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el pambers, We how EAM&*H eadh  com pl namber (xp) with the
corvespnding  teal number X, By abuse ot notation  we write
X = (x,0).
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(2) (Associativity of ALdition)
2 x(Er v 2) = (2,6 20t2s  Yziea
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2.2 = b@ftbxﬁl& LY >
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Detiniton (Modwlus) | The modulws of o complex number 2= xriy s
e ﬂe,\ﬂ%\ o e vechr  (xu) | rumety
12\ Y e
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Notice that the modwlws of

oo el pombeyr VS S\Lﬁ«\' -\\fe o\,kusp\u‘k&
We can }mMecX“«Jra\) derve o wseful Ir\eiM\H’j?
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Im‘té \KN E\é \ 2| .
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Z,, 8, 15

\%\“%zl

Vi
&.
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() The crde C?\(%o) A vy
He set

C&Uﬂ&g Y260 \2-2) = R} ,
Ofen
Y~ z
(2) ™ sapdes  ofF Moer Pdlu

voo e ol tadiws R 2D
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<
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Proot « (1) Obviows Sask abwd Jrr‘.Mb\Ls.
(2) We ed o show () \E 4207 (30121 onk
D 12+ 2202 - (13l =-12,.1).
(&) 12| =12l = |2, =22 +2.] -1 3]
S lzir2e| + (-22) - 1%l
= | 2t 22|
9 th proves () when VBl 122), T (20 4(22] swtd
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Propositon  ( Modulus 15 MulBiplicadive ) | For all 2w €€ ank nelN
() 2w = 12(lw |
(2) |2 =12"
Proof. (1) 75 an ensy exercie.
(2) Prppt ofF () Y b\f inudn. The case n=2 o just ().
Let nENL Assume (2] =12(". Then
2™ = 2"z
2 |2 12|
oy m = ™,
W
The %\\wlﬂj Lemma 35 o %ooo\ woy o Yem ongtirade  the P”’P“”b‘\" ok

the modlos. We will wse v wudh leker o prove the Fundanental
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Pl2) = do + 042 + -t a2,

There  exwh R70  Swch that \2\ 7R W\p\ies
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Definition (Comgex Conjwyde)

Let z=sxtiy be o
Complex  conjuyate of 2 s

Complex number. The

—

7 = X-uy,

) 74

(reovetrically | 2 is He  eflecthn of 2 abad the el oy,

3 3 27-)(“’!:‘)

/N

-5 i:x—£t3 //
Proposikin  ( Propectios of tHhe Con3m5a+e) For sl 2w ecd:
1y 2 =2
() 2| =1zl
(3) Z+w =2+ W
W Zw = 2z
s) 2% = 12? _
() Rez=2* | Tz =2 %

20

2
Proot, (1) —13) lﬂeotm’cf‘m\l7 dear.  (M),(§) Txefcises.

(5) Let Z=xiiy - Thn 272 = (Xaig) (x-1w)

= XZ’{\,K“)‘\'(\,‘:}K _(;232
TR

= )gi,‘..:)i
= \2|*,

)
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=\. Shee  1nlei%esS ule \m&bw
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Recall that \ery nonzero Po*/\* (X.@&R?' con be wrten in polar coord-nates

(r,8) where
= {wsbd

Y= v sine,
This S\Mmﬂ,&\'s The %D\\owlnﬁ Aedimition.

De fini tion ( Poler Q’OV‘M) IF (r,0) wnre polar coorh inates  $or

04 4) | then ‘he polar form of 2 =xrly  0s
= v (wso +isng). Y/
E\r‘uo\m‘\j, 0 o vl to xy by the eq uatiins
l2l=v ok tan © =3

takimj nto sccomnd  wWhidh iuudmm{' (%) bdw\jj to.
g z
e

ﬂ'\@, \[ok\u.e OqC © s not \}J\?%\Le. Eo.o]/\ poss)\ﬂe \fo-\u ts  called

oo o\m)\me,r\‘r of 2. The set of al ‘yoss‘\‘o\e mrjv\w\en* s s

denved.

0\.1‘(3 z.

The wlar  form  is Ul e o owe 5\(;&;?-?-«) bt ~meoer. The
\M\}i\xe o\rﬁjuw\en* in o Hhy f/\‘\'eﬁm\ 5 H\e \OrLV\c}\oo\\ Okrgu\w’,l\)f
A(‘(s 2. Nottee that

arqaz = Aryz x LRy , Rez
The po\ar B em smj3%¥s @ }\u(fv\‘llrton for Y 5\3\”\\30\ 2
co bt

e LSO +¢sn B (E\Mew‘s Fov*mu\\o\)
ﬂ\e\n H\e, po\ar Q'Drw\ s wmiea cow\pMH\j ‘N &Xponentltou\ 1D0NV\‘.

co
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Z=vTe

Exam p\e,

{

(V) Exprestal i of ¥ |tte]=Jz and Avglh = Wy

. v A
So l+¢ = Jz e !
L0 L o AT, sy,
(2) \=e L=e'" -\ = ¢ t-p

L= e ,g
\*e R
Ntﬁ?

-y Aot M z

v

il

(3) The circle C’R (2») has o nice Parume{-ef‘?zfd—t‘bnf
2 =2 +0e” , 0% Ot
1
te

—

&

Proposition (Produds [ Powers in Expmentisl Form)

Lt 2-=re? amb w= 5. Then

cle+y
() ZW=YCSe )
(e-7
(2) Z/\A) = 'E' e _
(3 27 = ‘76”9
B = et ¥neZ.

Proof, (V) 2w = ((ew \LS QL?>
= rs(Cosp+t sne)(cos$ +isAf)

= 0 ( cosvc0s3-5he saf yi(ospond +shwd))
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S oSOYS ko sino+f)

(1) Cese Lo nvl. Prw@ ‘o Wudon. =l 35 dars Lt pol,

b
Aggume 8= 2™ thn
n+tl n

2 = 2 -
‘\e‘me( o O ‘(M\ &L (no +6) _ ‘(v\u é{nu)e
= \‘- e’ = = .
Case T2 n40. Tea ‘m’r n=-n Aoy Cose\ w/
(%“\
(oge3 n=0 ‘o»l )L{ % on . %
201 ST 2021
E xample (Y = (2™
202\ ZOZDT-+ I() \ﬁ
= 32 Al w " =
2020 L LT v,
= ﬁ Y?' -6 ~ Ll

505 :
L (.l+b)

_=ﬁ2ww(_|“) . //

Part (V) of He P\-o@us}HW\ qies o %,merrc cr\ﬁrqejrA‘rnDA oF Com \lLX
W\ler‘.P\tw@ﬁvv\. T4 2 =re® b w=se? Hon z2u= st (9+~J’)

)

T\\\s ‘6\3.5& s Tk Zw v obtkek  fom w \>\3 sca\‘-l\() v Enj
whhe of e and ooty w g we gl b Argz
v

A cowp\é Mot nerest Ny coV\y,go\LLr\L%
by Be ik crde §' = 9 p e R W dodk wlr kb
\ ) \ 1 . ) W 19\16 .
(Y De Movres bondor Som (W) w] 2= €® =5 R

=

(Cos® +isindY = Cognd + ¢ Shno . //
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Prowsition  ((Arquments of Products)| Let z,w be nonzero

Comple X Fhen

@) OJ‘S tw = cxro3 ¥ 04‘3\0

(1) ary ), = Mg - argqw |

The staemeds are whrey gt wy Plws: qiven the vaves ot w2

ot e ow%mu&sl ‘\'\\Lr&\ S Nae D"Q' fe Hdork s&‘vs%?m) e eg)u&ctm.
Proot. Let 2:\1‘60 | W = Se—bg (j.W.A vdaes o rf of oy Z/o\tj w).,
Trea 048 s an otuunt ot 2w so\\‘ts{j‘m? 0y by (4) of the
Popston. Soy we ol GV mvawe  of o 2w Ten b gt
be of “z Hrrm

®+3Y12By b e Rez .
T4 we are ¢New o vlve of org 2 b must be (9*#‘\’\&

Form
° © + 1R, T 4o¢ swe ¥, CZ.

‘ﬁ( We nedk o Fal o vdee T of arq w Suh ot
(O+9)+20,T =(® +2R,7) + T
lds ke T = +2.U<\“‘K7_)TT )u)\\%d\ s an Mgwwrd o 2.
Then (6 +2¥,w) +T = 04 2R, + F+2(R -By)r
= O+ +1Rw
0S5 desirek . This Poves (Y. Part (2) Plows  From ()
oy £ = ary Bwl = arg 3 earg wl. Shee w =Jf£w,

bv der ARt AN wlo= - AW, Proving the claim.
[]

E Xam ph’_

(VY The peine! pal mrjmmeM of %= (\Ts—t)b. An MS«LM’I(A% o
3-¢ s -Tb. Bﬂﬂ{ ‘)\“D?'os‘f\'SA
ata (I3 -L)b = c:N‘S d3-1 = é(—ﬂ‘/é\ = -T.

Buwk ey tsat A (J“?V\c(.(ml M‘gmd A -yt e ot
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besnd L 3a e Taterval (-m,«\ - So Ara (&,;{,3"-_—{1',

(2) The popuition iy mot  Frwe  when arg W reqlaed by
AVS' A countorexam dc T4 2=y ad w=-1. Tun
Ai‘g z="h | Al\ﬂ w = T but AN} Zw = )tro) v =N,
Bt Az 4 by = 3y J/

Roots of CoW\p\{x N o ber o

Lemm o Two nonzero  compex numbers 2w are egual %
ol only iF 1Z[ 71Vl ok arq 2 = arq w,

Detinibion ( Roots) | let w  be

N Nnonzevr o C,OW\‘o\LX \/\V\W\bev‘,

" oot o W is & sdudba o z'\ w

An 0t

The st of ol nth roots of w s densted by w'm . The
S| Mmbo| A e reserntd P dente the w\tjome (()os:Hva N th
root of o pos‘.‘rt\le Vel nwimber

//

Propositon (D‘»Shndr roots)

There  ore pre Ci se\j n dshanck nth
rOD’\‘S 0 "‘ (VO N 0~W\e\\3)

((Ara W +1_P\ﬁlr)
nggm,'\e_(n y K=ol yna

X chrgw
Proot. Lek z=7e axh  w=(vwle We Sole

AY) L AN
rf\e "ZV\;\U _:\w\e?'(J\D .

B\,l{\/. Lemma,  Heoe W@{u( PR S L (1) BN RN =Arqw +2K1
wheie RO oy \m)(ea,u‘. ‘\"\EMC)

. (ATgw | ZRT
%=re°e = Niw| e"( v ° V‘) ( Kez.
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Wth%;'\‘xh\ A wsgwe oot by Ty K =031,

gl%f = 2T,

yn-l eince

v
With He ntabion oF Ve pm@oﬁ‘.*hml\-\r\e, V)(‘vac‘npm\ roof ot w

s ‘A w
S "
v CO__V\l\ a"__.‘

THwe dwlue dhe woton Wy = R then we can wrte
R (LR
W, = ¢
ACLWX\&) o H{ ‘Dm?%;“m\ e @NP\LX Y\\NIY\\DEFS
- L. Problew Qet |
l)\U,\)\D,\’L\ o V)r\n\ ( D) \;,;QJ

e e kg sl Yo 2=t te nthoobs of uthy,

We can a\wa.\bs wite  the voote of W in terms ot the pr?/\c\:pal
coob ad the  roly ot wty:

(Amw o 2Ry  frgw  2RT
v v
Cp = Y \’,( n <) =rfw e e
NN = Co ~— —
(//

U 4T \ \2/5
}
%

L
4
EX&Mp\ﬁ
N +h - N
(\) We CDW\()\E\'ﬁ Q/X()\\L\i'\(]“_ _t\\z%),-\r)b\ \TDD'l") O¥ \b. . 2\ c,,:rzll*i)
Cy =M ]

=2 e TR W
S Go= 26M = 2(EHB) 2l L), “ e ()
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Then €, = T2(-1 1) B I GO BN TA R

(2) We com?\ﬁa &x\o\tcl-\-\\) the 3‘”’\ ooty of W\\JV\J
The Ak rets of \MCJP] are

VA
L, Wy, W,
- 3 — - — 3
\1)3—6 - 2%_—2—.
Then uz)-QdWs: L
27 2 = -

Y/

Paste Topo\o“ of €

The $innl ¥optc of  Chl 5 g inttdwdton o

the {)O-S}L

Jfopo\o%lw»\ thess . The pur pose s o define the Rl

oF  sobsds ofF @ Hd are swhle Lor Jkuw\j
OU\O”\USS\'S | V\N\I\e\k)i
hoewgty ppem  Comeded  sebs .

Detintion (opn Lok [nehbrhad ) | Let €90 - The

(O}r cadias ¢ Cenfered ot %t;) vo  the  get
D &) = J2ce: 12-%lct],

CDN\P\P,\(

//

O pen Aok

We N\mﬁ vefer fo sudh an N o o a V\Q\jl\borkw& oV
i~r\at3\(\\oor\\w}\ o} 2o. A Jeleked dypen ATSR/V\Q,‘LSI/\\)‘)r}\Do} s

oo Set of e Form

Dz (?7’\ \3%0’5
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) t\%\

7

O\

//

‘2, ,/ o !

PW\*S wi\'\‘\i'\ JF\'\L Samn e z- V\Ul'\\)or\moA alre t o\oﬁzk\ WA *‘\(

J
Ynse That '\’N,\) e wn o Ngtance ot 2¢ foam eachother,
De fmn ik ion (Ivﬁer}w @o‘.ﬁ) let SCC. A Po\x\ Z, € S 1y
AnIs Po}M of § & Je70 Sich that DQ(%D) ¢

P g 5.% [ S

Example | The open wper Mol - plane
H =

S%E(E Im%bog

congists ey\+‘m\j of interiw polts.

Pogh, let 2 €Hl Ton swavo Pk e mar T |
2 show / /
Del2) & WH. ////
Lt w e Dgl ). Then  jw-2|<¢2=1p 2! g
Twz Ylw-z]2 |Tn(w-2)
= \TM\» 'Iw\ Zl
S _
T S49) —Tmz <4 duw —Tnmz ¢ Tng
=7 0O C Tmw
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