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3 2 −1 4
2 −2 1 1
1 1 −1 −2



 ∼





0 −1 2 10
0 −4 3 5
1 1 −1 −2



 ∼





0 −1 2 10
0 0 −5 −35
1 1 −1 −2
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dim











1
4
7











= 0

6>=?9A@�BDCFEHGJI�K5LNM�OPORQSCFE�:STSC	C�U�VW7XCFI	EHGYU[Z�GJ7]\�E?G^EHVWVRE?GYL�_�VRC	OWU�VWOW=HEHGJ7`C�Q[Z]a]K]QAGF75\bLcEd\Ae5K]Q[I�CF7]QSC^f]G

Det





3 2 −1
2 −2 1
1 1 −1



 = Det





0 −1 2
0 0 −5
1 1 −1



 = 5

g�4�68759bhVi7XQ�EHCFI�Q�K5G	Lj7]VSI	e`7XVWVSM`7]GF7�Q�K]GFLj7XVSL�K]C
(2, 0, 2)t−(0, 2, 0)2 = (2,−2, 2)t

K�=Jk
(2,−1, 0)t−(0, 2, 0)t =

(2,−3, 0)t
4�l�VWVRCFIFZma]EdIQ�K5G	Lj7]VRE?Qn7oM

(2,−2, 2)t × (2,−3, 0)t = (6, 4,−2)
45pqZ�U�VW7]Q�ErCsU[7]IFI	EHGJ7XGa5EHQ�K5L

(0, 2, 0)
B8ZXGYU�Vi7XQ[ErCYEHe�M`7`CFORK5Q�EHQ

0 =





6
4
−2













x
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z



 −





0
2
0







 = 6x + 4y − 2z − 8.

6;:<9ut�v5e]EHGY7]VRVRCFIFZ�VRvSI�Q�OWQ�a�C	OWVWVwEHe�M`7`CFORK5Q[I	I	TSC	E?L�EHC






x`y<zq{]TS|"g`}o~��
goy�|�gXT[zq}o~+3
y[zqTS|�}o~�|"g

� L�Lj7XQc\�EHVi7XG�\�E?Q+v`M�GFE�EHe�M`7`CFORK5Q�EHQ+LcE?\+g�B8ZXG�Lj7XQcIF7XLcLj7�EHe�M`7`CFORK5Q[IFI�T�I�C	EHL�I	K]L�O�_�U[U�a]ORBDCY3]4`l�VWV�CJI	Z
fXG�I	e`fXGFQ�OWQ�a5I	U�_�Q�eSCFEHQ

(1, 4, 7)
4

�[4^hVW75=rE?GF7/e�_�:�EHQnO�K]GFOWa57/LcE?\je`7]Q5CFEHG2VWf]Q�a5I�e5K�K]GJ\�ORQ<7`CF7Xy�VW7]G	Q[7[4`pqZ�a]E?I�EHQ[7�I�Oi\�7m7oM�M]E?e5CFK]GFQ
s = (l, 0, 0)t

K�=Jk
EHQ[7c\�Oi7Xa5K]Q[7]VRE?QA7oM

d = (l, l, l)t
4[��v5G�7`C�CY:�EHGJfXe�Q[7�M�ORQ[e]EHVWQ

α
LcEHVWVW7]Qu\�E?IFI	7�I�E?GYM�O)7`C	C

cosα =
s · d
|s||d| =

l2 + 0 + 0√
l2 + 0 + 0

√
l2 + l2 + l2

=
l2

l2
1√
3

=
1√
3
.

p�EHC�CF7cOWQ�Q�E?:[fXG
α = arccos 1√

3

4

{<4�68759A��Q<\�EHG�\�EHQ�B;v]GJI"CJ7�L�OWQ�_�C	E?Q�M]EHGFe`7]\�Ec\�EHC�B;_�VRVi7]ImL�Ed\�gA=HEHQSC	OWLcErCFEHG�U�EHGmLcOWQS_�C?4)pqErC+I	e�_�VWVREcOWQ�Q�EH:<fXGJ7
7`C	C�\�ErC�I	e�_�VWVRE�CF7b�]�mLcOWQ�_�C	E?G�7`C	CYB8ZA3o�X��=rL$Mo7XC�CFEHQ[\o�"_[Uw4

6;:<9ut�v5e]EHG^VWORQX�"E
y = kx + m

IFZc7`C�C














�S~qe��SzqL
g5~qe�3ozqL
�5~qe�g5zqL
�S~qe��SzqL

⇔ Ax = b
\�fXG

A =









0 1
1 1
2 1
3 1









K�=Jk
b =









0
2
5
8









.

��ZXG�7XC�C

AtA =

(

14 6
6 4

) K�=Jk
b =

(

36
16

)

��ZXG7XC�CVWv5I	Q�ORQ[a]EHQ�O�LcOWQ[I"CJ7Xe�M`7]\�GJ7`CFLcEHQ�OWQ�a[� \^M^I�VWv5I	Q�OWQ�a]E?Q�CFORVWV
AtAx = b

fXG
(k, m) = (2.4, 0.4)

�X\^MsI
VWORQ`�"E?Q�a]EdI2k<7XGYEHe�M`7`CFORK5Q�EHQ

y = 2.4x + 0.4
4

6>=?9��wvSI�E?G
150 = 2.4x + 0.4

K�=Jk��[Q[Q�EHG�7XC�C�\�ZcfXG
x = 149.6

2.4
= 62 1

3
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(

a −b

b a

)(

c −d

d c

)

=

(

ac − bd −(ad + bc)
ad + bc ac − bd

)

.

6;:<9
(

a −b

b a

)−1

=
1

a2 + b2

(

a b

−b a

)

.

6>=?9A@�C	C�a]K�\�C"T�=Je�VROWaXC^EHVWEHLcE?Q5C�e`7]Q�I	e�G	OWM`7]IsU[Z�B;K]GFLcEHQ

a

(

1 0
0 1

)

+ b

(

0 −1
1 0

)

,

68\[9 � :[I	EHGFM]E?GF7�7`C	C
C
k[7XGY:[75I�E?Q

1, i
v`M]EHG

R
IFZce`7XQuM`7XG>�"E�EHVWEHLcEHQSCqI	e�G	OWM`7]I^U[ZcB;K5G	LcE?Q

a + bi
4���Oi\�7XGFEmI�E?G

M�Os7XC�Cj\�ErC��[Q�Q<I�E?Q G	E?VW7XC	OWK]Q LcE?VRVi7XQ :<7]I	EHVWEHLcEHQSC	E?Q I	Z 7`C	C
i2 + 1 = 0

4�t�7XLcLj7 GFEHVi7`CFORK5Q�a5f]VRVWEHG�B;v]G
:[75I�E?VRE?L�E?QSC	EHQ�O�68:<9sK`M`7XQw��Q[f]LcVROWa]E?Q

(

0 −1
1 0

)2

+

(

1 0
0 1

)

.

x[4��2E?GFf]e�Q�ORQ[a57XG�a]E?G)7`C	C
A
k[f]GPEHa]E?Q�Mof]GF\�EHQ − 1

2
, 1

2
, 1
L�Ed\�L�K]CFI	M`7XGJ7XQ[\�E�Q�K5G	LcE?GF75\�E�EHa]E?Q�M]EHeSCFK]GFEHG

(0, 1, 0)t, 1√
5
(2, 1, 0)t, 1√

5
(0, 1, 2)t

t�EHG�\�Zc7XC�C
A = V DV −1

I	Zc7XC�C

limn−→∞An =limn−→∞AnV DnV −1 = limn−→∞
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1√
5
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− 1

2
0 0

0 1

2
0

0 0 1





n






0 2√
5

0

1 1√
5

1√
5

0 0 2√
5







−1

=





0 0 0
0 0 1

2

0 0 1
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t�U<Ed=rOWEHVWV�C�I	EHGYM�Ow7XC�C�a]GJfXQ<I�M`fXGJ\�EHC�B;v]GqI"CJ7XG	C	M`fXGJ\�ErC
(1, 2, 3)t
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0 0 0
0 0 1

2

0 0 1
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 =
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��4Yl�QSCF7]ac7XC�C
At = A

K�=Jk
Bt = B

4<t�EHG�\[Z�7XC�C

(AB)t = BtAt = BA.

l�VWV�CJI	ZcfXG
AB
I�T�LcLcErC	GFOiI�e���\^M^I

(AB)t = AB
K]LcL

AB = BA
�[\^MsI^K5LcLNLj7`CFG	OiI�E?G	Q<7�e5K]LcL�_�CFEHGJ7XGd4
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