Ehegrxhon hap 1h. Lowrent Sees . Pesro(cca wf%«wﬁm l6-1

)) Cauchy’f /})feﬂmé formula @f(-a) éi';)d#
i) Anothur methed ﬁvr evtluhis tompllx it and futain real ,;,fW ik iy 7”"/’377
't davelop fl2) in  powers of 2-2
— P -
Laupent Seqes ,%e‘ T%or seies il i h g

v ) /s 4/~Y/C &
/ Iafg,avtsmp—j» egx.’
L_7 ’Vi}“*’V& fowe/s 0J£ " éoofml/c Jowes (;f- 2-% But Laurent Seres Can .

ConVelyed i Ap dnpulus  pith  (eater 2

We cap represnt A dven fun ctfin ﬁ%) 7%4# B ﬂ/la//'hc m

\Cﬁg‘@ de=0

f(-z) be annl/ﬁc in & domain &67"1’7«'47/107 two (oonbic  circles ¢ and Kz)

amd e dnnalds  between +hew

an anoulus

Louregts > Thearem .

withe (otea 2
fr pth C
Theq o ), peteen C 0l G
f@)- Z a/l (f ?o) ,’Z,-ﬁ i

an

(#*-2)
— /
L ~ q e Ex £z Az’
ﬂ/?‘@fﬂk‘/”yelg @( Z) :,—Z_ dﬂ (?— ?D) ﬂ%aﬁe— dlf o ZTL{: - (Za\l-_ gnffl

ﬁﬂnww P“h" Ojc,,za(;rr:*_ri;;) of‘ e MWV@ pewers)

) + )”’SL (1) d ?%
Lifare gézz*) A+ bn = j/ -2 (,__,_/——ﬂ
G = zn,cfc d £ i 5 ney g an Residue Mﬁgf'_hy

senes
me) l)onﬂ@;&ﬁvﬁ powers . Thg[or Ses s SLIP>

fom (D m 1§32
ﬂcl

g

o fod= | L I 4

k) = i J, 27 271 . Z-Z Cwah)"f e T
\ &9 x| _JL’C{Q 45+ iﬁm’? '-‘ia%?dz—
. jt('%): ?fu%)+ btz 2T o Cz-*—z 4z " zmi i%u K= ' .

- integucke  counterclocids e over both C and (o
Z any pont i Hhe given annulus

¥ so

Zﬂ)'.{j Q:E_Z_)A?*': g anCQ—?oyl

C' ’ § I fa*
@

Taylor Series Lot O efitents  On= m—

) Bz IC%*_~2° -
¢, ¢ be replaced by C. Z

the /MW’ (A)&_a/e +He FnTeJmnd === S net anal/fyc

=



(b) nag&h\/»@ Fbwers : ’6-—2
|
2 Where bh;_\-_§ (z%- 2.)" f(f*) A2
(-Z—Zo )"I 2T >
’ ¢ ¥
e j j-izs 42z whiwe Z 15 in Te annulu ourside of e path C,‘l‘

z2r-2z

=2 <

Lop ™ Ha powers 72
8*\2 —>  devetop pewver of — -
‘ =) i ; e 1+2i°(
2¥-z  Fra-(=-2) (7- 90)( e ?o> T zoa 2=
z2-2
_ 1 [Er=
z-2* ( Z— 20
mulfplictioe = $(29 /e itegadin el (=
*
h(2) = ~ _]% _FE o
2nz TN
C

- | *
= \—{ s ﬂz)d% +

j& (FafE)de - - Y=y

*_

-2

)"

f(_,&)”%‘@*)dfj

N
ﬁ & 20 e=*) d#} « Ka (’3)
G

!
2_%}1+,
Skip!
'
-
Louren Seies sf 2 spnz Lith  cter (3$ @o’} Ana\yﬁc)
= ) h \
sing = > G
n=o (0!
- LN B N e
"ZSSMZ:;\Z___S Sn+)) B S S E 504-02 T
fﬁnﬂf“ﬂ part Amnlyg of
Comver
a2 onalytic) e
Ex ) ze with  Center O ( not onalyric.
S x"
O L
Ve _ el
= nZ__b n (%">
= 2 | I 2|l >0
o En S I#>0.
S pm‘nc(’fd part 7s mfintte Se”’eiy
7
Bx3) _]_Li: @ noneganve ?ovmefb<>
Lo | 2|<] B
I~ n=—o
® v wey
e = al BT T \=| >
= = “_2 < E— = _Zn-\-l 2 2
S T e



\

X4 | \

15-2
2z 20-® oz é”»z
v )
'7L 2l < §*§+%‘~+\-\2+--.
Lo B 0 S R
& “AT ! e 2 N
ZXS) Taglor  ond Lourent  Sedes Loy =3 Wwith Gater 0
g 233242
Lo
n% 2" [2]<
S T
= v
(5]
—/—‘\ = h‘+| ,Z“ l%\(l >
A(j——z—E) n=o 2
60 3"
‘_‘_:_ )l:\z—;’ﬁ |%\>2‘
2-2 Z()—E =2 v
12l <|
0o \ . \ y\
= .= A+.2";Z(‘+ F>%
=9 n=° p
ClrIK
‘ S e S
i’;’l«*zﬁg“%?*z?*g? T T3 >
\£>l n
- \ lh l’\ »\;
2_(\5\4 - 2h+(> Sl <’+L_3 o
M\Y fcdzr=0
If* @) i went  Theorem Yoo onalytrc  Anside Ca N <

‘ - Gndltic,
e coefficrent @ b‘?r Cau,ClnyrS Mre%ml thearen,

. that  Loureat Sedec  becowmes  Tayler Seaec,

Tbr excm?\e, EXS. T,
- ) + N~ + g
Exz. @) «E\nlz—r‘"xi— (- 2,) :‘f'(:} D4z
g ifxm "
¢ 2* Al

! Closed Soman |



6.3 Sneulan v
Mg ul aty nd Zows In%wa, 164

D f® i S\Y\aMer- of has 4 Sma\ﬁaw‘fg W A penf ¥=% ff f@ 7s nzir‘ﬂ');ﬁ—cé

W) isofated Sngulavity .‘JC 2= has & neijhborhood Without further Ongulaties of
Y f(z)

fmzs :  gsolated shgwlates at £L £3E i

gl ¢ gomisolated  singulaigs. A Z=0.

(an_be classifed bg e [aurent S&ies

&

Isolated  sngdlaities of fcz) ot 2= 2,
< " g brn b—v pancpat port”
fear= Tt (Z-%0" % 2z ay

nzo

B}
valid  Tq the wtermediate neihbovhevd  of  The sigalar pout &= 2o
excypt # 2 fesel 4~

o<|lz-aI<R

&na\y-h‘c s =20
) I{— T has av\lL -F?ru“reﬂq mmy “terms -
- J

o +_b“_@ (bm +0)

Z- % (%

[ smgq(lm+a of- fzd) o z2=% called
Ay Fo(ﬁ with e Ofo“’f‘gm).

[ste order Fo‘e : S“‘W\fle. F°I€S-V

v
Q in«ffm’l'eﬁq many terms - Soolated essential chgularity
: q

B4 ‘ Swple Pole &t Z=0
) DO F =
j 2(%“1)5 (R-2)* 5t order pele o B= R
‘ -~ -—
j 6/5 = Zn\;n = é’ T ?j]gﬁ - ssollated  esentiad 5\14%“[%*3 af 2= 0
SmL = i’—f " Sas il ‘ o e v
e = p=2 (20+)] o = = 3?‘2‘3 + Bz + - .,
\ \I‘(D ¥_59M e -@* “’2 <+ Sl __LZZ+ : - N <) order  pele ok Z=0

Q—goﬁ/

E)(l) Rehavibr npear a pole

F2)= —%—L pole af Z=o0. L 20

Theorem 3}) Pﬁ

3} f 5 amlyic and has o pole ot Z=2o

}ﬂ%)lﬁm

f@]—e0 a5 22 nany mange,




16-5

= | N .
B&3) ¢ e ssenfiul ?@r‘“ﬂ*”ﬁj o
imagn na’ . ,
/- | : ,
(DR C 2 = Mt
o
od %‘5—5 : o e
—oo
290 (0] e B
= - by arbiranty Small ~
Tr takes on any 9ven Value C< Ge 0 2 an drbiirany £
g,y néJALDTl’WDA l?f Z=0 .
\
{ # ‘6—
Ser Z=re’ )
e (056 ~ZSMO)/r ’ eIOL
e = ¢ = Co -
€= " e,
65055/)’ . co (o5 = I’fnéo &95;4—57)’)28:/
‘- N Sa /
- _Ein,? = O(/ —5,)’8 = Oé)/ ’2— }
¢ N (/n c,)‘_r ol

> Hena r won be MML€ ﬂfbi‘h’anfg 5”’14” bg ﬂdd,)«? MM{HP/eS of oy

Leavn g ¢ vnaltered .

—>  Prard’s Theorem

If F& 3 analytic and. ] ; .
has an sofated esse/)h'af fﬂlﬁMfAn—{éj ot &P wm+ » [
L Mos+ oye Mg excpial w\wg)

{ © e valug Wl‘H\ ak
it tekes on €vens y < G =

in

o arbitrant

) Re movable 57 g(ulavﬁies;\

- dysre & B2 -
B CZ') 'S net AN )' )
&4_ bir Gn b Hure loa q“'ﬁm’ﬁ

\ies a switable value f’(i‘o)

e Made MW/\WC
f- we defing 'f‘(o) =/
3

- SZ = es= anaytc at z2=0
Ex. 5= —"‘2— = becon y

[ ?e(US O’}A ﬂﬁA\Z”U\C ‘f:UJ\C\’lb'y] ) ]C(Z_) n o A domaﬂ/\ !

oz 0 D Sudn that TGRIZO

7 S —f/ :)a// jM.., j,(n—l) &“ 6 =
et FN (2) ¥0 |
%
(e %0,

Q Zepp hag  order A

7
) Ond eder Zew | &) =J(E)=0



16-6

EX 4. Zefos.
et e e at  Fe
/
5 Gk f”f ) 9nd  order Z&oS at T, e
i
% Sin 2 Snw\f’e T b S R
%‘ sniz  : Oad ofder ey A4 O Xam, XAT
S Gosx = S
: ’Wlof Goies &t A Zero
-, o =
s an  nta-order 290 27 % o LI $zy ... " @r=0
7 Ay oo P =G
: &S . )
Theoten J— i £ (ko) Ore isolated
L E stains  po furthy  Z50s of Se2)
> pach of tho s 4 ﬂ&jhfﬂé/h""’d Hhat fo
| Sl zes. il £
Theorem 4 . {7@[?5 M%f,f//
g o and  have
//Lar $e2) pe Ma\ync
} pj/ /Wl" 07’6(1/ -

has

- mfwit
v Pnalytic of Smgular ar A ,
nkm §C2) Lor ﬂara.e 1zl set- & 27 0

Ipesti e O fu
: e
f2ys FCY) = g s negaborherd of :
w it
to be owm\%wrc oy 9\,\%&“ bk J R
analy<Tc o sigular regfevh\)eﬁa _

We defme T
:-g gm) RS

6(0)‘-

NEX

4 = | = W
Exb ) ])’&(i-): %h Onalytic ook m\C\v\:‘U ( Shee 3w A

) ——p Jnd order TEO, ot O
An @ 30»): F(Yw) :/MF has o pele

Df(z): 23 Sngular &K 9 g 3rd order pole i
1l ¢ Senh o &
D fe-e” e ssentra fm?{ufamd o o S ¢ has A Smaﬂm_y - o

L '3%)
Xy Gmc\\y-r?c - Wy



b.3  Residu mfegraion  Muthod =7
Purpes-e. "'j: chhj‘s restdue Wcarr“aﬁm W‘L
3 e embuahon of IW”?X‘A&

}? (2 has a sngudart o O Pt = mside C | but s otherwse
<1

analTrrc on O oand insicle C
Then fz has @ arent seies

b
o
-Z (7 -2)°

Mar Z=Ze (’efc@f’t Z= % 7T5€/7£

ez )= z 4y (2~ 2)" +

donve/ges for all  poonts

o<l [2-2s] <R .
bl: [st nejml/e power of £ pf +he  Lawrest 5eyze; fmﬂ Lagrent's Theoren,
by = anf@)o{f- kﬁs (-Z) c
-?——20

j fez)dz = 2m/;f

anund e it C:/c/e N

34’) ng)z z Fsn= cobﬂ‘”’”céackw?je
feo= 5% - ‘23‘55*%*— )2l >0
f(z) has =« fo,(.e, of third ofder st Z=o
resicue L _}l_! ﬁc Eg,i:‘ dz = 2mibs = ._7;_"

| Ampwa&d:w,je amund  Ahe & Trele l:z’l 2
T e
§,‘nyﬁar s . “”d @ J

oudside  C

Ex>) 2=

oF

anside ¢

» need residee at Z=0.

fom  Laurent S5, ot coveryps &b for ol

b S g T
g T R [ R (D<{zl<l)

= ?_W[[R-e_s j»(z)/‘l . Ll

%=0
i,
Formadas  for  residues

Symple. Poles o H ¢

\Yhf P {?Qs }CZ) = ]9( = le\/\ CZ— %o),:FC_Z__)
2=2 2> 2o

or ca)

Res &C%)- Re;L L

2=25 2=z, HR) 2(z-)



me &'C?):@ =g

= —
D br 4 Simple. el e a2 ‘2o %3(2) }(%;‘7 sife Zez 2z2,
Fer= gb“z Faot & (Z-F) T a2 (=) . (o] =nilic R )
/UM (- go)if(%) = by = ég"‘; (2-2.) [&"_(_ Qe e J = b f
292, — &2 5 )
@ %ca:%{%%f%o)%’c—a) + (%—;Tb) o SRR L j—%’
: : i, @s
Res ff-(%) = Bwn (-2 Ec—e) = 'e""" ‘—’fz/) e e " = 7 )
2ea 292 5o Tw (2 [ fler (22 @)/t - - j )

EX?)) Resrd(,(_g Ot 4 S(ere Po[ﬁ

feed= (92+0) /(23, 2) <

DR Eran iU
2= p 2 (%) 254 9-(%+o<g/4f) =2 57
Sy g2+ ) Q2+ < S §
@ %Eef (=eH0f “z;“?(;z%u) M [ . -
b 102250 i g%
(22 -
) 2o A pmth -order pde b P )
Poles of- any ° der ot l i - P B = b b..fa--z!
(2)= 4 _— = " by (22, ke
PR e e Mj b e
il '_2 =L a(M)GD)
FO J de I = (m~))
i % coe(fcieat
Res fc2)< QM{ (z%)f]@cz)}’ of . power (2~ )"
2=2¢ 2

5 QM" )
= &\?DJ J,z}’" [(?~2-°)m‘f(3:

: o y = S/ - 2nd orde, pol
1) ‘:r[’(i—): /C?g—f 22 -—72*‘1—) %2— D (2_+4_) W
d 1 o= 36b 'v

2 /®\
Res feo = é{n;? ‘ddzi[ (2-) fc&)J = &;( see) S Sh =
z= |

¥4
RwW)-Dlv2 2060

(—?'H;)‘ N Q+e)?
Severzd, S\Wﬂﬁes movde —fhe  Cobur . Restde Theorema

Ly supior_pont Biite C_

Ca,,( c{/\y /S :)’11’63/07-0 Theorem .

§ &CZ)A% + § f(@)dz + §§Cg\d%+-- +§ fC%)d?"O_
¢ [ ¢ Ck

\L ~ e e
COHVH’E(CQOC‘:LOTSQ, CEIS o Cgack‘df}ﬁ .

- %f(z)al%: 2T % Res -Fc g) §§-¢z)d%: §C‘§(e)dz+ §sztz)d;z o +<§Ck§(e)a\}
(}" 2= c

R T e
¢ == . .
Oalamer Qo(‘}’h)f({ L= r(\ dend 2 2 2MiRes ﬁf)




o é{réaw} -
2)(5 _L_‘:___S’Z—: 45 ) C,Qnd")'E)‘ O ' ‘ 277 't\ ( _4__’.') - —éTT[
c 2% W) 0 2N (-4) = —87< 16-7
) 27T< (1) = &k
W) O and | ae outside o
Res EERINE s
220 %CE*D 21 2-—0\ —_T o
Res 432 > ey -
25, =@ i P P
ZXA» % fan2 dz C 1 counterclockwise |2 < _gi
) G v v
o
g > TAms Js A 2R
:’ ’d‘ poéqlble;f“e} | AN
Q : qm"f BT S £ net analytic . but owide C .
4 R e
& f\,.‘,«ll Ll 2l = e+ (2)
ch_,,‘jk’ 0(0
b Tty o ems (Res L e ;ﬁ) :2w&(%§(+%/ >
@ W gl W\“ N_LC B b e o 2z 2=
f.m“'\s‘ = ZT_lA\—{,—c(”i‘
T2 R - -
%7 ze A ev/? ds 3 c(((fs{ 32 Covmterclockwie
E%*—ue e s
(™ 3 22
| st Term L= Iz;l® > :
1\ ——> Mo Wterest . /
. instde ¢
" .
Res < ze > i .
z=21 2%4 23 - 16
zi.. T=24 P
) -
2 2% %23 2= 23 /6 P
€ 55 enti \ 1 =
e al §Wan‘ta i Z=0,

:2(' : i o
i 2‘2 TR )

= m4 7 __‘_T:\_+ Pl B
I 6 2+

T
b

S | | _((z
Z,TT,\ < —_IT_E +;_)



Ib.le  Residue Infegranon of feal Integals

27
J = j Flwsg, smo)de

subsmwm\f"‘ o0
los® = -L< —l) (~Z+~>

X =
ING = % fellaa ) :5’;(»3—;)

£y ;0 (ae 42

2

(o =1

et 3
2y — X Wy Gt
§ e
¢
‘EM) 2T 16 l‘“ .
s VI — (SO
) = 2
hsg = 2 (2+%)  do= %;
§ 0\%/¢% M § 43 . _i\% _____A_i,__*_
& \E"%(2+i.—' ‘\7\_(2 3\52“) < | @R -n @-)
21\3}4 ) \E\l | ' ‘
T Ees = = i
po Mferest (2-F-) @) 2 -1 2= 8-
s outside € ) E
2—“./( 2>< >~ ?_L/
\5&9_5—00 o\)( Tm?mwa (\(r\‘e%ra{ ( not %Wi—e Nr\-e{vc«,Q)

R ) y hte:
N %—Rf(x)dx :>< Cow\df\y Pvmaclpa& Va\ue)f He '\\*'am,( s

Roos

= B z§e5 -}(%}

Lered plane
L4

53:?(2) d=  oomd C §

She &) s rahenal , @  has ﬁw-fcﬂa many peles it

Uptes holf-plane .

D DS,
)
Z=Re" oz,

de = g)dz + oody = 204 Zﬁmf(z)
§Cfcz) z J:FC) 2 ijf



161

Bx 2. oo
fa@) dx
o dy P RERE LG G
57)“3* g—oc ‘\—k)('* e .LJO —1%9'. €ven -ﬁ“\chM _2‘,’: _,
) .t
f@y= e 4 Simfle poles. \ e
w O N )
3Lt »TI'A/
0 LA a
%Qj 2, 2 lieg ™ the \Awef P‘«n,{ "
\ =i 3
~3me/. -
5, (s g
~‘2| 'lu/ 6+2’ }-2--‘—2_ 222, k)
Res Fca) = ) ) ’/ - 973/ L —Tiy
2=2, e?’Vl{»,L 4“2} 252, G = = €
b | (/4 ) ~FTa/ey - _ 2L - T T T
Z — = @ '}" — e 24 Sin — o =
‘m( e ) L;.<AM+> TSMT %
o g =0
So )X @ﬁ
Founer  Wregrads -
(S5
S Fex) cos sxdx Laﬁoo ssxdx 7

(e rer Fosrﬂ\/e)

J-}‘&d-\-ilH j

1S
% f e d=

J j(x)e o\x (2?«{&5{“ f(%)e\ J

__/,____/__—
Loﬁua Sum e residue  of _}C@)eﬂ'% at Ths peles ™ the ugres hatf ~plang
:szj 4
S Saof"x)(msow Ax Jr@{ Seysmsxdx = — T ZZ\IM Re s [f(i‘)
+@ ST S e Res [ e

. P S
s S o §(K>(/D§SX d\X - — 270 Z IW\ Ees [{‘CE’) e J

jez
§M§Lx7 Ginsw di = 20 2L Re Res [fcare J



K= x S — 2% dx < q 1612
Lo &%
TS? \
e frea® MQ’%L one PDQ& m e Uppes hatf—plane = k\
17% 1SR _sk
R-QS .—e—:—* :@Y"\ = - e
= 4£ 2 * 'é -291‘_ 22 N 2 iﬁ
~ks
el
2 or Ax = 2—“; —_— i 'T( ~€_§
s B AX il R €.
. 00
e o 5 g‘ CosS%_ gy o -€¢
(oc Sx « KSMSX Peroece ax 3
% Sk S¥
2t 0
?n\(’,ovem :\_ . LS\\MP\e PO‘(’S on e Gaﬁaﬁ (XX\\Sl S:.n £ x>
v
a {c2)  has a S wple Po,Qe ab w=a_ on e e xS
Lvn | Sc2)de i Res F¢C %
>0 = i Res §)
A-r o a~r Ca - 4

b e finitibn o'f a S\\AAPle ?O‘Q

= —_b\_— = (:
e s by 2?3&%)_

L e e

Sct’fcahz S:T b)

re?@ Ly e d@‘i’j 3(2>A2» = ‘DlW&}ki(ﬁ)d .
Cs =

(=4

<t M
= 2T Ee;{cg) + X ﬁZKesf(@)
/
| poles M e All poles 01 ths real OXCS
Lpper helf-plane =id
Ex+, AX S R R e U
g CXL—SX-\—Z) (XL‘H) . (%=X -Y) (;X+,C)()<-[)
— o
~ )
= = —\— \ = = —_—
z2=1 2z=2 ON le read axigef 2= ’RSSLI-)‘Q- = >
Der U per haf —plang 2=3 Pas 1 .
-3 Ly

2= 3 J | 3-2

N ﬂ*(l—si>lzi_)=75?: 30
an 2GS Ak ‘ 7
l?o") e

(o




