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2, ... )

x + 1 =0 x= +
, z = 1 ... -
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2X - 1 =0 X= Q = ( : P,8 , GF0]

X2 - 2 =0
X=E IR

.
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x+ 100 X = IF ? , TR!

i =F:

: 16BERERSIX, -ER .HAR "as subtle as useless
"

"mental torture"
-F/]P,SEERFI), (19(2) ET ; it F

2.# : giπ + 1 = 0 . (Eulern)

1. 0= 0+ 0

# : = - 1,= F , S i = i . ) = 1.

: z = X+ 1y = X+y ,
X ,yeR.-FREE ,IRat . ) 1 = 1 +-0

y z = X + i0= XR. FAS-BE .

**B : X= ReZ (real part Iz ,w ,
a , b

, < ,
d

,
X ,Y

: Y = ImI /Imaginary part)

SE : TY ,
%70

, YER :

2.IX : Z ,
= X, +ide · Ez = X2 +i

#B : z1 = z2> X = X 2
, y = Y

fip : z + zz = (i+ xz) + i(y , +yz) 3=>
RelEiFZz) = ReZi # ReEs

G : z
,

- zz = (x, - xz) + j(y ,
- yz) Im(EIE) = ImEs I ImE2.

* it : z, zz = (X , x2 - Y . (2) + i(x , yz + x2y , )

FEE : EnFOAt

,
R : z = 1 ,

zn = z . zn+, zn=n ⑪
:DX ADIEPita, itBERD Complex Variables and applications >

② AXUXFESBEDYE .E
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- 2 .3

③. DA-PA,DK ,
TD*t E #FEE
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:AETBtEne !

①***St :

zi zz = (+:Y , ) (x2 + [ yz) = X, xz + ix, Yz + iy, xz + =3y , yz = X,xz- y , yz +i(x , y + y, Xz) .

②:

Yix.
Bul : z = B-i ,

z= +zi,

=
15112 . Fiz + 2z +2 to

.

== 2.

3.GRF

#(Conjugate):= X+ 1y ,
E = X - TYAz

=> Rez= In=, = X + y

ER: Z , WE 4 , Il :

11) E =z ; (2) Ew= + ; (3) zw = z-; (4)
FAT:

=X+YEDISEXTE***: (2) = V= =J
.

: Z , W , KIT :

(1) (Wl = Elw) ; (2)= B)( = 1)
.

FAT:

113. Z= X+ig , X , YeR , Ell . RERBAA: F1
.

/A simple case of Mobius transformation) (2) = 1 =>Z .E = 12P= 1.

#
|k-z) = (71)(z- k)) = ( - r) = 1z -k) = (z-k)

#14. / , Z,At (At Is it . PE3) .

: z = Xtry ,XYR
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-
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X

#EK = STERz : R2

EARFIt : Z= X+in = (,)+ (r . 0) :/
(r . 01 5> (x, Y) : /Eco E = Vic + is a

Z:PEXFETOESZE ,E ArgE =O .

- ! FEE ,
2RTtO *B, REZ. Oo = 2RoTOE (-X , TJ , Mul

* O A ArgE FREE , iRYE argE . = ArgE = argE + 2kIt
,
REI

.

= X+iY]E. S
X= VCSO

,

op tan 0=
y = v sint.

#REFEt) : = = U/0 + isino

ER : gT0 = coso + i sing (TaylorF)

: z = Vei0 => giport !

: TitZEEY.TOTA ,Aarctan !

135. 5 +i
,

-3ABD, ]FGTE

: 05 + i =2+ i) = cop = E , sino= 0=
& argl5 +il= , B + i = 2 (cos + isin) = 2gi

② - 3 = 3(+ + 20) = cos8 = -1 , singto (E) - D=I.

argl-3) =T
, 3 = 3(cx+ isin) = zeiπ #

16 .

↑ 1-2 *+1-2 E

#0 +zi = 15-) = tanp = -2 Earg(rzi) = arctan (-2) .

②1 -2 =55 i) > tano = 2,zi*Parg(1-zi) = arctanz-T) .

&E : z = V, (0 . +isin0) =Veio; z= Valcos + isino) =Rei to ,

|| z.zz = Vir [os(0 , +8)+ isin 10 . +Or = UK en10 . +82) ViLAF :

S

=(-)sin
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# /*) (De Moivre formula)(E) (no < +0)
.
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zv/o+ isino = reio

, /En = Un[cos(no + isin(no]evre , UnEX
·

1317. H+i)

* Hi = =( + i) = B(c + isin) =Ee
=> (+i)" = (2) .gix = 32

.
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,
neEt,Wh = z,RWZnRAR
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. IPZERRER :
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:T tEEE !
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( =- 12

↳T &↳ = x+iy7
NYE] = TX (EBEEFA))

2DEEB : Blzo , 5) = 12E : -zokW) = N1z0
, 8)

***BE : BIzo ,
G) = IZED : oclz-ZolEY

.

= N120 , d) 1z : Iz
#OERGBt : B(y , 6) = /Zei : 1zk 1/] = No , 5) =Ne , 8) Ulb)

·

ADED ,
ZoED, =80

,
Sit

., BlEo ,
8) [D ,Pul ZoDEBA

# : DEJEREN,)D

&: 880
, B1z0 ,

6) &D + P , Blo , 5) AD" #4 , WZDJ

DELITYSEFRE DENEA ,
Z% CD .

: DID , EM30
,

S . t
., VIED KIEM,ID*

TERDE IVMso , EEMED ,
Sit ., Eml >M)>

#RPR:DID , ZED,60
,
Blo

, 6)ADF), M Zo*D AB**B

# DEPGEFEBRPLD ,MEDE (B1) D = Blo , 1) US2] , IzDENIA ,T
2.E*S*

**: DICFF, 11) DAR ; (2) DEE , EPZ1 ,
ZEDJ DIPF*D

↑ETFE
. ⑭ ** ⑪ X E

131) : 0 : ②met :

D = (zED : v < k) < R)n I D = (ze D: <Rez4Y

X

:
③ PEREBA:2 -> (x-1 + y C2( =At ?RET (51)

.

-FtX:Y ,TTITE) ()
A

↑ : T= IZED : z= zit) = XIt) + igHt) , XtEB] . XH) , It) ExtEste
.

El ( (**** (Jardon)*)

( . SB : Jordon
↑ ****: XI)

,
yetsE (its (2+ 1y't)to

. (B ,
8 .67 :33ERTA)

FOAt ?)E : 0 ZISI = S + is ; @ t)=+ it3; zlt) = E+ it3 Notes
·

I:REFRES .

:DA-EABBEDH .
(m)

&ulEDE65 t ·

#RESToda:-Et&, -TFRBEE

AS ; -FER , ARESESI.E**BESSERE)t (
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1
.
Ex

EX :EGD , F*-TE] , TFZXtiYEG
,

E -↑5 *W = U+ iV ECENE ,

IPAWTE ,SF W= f(z)
.

* - T zxtE - T w,fis (f(z) = z3)

* - 4 =xt* by4W,**fts(fIz) = zY
, neZt

GfIX
,

G* = (w = f() : zeG=f(G) :

GEE At ,IY 2 B fEAXt

# ***: f : G - G
* in) :

- ↑WeG
* xtE-↑*TzEG. z = Y(W)

·

z1- w = f(z) #W= fIElEs,EW=flTE* t .

f4 , M ** W = f(z) ---

↳****E =F : )
z = X+ iy ,

f(z) = u(, y) +iV(,Y)E YER ,
VER .

U ,
U :=

z reio => f(z) = u(r, 0 + iv(r, d)
.

151)/(ITE) : f(z) =z3 = k+ i y)= x
=
-y+=2xy = ((x, Y) = x2- yz ,

VIX i Y)=2XY .

= v2gi20 = racosco + i since = Ur, d)=Vcos20, VIr, 0 = Usin28

f(z) = (zk = x =+y = u(x, y) = x =+ 12 , v(x,y) =0 .

= v = ur, d) = v 2
, vIr , d) =0.

112(52) :0f) = z
*

= Igi - Larg [D ② f(z) = Arg(z)

RIX:AtTRETFZ-WX.**S .FEE.
113 : W= z .

eit = veio+ht
W= E

, w = z+

114 : W = z = UN,
y) = X= - y2

, V(X, y) =2xY
.

W

o V = / (11)5 A."Handwritten Notes" )
I

n= - 1

2.#PRE : Zo
,
AED , $30 ,

fe No , p) = Sz : 0 < Iz-zol <Ph
.
*

- 30 , 7830 ,
St , 0< z-zok -If(z)-AKE ,

At fIZIZFZoAtEd

#B
, in F fIZ = A, f(z)tA , zZ

# f NIzo ,9)X , Elmfz) = fIZd,f * fEEDIN ,PEDA

: zzo les
, t -***s
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.

#1 : iRf(z) = U(X, y) + iN(,Y) ,
A = Ro+Vo

, zo = Xo + : % o , Mul

imzofEz) =A limWx , y) = No
,

lim UW, 4) = Vo.
(X. Y)->(40 , Yo) (X. Y)->(40 , Yo)

: FEco , E80 , St ., lZ-zolEt ,
# /fles-Als3

.

Ep &W-XoR+ 14-yoS <At, JMUNY) -Hol + 101x ,y)-VoR > S

=> ( , 4) - No .Yolk At, /UN, Y) - MORE , (8(X, y) -Vo1<3
.

* U(X ,1) -> Mo
,

VIX, Y) -Vo
,

(x , 4) -> No
, Yo) ·

=)
3 ,El-V #

2 · TMf(z) = A, g(z) = B,

1)m[f(z)IgIz)] = AB ; 2)MfIzgIZAB ; 3=, SB0)
.

4) WAgIn) = B , Mulhim g(fz) = B

E:

#3· f .gZ ,Mult-F Zo.fEglZo,/f(g(zI)Zo

(1) : f(z)= +o AtBEA ?

(470
. )

- :
flz)= Dez =+Y to At fi ABBT

& Ez = X +iy+ 0 + At Limo f(x) = 1 Y
=: f(z)= = 100

.

O : 0= ② : 0 = 0
.

:1.* /Integral rational functions, b polynomial) : ( **It

W= P(z) = 90 + a, z + a-z+.. - + anZ"XtFZECSE -------

# Fractional rational functions) : (***PIRAODXB*

=QEALI -----

2.fIzICLZ : Czf(z) = flzo)
.

3 .EED , f :DDE , /fl.
4. EEFBP:Mf(z)= OEM TO,fl = WoEf = W

f(z)=0mo = 0
.

I , U I
VRE· IMFRE , DREAUE=FET

*&S3 0 7 - E ,F**HERO
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*
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. 1 FREE (E :E ?I
1.

I
,
#) : iRW= fIz) XFetD , zoED.im flEtfIZ f

ITEESE) ABBETEFAfIZ)YZoB ; XA* fAZE YE(differentiable) ESEE/holomorphia) ,
itE :

f(z)=Wzz-fEY-XT,
E!BE

** f ZoBBE,Zo .#D-,R FEDIDATESE .

(AESAREY Emul (regular) .#* I.EE ,EST#IfADLEGIESE) , I**fD
If is entirel

:Z toK. :EBBB-EEET-F , R1313 .

11 : f(z) =z:im -fIzmz (st.*T

131) 2 : in] f(z)=E ! VZo = Xo +%
,

DZ = OX+ TNY, :

#+z-f(zx-iot
6) O , OX -O At , EprNotox , iYo) -> Zo At

,
#BPRAI

6=0 , OY-ODt
, Exo , iMo+y))- Z .

At
, #BRRD-1 .

YZED
,PE

(1) UN, y) = X
,

V(X, y) =y t,E.E*T! )

1) 3 : in] fIzl = IzR ?

(fz) z-fIz = LEE-Z E +E
-Z

① Zo At imZO-fEZ LEOESE,F!
② Zo FORt , #B12 ABRTTE, f Zo FE .

↓ :1115 .

(2) C
, ( = 0 , (2Y= nzn-1

,
nEZt

13) [f(z) = g1z1]' = f'El =g'/z) 141 [flz1gIzITE f'(z1g1z) + fIz1g'z)

15) [F)= [gzIf'(z)-fIZIgED ,
81z1to . 16) [f(glT'= f'181z1) . g'lzl

(7) f(z)=w z = Y(w) & f(z) EDRABYm) to .

: 11) f .StDAF, fig , f - 8
,
f/gDIA

, (970)

(2) h = g(z)DAY
, g(DIEG ,

W = f(h)Gra
,
MI fIgIzI)EDI
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115 P(z) . QIZ)AEIE, fIz)=
# (2) , (3) , (4) = P(Z) ,

QIE)E

# (5)+> fIz) Q0 FAT .

16 flet=,t

& ↳Do,ZFI .z ,
z=

#:ZoF , TE ZoE-BtIA,F.fIZI , YulAYZotof(z) D

52 .2 /C-RETA)

KLTYE:W = f(z++z) - f(z) = f'(z)0z + P(6z)(z) , bMoPlaz)=O
S

= UI,4) TE: DU = UIX+OX
,

y+0Y) - MX, Y) 0(z) Oll0Z1)
-= (x , y) - 0x+ (x, y) -0y + P(X ,oy)J+wy ((*x, by) -> 0

, (0x , 0y)- 10, 0
L-

(. ) OHCUE)

Motivation : 1.FTEFA , AXE

2 .f U , U ENER ?

#: f(z) #ZelETYAY) ,
it f'(z) = At iB

,
OZ = EXtiOY ,

A
,

B
,
OX

,
OYER . Mu

f(z + +z) - f(z) = f(z) - -z + P(z) -(z)

Plaz) = Plax , oy) + iB(x , by)
,

P , PER = P , -0 as 1x, 0 4) -> 0

u(x+6x , y +by) + eV(x+0x
,

y+y) - x(X, b) - ir(x
, y)

=> AXX- BOY + i(Axy +Box) + P -kz) + iPaoz)

=> UN+0x , y+ 0 Y) - UN, Y) = AOX-BOY + PlOz)
1821=/x+ (y)

V(x +oX ,
y+0y) - v(x, y) = BOX +Axy + (2(z)

=> n , v (X ,4) ,
EA= 4)= W,)

,
B= -=

: f(z) = UN , y) +iV, Y) FDA-Ez = X+iYU , VEN,Y ,EFT Canehy-Riemann :

=- (s- R*t)((X,3)* )
·

AA:)I'AADE .

7) u ,
VE,3)X, M = TE Pr . R = 1 , 2,R : PrkX ,

04) -> 0
, (x,04)-10, 0)

.

-U= u(X+x , y + 03) - 4(x , 4)=X+ by + P(ox ,my))x+10y)

-V= VIX ++x , y+4) - V(x , y) = =X+ by + P(ox ,mu)5 x+(y)2

=X + xy + B(0x,+4)+xy)2

=> f(z + +z) - f(z) = du + iou=- )(0x + i0y) + (P. +if)(x , xy) . kz)

fIz)# z =Xiy im -
> O (x1#

42

G:At F. OkZ) , OlIZI) ,OT) ! (



52 .2 /C-RETA)

KLTYE: W = f(z++z) - f(z) = f'(z)0z + P(6z).Nz
, EmoPlaz)=O
S

= U,4) TE: F DU = UIX+OX
,

y+0Y) - MX, Y) 0(z) Oll0Z1)

Myx+-0 (x,-10,%

Motivation : 1.FTEFA , AXE /** X ,Y SE

2 .f U , U ENER ?

#: f(z) # ZelETYAY) ,
it f'(z) = At iB

,
OZ = EXtiOY ,

A
,

B
,
OX

,
OYER . Mu

f(z + +z) - f(z) = f(z) -0z + P(z) - -z

Plaz) = Plax , oy) + iB(x , by)
,

P , PER = P , -0 as 1x, 0 4) -> 0

u(x+6x , y +by) + eV(x+0x
,

y+y) - x(X, b) - ir(x
, y)

=> AxX - BOY + i(Axy +Box) + PoX - P2*y + i(P, cy + PΔX)

=> u(+OX , y+ 0 Y) - UN, Y) = AOX- BOY + POX-P2ΔY

V(x +xX ,
y+cy) - v(x, y) = Box +Axy + 12x + P,

xY

=> n , v (X ,4) ,
EA= 4)= W,)

,
B= -=

: f(z) = UN , y) +iV, Y) FDA-Ez = X+iYU , VEN,Y ,EFT Cauchy-Riemann :

=- (S-R*t) ((x,e) X)
.

AA:)I'AADE . (Riemann 1215 .G , LIFE?
7) U ,

VE,3)X, M=E Pr , R = 1 , 2 ,
3

, 4,R : PrkX ,
04) -> 0

, (x,04)-10, 0)
.

-= u(X+x , y+4) - u(x , y)=X +E by + P(ox , ou)0x + P(ox ,my) - 04

-= VIX ++x , y+4) - V(x , y) = =X+ by + Blox , ou)0x + Pp(ox ,ou) - 04

=X + xy + Blox , ou)0x + Pp(ox ,my) - 04

3
.

# : 0 fitz=XtigE, f'()=(,y)-i( ,y)=
& f = U + iVEDI U, UEDIATEFECRETF .

: #EG
,IU,UEE-B : AEFE GR***?

: U(,y) =J ,
VIX, 1) 0

f(x , 4)= u+in= r=L
1) I . NATfIz) =JEBECR TITE

&↑ (
=>10 .%= 0,% =0==

↑ CREA
, TfIZtz-O F.=p =

R> 0
.)4

#, OU=x +0 +oTYP)
1312.AAf(z) = eX(cosY + isiny) E DEAT ,

Ef'(z) = f(z)
. I => Iy = 0(Toxi+ kyF)X = zg (

it : f(z) = e"cosy + ieYsiny = U(X, 3) + i VIX,Y)

=> = e
*
cosy= = - sing= GRE

.

=> fizl=t = excosy + iesing = f(z)
. #

:RtInE,X : eZ = eXtin = ex(osy + ising) ,
EF- #

# 3 .
i f(z) = x+ axy + byz + i((x2+ dxy + 42).D, a , b , c , d

. (/
# : u(it) = x + axy + by 2

,
VN,y) = (

2
+ dxy +y2ACRE

a #

*4. f(z) = n + irEf'(z)O,)YUN ,Y) =CUNY) =C
,

C , cEx

iteit Du= Dr=

Dr
M . DU= =

0 .
#

Klephs 151) 1 . 3 . 4 : f(z) =z
,

I l . 3 .2
, Notes - Chapter 1

, 134
,
H· (

15115
.

f'(z) = 0 , XZED late) = fiz)=

:#Gr 0. f=. #

1116 .
FEA: f(z) = UN.YStiVix,) EF) =U-iVDIABET

, MulfDte

I :Fel =>L
=>= u,#
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#7 . VIEA:fAEDEHfIzilEEZED , IfIz)F *
: C = 0 At

,
f(z) = 0

. Coat
,
f(z) to , F(z) #o, fEz) · FE = Ch

=> FE) = (YfIZ) It ZED**.n f=t #

: 33 .4 RH !

& - Dit : /Ell =M . UzEJBlo) => If(zIEfldl = M
,
zeBlzor) , f= Uti (i)

=>+ = M2 => Lux + zVV =0 UUx-UHy
=0

I2uly + 2UVy 50
R

UKy +VUx =0

U,V

=>==

5 2 :3 I REFER , AEFOP2.3AeE , Inz
,
TE2 . 4*** &E

,
Inz ...)

↓,

11) fIRIED; (2) f'(z) = f(z) ; 131 f(x) = eT
,

XERR
. 11) 7 =>

R : x z = X+ iY ,X:
=

= ex
+i)

= ex(y + isiny) = ex - giy

: 11) lez) = eY
,
ArgeZ = Y + 2kπ

,
REZ

.

(2) gzi +za =
2

. gZ () De Moiveht

13) &E v Iti -BET .
(4) f'(z) =f(z)

,
zER, .

2. (FR)

#:e=zW= f(z)d

& W= u + i = g4 . giv = z =(z)eArgz

=> U = In(z) .
U= ArgZ = argE + 2kxi

,
kEZ

, argze(-t, X]
.

# W = f(z) = In1z) + ArgZ ,

S

i : W= LnZ = InIz) + iArgE.ER ArgEElargE , I it

W = Inz = In(z) + Targz, In TE .

=> LnZ = InZ + 2RDi , REZ .
EktZ ,
-Y

,
#RD LnZEA- 455 .

: 11) Lnizz = Lnzi + LnZ2 , kn = Inz-Inz
.
#* !! )

(2) Inz=at zw= Inzz=
*EPInZE]Fitte . (FB-**BETU! P72 . )

- BGREA In z = In(z) + iargz ,
argzREFE

Xo10
,Limago)=,margoy= (AgFT-OP

-#)
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.

11) 1 . Glni ,
Lui

,
(n(-1) .

# : i = gi +2RT) = (ni=i (ni = Ei+ 2kπi , REI .

- 1 = eiπ = (n(-1) = πi + 2kDi ,
RE

:XO , InXX
,
TEX, InX (x

② LnZVEnLnZ
, (nAtAtA+... + A = nLnZ # (nz + -- - + (nz) . A InZ = InZ .

3.

: a ,
dED

,
ab = ebLnaeb/Inal + :Arga) (ArgabInSabs)

: 111 bab = eblulal tibarga gib . 2kD
= eblna ,

(2) b= 930 , P.

ab = eula). ei
. Marga+2)aga +2) + isinara +2)]

=> abqT ,
R= 0 , 1 , 2, . . ., 9 - 1

.

(3) b* At,**3

14) Ea ,
BestE = (2)= (ez(na)'E Lua . eZIna= Ina .

Z
,K .

S** b , = (zb)= (yb(nz) b .ebLuz = b .zbXS

112 .
iii. : ii = gihnigiltil + iArgi) = e-Argi-D ,

R

5 (315 .
T : (3(55 = e55(n(3)

= g(5[n3 + i(n+2x)]
= 355[cos 55(D+2kT) +isin55(π+2Rx] ,

REX
.

-

4.DI ↓Q IFX
.

*Casting
2 zj

E : Ill z = X At= cosz = 10sX
, sinz = sinx= -EX .

(2) cosz = costz) , Sinz = -sintE)
,
ITATE

.

13) (sz)= - sinz
, (inz)' = cos2

14) CosZ
, sinZG,

(5) giz = cosz + isinE.

16) cos(2. + z2) = cosz , cos22- Sin Z , sin Z2
,

sin(zi + z2)= Sinz.cosz2 + sinzzcoszi
.

cosz + sinz = /

(coszczn-sinZisinzz)(zezeiz/eiteet COS(z +=)
. )

17) cosig = Ete = coshy , sining isinny· Asinigl , Kosiyle0 , y50.

18) coskX+i y) = cosXcosin - sinxsining , sintig) = sinxcosiy + cosining , XYER.

= cosXcoshy - isin sinhy = sinx coshy + icosX sinhy



6.

19) tanz= cot= serz= z=

: ZED
, coshz=, sinhz , tan

L IIII; 121 coshZ ,
sinhZ.A

;

13) (oshz)= sinhE , (sinhz)'= coshz
;

14) coshiy = cosy ,
sinth = ising

#

1313 . # cos(n+ 5i) .
Kosh(x+iy) = coshxcosy + isinhysing ,

sinhixtig) = sinh X cosy + icoshxsiny .)
cos(p+ 5i) = 1 Jei(+52)

+ j
- i(p+52)] = ([eix - e

-5
+ j

-ie5) = - z(e
-5

+ e5)
.

5.= # ArccosE = -inlzthE.Arctanz . (

= tanW=in iz(x +z) = x- = iz(e+ 1) = x1 = X(tiz) = Hiz

=> x= gizw= W=n
#EX RESE AresinE ,

DEEtN ArccosE
, QaRIE , ERD ,RESE ,FRID . .

$2 .4 BP (TEBBE)
futiVD Cr=

(#21 TY)= =- GEB !

=>t = 0, 0 , Laplace ↳2no
: UDBELaplaceDE , Buy UtDIAD .

E : f= u+iVDF , 1) U,*

X : FDGREENUV FREE EP
.

R : U(X ,) = C , VIXY)=C
.

(1314,# ,
31. 2)

: f =UtiV U ,U

R : SDAYIX, Y) , FTP-IBFE-TX)E 4(, 4) .

/ T-Ff(z) = y + i stE) it f(z) = Y+ in 1-**B-1
.

: IE-itE) 4 , 42As YEE=
# -4=

litt : Greenlit SypPax+dy = SSpdxdy (P,Q ,DEE)

&= PdX +Qdy LEENE ,

du = Pdx+Qdy

=> [Pdx +Qdy

=> Sypdx+ady =O
,L



T.

DECU ,
U: (dV(X ,y) =)-x+y : /Green

VI, e) =Six+y + c
. EFE A

=> XFPE-1)
1

.

EEDUK , 4) = arctan(x >0), f(z) = U(X,Y) + iV(X,Y)
.

i
=> VIX,) (x>0,)* EY.

= Ue) = Sx = Sdx = Sydx = ((n(x2+ y2) + 2(y)

- + y(y) = 499)70
,
Y = C .
Bu, Y) =1+ + c.

=> f(z)= u(x, y) + iv(x,y) = 2((x2+ y2) + c + carctant = (n(z)+ iargz + c = 1nz + c
. #

. IEEE.AESt ?

li:*+& (,Y) 10 , 0)
.
EEPU(y) = In 1+ y7) ,

fir
,
SEED ? 18t ! )

# **FEE* VIX, Y) = arctant ,EU X= o TRX ! I UEEN FEE

# EE.EBUEYOY == V + C for x>0

=>E XoTEX)

#3) 2 . EED U(,n) = excosy +x+ y, f(0) =/Enf(z)= UN, g) + i V(X , Y) .

# :Obt-0. En = Bexcosy + 1) = excasy

Jetsing + 1) = -exyy=u = 0
.

② V.
bit- : UN) =S)dx+ dy+ c=(exsiny - 1)dx + (e*(sy +1)dy +

4 (o , Yo)EX (X , Yo) ,
#(, Yo) EYE(x, Y) :

· (X, Y)

UN, y): singo-1) dx +See cosy + 1)dy + ·

(0
, Yo) (X, Xo)

= exsiny-X-exosing,+Xo + exsin+y - eX sing = exsiny - x + y + c

~ -

15t (1) 2 . 3. 1 E(ocYd= 10, 0) -E (X0 , Yo) =10
,0)

=: Veingeing in
E VIX1y) = &

*

Sing + y -X + c.

③ AD2* f(z) : f(z) = u(x, y) + iV(,y) = e
+

cosy + x+y + i(e+
siny - x+ y + c)

#Af(0) = 1 => C =0. - f(z) = ez + (ti)z . #



I .

#EB #

53 .1

B,)*R# .

↑
#C

C·
B

~
IE:Eat

, CABEB)
>

T it Fes : A -B RED : MERt
, iZ C

-

A PRES : B-A
O

E3NG? DER--WZp

: W= f(z)FEDEX,BFCIDA ,S. B. : A=0 , z , ,
. . .

, zn = B(EC)

) : 3REFER (in ,
R= 1 ,

2
, ..., M) ,

Y: Sn= fISm)(E-Erl=fI3r) VER
BABE :E J =Ar,- ,ot, Sn-S

. ESEREFE ,
Pl

SA fib CFOBB.: S = ScfIz)dZ =imfr)TZm
#<A ,

it is 8 fIzIdE .

:(ii): X ! A

2 = z(t) = X(t) + i Y(t) ,
<xt = B

.
Est): zi)= Xit)+eyitsO

f = u + iv
,

dz = dx +idyBRE ! ) =*5 . )

SfdzSud
= (f(ziti) z'it) dt .

: fEL r( ,I ScflzIdET
. E ScfIzidz = Sjudx-rdy + idx +udy

-*

1) S
,
fizidz = -Sy-flzidZ ; 12) (ckfIzIdZ = RSgftzIdZ ; (R

131 Ss[flz) #g(z1] dz = Scf(z)dE = S
,
g(z)dzj dS /zits/dt .

(4) CEDL , HfEll -M ,
ZEC

, Mul IScfIzIdEl = ScIfIzIIds -> ML
. GETTE

(iv : IfIOER = IfIkEnIfBril .OS - MS, Sp=El . (
#) 1. itZon,CAZoD ,ETA ,n

# : CE/zotreTO : Octo , 2)Y ,
zlO) = ZotreiP ,

dz10) = z'(@)dP = ireTO do

=dno==
↑

ITEM144, P90

& # Notes
. (

:Z
=B !



2

112 .
J GdZ ,

#RCAEDT EFB : )

4 & dz = SetSires *Sendz

-

Es
Y SINIdz= x+d

- 2 Il
- 1 [22

[ = 1970 : 0 [0,]] , Sidz =Sed
21 = [20 : 04 . Cadz= 2.do

(FETE2)
· (EVEBB

=>dz = 2+ #

1311 3 . JiSczdz , CD0 3+4*

# : z(t) = St + 4ti
, 0t- .

= Sjzdz = Sj(t+4 ti)(+4i)dt = (+47) Sotdt= B+4i)?

55 . 2 Cauchy-Goursat- LEDE

(Goursat:E 1858- 1936. Camely TEXtf'EI***, GoursatI

:F*X !)CABABDFG , M) 8
,

f(z)dZ =

O
.

in : G
,
flzidz = b

>
ndx-vdy + if

,
vdx + udy !Green Bi ! DR

(*** t) =(p+ )dxdy + if)p)dxdy , Carey 19SAIAA!)#
E : 111E :fBAFAG , INfBIA-ET #B.

%
.

* (2) C = 2 B
, f BATEN ,
B ,M

,
fIz)dz =0 .

13) FFA*****, 13 -D 11) 2PntO At
. -BEF

* I z1. Eze B
, G , [BZ ,Zz ,Ml Sc

,
flzIdE = Scf(z)dE .

↳RE!EDSEfIZ)dE . x
BAREATES !

ii) :55 BE I'm ?

= F
D :E

, C * C,DIRE

-, I fIZIED,AHEBB'E'A' * D=It'B'BFAIEEE .

IIII
↑

A =>

Sp
.

f(z) dz = Spzflz)dz =o

E YC
=> o = (S SHEBt A + SEA) +1S +A + Ea

=

STEBFACFB = Sj + os
=>S

,
fizidz = OpfIzidz (11) 2# -Zo , VEE ! )

11)1 :ZoGA,zdz .

GBTzodE =21.#:12 , #U BEO ,VCA ,
In 8zodz = S

DF*tE ,12: z , ↑I=TTE*
②Fl!

# f)= B Z =ODZ = 1 ET 3IBEA
. ·
↓(z-11 = 5



3.

: N= CUCTE ,St,EtEt

ItR:FEEE ,TEDSMETEFDTE

↳E : D :E
, Cr[CEDRA, R= 1 , 2, n

,T , TAE ,

# G C,
-- "CADFD. fEDF Il

i) 6,fizidz =PCfIzIdZ ,
C

, CrtEDEES ·
ii) Spfizidzo , 4= JUCT U-- - UC

,
CE

, CretD .

11)1 :ZoGA,zdz .

#:B12 , #U BEO ,VCA ,
I Sczdz = SB EzodE =III.

DF*tE ,12: z , ↑I=TTE*
②Fl!

# f)= B Z =ODZ = 1 ET 3IBEA
.

&= ↓
#+dz++dz =4πi

.

·
(z) =

3 (z-11 = 5

↑AR : (t) ->(T-X , EX ,
well defined)

&E :* fADIA* ,
ZoED

, M F(z)= f(3)d>D
,
A F'(z) = f(z)

.

iFAA : F(z + -z)-F(z) = Cf(3)d3-SfI3Id] = CEtEfR)d] = SEESB) -f(z)d3+ f(z)-6Z
.

#z - z +OzEB
,
Pl FETO, 80 * /z1 < GAt

If(3)-fE)l) 3
, 3 z ,

E +WEE
. (2)

=> SEEfB1-flzid] & 3 . /El

=> #F-f(13)-f(zd3/3
. #

.

#:Y'(z) = f(z) , zED , MIAYEf*DAAES-T.PE DD

: 11) Y, 42DfE , 19. -Y= 0 = YIz-YEC , ZED
,
LE

,

(2) F&-**,Pl*-*** to F(z) + C
,C

F (z) + C ARA fIZ)ETARE ,
in E Sf(z)dz = F(z)+ C

.

&) : *DIA* ,
GlZ) Ef-FRte , Pul

(3)d] = G(z) - G(zd

in:- CfBid] = G(z) + C
,
C-

# z = zo = G(zd = -C li => Sfl3Id] = G(z)-GEzo) #

1513 . it dM
: [Int]= Sdz =+)=(H)-I

=> /In + i) - Eln2 =-2+
-Et



I -

5 3 .3*n #

JESi) : i fIE) YetD ,
CDIA , HBEFD , ZoE CAB

, Mul

f(zo)= dz

⑦
LEA

:IE
-Ex ,

78 T0 * /E-ZoKE At IfI)-fIzoKS .
Al

, EX USE , #

If1z0l-zdz) = / BldzBL
-E . - 2 = E

. #
.

E : IIIIEr , I)DATE IfFABR

(2)F:CARDAZ= zo + RetO
, Pul CauchyFBE :

flzo)= flzotRetodo -GENEETE

13)S : C= CoUCi, flo= dz

3.aud=
155HESE7,TEGTXRA--(

#11 . Ei Gazz.#
i T , BED-BEETE , I BRBE ,HBLITEDTR)
&E : It fCEDIT , Mul fit DIRETEBT , ZoEDA

flo)= dz
,

n=, .

LEA : # EE FREE!ASEDALIE ! )-Notes ·

: 111 fFf

12)A : C = (Z = ZotReiO : ocOE2N , R >ob
.
Iflz)KM , zEC

=> If(zoll=d) ITR= => Ifzoll-
# Liouville ,T 33 .4 A))



2
.

131) 2 . Ji DizErpdz ,

r 1
.

# > mind ,Y ,
GEB(i , d)

, C = 2Bli ,d)

: * SIZEV] UCI UCNABFEE :

&Ev dz = Sipdz++zdz

= ziz) (z = i
= <-B]/z

=
-](z

= =

=i+ (i)=)(
= insin . #

.

$3 .4.BEEEN

#DEF, f = C,FE Liouville

: : If'If , FR>O => fEo) = 0
,
EZoEK

.
A f= C

.

(ESPDEDEE,",EFD, S# Lionville type theorem , TF. (

I: -***T f(z) = doz" + aEn" +... + An+ Z + An
,

n2t
, auto , Ni

# fizit . (= f(z) = ao(z - z1) ... (z-En)
, 1 Notes

FAA:M FIZ)=OO FE) F(z) = C , F #

/MorreraE) : E fEX D
,

XEFABEFDEMC , Pf(z)dZ =

O,

f(z) EDIT
.

->E !

I:X : F(z) = Sf13)d] ,
Fef. A-A)

#) fEFEDAEZoED ,
sit ., IfIzokIfIE)) ,

YZED
,Mfec,

#2 : 1
. DEA* IDE ,

DE,P
.
//fIT2D

.

2. f . DEE ,
EfER , Bu IfEllTEIDER .

IXY HE

E : KIE-di) ZoED IfIZo)) = mHII . E30 ,
sit,EZrED =

#ForPREFERR : flzo)= flzo+Veid do =

M = (f(zo))= Hzotreto) do -
> M

.

=> IfIz)l =M . FZEJBIZor) => If(zIEIfIzol = M
,
ZEBlzor) . f= retr

$2 . 2 . 1317 => f(z) = fIZd . ZEBRor) = f(z) = flzo) , zeBlzo , U) .

: FEEDIBRO
· Zo.

zo, En ....

·



I .

# 4*Bi

54.1*TREB

1 . SB KnYI ,
Xn = An + ibn

.

FB: n = Xi++ ... + - BEAR : Sn = X
,
+ &2 +... + Xn

SB4 : Sn-SED ,
n-0

,
S= (E ,N SBEER : S

SB* : [SnYT SE:KnI:D , TE) PLED

1: In EEDE)42E(> an REDEX · Caror Kr=bi +br)
2:Kul H ,PldL,In .

LEA : EKnId] = Elan) ,
Elbnly** = Ian

.
EdntE - In 42]

.

#Xm)krln) -

#

2.SB

& fu(z) = fi(z) + fr(z) +..., fn : De D ,
nt*+,A-3

#BG*P : Sn(z) = fi(z) + - .. + fn(z)

#ZoEDL : nhim SnIzo = SIzd

***: # [fulz) EXZEDHi
,
S(z)= SnE) = Hi Sn(z) .

-E : FETo , ENEZ+, n > N => ISn(z)-S(z)K 3
,

FzED
.

iE : Sulz)ES(z)
.

3 : fn : D -> D
, next ·

# IfnEsIEMr , VZED,Muc,frIZIED-E.A:
A

-RE.T. (Weierstrass M-***,M : FER
.B

SSD
5Szidz =SnzdzScfulzIdz .

13) frDA, fr(z)=Sn(z)S(z)
,

ZED
. isDtG ,

ES(z)= (E), P=

IEEE : Ill (S(z) - S(w)) = /Sn(z) - Sn(w)) + 1Sn(z) - S(z)/ + ISnIw)-S(w)l=: IntEc+Es

VEO , IN , n > N = [2
, Is< GEN , DEN, 50

, 12-wKGAt 1, < %
.

12) Di4 SALES . 1 Snzl=frIE) , zEC
.

VETO , IN , Man

ISn(z)-SIZIKE ,
YzEC

.

ISS1zdz-falz)dz)Sc(S(z)-Sn(z)/dsl3=, fuz)dz = S
,

Stldz .

Morrera
131 FINCID,CABFD , R1) Of

,
fnIZ) de =0. OsEdEto SYtDF5 .

/TREBD-E ! BNotes
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SIP)(0)=S p+1d3 , f1z0)=+dy ,
P= 1 , 2,.... Cz :E -zol = r)

#T , JEG . EgIP(Z)=(E) #

34
.2B

1
.F fn(z) =C-aln"

,
at C. fnz=Cnz-al" = co + Clz-a) +Glz-a

#23 = z-a, /z-a)"5" . )

* (Abel : 111 CnE (Zoto)Li , I IZKEolAt,CE" SExt
.

12)CnZ,ulIEk /ZolAt,nZ" .

LEA : 111 KnIZIKrlzok.MMKnZM , One

E(z) <201
,
MIS 1. KmIZIMint St

(2) FILE11) EU . H
.

#

2. PREDU Abeli

&CEMEX : R= Sup(121/CZ"h
.

E:CE A***AR, Cnz-al"lZ-alRL , FIE-aK R&

#T1Z-alXV-ERED
,

Fr < R .

1)D:E : x =0 ,

2(d'Alembert).M =x[0 ,
+] ,R=*= xecostal

,

x = + 0
.

3 /RE ,
Cauchy-Hadamard , EIEE ul) ·

CED.imsupT = X, to,
· x = +0 .

in:-#

1) I.Z SB!

#:A 2
. 3 En R = 1 . EJAXEDF :

Sn(z)= Hz +... + z
+= IK) = LimomSnz)=

(z) = 1 ,
ZF/At

, [Pt(o, 2x) , z = gi0 = z" = einocosno + isinng F* = Snz)F
.

#Abel 12k1 ***. ARE -1 , APEZ .

#

1312.: 17 REDETEE 2) z0 ,2

# 1) (n== - ,
nex - = R =1(mV =y - 1)

= (2) = 1At APSB ,
PE

,
H

.

2(= = == + ) = r =
.
Y(z - 11=1

z,Leibniz(B : Niman=0 ; andAn) =H

z =2 APEB,*



3.

:E : 1) /IID1Z1=1 tETTLED
,
1312 .

1) IEEE SEXAHE ·
2) Ip - - - # KI , bATA !

1513 .EGC(z-alEB, a , be D
,

ab
. (34. 2 /11:zz)

=+a-b= - =-)=--a)= D1b-a) -

#
4.f(z)=Cn/z-al**DR ,

Bul

1) fIzlIZ-alRAGEG . 2) f'(z)= Cn(z-aln -1

BREA :FR,
3) S

,
fzldz =CnSclz-alndz , C7 (lz-al < RY

, ,TTESTSE
Sflsid]= ( - a)"+

AE : -EXCEEASELEA -

i] : -TFB ? : f(z)=3

34
.3B

W
Et BIZo , V) , K = >BIEosV)

#(Taylor)·B BIZo , R)DA , Ri

(x ) f(z)= (n/z-zo) , IE-ZolR , Cn=d
,

n= 0 , 1 , 2, .... VSR
.

NEA : -ZolR ,El-zokr < R
, k = (3 : /3 - zol = v) = fEKRAG .

#En f(z)= &3
.

# #3 4. 2 1P13113

-Iz-za= 4# V.

=>=f,K , IfII) = M . (2)
34-/

=> B**EK-EU) 34
.14 ,

(2)YE

f(z)= finds= d - (z -zd#
# : (x) ** f(z) ZoETaylor#,TaylorSB .

Zoo ,E MacaurinF -

E : PE-i : i fIZ)= AnIz-Zol" , It IZ-zold Y,EPIER :

=> flzd = Go , an=f* (20) .
... n = 1 ,

2,

#Taylor F :

Dz
= 1 + z + z2+ ... + zn + ..., 1zk) ,

② = +z+ ....,
③ sinz =z- ..., zE

,
# cosz =1- ..., ZED

J
giz 2

-iz

2j

-> Stds

⑤ InCHE) =z- ...., 121() , @ (Hz)
*

= en(Hz)= H +dz +z +...



4

111: IHZ1 (GE() EETED : f(z) = exInCHE,Z-OER Taylor t

# f(z)=Anz". f(z)= Manz
#fz)= f(z)·zan= f(z) =Hfa
zo = ax = a, f(0) =1 = a = ) => 91 = X.

za=22 + a = Az = . --
: fAZo* f EBCnIZ-Zol"
&ETA , Notes .

54.4ASB* (I/FT ! )

]:f ZoTFA , EYBESB?F#'#IfFSB ? #Bl B
↑

X : #EMEDCn/Z-al"FEBA, a
, CrED

, nex.CrIz-alICon1z-a)

Amza
(z -al> =: R, , 12-alRi2.CnIZ-alu R2

.

& R > RiAt=CnIz-al R ,<Iz-alR24

R2 < R, aCnz-al"

·J54.
2LE4E :PASBPE DEPA,TTRE .BE -

IE] : BEDtFIEE fFREEESB ?

/LaurentiE: fARcIz-ZokR , (OGRi > RzE +B)F , M

f(z)=CnIz-Zov
,

Cn= d
, nE

. knZF:Cn-
# CEDERA-ZoEM ,

E fE Zo=PARTE-- AF:

: (E-t) iRZEEHA- ,
C ZoE

,
PrfIz)=Anlz-Zol" ,

M]Et* /Z-zo)-P-E :

(H)

6) dz=Anz-zPdan-zPdz =Dia

⑫StEz , iA B

13) 1 : + f(z) = Itz-2) FERIPEEB :
X

i) oczkI ; ii) KIzk2 ; iii) 2 < /z/+ Y·
>

12

E :
fizt= E : z =, z =2 .

i) fizl t 121Att ,
E5Taylor-!=

=>
flzl= (2)z" /EJTi]iJit : IE)/

.

(

=>(+4)
= z

+- z
-+

=>OEER+ dE = 2Ti (1 = (* + j)2πi = E2x= X

2) . to KIz)<F,BEITIC 8
* · 3

12

zee = z(h++ + -) = z + 1zz +j + -- -

=- + + -) =- -...

=> =% = 0

=> OzIdz =Itic = -4 #



5

ii) EFt = SHE , Z =2 . E : 11,=

# =-=
=> flz)=

iii) EF z = 1 , RICH , l.< ==

=-fz2
1312 · flzl=eE O < IzKOA

# : f(z) = z3 . (He+ + ... ) = z + z2+ +.... #

: (1) -Hid ,RETEJET EX , ETFA .
(ED-iEERF ! )

(2)(1= fizidZ 8 f(z)dZ = zi C-1 , EtiBEAtEBE

113 . :*B : 1) PE1+ z
; 2) OzEdz

N

#1)2 EE+ kzk > 4 CnZ ,
M #B =2TiC -1

.

--10 3

=z + j(z +4) =-+: -)(
* *:it k1zK 4?

#= #RABD ,EFF
*!XBIE

=>(++= +z
+-z - ++ AFIR !

H
=>OEER+ dE = 2Ti (1 = (* - -)2π=2= X

2) to KIz) ,=ITC O
. 3

12

zee = z(h++ + -) = z + 1zz +j + -- -

=- + + -)= - ...

=> =% = 0

=> OzIdz =Itic = -4 #

(2)R : VAED , 1 En - Zo
,

Sit ., f(Zn) -> A
. JiLAA:)

A it ,Em &En = i + A
,

n=0
. Aloot , En=minio = 100 -> 100 .(



6.

4./ :

11 1.i InG MacarinF -

&E : EIZKIA In = In (Hz) - In (tz))

111 2 .J-2) MaclaurinF .

IBEAXE)

13) 3.
.
> tanz ERIRE MaclaurinFo

IAcasz-tanz = sinz it

114
.

i ez E Maclaurin F# .

Jet
,f.

[1 5.ToIZ-iK < I _Er

#6. sin * 12-110# .
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D ( *** + #)

$5 . 1Ei

↓X : f* Zo ***, 180 ,
sit ., f BZo ,8)FE , ADARZoDfIT

if(z)=CnZ-Zo OCIZ-zokE , ID : (FER !

11)<OEC =0 , FERTEA , Zo@fJEF (removable singularity) .

12) Im> ns- mAt , Cn =o GmEO
, RIZofEmRNAR(Pole) .

(mSBA , pole of order m.

13)3 Cn (n c0) TF ,
MZof** lessential singularity )

I : 0=z-...
&,B

③ e =H-- Enzo ,
enNotes)

④ sitz =0
,

z= n = 11
,
12 ,

... FB10 , 5)REDOESTH

IEE 1 : ZofJNIE ,PRAEfIzl=CnE-Zd"
, <Bleo , 8)

,
800 . Mu

11) ZofIZIEimfz PE &TLFREEED -

(2) zoff(z)ABimfz= flz)=./ =O #55#E ...

(3) zot flzIAETERREEEEBBE

AA : 111 E) #X
, f(z)= CnIZ-zold # Blo, 8) L

,BER =O
.

AAL FIZ):=CuIz-zo)"

* BlZo , 8) F*** EfEz)= FIZ)
, zeBlo, 8) #im f(z)=FE= FIzo= C (EX fIzol = Co ,If= FEBlzo,o

=)zof(z) TBPRYt , MulEMso , 50 < 5
,

sit ., OcE-Zol- At If(z)K < M
.
A E "ZosTE" (

=izads =>Kn = M. E,C

(2)Elfl= de Edge
,

siti
, 18(z)to ,

zebizda. Fiz)=z=Fe)to, zez,

AllZoF EFZo o = F(z) # BlZo , GolEFAH , F(z) = a , lz-zo) + G2(z -zo)2 +...

#FF(z) +O , ZZo , IMEZ+,
Sit ., a = - = Amo , amF8(amFo -Ym)

=> F(z) =1z- zo)m[am + am+
1z -zo) + -.. ] = 17 - zo)G(z) /G= BlE , GolTFG , EGE)-am E-zo)

=> GlZ) E BIZ0 , 80) EFFGEGIZ) #O
, FZEBIZo , 80). gIZ) =YI) EgEBIZo,Go)EGAg(Z) + 0

=> f(z)= (E -zo) -m . g(z) = (z- zo)- m[bn(z -zo)] ,
ZEBlo , Go)

,
bo=gEolfO , #BEEBDE - E

=> Zolof BIZo
,5)EgmEBFBf(z)= /E-zol"

, O < 1z-zol > 5
. 3) 111 , 12) #

Fil : Ill ZofE fle ,d

() Zof mBFR# gIz)Blo , 8)F, EglZo)to,
sit .,

flz) = (2-Zo[Mg(z) .

(3) Zotsf , MIFAED, En -Zo
,

Sit ., f(zn) -> A
.

AE:/B . (13) EGiLAER Notes

# : DBX,BERBEAR BEGE



# : DBX,BERBEAR BEGE 2.

2.FBI

#X : * fEZoF
, f(z) = Iz-zolM Y(z), YTZoFRAnE YIzo) to , IPul Zo * fTermBiTiB*m3BZerol

& I : ZofmBT fEZoG, f(zo = f'(z0) = - .. = fIm-1(z0) =

0 ,
f(m)(20)0 ·

:#X EYEZoFRANE YIEo) tO ,
Sit ., flzl = (E-ZoM4(E). YIZ)= CulE-Zo Coto

=> f(z)= CnZ-Zon+m Sti !

=) IF fEZoF*9 ,
7830

,
Sit

,
fIZ)=anIZ-Zol

,
ZEBIZo , 8). f(zd = f(Ed) -.. = f(n-(20) =0

=> do= a. = - .. = am - = 0. f(m>zo) #O = AmO.f(z) = Iz-zolm[AnmlE-Zol] , zE B(zo , 8)

& YETnmz-Zol"=m ,
z Blzo ,

5). YIZITe BlEr ,6)F ,
E Ylzo) = am to

.
#

:Notes:I -↑FEEPETUITS.:* f(z) = (E-zolMy(z) ,E

YIZdtO , f , Y#=O
, El-ZolStAt , 141711 >A f(z)#O

,
o < Iz-zolE .

2 . Zoty fEmEBAR Es Zod# MEB

REA:) ZofmERABE , PlIgE BIZo , 8)En , g(z0) +O , E flzl = (Z-zo)-mg(z) (1 , 12)

=> EZoFEg,to =-zoZomEB

=> IAAY , Abe #

112.AtB ,
1BiT?

# : sinz #OAt,G sSinZEX)

sinz =

o = z = Rit
.
kEZ

. EPRIDENIXLmRisin= O
, ERITE F

* sinkt =o , sin'z(z= Ri
= cosR =+) + 0,RTTY-BITAE

.
FREE

.

113 . #Z =0 REBA? F= 1 + z+...

=+ ---= zo #

#:ZomBB) , gZonBiFB) , M
~

z=oez-I-B

fig , ,ZosBAB() ? I↳ I
18 : #F1 ,

121EX) *
=>b T=BB

1514
.

f(z)=z4Hetz/sin ?
: G # ItZ2 , HeTZ , sin

He/z=it , (Hellzo = It@HE-BT

ErRB+i ,
REI

,
HePErto

, YE /HePEl'l= Er
= NeTEr = -To . ERAHeTE-B

En= Rez10) = sin =

0 , sinlz = Ep #0
.

Ent sin -PREEYOY ·

=> z =if =BAB : Er ,
REIYO, -14 ,

Er ,
REIOY Df-B(EODEJM #



3.

3.Fr .
(D2 : B10 , 51 = /Izk = Y ,

B10, 8) = (IzkYU(B])
: f***Bt Blo , 5) = (Z:<zl < +D),*OfdTu
#: W = E , ERADDO

.

MlEntO => Wn = En -0 . zeBIA , 5) -> weBlo, 8)
.

& y(w= flu = f(z) => Y : Bo, 51-4· = Y B10, 8) ETH ,
ODYSTH

:0YMBTABP***FERT , MPT AB

5R: f R= < z1 < +O r :

f(z)=CnEn+Cotz ,=Sne,

9(w) * OCIK : Y(W)= GnWh +ConWin
1)At, In

=

0
,MDfnflz)**

12) m >0 , St .,
CmE0 , Cn = 0

, n > m,OfEAmRABfIz) = D

131F Into (n > o) , iOf LimofIZ)F .

1315
. DEEAfZN?? O flzl= i@flz)= ; Bf(z)=z

# : O ym =fi=W
②,Df

③m = O,K : f(z)
IRED ObfE *f(x) = 1 ,En . 14OFFG)

[16 . T fIZIA
# F(z) = 12-1)(z-2(3 , G(z) = (inZ)? z=FE-

,
z =2SFB

Zr=RE Giz) s =B .
(D Ert SinITZ-Bi

* z= f= =B ,
z= f=

Em ,
REV , 24, f==Bi

*: #15R ,
Z = 0 TfEBITHI HERTE :YIM=fw

35 .2 /Residue)

1 * X:ZotfEm , f BIzo ,G ,
CIBIZo

,
G)aZoDR

,R
,
fIZ)dED Zo

E, E : Res[fIz) , Zo]= O
,
fIzidE .

***: O
,
flzIdZ=-zdGZ"FE"BB. 2TH) ,

EP : Res[f(z) ,
Zo] = (1 .

-
$3

. 1 ,111
.

#AtCXZoR,FAPE ? =



4
ITfED AtPRIME Er , Ez , ..., EnSDFG . LDAGER

(k= 1 . . . .,n)E-E,) &fIZIdZ = 2TRes[f(z) , ER]
z2

E

: #
-

#BEEBit : f(z)=CnIz-Zo

& Zotsf-BITA , f(z) = (,
lz-Zo)" + Co + C, (E -zo) + -..

Res[f(z) , zo) = C1=ME - Z0)f( ERR1) I
.

②ZofmBTB
, fE) = C-mlz-Zolm + CmalE-zo)

m+
+.

(z - zo(M f(z) = C
- m

+ C
-m +

(z-z0) + - + ( (z - zo)m-
+ Co(z -zo)M+ ---

Res[f(z) , zo] = (1=minz-zo)MfIzI]Rmim-zofL EME
.

⑤ f(z)= F - GEZEEA
, FIzo)#O , Glo =0

, Glo #O => Zolf-BiT FBI

G(z) = a ,(z - zo) + 92(z -zok+ -.. = (z - zo) · g(z). gYZFE,g1Z0) = a,
=G(Z0)o flz)=z

Res[fIZ) , zo]=m -zoflz=W EPA

1311 · iPEdz F : z = 1
, z = E flz)= E-BTF My

dz = 2xi(Res[fIzl , 1 + Res[f(z) . -D)=LDiLE-f(z)+m(ztf(z) =Ti+e) =2: col

T It=: EMII
.
HE #

#2 - it dz .
(D*15 ! )

: flzl= 4-BT : ER = IR ,
R = 1 , 2 , 3

,

4
.

z= (z +i)(z - i)(z +1)(z -1)

↓
Res[f(z) , i)=im(z-i)fIz)=ED = -Y , Restf(z) ,-i=u + i) f(z)=FTF

-

4 ,

Res[f(z) . 1=12-1) fIz) = Itz). 2= Res [f(z) , -1= = 8 flz)dz =0.

1z1 =2

ERR : f(z)= Res[fIZ) , En]= #

1) 3
. itz2f(z) &Z

, fIz)=
# z =0 f(z)-BIA f =BiTAR

&zfIz)dz = 2TilRes[fIz) . OJtResEflE), 1])

= IT mfIz2TmTE-fIz] =2 m +2lim
↑) 4. Res[fIZ) ,

O) , fIZ)=Esin

# P(z) = z-sinz , ( P(o) = Pa = p"10) to , P"10)O . EZO Pl=BREEBT

Res[fIz) , 0]=]DEE ?



- . FOO : =Ez=
Res[f(z) , 0 = c.= -

=-Art : Res[fI) , O]=6.]=

#: Ecos) ·

: 0

↑E

: Dfan, fre B10 ,6**,f:
Res[f(z) , 0]= 9-fIz)dE ,

#JB10 ,So
.

E ! TEDO) ( EBSE!E

:F flzl=EZ ARFA : Res[f(z) , Oj = - G1 .

: fle)=nz+CnEn = 2= Res[fl). , 0]
.

Ep : Res[f(z1 ,5] = - Res[fIE) , 0]
.

Ea IV
.

#2*=CUID**RIM) , IfltD)R

TEAE : A
-

↑1) 5 . (12) it 812dz
z,!ERAZEE

&: (2) =2 3RELIE -> ↑ F

Ezdz = -2TiRes[fIz) , OJR 2712 Res [flElr , O) = ziRes[ 1 0] = 0
.

11) 6 . it PE2f(z)dE ,
flzl=EE - 1) (z-3)

-

: z = - i@f+Bi ,
1 , 3 *-BAB

=> ParzfIzidz = zi(RestfIzl ,
-2] + Res[f(z) , 17)IDi(Res[f(z) , 3] +RestflEl ,O])

Res[fIZ) , 3] = LimIE-3)fIE , Res[flz),T = 0

=> Pz2f(z)dz =- #

(f) =z



1 .

5) 5 .3I ( + -

- = it)

:STAR,-,APRE

1 Flcose , sino)P
,
Fast , sino)=SinOETER 100 , SimAn )

.

: z = ei0
,

do= sin= 0=0
+ c)=

=>Fkep , sind) do =Res[f(z) , ER] : (1)

# Zr (k= 1 , . . ., n)El=IEfEZM

111 :I=On2
do 10 < p >) .

: O< Pal -HPCOSO + R = 11-PR + 2P/rcO) > 0 , 04OID ,
z = &10, do

cos20= (z + z
-2)

&-p+pz]dz
= PETp2)(z-p)dz = 2xi)RestfIz) , P] + Res[flzs, O)

#PADOBD fIZ)=THEEP) E-BD =PHABEXRes[fIz1 , P]=m-P)fIE) >

Res[fIz) , 03= EfIZIYIzolEp)lzo=
=>2 =zi]+]= #

2. [F(XXB ,
F(x)=P , degQ-deg =2

, Q FEFR

***:0(xdx=max &f(x)dx=imfdx+m f(x)dx
③APV: PV. SfIxdX = pimRfMdX FRA,B

# f Xot(aib) ,
P. r. Cfixdx = Imbfixdx+xxl /EEB)

: WLOG PrE-ERE) , i FIZ)-Zan , men =2 . IFED
↑ Y

r Ch #RENEK ,MIAMIBIO, R) I.FEBO,

2,·in
2 ⑬JFz)dz + SFIzdZ= Res[Fz) ,E (A)

- R j R Y

(t z : R=0) #C A (ReTO ,OTYD

# : #AF ?ETA ? MNotes)
·



* it F(z) :
IFIz)l =1z-mZm

2.

*ERK, (F(z))smnZEC
.

(men=

/ScFIZ)dElPdo ,
RE

#(*)R-0 ,
: SFNdX = zDiRes[FIE) , ER] (2)

:PETER, : 111 degQ-degP72 ; 12) Q (2), .

# I)dx = 2 Res[FI) , Er],ErdF

·Q
112 . it F=+

1920 , b>0)E

:fleet,z= ai , biI

① a=b : a if = BFB- M

&.24 Res[f() , ai] =Ii-ailflz]lz = ai
=27ikaiza

② a+ bAt
,

ai , bitEf-BA

a
3. /% Fixerax dx ,

aso
.

D

↳PE 2:FI=PRI,: 11) degQ-degP=1 ; 12) FIZ)*** - Bit )

# FlygaxdX = ziRes[FIZetaz , ER] +TRes[F(z) eraz, Xe] 1 let 3)

# Er DFI) E , Xe EFIE)#E-B4F900 . (

:T Z, ,
. . .. En,XO-4-BFB

.

(ETAE /V

1)IF(xeTaxdx=im /YOUtr)F(x)eiaxdx ↳
> I G

2# red
,
R, z, ....,Z LiRUCULEUCREG-R R · R

#D . M (553 +S ! )

/VaxReaxdxazdzLResER] +SFe
& V- 0 , RED ,

FATELYP : /Notes

himn (CrFlz) eTazdz = 0
, ↓im ScuFlz) eTazdz = HiRes[F(z) gaz , Xo]

.



3.

11) 3 . it= dx 1930)
.

: I= x = Imdx) . f(z)==a

X = 2iRes[f(z) , ai] = Iimz-ai) f==
# 4

.

it := /Sat dx
,

90
,
b.

* f(z) = F(z)eiaz =

eiaz
z(+by l = [m)f(z)dE) .

FIZ) -=371 .

fiz) -BABZ = bi,-PYZ =0. EX
,#3)

jf(z)dz = 2DiRes[fI) , biJ + TiRes[fI) , 0]=Ste-ab)e

=> I ==(1 - e
- ab)

.
#

15
.

I = Edp

zdz# I S =+1224 +52342

Iz1= 1FEA flEl=5 T-BAB: .
T

1Sfzidz = zi(Res[fIzI , E] +ResIfIE) ,-Ei]) #

116 .t= dx.

#fiz)= - B, Janta)

2. zi(Res[f(z) , Eti] +ResEfE) , -Ei]
== z= ) = Et

. #

#**117 :

13117 . it ISX . (Dirichlet . PERD

# 2= x=max) . f(z) = F(z) .

giz=eiz F(z)

= 1 , EZ =oF-BE

[f(x)dx=iRes[0]==max)=#



4

13118 . WNEA : So sinxidx = So cos x= *
x= ) (Fresnel.)

LEA :

in * x= [m(9.gidx) ,
Coincidx = Releidx)

↑
y

& f(z) = gie
,f.f) CrUCRULEBE ,

LEGR
Cr = [Rei0 : 00

#tot
SiUCULE flz)dZtO =

Reidx =-Ricodo+Set (* )

# Ried.singdo, h=sinx-, ME,

h(x) = xh(0) + (1-x)h() = 0 , my Sin , Otto, ] ,
E

IIrlRe-R. dp= -e
-R -0

, R= 0
.

#Midt- (i) ,
R&

-

* () R = .: Cogixdx=Hi)
· #

:t ? 0
· (r : = (z = t .

ei0
,

oct < R)
y X

& flzdz = fileiodt =RitzosinI, = At = sine-i



I -

#Fourier it

5 6 . 1 Fourier"

#1 : i* f : Re***, fitIAttE(0 , +H)SE , EPP. V . [HitsldX=im IRIfHIdt > D
,

***we(0,+B)Fourier i F(w) = [fItseiWtdt , <E F(w) = Fifits]
·

# 2 : RFIw)X we (-0 . + D)SEAB
, RXF#AttEl- D , +1)Fourier

fit)=Fuseitrdw
, 12 fit = F

+ [F(w)]
·

(E) :

① F(r) = F[fit) , F(t) =9+[F(WD .

② Film =%fite-izewtdt ,
fit= F(w) eisport do

③ Elw)=fite-int ,
flt)=Ew)fint do

=> F(w) = Fil)=E(w) -R

= 2 /5 FourierSBER) : It Notes
.

(Fourier *B:fit 10, +OFFI : 111 fiti-BRDirichlet&, EPE

BRIAPETAFEBETT (2) fl-0, +B) SENATER
· 1) FourierBu:

- [Tf()Twede] fiwtd = [ [f(t-1 + f(t+1]
.

ESAtf(t)

- : g+ [f[f]] (t)= [f(t-) + f(t + 1]

11 : : ** flt) =VEsi)=" FouvierBetI
# : F(w) = Fit= flte int = [intt=inXE- (t))

+#At , fit)= Fluleintdw=(ost+ isiwt)dw=cost
d

t = = It
,=snt dw #

to d= DirichletB·
Notes-chapters,

1112: EA Fouriers : fit= to (B) 0)

: F(w) = Fifit)] = Sifteintt = /*-Bt-intdt =-+init==



2

"

E =e
- B+

15113: fit) = El-BE /Eco , B > o) #Fourier+ He
# : F(w)= [fItD = CREe-ptheint t = SREe-p-int-Et 7

= E.t↑
# Scedz = 0 = -By + ( - B)-R+iy)dy + -P(r+idy

-p R

↑Re-Bltdt =+I

=>immx=dy

= Te P(-R+=Y
-

-P(r+in] idy =ze-PRGy[sinkPRY)] dy
I + I12e-PRCPYdy -> 0 , R- 4

At , FIw) = Elim =I + + [B)=
Fourier** D :

fit) = %"[F(ND=Fluent doct + isinwt)dn

=>sw
=-Pl+d=, P,

CD
,
kelp0

.

5 6 . 2. Fourierits

① SEE:[CfIts + P9HT = @FESI] + BF[gHtD] .

&
" [aFIw) + BGIwD = <9

-

[F(w] + B %"[Gcws]

② XAt: F(w) = f[fit] , M F[FIt] = 2 f(-w)
.

AEE: F fit)=FIweintdw2tf(w) = SF(t) gittwldt = q [F(t)] #

③E : F(flat + b)](w)= wotfit] = F(w-wol. F(w)=[fit] ·
I

lim fit= 0
,
neI ,

In 11 FIf"it)] = (iv) "CIfitD ; (2) F(w) = fel It"fits]&YE : iR finitStTABEItIE

⑤ **R: F(w) = FIfHD · G(w) = Fight] , (u)[tftdt=Firstw) do
.

AA : [fitIgit)dt= C "[F(w] gitIdt= Flul eindw · gits at

=>idtd=Fidd=Ftwdw . #

-Parseval: /HtRdt=FwsRdw . (B) *

#) I
.
IR F(w) = F(fitI] . FIfitICOSWot] # F [fitssinNot] .

:STE :

9. [fIt) cosWot] = -[fH) @ ote-Noty= [F(W-wo) + F(w+wo)]

↑[fitIsinWot] = Eit)eotetot(FN-wo) - F(N+ Wo)) . #



3.

# 2. I = Sindu

# : D : 1= 2%d = 2 Sintwd)=W
=>2W =2 =. (Dirichlet

=: 136 . /BER : FIXE,Htt]=
W
,ParsevalJ

# 1 [EH)][dw =2 Xdt = Ej, dt=

#3
.

5= C dw
#: fit) = F

+ [in],) I= 2 Ifit1dt

fit)=it dowsiwt)dint

=>cossitduw-sinSt + sintW
W

+
,O , #28 :

= (sgnt)- Xπsgn(t+2)-XSgn(t-2)=EstaI
0

t s -2

=>1=2[Xdt= #

* *B (Convolution) :

↑: fit)#ItFEETSPJ , X f#*BDT :

(f ,
* fz)(t) = [ f, (e) falt-t)de

: fixfE .
(Hi*fulcEsdt[Hics/falt-es)de de

= [filfelt-e)ldtd[(fz(sc/ds SHicdes +a.

114 : fits=eat , falt) = e-bE2
,

aso,
b70

. < (f·* fz(t)·

F (fi*fillt) = feat-blt-d=
#:S :

111 fxg = g*f ; (2) (f* g)* h = f *)gxh) ; (3)(f + Bg)xh = xfxh + pgxh
,

[, BtK .

(4) (f*9) =f* g = f* g !. :EXFINA , E I (mollifiers)Notes (

& : (1) F[f,
* f2] = Fifi] . F(fz] ; 12) %[fifz]= F * F2

.

↑ 11) ,
12)

NEA : %fi* f2) = Stf , (e)falt-e)de . fintdt = ST file) -eime falt-z) . etWit-e)dedt

=> [fil) -eimefils) · e-iwsdids = f (f) - Y(fz)
. #



4.

56 .3X Fourier.

118. Dirac5- -(t)
= kn

#Notes Pn(
t- E- zn · En]

,. Bult Il [Butidt=+= 1
-

- & n + 0
. Fit* Unite - H= +=

#XI:ERI)T : 11) SEO ,
tOi (2) St (t)dt = 1 .

=:FEETFX , E-Tl(Notes : DiracEM)

#2:**** *Schwartz SIR)(B) EYSEA, sup, supremum . infITEinfimum

S(R) = (f) (*

(R):SUMM fin(X)D , Emine,
(suppf = /x : f + 0) , support. (

# 3:ItFEAT**:GtIfItidt = f (0) , F fESIR)
(5 : SIR) -> C

,
fe f(0)

: 111in MMH(x) = 0 , EmineN ; (2) OfESI) SIMI, COR) - (SIR)tJENE !

2.J (1) [tdt = 1 ; 12)tifitidt = f(0) : 13) Elt) = 8 (t) i

(4) dit= Ult) , UHtEU:BHeavisidel. 15) (Tt fits dt = (1)of (0).

16) dat)= its ; 17) Olt-tol : toEZ IAR
.

18) (8 * f((t)= f(t)
·

IAA14 : Sts · fitdt = Unifiti-utfitidt = 0-Sofits at = flo)

*EX3 FR Ut) = Gt) . #

3.FXFourier

#: T: S(R)--RX,X JETJAEDTHET :

[f[T] , f) = [T . FIf]] , YfE S(IR)
.

Ju

: SENESI . TtS, , T : 18 , 93 = gits fitst

11) 1 .
Its FIGlt-tol *DFIl] .

# Folt-tol = Colt-to) eiwtdt = Sosie-ins fintods-into

(t= 0 : FIGHT=eit = - => (t) = F"[i] = ceitrdw = 2π-t) = Se-itwdw)
9)(w) = [ -intdt = 2π8( w) = 2πG(W)

. 19 [1 . f](w)= Fi] * JES] = J [f]) #

·: INTEREXED ,
tEfES(IR)ER fEGAE . ARRYFEA :

[F[1],) = (1 . F(P3)=C[P](w)dw = 25·G [P](w) &To
. W

di

-

> 2x. 9+[FIP]] (0) =2540) = FLIJ = ITEM

11 2.Teiwot],[coswot] , g[sinNot]

: TeiNoty= etwot jitt = F[J(W -Wo) = 2OW-Wol
.
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-[sWot] =Not]=W+Wow-wo)
,

FEsinNot]=id(wtWo) -FiOSW-Wo).

1) 3 .
It FIsgrits] , FIUH] , FIUNICOSWot] , U : Heavisiden.

#:"TH)=int d==gn(t)

E &git)]= = q[sgnit] =-

② Fluti] = FlctEsgniti=OIw)-

③ Finctcoswot] = E FIU(etNot + e-iNot)] =W+ Wo)+W-Wol-wo
# : FTUt] =TECH1] =11=[uit]=INFInt]e FIUn]=? DUI O , EFREATER !

B14 . ***: axiti + xits + cXdt = hits
,Act

,
ab.c

,
h

F:* X(w) = f(xit)
,

HIW) =FID·F Fourier iJ:

a q[xit] + bF[xit] + c FIStoxitdt] = FInit]

=> iwaX(w) + bX(w)+ X(w) = H(w) =X

XI) = q
+ [xIwi]=OHWSe dw .

#

#) 5. FIW)=+inoFourier

: 136 . 1
,
1312ER

Fift=Ew , fi = let,to

Fins=-)= 9.)= (5St
=>

g*4+in))=[e, #
↓

↓ FourierRES-EATF :

* Fe 1.,*F

g
,
FfeS( : (559] , f) = (9,[f])

=> [0Eg]()f(w)dw = g(w) FIF]Iw) dw .

111:R91 . 92DETX ,
* Fig. + x92] = 5 [91] + x4[92]

.

A : XEfESIR),X5 : "DB."FRDNB)

19[g . + 192] , f) = (9 . + x92 · 4[f]) * (91 . 4E5]) + 2/92 : JES]) # "AA"SEE
.

↑
# = = (959] ,f) + (F[92] , f) = (559)+ x4592] , f]



https://math.stackexchange.com/questions/3726611/fourier-transform-of-signum-
function#:~:text=If%20T%20is%20the%20signum,%CF%86(x)dx.

6.

E 55g , + 192] = 559.] + xF[92]
.

l FIUtIJAt A Wit=+SgrIt)NE
.#

(2)E**IE:* gHt) A -TFX ,
Bil

11) g[9(at+ b)](w)= figH]/ : 121 qeiwotgit] (n= FEgh] (n-wol

FAR : 111 FfESI) , # :

"IFR
.

(y[g(a . + b)]
,
f) = (81a . +b) ,45f])glaw+ b)FEs] (w) do

= (w)[f](b)d=()(f(t)+dt)dw

= (w)(it)d
=>g(w)))ibtflated= (w)f[eibtflat) (w)dw = (g , 5 [eib+ f(at)])
=> [519] , eiboflai) = [F19]() gibw flaw) dw

=>Ig)w)d= Figt , e)

=Hit -

59]( , f)

121 VfE SIR) ,
El

->E, ! )
↑ Igiwotgit] ,

f) = Leiwog · ·[f]) = 19 , eiwogIf]) = 19 . F[fltewol]]

- /F[g] ,
flo +WolY

= [5[9]) . - wo) , f

=> g[eiwotgit)] (w) = 5[git)] (w - wo) #
#** Ct) EF Fourier:

[FTilts] , f) = (oit) , FEf]] = FIf] (0) =Sf(t)dt =% : fit)dt = (1 , f) ,
Yf-SI)

=> FIGH] = 1
.

*** Fuit] = in FInt]Y, FIGit] = in FIGII] = in.EAA :

E15)

1958] ,
f > = ( FEf]]=OFEf](WId-CIN) JESTCW) dw

Fourier0.12) -T
-(& ) · FEitf(t)] (w) dw = Ci Ows FEitfIt)]IN) dw

↑X Fourier iREX1[TOJI) · influ)dw=w · flu)dw = Sir , -7
.

Je
*AFREE 17 .

(2)
·

9)[8] = 1
.

FIsgnit]U, :



T
.

↑RETi]#Schwartz *** Fourier isEX.ETFE :

FEEs] = 1
, q[it]Iw) = Fir

J
(Fourier t

,
36 .2)

#EFF Xt,E
.

·[1]Iw)= 2& (w)
,

&[sgn(t)] (w)= (A3 ,A

&[UH)] (w)=(w)+ U = E sgnit)+I, SsE)
↓
FERA1 FIG =FIUitT inFIUte] . D Ulti = 10, 36 .2O

↑ X Fourier :

↓.A ; 2.t .SETAt ; 13)Fourier!

1) : giNot
, sinWot ,

cosWot ,TFE,TMZFF[]*Y .



J
.

# LaplaceB

ST.IYD ! M

1 X:fitit[o , +Al, IP) fEG LaplaceRFA : FIs) = LIfHT] = 90 fits Estat
,

SEK
.

* F# Laplace isFE,FE ,
it fit)= 2"[E(S1] .

: S = Stic - F(s) = Elfit) = FIFItIUI-Bt] (w)
,

U : Heaviside

1)l: Leat] , Losat] ·
1[sinat] ,

aso .

# O [teat] =*eate-state a Rela.T

& B :-· [tusat]=Ccosatestdt=binate-st) t* sinateStdt

tiReS - 0.ratetkatstattfloats
Itsat]= Re

=.R : Licosat] = -[evataty=feat
= la + Stal=

③ 2 [sinat]=ar 1#+E ! )

:Be fitOER* * EDO , M30 ,
sit.

, Ifitl & MeCt ,
t > O

,

↓

F(s)=2[f]* RelSk CELED
.

(

AE : IF(s1) = 19
*

fittest dt) So Ifitie-stIdt.MERes-cltdt , RelSks AtA #

# : FIS) = [Ifit)]
.

11) F(SolD , ImlFIs) Rels) > RelSol L; (2) * FISo, PFIS)RelS) <ReJSo
.

E : 12)BEII
.
DW 11). Gt) = (f) e-Solde , Mul Elt) # to* P

[Rels) - Re(so)At Citiest at = So fitse-Sot . e-IS-soltdt

=> (t) &
- /S-Soltdt = E(t)e

+ (S-Solt( + (S-So TICIS-solt &t

#EFRED #

131 2
. L[t](x - - 1)

.

# C =MENAt # L[tm] = gotme-stat = 10thstmstmt
= -+dede

,
Be

*-X-1,B : LIFE (EFA) , P83 , 32-/,B14 .) .

F(s) =Cote-state dt=
#E ! SE ,

ABBEE [0, S . 4) ,TTF Fo, +O) AE !



2.

: 0 II1] = 2 [Ut]=

② Mm) = (Bettm+
dt , m > 0

, m4(m) = P(m + 1)
.
Emer

,
P(m+)= m !

1113 . FiRTEH] . T : 2IGH1](s) = 90%Sestdt-estIt= 1
. /Laplace

2. 111 SEE : 2[xfit) + BgitT]= XL [fit]+BLIgH]
.

(2)F*E:& fit) =0 ,
+O

. acR , 30
, FIS)= ][fit] · Al 2[ult -z)] = e -52[1] =E

1. LEE) : [[fIt-z)Ult-z](s) = e-ISF(s), gite-ESFIss]=flt-esUlt-e) ; (11) : 2 [coslt-2)Ult-e)]= ets[[cost] (
2. KI*HE) : [Feat fit)](s) = Fls-a) ,

*+[Fs-al] = eatf(t)
.

(*) : [te
itsinat]= 2[sinat](s-e)

131 Y*NE :RFIS) = I [fit)] , I

↓ L[fiit)] = S"FIS)-s"-flo) -Sh-2f'(0) --- . - f(n -

1)(0) . (1) : 25tm] =m , meet)
2. F(s) = 2 Etfit)] ,

FISS) = LIFytUf(t)] · (E) (3) : [Itsinat] =-az] ,
aso

A : D2[fit] = 90 fte-stat = Co
*

(fitleSt)' + stItte-stat = fitsest/o + SLEfitt] = SF(s) -f(0)
.

2:E .

② FIs)= (ftest deF

14): FIS) = GIft] ,
I LofIId]

IRAA: git) = Sofle)de
, Mulgit) = fit)

, 810) =0
.

FIs) = 1[gits] = S[[gHtI] - 810) => LIGHT=#
15)*F

# : itf*faltSEE .
B fzEFIBE

[file) falt-1) de
, t> 0,

(f. * fz)(t) = [(fin) * (fzu)](t) = So
+=0

.

utsHeavisidep.

#  5 . * filt =t
,
falt) = sint, (f,*fz ) (t)

·

# : to At (fixfi)(t)= So [sinlt-e)de = t - sint
.
K # t x

->
->

# : i* F(s) = L[fitt] ,
EIS)= -[fzItI] , Rol L[fiAfz] = Fi(S) ·Fi (S)

.

->

g z
I A : LIfiAfz]=office) fzlt-e)dieSt at = SoSefil) falt-e)e-st dedt

=> fit) (E) -Stedede = file de . [flElesEdE = Fils) . Est
. #

# 6 .
it [fzeatsinlat)de] .

: (B) El #55:E)

zals-al2t fe earsinlazide]eatsinlat))eatsina]= xs-zas +za+#
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57. 2It

: S = B +iw
,
# [[fit1]= [fIt)UItie-Bt]

,
T :

f(t)uIt)e-Btflesue-eq-ivede] eastd
[5fIt)]

-intended
=> fit)= Flstiw)ei+it dw= eids

, to
. - LaplaceB .

RE: FIS) S...... Sn.MFIS) =0
. M f) = L"[FIS]=RestF(s)etS, Sp] .

S
A: BREK, Rela) < B ,

R= 1 ,
2

, ..., n . B ! ) ·
# F(z)etZLRUCREGBE I

11) 1: F(s)=5 + 4
At 3)

: Si =, Sa = - , S= 2
, St=ze & F(s) etsJ4T-B . #

Res[FIslets , i)= Res[FIssetS, -]=- Res[FIssets, zi]= Restissets-22]=
=>"[FISI]= Res[FIslets , Sp] =Et #

112 : Fi FIS)=6+4

# : (3+ 35+ 63 + 4 = (+ 352+ 25 + 4(S+1) = S(S+2)(S+1) + 4)S+1) = (+1)(S+ 1 - ji)(S+ 1 + ji)

S= = +, Sa =+ 52
, S = + -5

Res[FIssets, -1=Get
,

Res[FIsset? -+Ei] =-Hit Res[FisetSy-5]-H-B

=> fit)= Restles , Sm]= -2ct +Bin

1) 3. FIs) = In E ( (4 , 0])

#: FIS) = [Ift] , Mr Fls) = GE-tfit)]=2.= = G()

fit) = - E "[GIss]=-E(Res[GIsletS oJ tResIGISsets-1] + Res[G(s) etS, 13)

= [2+e
+

+ et) = =(2- et - et)
.

# 4. FIS)=F

:--TED : fit)=2"[+] *"[t],% -BREB

2[+] = Restric+]+Rest:test
f(t) = 9 - sinTe-It-2)sinct-2)]di = * e

+ (sint- + cost)
.

= FIS) E =B



4.

Res[Fissets
, +-i] = simFe=up(s= + - 2

= ye
+
(i- t) (cost - isint)

Res[FIs)etS,+i]=Els = -1 + i
= -ye+

(t+i) (cost +wsint)

=> fit) = 2"[F(s)] = - -
+ [Hit)kret-isint) - (t+i) (cost + isint)] = (sint-cost) .

↑) 5. >FIS)= 1MFIS)P ,
EPA

: fit)=[] +],[]=m = + = tu(t) < 0 ,

HER : 1"] = (t-2)((t-2) ·
B fit)= tUlt) + (t-2)Ultrs =St

1316:F:
"

+ 45' + 3f = et
,
f(0)= fid= 1

.

#EFIS)=[fitt]
. #E : (If"it] = SF(s) - Sf10)-f((0) = 52 FIs) -S-1

2) [fist] = SF(s)-f(0) = SFIS)-1 , Let] =( . etdt=
*ITELaplace t : SFIs)-S-1 + 4SF(S) - 4 + 3 FS)=

=> F(s) = (++s + 5+3)+4+ 3
=S+ 3)+=-

fits= 2
+

[FIss]=[]+[i]-"[]

= +
+ 2t -e-t #

17 .iRE : X + X - y = et
,I3x + y - zy =2et

,

X(0) = y(0) = 1
.

: XS) = LEXtJ ,
YIS) = GEYHI]

,
XDEED LaplaceiPTE :

&I => x(S) = Y(S)= = x(t) = y(t) = et
.


