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+-,/.10�2�2�,43�,/5�687:9<;8682>=?;�@/3�,BA�@/,BC�D�3�,/5�687:3�DFEG.H@B@/.�6?7I.�J�.H6>DF@K7I5MLN5�@/O�.H682&.�P�Q#D�R�.H6SDF;87�T

+ 0 1 x 1 + x
0 0 1 x 1 + x
1 1 0 1 + x x
x x 1 + x 0 1

1 + x 1 + x x 1 0

� 0 1 x 1 + x
0 0 0 0 0
1 0 1 x 1 + x
x 0 x 1 + x 1

1 + x 0 1 + x 1 x

UV,BPW7I.�J�.H6YXZ2�D�7�7M2�D�7[.H3:\�D�7!Q].�J�P#DF@K7[6^;�P].�,/6`_�,/68Oa,K7:3*T<b�.*2&.�7Mc<@B.HQ].�6�3?deD�;�R�.�P#2&.HQ

fg;8@/@BA�5�@/h^6�5�QWiMJ8D�3#.H,B6jQ!;�@/3�,BA�@B,/C�DF3�,Bk�.�7]lm6^k�.HP�7I.*7Hn<o^5�QM,/3#,B7I3

Z2=p(x)
.H,B6Vprq�P�AG.HPMQ],43

22 = 4
cs@/.�QM.�6�3�.H6utv+-,B.�7�.HP-p-q�P�AG.HP

GF (4) = (f 0;1; a; bg; + ; �)
J8D�3wDF@K7I5#k^,B.HPrcs@/.�QM.�6�3�.

;�682x2&,/.w0�2�2&,/3�,B5�6�7:9y\�,/.zDF;8{�JW=?;8@43�,/A�@B,BC|DF3�,B5�687I3�D�E�.�@/@B.H6S7I.�J�.H6WLN5�@BO�.H6�2&.HP�Q#DFR�.�6#DF;87-dNQ],43

x 7! a
;8682

1 + x 7! b
i}T

+ 0 1 a b
0 0 1 a b
1 1 0 b a
a a b 0 1
b b a 1 0

� 0 1 a b
0 0 0 0 0
1 0 1 a b
a 0 a b 1
b 0 b 1 a

:

0gEG.HPM6�,K{�J�31LN~�P-•:.�2&.*7!€•5�@Bh^6�5�Q

p(x)
,K7I3

F[x]=p(x)
.H,B6‚prq�P�AG.HP*Tuƒ�.}3�P�D�{�J�3�.W2�DF„�;‚„H;8Q

ƒ�.H,K7IA8,/.�@Y2&,/.1=…;�@43�,/A8@/,BC�D�3�,B5�6�7:3�DFEG.H@B@/.
,B6

Z2[x]=(x2 + 1)
T

� 0 1 x 1 + x
0 0 0 0 0
1 0 1 x 1 + x
x 0 x 1 1 + x

1 + x 0 1 + x 1 + x 0

U†D�7

Z2[x]=(x2 + x + 1)
„�;‡.�,/6�.�Qˆp-q�P�A�.�P[O�.HQ#D�{�J�3]J8D�3*X<,K7:3W2�D�7�7#2�D�7M€y5�@/h^6�5�Q

p(x) =
x2 + x + 1

.�,/6Š‰Œ‹)‹�•�Ž�•�•H‰e‘H’/•}“W”�•F’�–�—G•F˜™~�EG.HPW2�.HQ™p-q�P�A�.�P

Z2
,K7I3�X<2št�JYt•.�7]O�,BE&3]C�.�,/6�.S„H\�.H,

€•5�@Bh^6�5�Q].

f (x)
;�682

g(x)
k�5�6]C^@B.H,B6�.HP�.HQœ›zP�D�2[Q],/3

p(x) = f (x)g(x)
t^=…DF6]C�DF686M„�.H,BO�.�6>de\�,/P

\�.HP�2&.H6S2&,B.�7�6�,K{�J�3•3�;�6�i)X�28D�7�7�.*7�LN~�Py•:.�2&.w€<P�,BQM„*DFJ�@

p
;�682žLN~�Py•:.*2&.wA�5�7I,/3�,Bk�.z68D�3�~�P�@/,K{�J�.1ŸvDFJ�@

n � 1
.H,B6?,/P�P�.*2&;�„�,/E�@B.�7•€•5�@/h^6�5�Q

p(x)
k�5�Q ›zP�D�2

n
~�EG.HPr2&.�Q p-q�P�AG.HP

Zp
O�,BE&3�t8c<,/6…7�5�@K{�J�.*7

€•5�@Bh^6�5�Q¡C�DF6�6xQ]D�6W\�,B.r,B6x2&.HQœ5�E�,/O�.H6Wƒ�.H,K7�A�,/.�@�EG.H6^;&3�„H.�6YX�;8Q¢2&.H6ž›wD�@/5�,B7�prq�P�AG.HP

GF (pn )
„�;žC�5�687I3�P�;�,B.HP�.H6Yt

£•¤¥£ ¦j§s¨¡©zª:«š¬�«®­
¯Z°rªI«u±1²w³j«u´8°-±g«u±¶µ�±¸·g«Y¹º­w¯Z°-ª:«u±r«Y»
«u±g«

¼!‰e•z½�¾�—&•*•}—a¿y¾�À&’/•H—…À8¾�ÁgŽ�•H‹!’4‰e•�‘�•SÂg•�Á¥Á•½�•H˜]¾�Ã�À&ÁeÄg¾�’Œ’/•}“

¾�—vŽ�•H‹�•!‰K“�Á�Å�•}—8“HÃ�À8•}—�Æs•}‹�Ç�È

9jÉu.H5�AG5�@K2SpwP�5�6�.�{�C�.HP

+-,/.]@B.}3�„H3�.#o&{�J�q�A&LN;�6�OS2&.�7w=?.�687�{�J8.H6…,K7:3
2&,B.M=….H6�O�.[2&.�Pw7�5�O�.H68D�6�6�3�.�6�Ê*C�5�Q]A�@B.}Ë&.�6ÌŸvDFJ�9

@B.H68Í^t�+r,B.�7�.!ŸvDFJ�@B.H6>7�,/682>D�;87�2&.HQÎUa;�6�7�{�J>.H6�3�7:3�DF682&.�6YX�7�5�@K{�J�.w›z@B.H,K{�J^;�6�O�.H6S\�,/.

x2 + 1 = 0
„�;x@Bq�7�.H6Yt�lmQÎÉuD�;&LN.w2&.HP•b�D�J�P�.rJ8DF3•2&,B.�7�„�;ž2&.�P•=….H6�O�.

C
X&EG.HC�DF6�6�3�DF@K7�2�,/.
=?.�6�O�.z2&.HPgÊ*C�5�QM9

A�@B.}Ë&.�6SŸvDFJ8@/.�68Í^X�O�.}LN~�J8PI3*t^+-,B.�7�.-=?.�6�O�.-E�.*7:3�.HJ�3•D�;87�DF@B@/.�6WO�.�5�P�2&6�.}3�.H6W€ZD�DFP�.H6

z = (a; b)
2�.HP
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P�.H.�@/@B.H6ÌŸšDFJ�@B.H6YXv2št�JYtšDF;87-€<;�6�C�3�.H6�,B6a2�.HPwc<EG.H6�.

R2 tš+-,/.MP�.�.H@B@/.�6ÌŸvD�J�@/.�6

a 2 R
7�,/6�2…2�DF686

€<;86�C�3�.1k�5�6>2&.HP��85�P�Q

(a;0)
Q],43

a 2 R �

28D�7�7�,/682>2&,B.
€<;�68C�3�.!2&.�P

x
9m0�{�J87I.�t�+r,B.MŸvD�J�@

b
,B7I3

2&.�P��)˜#¾H½�‰Œ—��F‹)Á •H‰Œ’•k�5�6

z = (a; b) �

2�,/.*7I.�P��u.�,/@Y.�6�3�7�A�P�,K{�J�3•2�.HP

y
9 p-5^5�P�2&,B68D�3�.�t^=…DF6SE�.�„H.�,B{�J�68.}3

2&,B.xp-5^5�P�2&,/6�D�3�.�6†k�5�6

z = (a; b)
D�;8{�J DF@K7

Rez = a
;�682

Im z = b
t +-,/.>o^;�Q]Q].x;�6�2‚2�D�7

€<P�5&2&;�C�3r7�5�@K{�J�.HP•€ZD�D�P�.w7I,B682S2&.���6�,/.�PI3r2�;�P�{�J

(a; b) + (c;d) := (a + c;b+ d)
;�682

(a; b) � (c;d) := (ac � bd;ad + bc) :

+-,/.�o&;�Q]QM.?,K7I3xDF@K7I5 DF@K7].H,B6�.�Ê*O�DF6�„>6�5�P�Q#DF@B.�Í�C�5�QMAG5�68.H6�3�.�6�\�.H,K7�.>o^;8QMQ].…2&.�P��Z.HC�3�5�P�.H6

,B6

R2 2&.��86�,B.HP�3�t•fg;�PM2�D�7!€<P�5^2�;�C�3[7I,B.HJ�3!.H3:\�D�7!Ê*Q#DFO�,B7�{�J8Í>DF;87�t +-,B.�7�.žÊ}=…D�O�,B.�ÍS\�,BP�2 D�E�.�P

k�.HP�7�{�J^\�,B682&.H6uX8\�.H6�6…\�,BPw2�D�7-€ZD�DFP

z = (a; b)
D�@B7z2&,B.Mo^;�Q]Q].

z = a + bi
7�{�J�P�.H,BEG.H6YX�\�5�E�.�,

i =
p

� 1
DF@K7š.H,B6�.�Ê*68.H;�.�ŸšDFJ�@KÍ-de5&2&.HP .H,B6�.��<DFP�,KDFE�@B.*iGQ],/3y2&.�PYc<,BO�.H6�7�{�J8DFLŒ3

i 2 = � 1
k�.HP�7:3�DF682&.�6

\�,BP�2Yt•+-,B.�7�.S68.H;�.?Ê�ŸvD�J�@BÍ….H6�3�7�A�P�,B{�J�3]2&.HQ €ZD�DFP

i = (0;1)
;8682 Q#D�6 6�.�6�6�3]7�,/.Ì‰Œ˜#¾H½�‰Œ—���‹�•

��‰Œ—&À�•H‰ŒÁ}T

i 2 = (0;1) � (0;1) = (0 � 0 � 1 � 1; 0 � 1 + 1 � 0) = (� 1;0) = � 1 :

+-,/.xo�{�J�P�.�,/E^\�.H,K7I.MDF@K7
o^;�Q]Q].

a + bi
,K7:3
A�P�DFC�3�,K7�{�JYXš2�DSQ]D�6Ì7�5>2&,/.]~�E8@/,K{�J�.H6†_�.*{�J�.H6�P�.HO�.H@B6

LN~�PrP�.�.H@B@/.1ŸvDFJ8@/.�6žEG.H6^;&3�„H.H6>C�DF686Yt�o^5]O�,B@/3g„H;�QÎƒ�.�,B7�A�,B.H@

(a + bi) � (c + di) = ac+ bci + adi + bdi2 = (ac � bd) + (ad + bc)i :

=…D�6xC�DF686S7�,B{�Jž@/.�,B{�J�3•~�EG.HP�„H.H;8O�.H6uX^28D�7�7�2�,/.
=?.�6�O�.

C
2&.�P�C�5�Q]A�@B.}Ë&.H6?ŸvDFJ8@/.�6x.H,B6�.�6Sp-q�P�A�.�P

EG.H„�~�O�@B,B{�J‚2�.HP[7�5�2&.��86�,B.HP�3�.�6‚0�2�2&,/3�,B5�6‚;�6�2 =?;�@/3�,BA�@/,BC�D�3�,/5�6‚E�,B@B2&.H3�t•+-D�7!68.H;&3�P�D�@/.#c<@B.HQ].�6�3

EG.H„�~�O�@B,B{�J†2&.�Pw0�282&,43�,/5�6†,B7I3

0 = (0;0)
;�6�2Ì28D�7wD�2�2�,43�,/k�.Mlm6^k�.HP�7I.[k�5�6

z = a + bi
,B7I3

� z =
(� a) + (� b)i

tu+-D�7w6�.H;�3�P�DF@B.Mcs@/.�QM.�6�3!E�.�„H~�O�@/,K{�J†2&.HP1=?;8@43�,/A�@B,BC|DF3�,B5�6†,K7:3

1 = (1;0)
de\�,/.*2&.HP

.�,/6�.wP�.H.�@/@B.!ŸvDFJ�@¥n i�;�682>2�D�7•Q[;�@/3�,BA�@/,BC�D�3�,/k�.zlm6^k�.HP�7I.zk�5�6

z = a + bi
,B7I3

z� 1 =
a

a2 + b2 �
b

a2 + b2 i :

d ƒ�.*D�{�J�3�.�X�2�D�7�7

a2 + b2 6= 0
LN~�P•DF@B@/.

z 6= 0
O�,/@/3�X^2&.H686žDF;�7

a+ bi 6= 0
LN5�@BOF3

a 6= 0
5&2&.�P

b 6= 0
t i

€<P�5�EG.�T

z � z� 1 = (a + bi) �
� a

a2 + b2 �
b

a2 + b2 i
�

=
(a + bi) � (a � bi)

a2 + b2 =
a2 + b2

a2 + b2 = 1:

ŸG;8P �Z.�P�D�687�{�J�DF;�@B,B{�J^;�68O…2&.HP]=?;�@/3�,BA�@B,/C�D�3�,/5�6 EG.H6^;&3�„}3]Q]D�6 2&,B.S7�5�O�.H68D�6�6�3�.ž”�•F’/¾�‹�Ç�•*•�‹�ŽF‰Œ—G¾�!

Ám•}—vŽ�¾F‹�“�Ám•H’Œ’�•&—�½�2&.HP
C�5�Q]A�@B.}Ë&.H6 ŸvDFJ�@B.H6ut c<,B6�.]C�5�QMA8@/.HË^.xŸvD�J�@

z = a + ib
XY2št�JYtš.H,B6Ì€<;�6�C�3

(a; b)
,/6>2&.�Pgc<EG.H6�.

R2 X�,K7:3g2&;�P�{�J>0g6�O�DFEG.
,/J�P�.�7�0rE87I3�DF6�2&.�7•„�;�Q fr;�@/@BA�;�68C�3

jzj =
p

a2 + b2

;�6�2S2�.�7�UV,B6�C�.�@B7

�
X82&.�6>2�.HP-o�3�P�D�J�@Yk�5�6

0
2�;�P�{�J

z
Q],43z2&.HPgP�.H.�@/@B.H6>0�{�J87�.wE�,/@K2&.H3�X8.�,/6�2&.H;&3�,/O

EG.�7I3�,BQ]Q13žd ƒ�,B@K2#"&t%$�i)t =…DF6†6�.�6�6�3

jzj; �
2�,/.ž”�•F’/¾�‹�Ç�•*•�‹�ŽF‰Œ—G¾�Ám•H—Vk�5�6

z
tu+r.�P1UV,B6�C�.�@

�
J�.H,BRF3

2�D�7'&-‹ ½�•&˜]•H—8Á-k�5�6

z
X

� = arg(z) �

.�7
,K7I31E�,B7
D�;&L•O�DF68„H„�D�J�@B,/O�. �-,/.�@4LeD�{�J�.]k�5�6

2�
.H,B682&.�;&3�,BO

EG.�7I3�,BQ]Q13�ty+r,B.…dNP�.H.�@/@B.�n i1ŸvD�J�@

jzj
J�.�,/R�3!2&.HP (-•HÁ ‹�¾�½ak�5�6

z
t +r;�P�{�JÌO�.H5�Q].}3�P�,K7�{�J�.]+-.��86�,/3�,B5�6

2&.*7�p-5�7�,B6�;�7<;�682žo^,/6^;87�.HP�O�,BE&3•7I,K{�J

a = jzj cos�
7�5�\�,/.

b = jzj sin �
d ƒ�,/@K2)"�t $�i)t^+-D�QM,/3•.HP�O�,BE&3
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i

q

sinq

cosq

|  |z

Im

-b

Re

 = a - ib

z = a + ibb

a1

z

�

 ��4"W�F� �F���v�*�4�}$�
|����$I"� 4����	:
���"��}$�� 	:
���� �������|��� z = a + bi �

x

aq
=ei q

q a+

z = r ei a

z = r ei (       )q+a

Im

Re

x

�

 ��4"#�F� ���
	u ���
�� ���%	: �	��� �
*��	: 4���]�
 %	 � = ei� 
 j� j = 1 


%&
��< $�
�	s
� ���
���$:
��
����� ���®"�
����  ���
*
�� � �

	u ���
�� ���%	: �	��� �
*��	: 4���]�
 %	<
� ���
�$ 
|���
	���
���
��M�8�H���8 �� 	��H���m�

� ���
���$:
�� � 	m$:
�� 
 �������

7�,B{�JžLN~�P

z
2&,B.1+zDFP�7:3�.H@B@/;�68O

z = a + ib = jzj(cos� + i sin � ) :

UÌ.H6�6[Q#DF6

i
D�@B7 .H,B6�.�Ê�ŸvD�J�@BÍgQ],43Z2&.HP•c<,BO�.�687�{�J8D�LŒ3

i 2 = � 1
EG.}3�P�D�{�J�3�.}3*X*2�D�6�6!C�D�6�6!Q#DF6[C�5�Q[9

A�@B.}Ë&.zŸšDFJ�@B.H6WD�;8{�J],/6x2�.HP �••&’/•}‹�� “HÃ�À�•H—��u•F‹)˜ 2�DFP�7:3�.H@B@/.�6?dN\�,BPs\�.HP�2&.H6W2&,B.�7s,/6W0rE87�{�J�6�,/3I3�����t �

EG.H\�.H,K7I.�6YX�7�,/.�J�.
ƒ�.�,B7�A�,B.H@�����t%$���i}T

cos� + i sin � = ei� :

ŸG;�7�D�QMQ].�6žQ],/3r2&.HPg7�5�O�.H68D�6�6�3�.H6 ��5�P�Q].H@šk�5�6>=?5�,Bk^P�.]de7�,B.HJ�.10r;&LNO�D�E�. "&t�� ��i

(cos� + i sin � )n = cosn� + i sinn�

LN5�@/O�3-2�DFP�DF;�7HX828D�7�7�LN~�Pz2&,/.[C�5�QMA8@/.HË^. �8;�6�C�3�,B5�6

ez 2&,/.!O�@B.H,K{�J�.H6?€•5F3�.H6�„�P�.*{�J�.H68P�.�O�.H@B6S\�,/.[,/Q

_�.�.H@B@/.�6xO�.H@/3�.H6ut�!gQ¢„�\�.�,GC�5�Q]A�@B.}Ë&.wŸšDFJ�@B.H6

z1 = r1 � ei� 1
;8682

z2 = r2 � ei� 2
,B6ž€•5�@KDFP�C�5^5�P�2&,/9

68DF3�.�682�DFP�7I3�.H@B@B;�6�O1„�;WQ!;�@/3�,BA�@B,/„�,/.�P�.�6YX^P�.�,B{�J�3s.*7�D�@B7�58X�2�D�7�€<P�5&2&;�C�3�2&.�P�É#"F6�O�.H6W„�;WE�,B@B2�.H6x;8682

2&,B.MUV,/6�C�.H@y„H;ÌD�2�2&,B.HP�.H6‚d 7I,B.HJ8.Mƒ�,B@B2 "&t $�i)T

z1 � z2 = r1r2 � ei ( � 1 + � 2 ) tG+-,/.]+-,/k^,K7I,B5�6a,B7I3wD�;8{�J

.�,/6&LeD�{�JYT

z1=z2 = (r1=r2)ei ( � 1 � � 2 ) t

UV,BP�LeD�7�7�.H6#6^;�6ž2&,/.-k�.�P�7�{�J�,B.�2&.�6�.H6W+zDFP�7:3�.H@B@/;86�O�.�6W2&.HP�C�5�Q]A�@B.}Ë&.�6SŸvDFJ8@/.�6#„H;87�DFQ]Q].H6Yt�l:7I3

z
.�,/6�.�C�5�Q]A�@B.}Ë&.rŸvDFJ8@&QM,/3�2&.�Q _�.*DF@/3�.�,/@

a
X�2&.�Q lmQ#DFO�,/6%"FP�3�.H,B@

b
X�7�5�\�,/.�0rP�O�;�Q].H6�3

arg(z) = �
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;�6�2Sƒ�.H3�P�DFO

jzj =
p

a2 + b2 X�7�5]O�,B@43

z = (a; b) �

DFP�3�.*7I,K7�{�J8.���5�P�Q

= a + bi
Q],43

i 2 = � 1
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x � z
jzj2

:

0r@/@B.12&,B.�7�.1_�.HO�.H@B6SC�D�6�6>Q]D�6?2&;�P�{�Jž.�,/6&LeD�{�J�.�7rfrD�{�J8P�.*{�J�6�.H6žk�.�P�, �8„H,B.HP�.H6ut�ŸG;�Q ƒ�.�,B7�A�,B.H@sd ��i)T

o^,B682

z1 = a1 + b1i
;�682

z2 = a2 + b2i
X�7�5MO�,/@/3!dN;86�3�.HPgƒ�.�D�{�J�3�;�6�OMk�5�6

i 2 = � 1
i

z1 � z2 = (a1 � b1i ) � (a2 � b2i ) = a1a2 � a1b2i � a2b1i + b1b2i 2

= (a1a2 � b1b2) � (a1b2 + a2b1)i = z1 � z2 :

+-,/.��rDF;8A&3�.�,/O�.H687�{�J8D�LŒ3x2�.HPWC�5�Q]A�@B.}Ë&.H6ºŸvD�J�@/.�6j,B7I3�X�2�D�7�7#6^;�6V6�,K{�J�3x6^;�Px2&,B.a›z@B.H,K{�J�;86�O

z2 � 1 = 0
XG7I5�682&.�P�6?DF;�{�J]•:.�2&.[›z@B.H,K{�J^;�6�O

f (z) = 0
LN~�Pr.�,/6 ‘�•H’�‰e•*‘}‰4½�•)“]€•5�@Bh^6�5�Q

f (z)
7:3�.}3�7

@Bq�7�E8DFPZ,K7I3�t�c<,/6Wƒ�.�\�.�,B7<2�,/.*7I.*7 ��;8682�DFQ].�6�3�DF@K7�DF3�„�.�7Z\•DFP<7�{�J�5�6W›wD�;�R1EG.HC�DF6�6�3*t�+-.HP�ƒ�.�\�.�,B7Z,K7I3

D�E�.�P�6�,B{�J�3�.H,B6&LeD�{�Jž;�6�2ž\�,BPgk�.HP�„H,K{�J�3�.H6SDF;&Ly,/J�6ut

�
������
 �"!$#�� %�&('*)(�+���,'-���/.102�����3)(�54768.19$�	:*4;�

�y~�P<•:.*2&.�7r6�,K{�J�3-C�5�6�7:3�DF6�3�.
€•5�@Bh^6�5�Q
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f (z) = 0
t

$�t�=…DF6SC�DF6�6

f (z)
,/6SP�.�.H@B@/.w@B,/68.�DFP�.w;�682SP�.H.H@B@B.���;8D�2&P�D�3�,K7�{�J�. ��DFC�3�5�P�.�6x„�.HP�@/.�O�.H6ut

•
+-,B.
.HP�7:3�.1ƒ�.�J8DF;8A&3�;�68OMEG.�2�.H;&3�.}3�XG2�D�7�7•6�,K{�J�3I9 P�.�.H@B@/.
fg;8@/@K7:3�.H@B@/.�6>E�.�,u€•5�@Bh^6�5�Q].H6SQ],43-P�.H9

.�@/@B.H6>p-5�.��#„H,B.H6�3�.�6x,BQMQ].�P�A8D�D�P�\�.H,K7I.zDF;&LŒ3�P�.H3�.�6YX�2�D�7�J�.�,/R�3�X�2&,B.
0g6�„*DFJ�@Y2�.HP�C�5�Q]A�@/.HË&.H6

fr;�@/@K7I3�.H@B@B.H6‚,K7:3]O�.�P�D�2&.�t +-D�P�D�;871C�DF686‚Q#DF6 D�;8{�J†LN5�@BO�.�P�6YXy2�D�7�7�•:.*2&.�7[€•5�@Bh^6�5�Q Q],43MP�.�.H@B@/.�6

p-5^.��#„H,B.H6�3�.�6x;�6�2ž;86�O�.�P�D�2&.HQ ›zP�D�2ž.H,B6�.wP�.H.H@B@B.wfr;�@B@B7I3�.�@/@B.
J8D�3*t

� ��� ���105�

d �|igo^.�,

f (z) = a0 + a1z + a2z2 + � � � + an zn .H,B6?€y5�@/h^6�5�QÎQ],/3rP�.�.H@B@/.�6…pr5^.��]„�,/.�6�3�.H6ut

+zDF6�6>O�,B@/3

0 = 0 = f (z) = a0 + a1z + a2z2 + � � � + an zn
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f (z) = (z2 � i )(z2+ i )
.HP�O�,BE&3yk�,B.HP•fg;8@/@K7:3�.H@B@/.�6

� (1+ i )=
p

2
;�6�2

� (1� i )=
p

2
t

+[t�JYt

f (z)
J8DF3[k^,/.�P!C�5�Q]A�@B.}Ë&.xfg;8@/@K7:3�.H@B@/.�6

w; w; � w; � w
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2z + 1)(z2 +
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