goo

0000C0C0000000000000000000000000000000000000000000C0C0
ooooo

00000000000000000

z,y,a,b00002,w00000000000

0D0000000000000002000000000000200000 R2000000 2= (z,9)00 (z,y
000)00000 »,y00000000000000 ((z,y) # (y,2)00000000

21+ 22 = (x1,91) + (T2,92) = (21 + 22, Y1 +12)
2120 = (21, 91) (22, y2) = (L1272 — Y1Y2, T1y2 + T2Y1)

O000000000000000nO (x,y) 0000 (complexnumber) 1000000000000 OO COO
oooooooon

e 00D
0 (0,0)0 (1,0) O

(z,y) +(0,0) = (z,y) , (z,9)(0,0) = (0,0)(z,y) = (0,0)

(z,9)(1,0) = (1,0)(z,y) = (z,y)

(0,00 00000 e+0=e¢000(0,1) 00000 ex1010000000000000O00O00O0OOOO
ooooo(,0000000o

o 1[I
gooooad

00000000000000000000000 210022 '=2"12=(1,0000000000

—1 z Y
z - —=
($2+y2,$2+y2)
goood

x2+y2 —TY + 1Y
x2+y27 x2+y2

—~

zz7 = (z,y)( )=(1,0)

x2+y2’x2+y2

gooooo



e JOUOODO2Zy 420 =20+ 21, 2122 = 2921
0 2,22000000000 1,2000000000000000000O000O00O00O00O0O

e D0OODO (21 +22)+ 23 =21+ (224 23) , (2122)23 = 21(2223)
gooooooooooo

(2122)23 = (X122 — Y1Y2, T1Y2 + T2y1) (23, Y3)

= (w122 — y1y2)w3 — (12 + T2y1) Y3, (T122 — Y1y2)ys + (T1y2 + T2y1)23)

z1(2223) = (z1,91) (@23 — Y2y3, T2y3 + T3Y2)

= (z1(z273 — Y2u3) — y1(@2y3 + 23Y2), T1(T2y3 + T3y2) + y1(T223 — Y2y3))

uboobouodgboodgboogboodada

. DDDDD21(2’2+23)22’122+2123
ooodooooon

z1(22 + 23) = (z1,91) (T2 + 23,92 + ¥3)
= (w1(w2 +23) — y1(y2 +y3), T1(y2 +y3) +y1(w2 + 23))
= (21272 — Y1y2 + 173 — Y1Y3, T1y2 + Y172 + T1Y3 + Y173)
= (2122 — y1y2, T1Y2 +y122) + (2123 — Y1y3, T1Ys + Y123)
= 2122 + 2123

gobooobo2000000000000C000O000DOO0O0DOOO0OOOODOOODOODOOOOOOOOOn
000000000000 (ield) 000000000000 OOOOOOOOO
020000000000000010000000000000(L,0)0000 100000000 20

(z,0) ==z

O00oooooooooo(,n)ood

(07 1)(07 1) = (_17 0)

ooooooooon



(—1,0) = —1

000000di=(0,1), 4=4=-10000000000000

(0,y) = (0,1)(y,0) = iy

goooog

z=(z,y) = (2,0) + (0,y) =z + 1y

O000000(x,y)0 2+« 000000000000 000O0O0O0O0O0O0O0OOD 2440000000000
0z+iy00000000000000002wd0000x,y,6,b00000000

000000000 (2 =2+iy0 2z =4y) 000 (imaginary number)dz =4y 0000000 (purely imaginary)Od
100000 (imaginary unit) 00 0000:000000000000000000000000000 (real
part)dy 000 (imaginary part) 0000000000000

Rez=z, Imz=y

00000000
0 (z,y)0000000000

e D000z + 22 = (w1 +22) +i(y1 +y2) , 2122 = 2102 — Y12 + i(x1Y2 + T2y1)

e 100024 0=2,1xz2z=2
1 T .y

= 7
ZZ?+Zy $2+y2 x2+y2

e 0002+ (—2)=0, 27! =

DDDDD21+22222+21 , R1R2 = Z2%1
e JOOOO (21+22)+23 :Zl+(2’2+23), (2’122)2’3 121(2223)
e D0 OODOz21(22 + 23) = 2122 + 2123

oooood

(z1 + iy1)(z2 + iy2) = 2122 + *Y1y2 + i(21y2 + T2y1)

T1T2 — Y1ye + i(T1y2 + Tay1) & (122 — Y1Y2, T1ye + Tay1)

00000042 =-10000000:0000000000000000000000000002710

1 T — 1y _x =iy T .Y

rriy  @trw)@-iy) 2ry? 24y a2ty




000000000000000004-to

gboooboooboobobb:0n0O0

gooobooooobobboboobooboo

(z +iy) = 2% + 2ixy +i%y* = 2% + 2izy — y?

(x +iy)(x — iy) = 2* +ivy —izy + i%y? = 2% —¢°

obooobobooooobooog

(2430)+(3+4i) =2+3+(B3+4)i=5+Ti
(1+20)(3+4i) =1x 34 (2x3)i+ (1 x4)i+ (2x4)i> =3+ 10i — 8 = —5 + 10i

545 10 (5+5i)(2+30) 10B3-2) _10-15+i(10+15)  30-20i _25 5

2-3i "372i  (2-30)2+3)  B+203-2) 13 B3 BB

000000000000000000000000
0000 0000 2Y/2000000w?=-000000 wOOO0O0O wD 200000000w00000
O00000w=a+ib(a,b000)000

z+iy = (a+ib)? = a® — b* + 2iab

00000000000000000000000000000 ((00000000000000000000
0oooo)

z=a?—-b%, y=2ab

good

(a® +b*)? = (a® — b%)? + 4a®V* = 2% + ¢*

gooan



a? 4+ b = /22 4 42

ooo

1 1
a2:§(x+ 2 +y?), b2:§(—x+ 2 +y?)

yO0OOO ,b00000000002,y00000000

2 2
a2(a2—x):yZ , b2(b2—|—x):y4 , b=

a

<

O00e«pO00D0OO0O00DOOOOODOOOODOO a,b00

z>0,y>0: a>x, b>0; a< —/z, b<0 = 00000
x>0, y<0: a>vx, b<0;a<—vz, b>0 = 00000
z<0,y>0: a>0,b>+7;a<0,b<—/2z = 00000

<0, y<0: a>0,b< —vx; a<0,b>+/z = 00000

+000000000y>000a,b>00 a,b<00y<000a>0,b<00a<0,b>0000

1 1
y>0:a=+—\o+ /22 +y?, b=t—\/-z+ /22 +y?

V2 V2

1 1
y<Oia=+-75 w+\/m,b=$ﬁ —z+ /22 + 2

y=000 a=+/20000000y>000 s=10y<000 s=-100000z00000

1 1
:I:(ﬁ\/x—k \/x2—|—y2—|—isﬁ —z+\z2?2+y?)

gboooboobogob«:0d

1
i1/2:iﬁ(l+i) (x=0,y=1)

gbooaon
oo0odD z=244000000000000000w=a+x000



Z:’LU2

2+ 4i = a® — b + 2iab

good

2=0a’>-b*,2=ab

ooo

4
2
O—a—;—?

=a*—2d®> -4

a2:1:|:\/5
a?>0000 a2=1++/56000020
4 4(1 —
V== = __« ‘/5):\/5—1
a 1++5 4

ab=2000qb000000000

iw:j:(\/1+\/5+i\/\/5—1)

2000000

w? = (V14 VB+iVE— 12 =1+ VE— (VB—1)+i2y/(VB+ D(VE—1) =2+ 4i = »

obooooOobooooboobon

000000000 2>0000 z>0000000 (000 +25=50000000000000 z=4w
0000000000000 0000o0oO0OU0D0D 1/2000000000000(@O00O V2O z/20
000000000000000)0000000000D00000000000 v-1=i0000000000
0000000000000 00O (booo 1ooooo0)o

0000 z=2+4w 00 2x—iy00000000000 (complex conjugate) 000000 z00000000
0000000000000000000000000000+*0 —0001/z000000

1o, 1 . ,x—iy

)*_:Jc—i—iy_ 1 1

2492 x—iy 2




gboooooboooooon

ooogooo
gboooboooogd

|z] = Vzz* = Va2 + ¢
gooooooooo
gooooooo

1 1
e Rez = §(z+z*) , Imz = Z(z—z*)

24+ =x+iytr—iy=2c, z—z2z" =z +iy—x+iy =2y

o (z1+20)" =27+ 23

(21 + 22) = 21 + @2 + i(y1 + y2)
(214 22)" = @1 + 22 —i(y1 + y2)
=x1 — Y1 + T2 — Y2

% *
=21 T2

2120 = (1 +iy1) (2 + iy2) = 122 — Y1Y2 + i(T1Y2 + T2Y1)

2125 = (21 — 1) (w2 — iy2) = 2102 — Y1y2 — i(T1y2 + Toy1) = (2122)”

« ()= () =6
O1=1*000
L =1=1"= () = ()"
good
S() =1
=60 (@) =)



z9 Z9
Zl*_ 1*_*1*_Zik
Ay =y =5 =1
ooOooooo
o [z =27
2| = |z + iy| = [v —iy| = |27
o [z122] = |21]]22]
D ‘21H22| D
|21]|22| = \/xf + y%\/x% + 93 = V(2122)% + (y1y2)2 + (212)2 + (z231)?
‘2122| D
|z120] = V(z129 — 1192)2 + (192 + T2y1)?
ooooono

(x120 — y1y2)2 + (z1y2 + 3323/1)2 = (931332)2 + (y1y2)2 — 21 T2y Y2 + (3U1y2)2 + ($2yl)2 + 2T172y1Y2

= (2122)® + (1192)° + (7192)* + (22y1)?

oo

|2122| = |21][22]

o |21+ 22?4 |21 — 22? = 2(|z1 > + |22]?)

|21 + 22* = (1 4+ 22) +i(y1 +92)) (1 + 22) —i(y1 + y2)) = (21 + 22)* + (y1 + 42)?
21 — 22| = (21 — 22)* + (1 — 92)°

sl =2l + ol |zl =23 +u3

oono

(21 +22)° + (y1 +12)> + (21 — 22)° + (y1 — 2) = 2(2F + 23 + yi +v3) = 2(|z1]* + [22]?)



o |21+ 2* = |21]? + |22 + 2Re(2123) , |21 — 22|* = |21* + |22]® — 2Re(2123)

O Re(z123) = x122 + 1192 00

|21]? + [22]* + 2Re(z125) = af 4+ 25 + 27122 + 47 4+ U3 + 2012 = (71 + 22)° + (Y1 +42)° = |21 + 22/
|zl|2 + |z2|2 — 2Re(z123) = x% + x% — 2z1x9 + y% + y% —2y1y2 = (21 — x2)2 + (y1 — yg)2 =z — 22|2

e JOOOOO |Zl +2’2| < |21| + |222|, |21 —2’2| < |21| + |222|

Uz0000
Rez =z < /22 +y? = |7|
oogd
Re(2123) < |z123] = [21]|23] = [21]] 22
googo

|21 + 22|12 = |21 |2 + |22|® + 2Re(2123)
<z + |z2f* + 2|21 ]| 22
= (Jz1] + |22)?

|21 + 22| < |2z1] + |22]

21— 2|00 22, 0000000000000 |2»000000000000O0O00OC0O0ODOOO

|21 + 22 + 23] < |21 + 22| + 23] < |21 + [22] + 23]

ooooboooo

o 21 — 2| > ||z1] = |z2l| 5 |21 + 22] > |21] — |22]

|21 = |21 — 22 + 22| < |21 — 22| + |22| = [21] = |22 < |21 — 22]

|21 — 22| = 22— 21| 000021 —22| > |22| —|21| 0002 0000000000000000000|21 4+ 22|
oooooog

00000 R?000000000000000020000000000000000000000002 =ax+1y
O (z,y) OOOODOO 200000 yOOOO200000000000000 2z2=(z,y) 0000002000
000 224420000000 |z/0000000200000000000000000



21—z = (x1,051) — (w2 +y2) = (1 — 22,41 — Y2) = (21 — x2) +i(y1 — y2)

00002000000 |s—2|00000000000000000y0000y0O00O0O0O0O0OO0OOOOO
00000020000 (real axis) D000 yOO0OO0O (imaginary axis) 00 0000000000000 y>0
0000 (upper half plane)dy <00 000 (lower half plane) 000000

0000 z=(z,y) #(0,00000006(00)0 2000 (argument) 0000

|

T .
cosf = — , sinf =
z

x

uboooboooooobon

z=ux+1iy = |z|(cos @ + isin )

00000000000000000 (polar forom) 0000002 0022~ =1000

(cos@ + isinf)(cosh —isinh) = cos> f +sin?h = 1

g

27 = i(cosH —isinf) = i(cos(—&) + isin(—6))

E |2l

googoo

o0o00000000oo0Oo000oO0O0O0ODO0O00000 27000000 20000000 (DOCOODODODOO
oooooO0ooO0o0oooo00ooOo0OoOo0ooOo00Do00oDOO00DODOO0000DO0O0DD 6,0
—mT<0<7000000000000<6y<2700000On000000O00z000 60

argz =0 =0y + 2nw

0000006, 0 Argz000000000O0 (principal argument) 0000000000 AOOOO «OO
oooooooo0o0O0O0O0O0OO0OO0OO0OO0O0000
00 20000

2122 = |21||22|(cos 01 + isin 61 )(cos Oz + isin bs)
= |z1]|22|(cos 01 cos B2 — sin 61 sin B2 + i(cos 61 sin O + sin 61 cos 62))

= |z1]]22](cos(81 + 63) + isin(6; + 65))

10



00z = 2129, |2]| =|z122| = |21]|22] O O

arg(z129) = 01 + 02 = arg z; + arg 2o

z~'000
2yt = :zll(cos 01 + isin ;) (cos(—02) + isin(—0s)) = Izll(cos(el —03) +isin(6; — 602))
2 2
god
arg(z12, 1) = arg z; — arg zo
gooooo

gboooogzroboooooboao

2% = 2z = |2|*(cos( + 0) + isin(f + 0) = |z|*(cos 20 + isin 0)

23 = 222 = |2]*(cos(20 + 0) + isin(20 + 6)) = |z|(cos 30 + isin 36)

obooobooooobooobo

2" = |z|"(cosnf + isinnb)

n00000000000000000 (DeMoivre) DODOOO0OOO
00000000000 D0O00oO00D 2"=w(rOn>2000)0 :0000000000000000wO
nUO0 z200000000w0O

w = |w|(cosp +ising) (0<¢ < 2m)

good

|2|" (cosnf + i sinnh) = |w|(cos(p + 2wm) + isin(¢ + 27m))

obooob02r000000000000mOOOO0OO 2emO0000000O0000OO

2
ol =l , 6= & 4 2
n n

11



Ub00wOnO0 20

2 2
z = |w|1/"(cos(?+ ﬂ)—l—z’sin(? G
n n n

oo mOO0O00000000O002,000

2
2 = | W] (COS b + i8I0 Gm) (P = ¢’+n”m)(?v) 2)
¢ O0m=000nn0000
2 4 2
?’ ?4_17 ?+1,_."?+2ﬂ_17 ?4—2%
n n n n n n n n

U000m=000n-10000<¢, <2700m=n00m=00000000000000000 wO
n0000m=000n-1000nn0000000 2,000
000000 w=|w|(cosm+isinw)=—-10000

2 2
)1/2: COs7r—i— ™m ., 7m+2mm

(-1 ( T—&—zsm 5

) = isin(g + 7m)

000 #x/200403x/200 —000000000000O0OOOOOO 270000 (71)1/2D = 0o00goo
gooooboobooooobob v—-1=0000000000000D0000DO
gooobOobo0ooooboboboobooboooobU0 000000 e ODOOODOO

—1+x+§x +—a:+ Zk,

obooooOobobooobOoboooooboonoonoon «wOo
1

1 )
W—l—i—zy—i—w( y)? +§(zy)3+---

O000oo0oooooo (eoon)

— Lo 1o s Los  1os
0059—1—59 —l—IO — e, smH—H—ge +§9 —

oo
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. , 1 1, 1 1,
eV =1+iy— —y? — =i + oyt + =iy

21! T T Y T
1, 1 1,1
= (=g + ' =) Fily— gyt + gy’ =)

= cosy +isiny

ubobooboboooobobooooboboooooona

e = cos(—y) +isin(—y) = cosy —isiny

gooobooooo

e + e e — e

cosy = 2 , siny = %

00000000e* =W 00000 e+ =e%? 00

e"TW = % (cosy + isiny)

gbobooboooooboood

Zk |Z|k
=
0o
St k St k
A 2" 2|
dolgl=d =<
k=0 k=0

gboboobOdesdbO0On0OoOoOOn
Oo0oooo0ooboooOoooooOoenoOnO

z = |z|(cos @ + isin @) = |z|e®?

gbbooboooboogbooboooboooboobooboooab

%

; '/T Y . .. i
e”/zzcongrzsmE:z, e =cosm+isinmt =1, 572 = —

. T .7 ‘
eMim/2 = el(cos 0 + isin 5) = ie

Oer00O0O
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° ez—i—w — ezew

ertw _ prtiytatib _ jwtati(y+ib) _ or+a (cos(y + b) + isin(y + b))
= e (cosy cosb — sinysinb + i(sin y cos b + cosy sin b))
_ ez+a(

cosy +isiny)(cosb + isinb)

= e"(cosy + isiny)e?(cosb + isinb)
_ ez+iyea+ib

z W

° (62)* — 62*, (ely)* -

*

(e*)* = e®(e")* = e%(cosy + isiny)* = e®(cosy — isiny) = e*(cos(—y) + isin(—y)) = e W = ¢*

z=0000(%)*=e 000

° ‘ez+1’y| — ez

e T W] = |e%e®| = [e®|[e®] = e®\/(cosy + isiny)(cosy — isiny) = e®
° i:e z
eZ
z 1 z,—z z—z 0 1 —z z\—1 —z
ee—zzl,ee =e :e:1:>e—z:e ()™ =e77)

ooboobZ=er000

1 1 zZ* 1 * 1

- == = ‘ez‘zez = @ex(cosy - ’iSiny) = e—ﬂf(cosy _ isiny) — e Te W _ g2

e Z |27

o 2T =2 (nO0O0)

eF T — 22T — 0% (cos 2mn + i sin 27n) = €7

U00z=2mUO0Oee*=1000

gboboobobo0r-0O0000D000O0000D0000w =20

w=2"=Re® (R=|w|, ¢=Argw)
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gboooodgbezd

z=re  (r=1z|, 6 = Argz)

goooogez"0

gooood
Reid):,r,neine
go
R=7r" = r=RY" ¢ =¢% = 0:?
n
6,60
el = 02 — 0T — (2T = cos(2m) 4 isin(27) = 1)
000 2r000000000000mO0 m=0,1,2,...,n—1000
6:¢+27rm
n
U000wOnO0O 2,0
¢+ 2mm

)

2 = \w|1/"ei¢m — |’LU|1/"(COS¢m +isin¢m) (¢m _
n

0000 ((??)0000000000000400 2"=Re® =i=¢"/20000n=2000000

/2

obooobooboddm=00m=10

15

=z = re¥? = i (M/242mm)/2 _ giln/dtmm) cos(g + mm) —H’sin(% +mr)  (r=RY2=1)



1
m=0: cos%—i—isinzz—(l—i—i)

4 V2

[\

1
m=1: cos(% + ) —i—isin(% +7) = —\ﬁ(l—i—i)

0000()0000000m=200m=000m=300m=2000000000000000000
—14403000002"=Re"® =—-14i=+2¥"*000 (R=+2)0n=3000000

5 — pei® — 91/6,i(3n/4+2mm)/3

gbooooobobobobbooboo3b00bm=0,1,2000
OO00000000D0leg0O0e,b0000O0OO

000000 e 0loge0000000000000D0000000 2rn 000000000

ez — ez+127r _ ez+z47r _

OO00000000D0b0 legwOOOOODODOOOODOOOOODOODZO

5= |Z‘€ZG _ elog\z|eza _ elog\z|+u9

(0 = arg 2)

obooobOooodnOOD0OOO

log z = log | 2| + 10 = log |2| +i(6y + 2nm) (0 < 6y < 2m)

/000000 loglz|00000000O00DO0O0OO0OO log0 100000 2000000 ,0000000
0000000000010 000000000000000000000 (multivalued function) 0000000
bobodno0000000000O000OC0O0DOOOO0OOD1I00O0000O0DO0O00O0O0O0 1000000
Ol1o00oo00oooo0ooooooooobooooDbooDooOoo Db OoOoOoDo

Logz =log|z| +i0y (6o = Argz)

oo00ooo0bo0o0b0obobob0odbfLogz=wd0OOO
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5= eW — eLogz _ eLogz+z27rn

oo

log z = Logz + i2mn

gboooboooooboobobooboo

Logie = log |ie| + 1% =1+ Zg (ie = \e|ising = |e|e’™/?)

0000000000000000000000000000000z=1+14=+2¢?% (6 =Argz=n/4)00

log[1 + i] = log V2 + z% (0 < arg(l+14) < 2m)

9
log[1 + 4] = log V2 + zzﬂ- (r < arg(l+14) < 3m)

oooooo

00000000 DO0OO0O0O0O0 logz00DOOO0O logz00 (branch) 00000000 OOOOOOOO
0000000000000 00000000O000o00000000O0U0 (00D o000 r/40000000
O00#/4000000) 00000000 1000000000 (eut)00000 (branchcut) 00000000
gboooboobooobooboooooboobooooga

OOOO0OO0OO0O0O00000 logab=loga+logb0 00000000000

log z129 = log|z122| + i arg(z122)

= log|z1]||22| + i(arg z1 + arg z2)

log |z1| + i arg z1 + log |22| + i arg 2o

log z1 + log 2o

ooooo

1 1
e 00O z:x—l-iy[l[IEIDDi(ﬁx/x—l—\/mg—l—gf—&—isﬁ\/—x—l—\/x2+y2)

sO0y>000 +10y<000 —10
1., 1
o (-)' ==

z z*

R 1( +27), 1 —1( )
[ ] = — — _

ez B z z , 1Imz % z z

o (z1+22)" =2 +2;
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(2122)" = 2723

1 1 1 —1
(;)* = o (7)) =(")"")
A _ %

2 z5

2| = [27]

|z122| = |21]|22]

|21 + 2af* + |21 — 22| = 2(|21[* + | 22]%)

21 + 2f* = |21]? + |22 + 2Re(2123) , |21 — 22 = [a1[* + [22/* — 2Re(2123)
00000021 + 22| < |a1] + |22] , |21 — 22| < 21| + |22

arg(z122) = arg z; + arg 2o

arg(z125 1) = arg z; — arg zo

0000000000z = |z|™(cosnd + isinnb)

000 w=|wle?®d n000|wMre@t2mm/n (m=0,1,2,...n— 1)
ez+w — ezew

(ez)* _ ez*7 (6“/)* — W

‘eat+iy‘ — ex

1 _ -z

er

6z+i27rn = 7 (TL Oon0 )

log z1 22 = log z1 + log 25
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