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x = r case Mb r = x2  + y2

Y = r sin8 9 = tan-’ ;

i%h z = x + i y  = r cos3  + ir sine = r(cose  +isinO)  (1.1)

x = Re z

y .= Im z

r = lzI. ,= mod z = m (1.2)

fr‘l z = x + iy k!nL h&4 (complex conjugate) WI4  z “no

Z * Twd  z* = x - iy

M&l z = r(cos3  + i sine) q:JfY  z* = r(cos& 1 sine)

&hsru"  z = r eie se!; z* = r evie
Y

~a&tnmnw1  z fyfiit  z* stm;;7si~ll*~ru’l~~~~r~uo  11

*
Z = x+iy, z = x-iy ““&  zz* = (x + iy)(x - iy) = x2  + y2

u&mm775  (1.4) InY  1 z I = Ad z = [ ZZ]$



?ibUlJ 1.1 wtbu  z = 2  +  2i‘  ‘lUi?n”nL&&

%?I x = 2, Y = 2

r = 2/T-,0  = tan-y)  = x + hn
2 4

f%fu z = 2fi  cos($
[

+ 2nn) + i Si.n(~  + 2nn)
1

= 2 Jz (cos $ + i sin:)

pIv?au14  1.2 wr&u  z = -1 -i lUt$.l~~~  r e ie

%li x = -1, y = -1

r = fi,  e = tan-'(I+) = + + 2nr

&UC z = -1 -i = J5
r

1
cos(F + 2nr)  + i sin(%  + 2na)

1

=JT ei5x/4

z1
=

x1 + iy ,' 22 = x2  + iY2

C&l _Zl x,  + iy, (x7  - iy,)
‘2 = x2 + iy2 * (x2  - iy2)

(x1x2 +  Y,Y~)  +  i(x,y,  - x,y2)
=

x;  + Y;



x+iy = 2 + 3i

MaJWfnW71  x = 2

6+9=
1+4

= 3

%l;li x + iy

&liJ X

LMU” y

LM:: y 97ntWm (X + iy) = (1 - i)2
.

= (1 - i)2

= l- 2i-1

= -2i

= 0

= -2



%i nalUL~aL3JP;;U  v = s= (1 + i)2ieizt

= (-2 + 2i)eizt

?.im?JaJwalaJL5da  v = 1% 1 = [(-2 + 2i)eizt  (-2-2i)evizt1  +

?iGl&s IL  +-JtGl  m.p  m= 2fi

n?lML~JI?h&d  a  =  -d2z
dt2

= (-2 + 2i)2ieizt

= (-4 -4i)eizt

I
I 1 ‘/2

PRIlnm4flalutsd  a  = (-4+4i)emizt

argz  =e = tan-’ $ = *in-‘+  = cos-‘$



arg z = r/4

ny7  Z, = rl(cos3,  + i sine,)  LM::  z2 = r2(cose2  + isine2)

~slscu~w~~en,lLEIIJil~uauL~~~u  z, 11-a::  z2

z1z2 = r,r2(co*,  + isinf3,)(coS2  + isine

= rlr2 [(cos9,cose2 -sine,sine21 +i(sine,cose2  + cos3,sine2) J

[
code,  + e2) + iside,  + e2)

1 (1.3)

lv2l = 19 II Iz2 (1.4)

arg (z1z2>



z1ttnz arg - =
z2

m z1 - arg z2

Z
n = r"(coS + isim)n=  r"(cosrX3  + isim) ' (1.8)

GiGa (co543  + isd)" = cosri3 + isinn (1.9)

-I-= co* + isirQ
Z r(cos3+  isiti) = $- cos(-e)

i:
+ isin1

h=wmiwni5  (1.10)

(L)n = z-n =
Z

(:P [cos(B)  + isin( n

= r-n &os(-ne> + isin(-sB))

ihisrum5ti  n LifUtt+MWl n”?%Y  z = 2 Tnui

(1.10)

w = ~~~~~~  + isincp) tm:: z = r(cose  + isine)

Z = w" = R”(COSncp + isinnp) = r (cos6 + isbe)



Rn = r M%l R = "$r

nfi = “JT- (coder+  ikx  I + i sine n+ 2kn~ (1.11)

,iio k = 0, 1, 2,...n-1

i-&l\1  1.6
I

8al4lfilrnJ (1 + i>’

”
%lM? %I z = 1 + i 9ib.h  r =JT, e=;

mm75 (1.8) (1 + i.1’  = (cosa  + isin$)15

= 4 J2(cos 2 + isin $1

I -4 -4i
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3 Jsi  = 3EI,,,  ('/' ; 2kr) + i sin(!"  ; 2kE)], k = 0, 1, 2,

v-6 k -0, w,= 3J5 [cos  ; +isin"  =6 I 2(2+ki) = 3+i
2

nsc;  k=l, w2= 35Eos $t!, + i sink]= 2(- $ + $ i) = - 3 + i

nsr; k=2, w3= 3J8-[cos  $! + i sin $]= 2(-i) = -2i

nsi;  k =o, w, = 3~[~os  0 + i sin O] = ,2

nsi;  k = 1, w2 = 3fi [COS e + i sin $]= 2(- $ + %i)

= -l+i3J- \

nsd k = 2, w3 =
163G [cos+- + i sin p]= 2(- 7j -71 *

= -l- ifi



tx(ex) = ex , exl+x2 = ex1 ,"Z LM::L&JUG~
.I

2
X X3e = 1 +x +$j +-g- + . . .

ez = .x+iy  = ex eiY (1.12)

Y.3 +x5silly = y-3, 5! -4 + ---

cos y = 1 -‘$ +$-  -g + . . .

= (1 -$ +.$ - .  ..I +  icy --$:.*$:I - -.-I
. . .*



1 3

= cos y + i sin y

ez = ex(cos  y + i sin y)

(1.13)

(1.14)

yttlJu

Z =  x + i y = r(cose  + i sine)  = reM  (1.15)

M?D -1 y
Z = X+iy = (x2  + yy ,-an y (1.16)

3 = zle ice, - e2>

z2 =2
(1.18)

nZ (re;‘)>”  = P e in3= (1.19)

,1/n  = ie  l / n(r-e  > = .1/n  .ie/n (1.20)

leiYJ  = ( cos2y  + sin2y1+  = 1

arg ez = y (1.21)



1 4

W”fp*~~WiD; ,2ri = cos 2x +isin2r  = 1

.e Iti/2
" 1

LLf4:wU3l  ez + 2xi = .z e2ni  = ez

(periodic) khhrl  m

ez f 2nri = ez (n = 0, 1, 2,...)  11.22)

!ht;l4  1.9 9m1fl1m4
(1 + /%I3
1 -Bi

= 4 (cos -$q +isin $1

= 4 C-+)-i+]
I

= -2 -2 J%



FiGil (1 - i)8 = ( j-F eifx’4)8

e-iy  = cos y - i sin y (1.23)

umilm&&

siny =
eiY  _ e-iy

2i

cos y =
JY + ,-iy

2

(1.24)

(1.25)

e iz - e-iZ
sinz = 2i

ize+ e-iz
cos z =

z-

(1.26)

(1.27)



1 6

tan z = E , cot z = *

1 1
secz = cos ' cscz = -sln z

codz,  f z,) = cos  z, cos  z2 ;t sin  z, sin  z2

sin(z,  f z2> = sin z, cos  z2 f sin  z, cos.z,

$zsin z = cos z, ,d& cos z = -sin z, fpnz = sec2 z

cod-z > = cos z sin(-z)  = -sin z

cot C-z) = -cot z tan(-z)  = -tan z

Sf-32 C-z> = set z csc(-z)  = -csc z

codz  f 2nrl = cos z sin(z  f 2nx) = sin z

tan(z  f rut) = tanz cot(zknn)  = cot2

t&l n = 0, 1, 2,...
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&mid 1.11 &i$~a7cos(l  - i) = cos 1 cos i + sin 1 sin i

-. 0
XMI i1in cos z = 1 iz+.-iz)  LW: z = l-i

z(e

cos(1  - i) = 4 cei  + 1 + e-i -1)

1= 9 I:e(cos 1 + i sin 1) + e
-'(cos(-I)  + i sin (-1111

-1 -1
e+ e=
(2 1 cos 1 + (y- )i sin 1

-1
= cos(-i)cos  1 - (e ii" )sin 1

= cos i cos 1 - sin(-i) sin 1

= cos i cos 1 + sin i sin 1

khlUlJ 1.12 9~Mlnlm~  i sin i

%hi
- i i

sin sin i = eii -e
2 i

e-'-e .=
2 i

““& i sin i = es1  - e
2

sin iy =
.-Y - eY
2i =

iJeY  _ e-Y)
2 = i sinh y

cos iy = emy + ey
2

= cash y

(1.28)

(1.29)



cash z ez + em’=
2

= cos (iz>

tanh z = sinh z / cash z
cash z ’ coth z = sinh z

sech  z = 1
cash* csch z 1= sinh z

cosh2 z -

cash  (z,  * z2)

si.nh (z,  f z,>

sinh C-z)

cash C-z)

tanh C-z>

$g cash z

dx sinhz

+z tanh z

sinh2 z - 1

(1.30)

(1.31)

(1.32)

(1.33)

= cash z, cash z2 f sinh z, sinh z2

5 sinh z, cash z , f coshz, sinhz2

= -sinh  z

= cash z

= -tanh z

= sinh z

= cash z

= sech2z



%lMj
z -2

i3-m cash  z = e ; e. = cos iz 1% z = i

i - i
cash  i = e a e = cos (-1)

= cos 1

ew  = Z (1.34)

Y

ITI  w = u+iv tm:  z = /z 1 eie=  reie uwd7c4~h%.m75

( 1 . 3 4 )  ilci

ew = ‘e u + iv =. eu ive = r e ie (1.351

da u = ln I4
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V = U = arg z

h&z  = lnlzl  + ti

-4 03mll IMY -1 ,,,ib Ifz = = 2~) n = O,ll, 2,...

lnz = ln(-1) = In 1 + i(x f 2rm)

I
fr&m\t ln( -1)  h Ln(-1) = ni



14&l?  G z = 1 - i =/T-e
i(-$  f 2h)

n = O,l,,Z,..

lnz  = ln(l-i)  = In  Jz + i(- t * 2m )

A4lWOJ ln( l - i )  h Ln(l-i)  = lnJT-5  i

ln(z,z2)  = In  z,+ In  z2

ln(z,/z2) = In  z, - In  z2

sz In  z = + (z # 0)

m”?otlw  1.16 wnin7  z sTnnuni5 sin z - 2 = 0

ml 1; sinz = 2

e iz - e-iz
2i

= 2

e
iz - e-iz = 4i

& ,2iz  _ 4ieiZ  -1 = 0

.iz -(-4i) f j(-4i)2-4(1)(-1)
=p
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“ii& iz = In 2i

z = +ln2i  = -i ln 2i

= -i ln 2 + (+ f 2nr)

?kJEJl~ 1.17
4;

WMlfll 1

i&l? i-2i = ‘e-2i In  i

= .-2i  [ln 1 + i($ * 2m  1-j
>

-2i [i($ zt  2nn  )J
= e



CGU -is = + ,id4

= f -I (1 + i)
2

fibill  1.19 WM7fkl~(1  + i) l - i

%%l’Mi  ( 1  +  i)‘-l  = e(l-i)  [lnfi  + i(x  /4 f

x elnJZ-+  i.6 /4 f 2n x)-i

= eln(i- +  h/4)+  2nn +

2n 31

i(x/4& 2nx  - ln 2 )

= ,ln n e d4’ 2nx  [CO,+  f 2n  x - l&i)

+isin(f*2nr  - ln  m]

= fl e”4 ’ 2nx/j~~(~  - In  /T) +  i  .sin(~  - In  JT)]
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e iw _ ,-iw
=

2i

2iz e iw -iw= - e

.2iw - 2izeiw  -1  E 0

i ,iw = .(-I(-2izI  :J$-Ziz)’  - 4(1)(-l)

2izf 2 J-7= 2

I iz t/t

iw I ln (iz + K - 7 ,

W = -iln(iz+  1 - z )7
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L*
UUM sin-’ z =

&l;~ & x i i i D7998q1)1~;1

-1sin z =

-1cos z =

tan-' z =

-1sinh z =

- 1cash z =

tanh-'  z =

1.5 n15lJ5zwl&l

-iln(iz  + K-7,

-iln(iz+  l-z)J

-iln(z + zK)

+ In(*)

In (z + Jz2 + 1)

ln(z+ zF-i)

*In(e)
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VR  =  IR (1.40)

vR

R

0

N V L
c

Vc



vc =

v =

=

%ih.mlra\lm;;u  z =

I 7lEl  I, i,&%  II I ‘luwun75  ( 1 . 4 3 )

LM:: c niumn75  (1.40),  (1.41),tttx

RI, elwt = RI

iwLI,ehit = iwL1

m&  I, cut  = & I

(1.44)

VR + VL + vc

R + i( L - $1 I (1.45)

R + i(wL  - (1.46)

v = ZI (1.47)
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1.-el6 = ,i6/2 (,-id2 _ ,i6/2)

= -ei6'2 2i sin(6/2) (1.491

1
&-A8 e

i t  cI-e~6>  = eit(-eh6/22i sin(n6/2))
I-eis -ei6'2 2i sin(6/2)

= ,i(t + (n-1)6/2) sin(n6/2)
Si.d6/2)

(1.50)

Ahinmmqn5amnls  ( I  .48) &~3u3ummm~nun75  ( 1 . 5 0 )

;I:lthu

sidt +yw.n~/siIL$ (1.511
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LMenl-,-
Y

tnmrGu~urh.lnuln  7 cmi&~uiih  z = x + iy rib x

Z = x+iy = r(cos3  + i sin61  = re"
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sinhz = -i sin(iz), cash z = cos(iz)

tanhz = sinhz
COSh* coth z = cash z

sinhz

1 1
sech  z = cash z ' csch z = -sinh z

8
1. =l; z, = 2 + 3i LM: z2 = 4 - 5i 94Mlfll

n. (z,  + 22)2

I

3. 94Mlfll
z + 1

n- 7I I1

n. 1 +i PI. -8



n . z3 = 64

PI. z4+5z2  = 36

n. - x i / 4 PI. 2+  5rri

n . ez  = 3 PI.  ez  = -2

n. M-e') a. ln(ie> A. Mei)

11. WA 2 9~"mJ"mhlif

n. In z = j-xi 41. lnz = ++ xi

Z = (1 - it)/(Zt  + i)


