘l)

je linearni zobrazeni, resp. injektivni LZ, resp. surjektivni LZ.
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7.1.B2 b)
Rozhodnéte, zda ¢: R? — R3, kde

@((wl’xZ)) = (21‘1 + 22, %2, T2 — l‘l)

je linearni zobrazeni, resp. injektivni LZ, resp. surjektivni LZ.
w

Reseni: Pro kazdé @ = (w1,22), U = (y1,y2) € R? plati

o+ ) =
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7.1.B2 b)
Rozhodnéte, zda ¢: R? — R3, kde

o((w1,22)) = (221 + 22, T2, T2 — T1)

je linearni zobrazeni, resp. injektivni LZ, resp. surjektivni LZ.
w

Reseni: Pro kazdé @ = (w1,22), U = (y1,y2) € R? plati

o(U+0) = (221 + 2y1 + 22 + Y2, T2 + Y2, T2 + Y2 — 1 — Y1)

Linearni algebra
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7.1.B2 b)
Rozhodnéte, zda ¢: R? — R3, kde

p((21, 7)) = (201 + @2, 22, 73 — 1)

je linearni zobrazeni, resp. injektivni LZ, resp. surjektivni LZ.
v

Reseni: Pro kazdé @ = (x1,22), T = (y1,y2) € R? plati

o(U+0) = (221 + 2y1 + 22 + Y2, T2 + Y2, T2 + Y2 — 1 — Y1)

(1) + o(U) = (221 + 22,2, 22 — 1) + (2y1 + Y2, Y2, Y2 — Y1) =
= (221 +2y1 + 22 + Y2, T2 + Y2, T2 + Y2 — T1 — Y1)
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7.1.B2 b)
Rozhodnéte, zda ¢: R? — R3, kde

p((21, 7)) = (201 + @2, 22, 73 — 1)

je linearni zobrazeni, resp. injektivni LZ, resp. surjektivni LZ.
v

Reseni: Pro kazdé @ = (x1,22), T = (y1,y2) € R? plati

o(U+0) = (221 + 2y1 + 22 + Y2, T2 + Y2, T2 + Y2 — 1 — Y1)

(1) + o(U) = (221 + 22,2, 22 — 1) + (2y1 + Y2, Y2, Y2 — Y1) =
= (221 +2y1 + 22 + Y2, T2 + Y2, T2 + Y2 — T1 — Y1)

o(t - 1) = (txy, txs) = (2txy + txg, twg, txes — tay)
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7.1.B2 b)
Rozhodnéte, zda ¢: R? — R3, kde

p((21, 7)) = (201 + @2, 22, 73 — 1)

je linearni zobrazeni, resp. injektivni LZ, resp. surjektivni LZ.
v

Reseni: Pro kazdé @ = (x1,22), T = (y1,y2) € R? plati
(i +70) = (221 + 2y1 + T2 + Y2, 22 + Y2, T2 + Y2 — 21 — Y1)

(1) + o(U) = (221 + 22,2, 22 — 1) + (2y1 + Y2, Y2, Y2 — Y1) =
= (221 +2y1 + 22 + Y2, T2 + Y2, T2 + Y2 — T1 — Y1)

o(t - 1) = (txy, txs) = (2txy + txg, twg, txes — tay)

t-p(xy,xe) = (2txy + txg, tag, txe — tx)
Jelikoz (@ + ¥) = (@) + (V) a @(t - @) =t - p(u), je ¢ linearni

zobrazeni.
6.5.—7.5.2020 2 /10
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o((z1,22)) = (221 + 22, 2, 22 — 1) = (0,0,0)

algebra



o((z1,22)) = (221 + 22, 2, 22 — 1) = (0,0,0)

201 +x2 =0
o =10
.’172—.%'1=0

algebra



o((z1,22)) = (221 + 22, 2, 22 — 1) = (0,0,0)

201 +x2 =0
T9o=0 —= 11 =29=0
.’172—.%'1=0

ra univerzita) Linearni algebra



o((z1,22)) = (221 + 22, 2, 22 — 1) = (0,0,0)

201 +x2 =0
T9o=0 —= 11 =29=0
.TQ—.%'l:O

Kerp ={(0,0)} = ¢ je injektivni
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o((z1,22)) = (221 + 22, 2, 22 — 1) = (0,0,0)

201 +x2 =0
33220 :>$1:CE2:0
.%'2—1‘1=0

Kerp ={(0,0)} = ¢ je injektivni

Pouzijeme vétu o dimenzi jadra a obrazu linearnfho zobrazeni, tj.

dim Ker ¢ + dim Im ¢ = dim V'
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o((x1,22)) = (221 + 22, 22,22 — 1) = (0,0,0)

201 +x2 =0
1’220 — I :SL‘QZO
.%'2—%‘120

Kerp ={(0,0)} = ¢ je injektivni

Pouzijeme vétu o dimenzi jadra a obrazu linearnfho zobrazeni, tj.

dim Ker ¢ + dim Im ¢ = dim V'

pak dim Ker ¢ = 0, dimR? = 2, dimIm ¢ = 2 a zobrazeni nemiize byt
surjektivni.

Petr Liska (Masarykova univerzita) Linearni algebra 6.5.—7.5.2020 3/ 10



7.1.B4 d)

Naleznéte jadro a obraz zobrazeni ¢: R* — R3, kde

o((x1, 22, 23,24)) = (301 —T2+2x3—24, 5T1+222+323, 221 +3x2+23+24)

2 univerzita) Linearni algebra



7.1.B4 d)

Naleznéte jadro a obraz zobrazeni ¢: R* — R3, kde

o((x1, 22, 23,24)) = (301 —T2+2x3—24, 5T1+222+323, 221 +3x2+23+24)

Resent:
3x1 — X9+ 2x3 — a4 =0
5x1 + 2x9 + 3x3 =0
201 +3x2+ 23+ 24 =0

ska (Masarykova univerzita) Linearni algebra



7.1.B4 d)

Naleznéte jadro a obraz zobrazeni ¢: R* — R3, kde

o((x1, 22, 23,24)) = (301 —T2+2x3—24, 5T1+222+323, 221 +3x2+23+24)

Resent:
3x1 — X9+ 2x3 — a4 =0
5x1 + 2x9 + 3x3 =0
201 +3x2+ 23+ 24 =0
1 -4 1 -2]0 1 —4 1 =210
3 -1 2 —-110 ~ 0 11 -1 510
) 2 3 010 0 22 -2 101|0
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7.1.B4 d)

Naleznéte jadro a obraz zobrazeni ¢: R* — R3, kde

o((x1, 22, 23,24)) = (301 —T2+2x3—24, 5T1+222+323, 221 +3x2+23+24)

Resent:
3x1 — X9+ 2x3 — a4 =0
5x1 + 2x9 + 3x3 =0
201 +3x2+ 23+ 24 =0
1 -4 1 -2]0 1 —4 1 =210
3 -1 2 —-110 ~ 0 11 -1 510
) 2 3 010 0 22 -2 101|0

rg=1t, x9=3s5, x3=11s+5t, x1=-3t—7Ts
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7.1.B4 d)

Naleznéte jadro a obraz zobrazeni ¢: R* — R3, kde

o((x1, 22, 23,24)) = (301 —T2+2x3—24, 5T1+222+323, 221 +3x2+23+24)

Resent:
3x1 — X9+ 2x3 — a4 =0
5x1 + 2x9 + 3x3 =0
201 +3x2+ 23+ 24 =0
1 -4 1 -2]0 1 —4 1 =210
3 -1 2 —-110 ~ 0 11 -1 510
) 2 3 010 0 22 -2 101|0

rg=1t, x9=3s5, x3=11s+5t, x1=-3t—7Ts

Kery =[(-7,1,11,0),(-3,0,5,1)]
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7.1.B4 d)
Naleznéte jadro a obraz zobrazeni ¢: R* — R3, kde

o((x1, 22, 23,24)) = (301 —T2+2x3—24, 5T1+222+323, 221 +3x2+23+24)

Resent:
3x1 — X9+ 2x3 — a4 =0
5x1 + 2x9 + 3x3 =0
201 + 322+ 3+ x4 =0
1 -4 1 -2]0 1 —4 1 =210
3 -1 2 —-110 ~ 0 11 -1 510
) 2 3 010 0 22 -2 101|0

rg=1t, x9=3s5, x3=11s+5t, x1=-3t—7Ts

Ker p = [(—7,1,11,0),(-3,0,5,1)]
dimR?* = dimKer p + dimIm¢ = dimImy =2,

6.5.—7.5.2020
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7.1.B4 d)

Naleznéte jadro a obraz zobrazeni ¢: R* — R3, kde

o((x1, 22, 23,24)) = (301 —T2+2x3—24, 5T1+222+323, 221 +3x2+23+24)

Resent:
3x1 — X9+ 2x3 — a4 =0
5x1 + 2x9 + 3x3 =0
201 + 322+ 3+ x4 =0
1 -4 1 -2]0 1 —4 1 =210
3 -1 2 —-110 ~ 0 11 -1 510
) 2 3 010 0 22 -2 101|0

rg=1t, x9=3s5, x3=11s+5t, x1=-3t—7Ts
Kery =[(-7,1,11,0),(-3,0,5,1)]
dimR?* = dimKer p + dimIm¢ = dimImy =2,
SO(LOaOaO) = (37572)a @(070707 1) = (_1707 1)

Petr Liska (Masarykova univerzita) Linearni algebra 6.5.—7.5.2020
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7.1.B4 e)

Naleznéte jadro a obraz zobrazeni p: R3 — R* kde ¢((1,2,1)) =
(—1,1,1,1), ((0,1,2)) = (1,0,0,1), o((1,0,—1)) = (0, 1,1,2).
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7.1.B4 e)

Naleznéte jadro a obraz zobrazeni p: R3 — R* kde ¢((1,2,1)) =
(—1,1,1,1), ¢((0,1,2)) = (1,0,0,1), ¢((1,0,—1)) = (0,1,1,2).

Reseni:

o=v(x)=p(t1-(1,2,1)+t2-(0,1,2) + t3-(1,0,—1)) =
=1 - (—1,1,1,1) +tg - (1,0,0,1) + t3 - (0,1,1,2)
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7.1.B4 e)

Naleznéte jadro a obraz zobrazeni p: R3 — R* kde ¢((1,2,1)) =
(—1,1,1,1), ¢((0,1,2)) = (1,0,0,1), ¢((1,0,—1)) = (0,1,1,2).

Resent:

0= @(aj) = So(tl : (1727 1) +12- (07 1a 2) +13- (1707 71)) =
=t -(=1,1,1,1) + t2 - (1,0,0,1) + ¢t5- (0,1,1,2)

1
1
1
1

_ o O
N = = O
SO O O
o o o
N~ =
N = = O
SO O O
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7.1.B4 e)

Naleznéte jadro a obraz zobrazeni p: R3 — R* kde ¢((1,2,1)) =
(—1,1,1,1), ¢((0,1,2)) = (1,0,0,1), ¢((1,0,—1)) = (0,1,1,2).

Resent:

0= @(aj) = So(tl : (1727 1) +12- (07 1a 2) +13- (1707 71)) =
=t -(=1,1,1,1) + t2 - (1,0,0,1) + ¢t5- (0,1,1,2)

e e
_ o O =
N = = O
SO O O
o O O
I
N — = O
SO O O

—(1,2,1) - (0,1,2) + (1,0 — 1) = (0, —3, —4)
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7.1.B4 e)

Naleznéte jadro a obraz zobrazeni p: R3 — R* kde ¢((1,2,1)) =
(—1,1,1,1), ¢((0,1,2)) = (1,0,0,1), ¢((1,0,—1)) = (0,1,1,2).

Resent:

0= @(aj) = So(tl : (1727 1) +12- (07 1a 2) +13- (1707 71)) =
=t -(=1,1,1,1) + t2 - (1,0,0,1) + ¢t5- (0,1,1,2)

-1 1 0/0 -1 1 00
1 0 11]0 01 10
Lo 1lo 1™ 01 1l0 = (—s,—5,5)
11 210 0 2 2|0

—(1,2,1) - (0,1,2) + (1,0 — 1) = (0, —3, —4)

dimImep =2 = Imy =[(1,0,0,1),(0,1,1,2)]
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7.1.B11

Necht ¢: V' — V’ je linearni zobrazeni a necht 1, ..., i, je baze pro-
storu V. Dokazte, ze plati

¢ je injektivni <= (1), ..., @(dy,) jsou linedrné nezavislé.

a univerzi algebra



7.1.B11
Necht ¢: V' — V’ je linearni zobrazeni a necht 1, ..., i, je baze pro-
storu V. Dokazte, ze plati

¢ je injektivni <= (1), ..., @(dy,) jsou linedrné nezavislé.

Reseni: ,,—>* Sporem.
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7.1.B11
Necht ¢: V' — V’ je linearni zobrazeni a necht 1, ..., i, je baze pro-
storu V. Dokazte, ze plati

¢ je injektivni <= (1), ..., ¢(dy,) jsou linearné nezavislé.

Reseni: ,,—>* Sporem.

Jt; #£0: t1g0(61) + -+ tn@(ﬁn) =0

LZ . N N
e oty + -+ + tpty) =0

—

2 pid 4ty =6 = Spor.
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7.1.B11

Necht ¢: V' — V’ je linearni zobrazeni a necht 1, ..., i, je baze pro-
storu V. Dokazte, ze plati

¢ je injektivni <= (1), ..., ¢(dy,) jsou linearné nezavislé.

Reseni: ,,—>* Sporem.

t; 7é 0: t1g0(61) + -+ tn@(ﬁn) =0
LZ - — —
£ o(tity + -+ - + tptly) =0
o). t1i1 + -+ tpily =0 => Spor.

,<—" Diky tomu, Ze y, ..., U, je bdze mame

Q(tyily + -+ tpily) = 0
@LZ+LN
—

tip(ty) + -+ tpp(in) =0Nt1 = =t, =0
— Kerp={0} = ¢ je injektivni
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7.1.A1
U.p. injektivniho linedrniho zobrazeni ¢: R? — R3, resp. ¢: R? — R2.

algebra



7.1.A1
U.p. injektivniho linedrniho zobrazeni ¢: R? — R3, resp. ¢: R? — R2. J

Resent: a) p((z1,22)) = (z1,22,0),

ra univerzita) Linearni algebra



7.1.A1
U.p. injektivniho linedrniho zobrazeni ¢: R? — R3, resp. ¢: R? — R2. J

Resent: a) p((z1,22)) = (z1,22,0),
b) neexistuje.

ra univerzita) Linearni algebra



7.1.A1
U.p. injektivniho linedrniho zobrazeni ¢: R? — R3, resp. ¢: R? — R2. J

Resent: a) p((z1,22)) = (z1,22,0),
b) neexistuje.

7.1.A2
U.p. surjektivniho linearniho zobrazeni ¢: R? — R3, resp. ¢: R? — R2. J
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7.1.A1
U.p. injektivniho linedrniho zobrazeni ¢: R? — R3, resp. ¢: R? — R2. J

Resent: a) p((z1,22)) = (z1,22,0),
b) neexistuje.

7.1.A2 J

U.p. surjektivniho linearniho zobrazeni ¢: R? — R3, resp. ¢: R? — R2.

Redeni: a) neexistuje,

va univerzita) Linearni algebra



7.1.A1
U.p. injektivniho linedrniho zobrazeni ¢: R? — R3, resp. ¢: R? — R2. J

Resent: a) p((z1,22)) = (z1,22,0),
b) neexistuje.

7.1.A2
U.p. surjektivniho linearniho zobrazeni ¢: R? — R3, resp. ¢: R? — R2. J

Resent: a) neexistuje,
b) o((z1,72,23)) = (21,22)
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7.1.A1
U.p. injektivniho linearniho zobrazeni p: R? — R3, resp. ¢: R3 — R2. J

Resent: a) p((z1,22)) = (z1,22,0),
b) neexistuje.

7.1.A2
U.p. surjektivniho linearniho zobrazeni ¢: R? — R3, resp. ¢: R? — R2. J

Resent: a) neexistuje,
b) o((z1,2,73)) = (71, 72)

7.1.A3

U.p. bijektivniho zobrazeni ¢: R? — R3, které neni linearnim zobraze-
nim.
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7.1.A1
U.p. injektivniho linearniho zobrazeni p: R? — R3, resp. ¢: R3 — R2. J

Resent: a) p((z1,x2)) = (z1,22,0),
b) neexistuje.

7.1.A2
U.p. surjektivniho linearniho zobrazeni ¢: R? — R3, resp. ¢: R? — R2. J

Resent: a) neexistuje,
b) o((z1,2,73)) = (71, 72)
7.1.A3

U.p. bijektivniho zobrazeni ¢: R? — R3, které neni linearnim zobraze-
nim.

Reseni: o((r1,22,23)) = (1 + 1,29 + L, z3 + 1)
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7.1.A5

U.p. linearniho zobrazeni ¢: R® — R* takového, ze dim Ker ¢ = 2.

algebra



U.p. linearniho zobrazeni ¢: R® — R* takového, ze dim Ker ¢ = 2.

7.1.A5 J

Reseni: ¢(1,0,0,0,0) = d, ¢(0,1,0,0,0) = 0, (0 0,1,0,0) = (1,0,0,0),
£(0,0,0,1,0) = (0.1,0,0), ©(0,0,0.0,1) = (0,0,1,0)
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U.p. linearniho zobrazeni ¢: R® — R* takového, ze dim Ker ¢ = 2.

7.1.A5 J

Reseni: ¢(1,0,0,0,0) = d, ¢(0,1,0,0,0) = 0, (0 0,1,0,0) = (1,0,0,0),
£(0,0,0,1,0) = (0,1,0,0), ©(0,0,0,0,1) = (0,0,1,0)

7.1.A6
Uvedte piiklad linearniho zobrazeni ¢: R> — R* takového, ze Imp =
[(1,2,3,4),(4,3,2,1)].
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7.1.A5
U.p. linearniho zobrazeni ¢: R® — R* takového, ze dim Ker ¢ = 2. J

Reseni: ¢(1,0,0,0,0) = d, ¢(0,1,0,0,0) = 0, (0 0,1,0,0) = (1,0,0,0),
£(0,0,0,1,0) = (0,1,0,0), ©(0,0,0,0,1) = (0,0,1,0)

7.1.A6

Uvedte piiklad linearniho zobrazeni ¢: R> — R* takového, ze Imp =
[(1,2,3,4),(4,3,2,1)].

Reseni: ¢(1,0,0,0,0) = (1,2,3,4), ¢(0,1,0,0,0) = (4,3,2,1),
£(0,0,1,0,0) = &, ©(0,0,0,1,0) = &, ©(0,0,0,0,1) = &
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7.1.A5
U.p. linearniho zobrazeni ¢: R® — R* takového, ze dim Ker ¢ = 2. J

Reseni: ¢(1,0,0,0,0) = &, ¢(0,1,0,0,0) = 5, «)0,14)0) (1,0,0,0),
©(0,0,0,1,0) = (0,1,0,0), ©(0,0,0,0,1) = (0,0, 1,0)

7.1.A6

Uvedte piiklad linearniho zobrazeni ¢: R> — R* takového, ze Imp =
[(1,2,3,4),(4,3,2,1)].

Reseni: ¢(1,0,0,0,0) = (1,2,3,4), ¢(0,1,0,0,0) = (4,3,2,1),
©(0,0,1,0,0) = &, ©(0,0,0,1,0) = &, ©(0,0,0,0,1) = &

7.1.A7

Necht ¢: RF — R™ je linearni zobrazeni takové, ze dimKerp = 4 a
dim Im ¢ = 5. Uved'te, co v8echno pak mizete fict o ¢islech & a n.

Petr Liska (Masarykova univerzita) Linearni algebra 6.5.—7.5.2020 8 /10



7.1.A5
U.p. linearniho zobrazeni ¢: R® — R* takového, ze dim Ker ¢ = 2. J

Reseni: ¢(1,0,0,0,0) = &, ¢(0,1,0,0,0) = 5, «)0,14)0) (1,0,0,0),
©(0,0,0,1,0) = (0,1,0,0), ©(0,0,0,0,1) = (0,0, 1,0)

7.1.A6

Uvedte piiklad linearniho zobrazeni ¢: R> — R* takového, ze Imp =
[(1,2,3,4),(4,3,2,1)].

Reseni: ¢(1,0,0,0,0) = (1,2,3,4), ¢(0,1,0,0,0) = (4,3,2,1),
©(0,0,1,0,0) = &, ©(0,0,0,1,0) = &, ©(0,0,0,0,1) = &

7.1.A7

Necht ¢: RF — R™ je linearni zobrazeni takové, ze dimKerp = 4 a
dim Im ¢ = 5. Uved'te, co v8echno pak mizete fict o ¢islech & a n.

Reseni: k = 9n>5
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7.1.B9 d)

Rozhodnéte, zda prostory V =R" a V' = R,,[z] jsou izomorfni.
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7.1.B9 d)

Rozhodnéte, zda prostory V =R" a V' = R,,[z] jsou izomorfni.

Reseni: Ne, jelikoz

dimR" =n #n+1=dimR,[z]

a univerzi algebra



7.1.B9 d) J

Rozhodnéte, zda prostory V =R" a V' = R,,[z] jsou izomorfni.

Reseni: Ne, jelikoz

dimR" =n #n+1=dimR,[z]

7.1.B9 f)

Rozhodnéte, zda prostory V. = Matea(R) a V' = {(x1, z2, 3, x4, 75) €
R® | o1 + 223 = 24} jsou izomorfni.
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7.1.B9 d) J

Rozhodnéte, zda prostory V =R"™ a V/ = R, [z] jsou izomorfni.

Reseni: Ne, jelikoz

dimR" =n #n+1=dimR,[z]

7.1.B9 f)

Rozhodnéte, zda prostory V. = Matea(R) a V' = {(x1, z2, 3, x4, 75) €
R’ | 21 + 2z3 = 24} jsou izomorfni.

Reseni: Ano, jelikoz

dim Matg(R) = 4 = dim V'
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Domaci tkol
Prvni priklad
Rozhodnéte, zda ¢: Ra[z] — Rslz], kde
o(az? + bz + ¢) = 3ax® + 2022 + cx

je line4rni zobrazeni, resp. injektivni LZ, resp. surjektivni LZ.

Druhy priklad

Naleznéte jadro a obraz zobrazeni p: R3 — R?, kde

(,0((1‘1,1‘2,1‘3)) = (1‘1 + x2, T2 + .’L‘3)-

Treti priklad

Rozhodnéte, zda prostory V =R3 a V/ = Q3 jsou izomorfni.
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