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8��:9<;�=
det




1 3 4
2 5 7
3 a 5


 = a−2, >�?�@�ACB�DFEHG1I�JLKNMPOPQ�OPBR>�B/S ; MP?�T�Q�?VU�J�E a−2 =

0 W�X�S�EYMPOZJ�M ; a = 2
�

9 G =�[ > ; >V?�@�ACB�D\E�]CK'MPO^Q�OPBR>VB_S ; M^?�T�Q�?�Wa`\?�T�?�M^ObOP]FACQ�O^?c`\? α ∈ deA ; @YO^?�W�T�?
(1 + i, 2− 3 i, a+ 5) = α(a, 5− i, 3 + 7 i).

9F8f=
g B�D\hR>/QYif`jK�X�J�Dji�U�O^?k>/]jl1hnmoD\S�I�J�Q�?�B�ACD\S�EYpqir`\?s]jO^I

α =
2− 3 i

5− i
,

>/OPI�X�J�M ; l1B�S�B�]FA ; mPEYXutv>/]jl1hnmwDjS�?�J�Q�EYXutxpqi�]\SyK'S ; Xut�BYJ�S�OPzsDjhR>/Q ; Q�O ;

1 + i =
2− 3 i

5− i
a⇒ (1 + i)(5− i) = (2− 3i)a⇒ a =

6 + 4 i

2− 3 i
= 2 i,

a + 5 =
2− 3 i

5− i
(3 + 7 i)⇒ a+ 5 = 5 + 2 i⇒ a = 2 i.

[ M ; a = 2 i ]jl1?rmwQ�OPB�Q�?7`\?�]\A�D\hf>/Q ; Q�OP? 9c8f= W.>/OPI�X'>V?�@�AjB�D\E{]CK�MPO^Q�OPBR>VB
S ; M^?�T�Q�? �

9 X = det




5 1 a
2 a 2
−3 0 a


 = 8a2 − 2a − 6

�q| ?�@�ACB�DFE}G~I�JLK�M^OPQ�O^BR>�B�Q�OP?�S ;r�

MP?�T�Q�?aWLU�J�E 8a2 − 2a− 6 = 0 W�X�S&EnM^OZJ�M ; a = 1 MPi�G a = − 3
4

�
	n����; X�OP?�D\S�`\?�]\A�t�?�Djp3O^AjBf>/]\@ ; J�M ;

a = i, b = −i, c = 0.

det




1− λ −i 0
i −λ i
0 −i 1− λ


 = −λ3+2λ2+λ−2 = −(λ− 1)(λ+ 1)(λ− 2),

λ1 = 1 :



0 −i 0
i −1 i
0 −i 0






x
y
z


 =




0
0
0


 ,

8



m ; A�>VB3BnJ�U ; J�QLK�z v1 = (1, 0,−1) W
λ2 = −1 :




2 −i 0
i 1 i
0 −i 2






x
y
z


 =




0
0
0


 ,

p2B�T�Q ; BYJ�U ; J�Q�K�z 9 M^i�G�DjB�S&>/OwK�S ; z = v2 = (1, 2 i, 1) W
λ3 = 2 :



−1 −i 0
i −2 i
0 −i −1






x
y
z


 =




0
0
0


 ,

p2B�T�Q ; BYJ�U ; J�Q�K�z v3 = (1,−i, 1)
�

���/� O^?�Xut ~x = (x1, x2, x3) W ~y = (y1, y2, y3)
�

[(~x · ~σ), (~y · ~σ)]+ = [x1σ1 + x2σ2 + x3σ3, y1σ1 + y2σ2 + y3σ3]+ =

= x1y1[σ1, σ1]+ + x1y2[σ1, σ2]+ + x1y3[σ1, σ3]++

+x2y1[σ2, σ1]+ + x2y2[σ2, σ2]+ + x2y3[σ1, σ3]++

+x3y1[σ3, σ1]+ + x3y2[σ3, σ2]+ + x3y3[σ1, σ3]+.[ M ; i 6= j
[σi, σj] = σiσj + σjσi = σiσj − σiσj = 0,;

[σi, σi] = σiσi + σiσi = 2σ2
i = 2 � .9 ��B�S�Q ; X�S ; p ; X�OP?�D\S�`\?�J�Q�B�]FAC@aBf>�K 2 × 2

= g BYJ�]FA ; >/O ; `jKaXHS�Q ; MP?�S�OPB�Q�? ; Q�A�E �
@�B�pHi�A ; AjB�D\E�B�ACD\S�EYpqir`\?s]jO^I

[(~x · ~σ), (~y · ~σ)]+ = 2x1y1 � + 2x2y2 � + 2x3y3 � = 2(~x · ~y) �
���:9<;�=�� K�J�D\B�l�DjS�?�@�]jS&A ; mwX�?�Q�O ; S ; J ; Q�?N`\?�]\Asl1B�l�D\S�?�S'>/]\S�EY]\Aj@�OP?3DjB�S&>/OwK�S ; Q�O ;

i�@�m ; J�ivD\hf>/Q ;��



0 1 1
0 −1 −1
1 0 0






x
y
z


 =




0
0
0


 ,





y + z = 0
−y − z = 0

x = 0
⇒





x = 0
y = −t
z = t

,

	



J�M ; J�Bf>VB�M^Q�?�U�B t ∈ � ���b; AC?�p
kerA = lin{(0,−1, 1)}.

� ; S�K�`jKaJ�D ; `\?�]\A�>�?�@�ACB�D v1 = (0,−1, 1).
��; @�B�G ; S�I�l�DjS�?�]\AjDjS�?�Q�O�B�D\AjB �

U�B�Q ; MPQ�?�`�J�Bs`jKaJ�D ; p3B�T�Q ; l�D\S�Ey`jK�zqJn> ; J�Bf>VB�M^Q�?HM^OPQ�O^Bf>VB3Q�OP?�S ; M^?�T�Q�?
>�?�@�ACB�DFE�l�DjB�]FACB�l ; J~mo?sJ�B v1 W�Q�l �

v2 = (0, 1, 1), v3 = (1, 0, 0).

9 G =�� B�M^i�p3Q ; p3ONp ; X�O^?�D\S�E�l�DjS�?�`\�jX�O ; ]CK�>/]jl1hnmoD\S�I�J�Q�?{>V?�@�AjB�DjhR>�Q�BR>V?c`
G ; S&E�S ; l�OP] ; Q�?,>�]\A ; Dj?�`�G ; S�O^?�W ; >/OPI�X

M =




0 0 1
−1 1 0

1 1 0


 .

9 X =���; @vm ; A�>�B_>�EYMPO^X�S&Enz
Av1 = (0, 0, 0) = 0v1 + 0v2 + 0v3,

Av2 = (2,−2, 0) = 1v1 − 1v2 + 2v3,

Av3 = (0, 0, 1) = 0v1 + 0v2 + 1v3.� >/OPI�Xs>�Q�BR>�?�`�G ; S�OP?,l�D\S�?�@Y]\S�A ; moX�?�Q�O^?�M^OPQ�O^Bf>V?kp ; p ; X�OP?�DjS

A′ =




0 1 0
0 −1 0
0 2 1


 .

�n�:9<;�=
det



−3 0 4
1 −2 2
0 8 −15


 = 170.

| ?�@�ACB�DFE�]CK_MPO^Q�OPBR>VB_Q�OP?�S ; M^?�T�Q�? �

9 G =
‖v1‖ =

√
32 + 42 =

√
25 = 5,

‖v2‖ =
√

9 = 3,

‖v3‖ =
√

225 + 64 =
√

289 = 17,

u1 =
v1

‖v1‖
=
(
−3

5
, 0,

4

5

)
,

u2 =
v2

‖v2‖
=
(

1

3
,−2

3
,

2

3

)
,

u3 =
v3

‖v3‖
=
(

0,
8

17
,−15

17

)
.

�



9 X =
cosα12 =

(v1|v2)

‖v1‖‖v2‖
=

5

15
=

1

3
,

cosα13 =
(v1|v3)

‖v1‖‖v3‖
=
−60

5 · 17
= −12

17
,

cosα23 =
(v2|v3)

‖v2‖‖v3‖
=
−46

3 · 17
= −46

51
.

9 J =
e1 = u1 =

(
−3

5
, 0,

4

5

)
,

e2 =
v2 − (e1|v2)e1

‖v2 − (e1|v2)e1‖
=

(1,−2, 2)− 1 ·
(
−3

5
, 0, 4

5

)

‖(1,−2, 2)− 1 ·
(
−3

5
, 0, 4

5

)
‖

=

=

(
8
5
,−2, 6

5

)

‖
(

8
5
,−2, 6

5

)
‖

=

(
8
5
,−2, 6

5

)

2
√

2
=

(
2
√

2

5
,−
√

2

2
,
3
√

2

10

)
,

e3 =
v3 − (e1|v3)e1 − (e2|v3)e2

‖v3 − (e1|v3)e1 − (e2|v3)e2‖
=

=
(0, 8,−15) + 12

(
−3

5
, 0, 4

5

)
+ 17

√
2

2

(
2
√

2
5
,−
√

2
2
, 3
√

2
10

)

‖(0, 8,−15) + 12
(
−3

5
, 0, 4

5

)
+ 17

√
2

2

(
2
√

2
5
,−
√

2
2
, 3
√

2
10

)
‖

=

=

(
−2

5
,−1

2
,− 3

10

)

‖
(
−2

5
,−1

2
,− 3

10

)
‖

=

(
−2

5
,−1

2
,− 3

10

)

1√
2

=

(
−2
√

2

5
,−
√

2

2
,−3
√

2

10

)
.

�


