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1.1 =I[>?�Ax,n;0za5SD�
&�H8zPF��, ����H8PF. �-n;za5+M2r
&�+8�\V ��SFQ�:

M =

{(

a −b

b a

)∣

∣

∣

∣

a�b ∈ R

}

.g0	p, M	m-IiM�Z�� HeIiMs��`Z���!U2r
+8[/��\.Ido��� z = a + bi, s� a� b	
�, n;�u)ESF 2r
&��+8Z =
(

a −b

b a

)

, j�H8Z ∈ M. n;pρ : z 7−→
Z	���CGH8�\Ms�SSIy, teY (��	>Y|	�Y).

1.2 BCDEZFCDEn;r~℄GZ��H8_;�u1#G7�p. I7�\M��do�FH8Z =
(

a −b

b a

)uKZ ′ =

(

a′ −b′

b′ a′

)

, n;U
Z + Z ′ =

(

a + a′ −(b + b′)

b + b′ a + a′

)

∈ M,9pR�\MV7H8�G7�p	JK�, 7	�\M��do�FH8�u�G7�p, !BG���*M�. |m7
−Z =

(−a −(−b)

−b −a

)

∈ M,

!u, MV7H7�pg	JK�. �
Z − Z ′ = Z + (−Z ′)

=

(

a − a′ −(b − b′)

b − b′ a − a′

)

∈ M.S9n;�!GYρo��z�/�H8Z��,X 9g��<	dG7�p�. 9	3`n;uda�x, S9 z′ = a′ + b′i (s� a′, b′	
�)g	do��, X 
ρ(z + z′) = Z + Z ′

= ρ(z) + ρ(z′), ∀z�z′ ∈ C.g0	p, S9n;oM��H8�/	��,X 0�u�H8�G7zPB���G7. g�u�H8�H7zPB���H7.

1.3 HCDEx,n;za5�\M��FH8�I7.kz1 = a1 + b1i, z2 = a2 + b2i	��, s�
a1� b1� a2� b2�	
�. |k

Z1 =

(

a1 −b1

b1 a1

)

, Z2 =

(

a2 −b2

b2 a2

)��	 z1, z2*ρx�D, X 
Z1Z2 =

(

a1 −b1

b1 a1

)(

a2 −b2

b2 a2

)

=

(

a1a2 − b1b2 −(a2b1 + a1b2)

a2b1 + a1b2 a1a2 − b1b2

)

∈ M.32, MV7H8�I7�p	JK�, ^t���H8���<dI7�p, �
ρ(z1z2) = Z1Z2 = ρ(z1)ρ(z2).

1.4 IJHCDE�_Sx�k�H8A�=�I7 (tx�I), !BH8kA	oH8A�}F��Iu�
k. I7do
� kuKH8Z =

(

a −b

b a

)

∈ M, n;U
kZ=k

(

a −b

b a

)

=

(

ka −(kb)

kb ka

)

∈M.
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ρ(kz) = kρ(z), k ∈ R, z ∈ C.32, ���H8���gd=�I7�p.n;r~, +M 2r
&�+8�\V 	
��s�MQJ;, Hs,�℄ZpR:�\M	V �MQQJ;,3Hg	
��s�MQJ;. W� :;0�K���9���00)
2.1 >?[�LZ=I[MNn;z�_SxH8�'l�p: kA =

(aij)	SFm × nH8, X ��'lAT	SFn×mH8, t��R i#R j;��0�7A�R j#R i;��aji. RS:kA =

(

2 −1 3

1 0 7

)

, X 
AT =





2 1

−1 0

3 7



.kZ =

(

a −b

b a

)

∈ M, X 
ZT=

(

a b

−b a

)

=

(

a −(−b)

−b a

)

∈ M.7	, �\MV7'l�p	JK�. ^t, kZIy���`z = a+ bi, X ZTIy���0	a − bi = z, �
ρ(z) = ZT = ρ(z)T.g0	p, ���;��pIy7H8�'l.IJ���H8PFuKH8'l�p�Q0, n;�uGH8�i{zBG��;��p�Q0. x,0u;��I7Q0`RzGupR.R1 V����H8PFzpR��;��p�I7Q0: z1z2 = z1 z2.pR: kρ(z1) = Z1, ρ(z2) = Z2. X 

ρ(z1z2) = ρ(z1z2)
T = (ρ(z1)ρ(z2))

T

= ρ(z2)
Tρ(z1)

T = ρ(z2)ρ(z1) = ρ(z2 z1),EW�ρ	>Y�Q0, n;0BG
z1z2 = z2 z1 = z1 z2.\ 1: sV℄nlQ��R:F��	W�K'l�p�I7Q0: (AB)T = BTAT.\ 2: \oGsV℄n!"�n;�
s	pRK�l z1z2 = z2 z1, q�l�R z1� z2�Q�	���! [�m7���I7�b�'

8, 329SQ��#C	�V�.�. 8	S9n;o����/O}�Q��� (������72r+8��Q�)�Q�,X 9S�lNG\W (3`�*O}�Q����g/$).

2.2 �P>?ZQ�P>?W�H8�'l�p, n;�uPBIxH8��IxH8. SFH8AS9�bAT

= A, �xH8A`IxH8; S9H8A�b
AT = −A, �xH8A`�IxH8. H8�9SIN������1���k��9IN�U Zms_, u��;�Q0gU ZZs_. n;r~�r	1��<	k��, �;�PB�SPV7
=E�Ix,H�_ZIy, SFH8�r	IxH8<	�IxH8,�;SP	+H8. H!�IxH80	�=Yls��V7-IiM	Ix�,H�IxH80	V7-IiMIxYl��/�`Z��. f�?, �IxH8-IiMs��5`0.I7Z ∈ M, da�xZ	IxH8[tq[ZLU( a 0

0 a

)�℄l; HZ	�IxH8[tq[ZLU( 0 −b

b 0

)�℄l. 32*���H8PF�, 
��IxH8ZIy, H?���tD��IxH8ZIy.

2.3 R>?[STn;-z��Sx���SF1.Q0:k f(x)	PB�V7E�Ix���, X F*1�� g(x)�k��h(x), _B f(x) =

g(x) + h(x), t���9���	US�.�
sn;��P��7udaBx
g(x)=

f(x)+f(−x)

2
, h(x)=

f(x)−f(−x)

2
.H���USQ�z�79���
:�	1��|	k�����"UD��, t�F1 (k)��_*�`1 (k)��.I7H8H�, n;�Uuxms�Z:kA	do (
)+8, X F*IxH8B��IxH8C, _BA = B + C, t9����	US�.�
s,n;da"B =

1

2
(A+AT), C =

1

2
(A−AT)�bn;�.h. H���USQ�z�79���
:�	IxH8|	�IxH
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Z=

(

a −b

b a

)

=

(

a 0

0 a

)

+

(

0 −b

b 0

)

.9S���GG��s0	: SF (t
��)���US?P`SF
��SF?����,9g�	�� (complex number)9S�x�zU:S3?, �	SF�\� (t"\�)�.k E =

(

1 0

0 1

)	 2r>Y+8, I =
(

0 −1

1 0

)

, X ρ(1) = E, ρ(i) = I. W�H8�=�I7�p, n;�osV��l4u`
Z =

(

a −b

b a

)

= aE + bI.32, M	SF
��s� 2;MQJ;, E, I�	��S[%. HGYρo
��s� 2;MQJ;C�% 1, iIyG%E, I. \oG I2 =

−E.

2.4 R?[aV4n;r~, I7}F+8A, n;��uPB��#;ldet(A) (t |A|). f�?, k��
z = a + biIy�H8`Z, X 

det(ρ(z)) = det(Z) =

∣

∣

∣

∣

a −b

b a

∣

∣

∣

∣

= a2 + b2 = |z|2.32, M�H8Z�#;l�N��!Iy���z�?�D+ZSg. W�9S�n;��#;l�Q0z	p���?�Q0. RS, 3`
|z1z2|2 = det(ρ(z1z2)) = det(ρ(z1)ρ(z2))

= det(ρ(z1)) det(ρ(z2))=|z1|2|z2|2,!u |z1z2| = |z1| · |z2|.\ 3: sVvl℄n�n;W�K#;l�I77�, �det(AB) = det(A) det(B).

2.5 WXR?I7SF+8A, S9det(A) 6= 0, X A	���, ^t���H8A−1 =
1

det(A)
A∗,9AA∗	A�YÆH8. f�?, I7 Z =

(

a −b

b a

)

∈ M, [ det(Z) = a2 + b2 6= 0,�Z�	DH8�, Z��, t���H8`

Z−1 =
1

det(Z)
Z∗ =

1

det(Z)
ZT

=
1

a2 + b2

(

a b

−b a

)

∈ M.k�� z 6= 0Iy�H8`Z, X Z	tDH8, 32�U�H8Z−1. HE = ρ(1) =

ρ(zz−1) = ρ(z)ρ(z−1) = Zρ(z−1), !uρ(z−1)0	Z��H8, �ρ(z−1) = Z−1. 7	, M�H8��H8�qH8!Iy������ZIy.-� �<:;�Z[L\
3.1 ℄^�[_`:aI7D,R

2s�doSF#' f , S9�bSx�FwT:

f(α + β) = f(α) + f(β), α�β ∈ R
2,

f(kα) = kf(α), k ∈ R, α ∈ R
2,X 0x f	SFMQ#'. da	p: S9A	do2r
+8, �

α =

(

x

y

)

7−→ A

(

x

y

)	SFMQ#', ^tD,R
2s�}FMQ#'�LUsV℄l.

3.2T�A>?b[_`:ax,n;za5m���PFH8#P�MQ#'U� f�. kZ =

(

a 0

0 a

)

∈ M,X 
(

x

y

)

7−→ Z

(

x

y

)

=

(

a 0

0 a

)(

x

y

)

=a

(

x

y

)

,7	mZ#P�MQ#'0	�I#'. [a >

0�, q#'0	C&3Q`a�C&#'.E�kZ =

(

a −b

b a

)

∈ M, tdet(Z) =

1, � a2 + b2 = 1, X F* θ ∈ [0, 2π), _B
Z =

(

cos θ − sin θ

sin θ cos θ

)

. n;r~m9��H8Z#P�MQ#'
(

x

y

)

7−→
(

cos θ − sin θ

sin θ cos θ

)(

x

y

)0	S
=E����	' θi�	'#'.I7S3�tDH8Z =

(

a −b

b a

)

∈ M,k r =
√

det(Z) =
√

a2 + b2 > 0, X n;U
Z =

(

a −b

b a

)

= r

( a
r

−b
r

b
r

a
r

)

= Z1Z2,

(��
6–2�)
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(�	
6–40�)s�Z1 =

(

r 0

0 r

)

, Z2 =

( a
r

−b
r

b
r

a
r

)

,tdet(Z2) = 1. !uS3?, mtDPFH8Z!#P�MQ#'		'#'�C&#'��
\. NMsV℄Z,n;p, �sVfg�2r
+8zPF��,s�p�����pZ[8�,t9gPF<�u��℄�MQ#'Z�&,N_sd	K'���DpB.


