Laurent Series and

> Transform

N
o
=
~
(@)
(00)
=
o

Copyright (c) 2016 - 2017 Young W. Lim.

Permission is granted to copy, distribute and/or modify this document under the terms of the
GNU Free Documentation License, Version 1.2 or any later version published by the Free Software

Foundation; with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of
the license is included in the section entitled "GNU Free Documentation License".




Generp Series Expansion at =0

| é’f
/- XC f=2 a, 2"
n=Mv
) (2
% (o
. a = —  f&

-Z,h POMS O'f 7¢2)

€ “

a, = z—& £ ®
‘Y\}o %‘[‘ z‘; .Z.sl )







(A ("“7/0) ROC's of L.S.

cose® =>4,z Cose @ £38) =2 ba2’
N PN
/TN /AR
L) )] H&RNR
\ R\ ) ) W\ N,
1/ N\—/
~_| ~_|
a = 2‘%%0&2 N b = z’l.ri %Cfcz) s
Case®  FBD=2>2C.2" Case @ @ =>d.2
Pl
e N T\
(7 N\
([ * JRRR N
kT /)] \\ &S ) | )
NN 4 AN\~ //
Co = 3 §C {:2 d d, == %c 8 e

*x fa(%) valid in its  RoC

fonvenge




&'ﬂ (““ 7 0)  ROC's of Caudry's Residue Thepyem

Cosela| fm=>a.z2 cose|P] £ =5 b2

S\ S\

(70 ) ///@M
&)

\ "/ \\ (£

A TR T St 1 F

Coselc] fw=3c.e"| [CoselPl f@m=Fd.2

// —

i\ / \
@) ()

Y \ /

~ ‘r \ \

c. Res|\ 2210 ) d. Res (£2 o
cf) B

( @
TR R_'Z")?) Ral cz) %

'* AL termine ohich peles ot used um the Resdue c,byv\}puhghah




% Generod_ Geries Crpimsim of 2=0

o= oL § E® *
f@y=3 a4, a, =T
n=Y,

=5 Res(£2 | 3,)
o *

% T-Trons form

00
- Y 7 X ﬁm%“’iﬂi
%=0 L -

ik ]

- S
- 4—- J f‘-
k




Sigral Processing  Applications

Ag —» X (?) Z. T
an > (Z) L.S.
/I\
Given signal Se gnence
(n20)
QO A~
- Consal  Signal (79990
VN
>
j w ,= O (’Y\-<\0)
\ PR ©)
L Ank, ~Camsal. S gral Q 9‘???T
VRN
\ ) -
== =P > M=o




Inverse 2-Trandwn xCn] = T-(WS X(2)2™ da
G

X(?):

P Ay gk
$=o

ya

X (@) = (

k=

]z

jZH Lhsde = | s 2 de

\\

7_ Ay, 273

L0, 00)

=To,na] U [m] Y [+, 00)

L g

PR AR S S M I SR s

= = ~&tn- X
e
( X (@) 2" du= s Atn= [ %, : Ae,
Jc, 1-c ___b)(f,,i de [T g - + 4£§;|sz
= = ~&4n-| LN 2 i
,Z:.;"‘* dzfxn%z. de 4 kg;lan?.——mdz
Vil 00
= T O I T
=0 %= nt)
= 2WL - A




2 - Tonsform  X(3)

L ourent  Series  412)

z-Transform 1) @« o Ay

Laurent Series -F(.%) - > O\n

x1) = 7'y @&=% 1, = (.

z-Transform XLCI._) &Em» Ly

Laurent Series -{;L%) > e O\n

x2)=f12) &= L, =(_,




XD ={(2), An=0a

FIZ) = ---

‘\’023 + O, ’f: + Re2’ &+ oy 2! + 02 3 + --
= ..

¥zt + m%‘ 4+ (o120 + (o0t +
X(2) = ...

0ottt e
¢zt a2 *Mgwhh-\ oz +

FEY = x2) @=% Qo= Lo

vizy=£rat)
FAR\ Y4 J e 7

~

-

causal
Ps
X

-
[
\
A

e

-

\ [

i \
N

"

-




XK =§(a), dAn=0n

fz) = ~ +02 4 040t Go2’% A F & i 4

fay) = v bR 4 Qa2 F G2’y AT ¢ gzt

S~ /
— )

fa)= v mt A MY ¥ Ge2’r B4 Rt

%I.

Q4 Q2

A= T r 't %t kgt

~— /
= )

Y= o Gt v 0E e oyt Attt

- t z° g ¥

LN SO R TR PR

z-Transform XQ) - > ly\

Laurent Series ‘H-%) -« > O\ n

x) = fii'y) @&=% L, = (.




—_ |
d, = Xy, w=mp X(2)= (7
- e
T@= 2 A, " X2y = Z-;?(h z -k
C fzy B
X, = 21Ir£ jc zne 0% Xn‘——?}r%%jﬁﬁ?”ﬁli
£(2)
—ggﬁ(i""’%“) = 2. R -
%
X, = Xy eemPp X(2)= ()
A, =5 Res(£2,2,) > Reslxwz™, )
e < ke
\ ]/
= 1 (72
con fovmoll =t X/ // X‘=/=jHP97
Iho‘;f\na v/

g_. R@&W",UQ




g P n A/ -!’n"
+F(@D= 2 & X(E) = Z_szik

n=YvYl *=D

D S ¥ a
&, 27 gne 0% N ~

£(3)
_g‘g*‘(an~’~a) = > Reslxwz™ 2)
k

A, = Xy G X(2)= F(zh

G S Re( L) = 3 Reloa)x
3
\ / Sy
Y
con fovmal =t \ ‘l Xﬂ);f(:o)
i ]

4 -

So
L. )
k




={0n

— 4
XY=Lz, xn
ad, « - £(2)
S N £ &)
a, = m&§4
C
2= [dt=- W
- l S: 'ch“) wv). d”
ari J_, 0t "
L S TR
2
a = ! S; £c y -1 m
v PYH j’c
Xy = —L—& X@ 2" de
2T Jo
dp = Xy =P X(@) = F(D
d, = X == X)= FE&D
fz) X=£12Y |, =
4 T C’

/

N
\

\

[
\

\
* 4 |

O\

¥\

_




XA =2ty | [Za]= 0o

X, = o ‘%’ ot dw
LNE - W

d, = Xy —) XY= {*(Z)

Ay = o == X(Z)= £(2)

fea XO=+£12"

4 7
/TR /( /

AW
/) \

A
-+
N
\
o5

N N

\

N—




Xy = Q-n

Xi) = SO CE AR A A (O L T T T
—x)= - +ﬁz"+)ﬁ}(a*+ x,}zo + (4 2 +x-(z*‘+
T R N N A O AN

fy=xt1) @&=% (.= 2%y




X(O = 'F(%> ) Xn = O-n

fR) = - +QT 04t Got’y A F 4 gt A
(S t 2° 3 t
— fw) Q- P P
X(.%)"—' A 1—111{'14 E“" Iol"-\' Xy %4 4 Xa %‘L-\'
N~ _/
a NS
AR) = NP 0 v W%y oyt Xt t
Fh 2 2° [ 2
X @) o ou G L L e
SO ! [ ¢ v
CRECIC 0 R

z-Transform

X1) @ e Ly

Laurent Series -FLCL) - = O\n

)= f3) @&=% L, =(._,




X(%') 'F(Z) 5 Xn = B-n

24 ~ Yeay .
?.'::' dz = kZ Kes(% , '3;__)

bﬂ’t

Xo = —L— ép X@ade = > Res(x@z™, 2,)
k




Coausel & Anti - comsel Sigmﬁs

%
/ Xv / \
[ L [
- Y
N4 N S
(’Y\Z,o)
Causal “
0-0-6-0-0-6 [T9%¢0
(m< o)
omi — cams al o0
Xiaall 000660
(m< o) (n20)
t wo—s:chad "0
00?7 ]17%900




LS.

Z T

causal
| (‘“7/0) rvr
TT???Q v\‘é "
anticausal
| (n<o)
99???TT ﬂﬁ
"y
S\
|
two-sided
|
o???TTTTT???o "
%
X  no Poles W RoC's




LS.
AL AL
Nz0 {6y, Nz0 6%,
BRI Q0 b, , . 1z0 Q0B ., .
IT¢9 . T‘l’?o
f = | (DRI - X = | +(X)2" =@ Ve -
:I Xoﬁ-l
= (3) L= ()
- b % (5)
n L AN
b = (&) Gn= (%) - (&) Xn= ()
£ > 1y Xt —-'-Do( 2"
(= .._-C) ?) z)
b—n \b—n
e - - , - -
seso INLD sr oo n<0O0
b ¥ N 0Q e B Y a0
QT T - Aal
Sl Al A SO L LI Lozs g g3 g2zl g

X) = | + () + (3 52*% -

F =1+ () T+1)
0o —-.l Xo = \_
B)'= (5) L=f) = 15)7"
b =) = (%) Ao (1) = (%)™
0y e (87 2 18) Ga=(]" ) | e B8P 2 (5) gaa
f= i (2" 2" Xig) = 3;”(‘557' "




causal

causal

-
0
»

-
n

0.5

— P

A\ /N

\\ 2 / o’.\:s- \n

- 4'..— :(7'4 ( - °§_ -n % LYI
£@) =Xt = 55 Xz)-n_mxnz = Z (%)
R B N I S
|-082 T T2-z |-& T 2-b 7 Z-of
a, = RCS(:::: ) O) Xy = Kes(X(l)ZM,D-S)
A n
o) (% A
= Res(zir9) = Reslz=or ,09)
f=1+ @) + @)z - X)) = [ +(2) " « @Y™ 4 -
-5 L n < B n _ __ %
\?;e ("')n% = 2 -z _Z(Lz)nzh — g-05




c 2 causal
Nnz0 6(,,=Res(;3,o)=izes({ﬂw—_-9,o) 2 O
caunsod

The fimte Numben of peles




causal
X, = Res(xwz™,o0:s)

X@y = —
N Z -0§
o 8"
X(Z)Z é_o.g Dﬂh 0-5
n
0 (=2— 0.9
X , VE-08 /

X, = RCS(% ) D-S) = |

X, = Kes( a.%.;.; ) D'S) =(_i)l

0
X, = Rs(ﬁ ,0:5) = (?D"

X = RCS(ﬁ ) 0'5) ‘=(—:|_)z

causal causal

P=0.§ P BN Pz@

\_ )/

= ~

The fimte Mwmben of peles




anti-causal

anticausal

P=o08 P=2

O

///\\\
T -
NS

\ / b==
, 8, BB, 1,0,0 0,
= < =5 N5 phgn
@)= X = T—= X() = PE'_ML 2
23 z -%(b’f.’}n - _ =2
T az-| T Z-os5 hes |-z~ 2-%
f‘ri‘
an = KQS(.,:,”_), ,D-S) "< O x.n = Re‘s(x(z)znd’ 0)
2
?Kes(qzi 0.5) = QSLIH’@—‘GPJJ—
27 (208) " 7/ J =
) i-v-hl y) z — 7 =YY\ /(n< \
'—_(T) (<o) ==/ (n=0o)
FE = I v @) THE)E ()0 X = | r () T+ @ V2 2 -

0 2 o
- < = -N @
= !"Z’.; ('l_:_) n Z“ = Z-o05 = nZ:w(‘—z‘) %—n = 52




c - anti-causal
N<so | a, = Resl i:’j ,0-5) = Kes(m,o-s) <0
oy £=0 ’M for n<o
_ @ | | Y
2" (2-05) 2"(2-05) s &, T = Ll
Ay €= ':‘: the oMy pole
| ~n
an = Ke‘s(—zn(z-&“ ’O.S) = (Jl—) Nn< o
F R
d, = Res\zasy0%) = | =0
.= KCS(Z"(IQ—QS) ) O'S) = [Jf)' n=-|
AL = RCS( 2-1(;_05) ,O-S) = (Ji)l nN=-9
d.5/= KCS( ‘2'3(;-9-5) :D'S) = (Ji)z n=-3
d_q n KC‘S(E?"-*(;-(-,-S) ’O'S) = (_11.)‘4 n=-%
‘P:o‘s T~ ‘P:ﬁl@
/ o;S' \:I. / ci-s‘ X
\ ) \ /
\_| NS
\




NSO || X, = Res(x@2z™, 0)

anti-causal

Viz\ =
A )
22"
X2 = = bolde: 2
2 g
28" 2
Xo = Res(G—,0 ) = Res(mpg. 0) (n20)
~ 2 -\ | n
- NrReslgpgo) = o
R 2 I S 2
4X7 ( — _ A\ ! y\l..!
~ \ Z’-Q_Q V) 1 R 2z l-z-o - (-2 ='Q;_) '
an % [ 2 N\ = i_.éiz | \ _ __2_. A\ n=9
T Reslpp-g 0%/ 2! ORZ-T lzgmo T (2-2>* =\2)
2 2 & 2 3
X R -\ ] \ r\N\ n==2
E V-9 00T 3 R ZT - T -0 =G/ 7
2 2 4 1 &
X — (ANY
4" Res( 2 0-3 ,0) = % O T lz=o ) n=%

(-32DOF%F =\=2

anticausal

anticausal

=1

o P=

DR

oM

oM

Zan
7\
T

N\
\
/
4

[
\
N

\_/




SU.‘YV\M Y 4

summary

causal L=<
=2 P=0%
T\ /N
/ \\ 2 / o:\)r \l
\\// ‘.féIQ \\// l21 >+
X&) = ELZ :-,( = t—l\w 00,0,1, b, b7 B,
==L @ X@= gt = % ()"
&, = (L) (n30) L= (L) (7o
= P (nzo) $=2 =

= P“ (’n?, 0 P==3
anticausal
ﬁ Pzo.y P=1
¥ 0

/

i

L IRt
-

gl <X

R g; b: b‘/ 1,0, 0 0) y '

X@) = 573 = i (l)-n 2"

Xn =<+,_)-“ ('r‘go)

= p" (n<o)  P=2




summary

causal

13 p=b

~

/ {bzl<l

VN a

[ | [ L\
\ \

N N

wl<t

X&) - = o2 " 0,0,0, 1, b, B,

= (b2 + (be) + (b2N4 - - &)+ %)+ (&)~

b < . n 1
()= 2—=%. b"" X (D=""F -
{ b~ n=o \"'% t—- b
A, =b" (m20) Xn=b" (nzo)

- - = Ll‘<‘
anticausal
P=b 13:‘,‘

-
[
\
AN

/ot
— @2ty b — 2t<t
X(%"‘) - b-l = J Ty g} b’) .I9‘/ ‘ ) O} o) o, "
G- |- (Lol + 032 + (bad 4 -
= [P+ &)« &) o2t
= (;)+(J+(Z)+m ‘ y
fa) = —— = 2. B¢ X(D= -2 = -2

. P y SIS B P E—
an =b ('Y\-<\0) s

P = b P= L7 12l <p ‘%i<i




summary

L.S. Z.- T
causal ii<p | 17'e<) i>e | 1rdli<i
(n2 o) VR N ya
[ \ ° [ o\
\ 2 / \ /%
N | S
fu)= f,?_% =:_'P'"6" X(®= ;_%,, = i?"e"
} n=o© = n=0
- i bn g N - i P !
$=b' pP=b
anticausal 1€l > NENEY gi<e [ |7'2I<)
(h<0) N AR RN
[ 0\ [ \ e
\ / \ z )
N | /2 N4
fo= — = i'?" 3 X(@= ;—a =_ip"‘e“

NnN=0

___—i 'f;‘b—" - i b—né—n

nN=0 n=9v

p= 1




summary

L.-S 2. T.
causal
(03 o) A\
[ A [ p=d
\ 2 / \ / 5
N4 N\
PN 4 2  pem 2 2
t) = F-z © 2-t A= -7 Z -5
a, = Res(Tir,0) X, = Res{x@2™, 0.5)
A "
- Res(zog, 0) - Res(zZer ,09) |
:'%‘)‘-"-(MZO) :(%7\(%7/0)
anticausal
(n<0) - 2 BN
[ f’f"i\ [ \ =
\ ) \ z )
C pom R z  pern P 2
TY2= 2% 2-0.5 A
X, = RCS(Z_(:-: ,0'5) Xn = Kes(X(z)Z'“, D)
R _ 2
B Kag%f'”(z—o.s)’o's) -9
:(%7“ (’Y\Qo)

="

(’Y\So)




. b" ((n7/0) b" (,n7/o)
8, (O
9 i :" > : C T ’b\ LS 2 [N
Pk B
T999¢8 [799%8
2° 2! gr @ ozt zs @t 2° 2 oz ot st
y z .
X@) = w57 12| <2 121>+
L)
L(1) — 2 =5 [HYyzn Y2\ = % _ R y\n_-n
W=7z - LWt X®= oo = L\
= n - n
L, = (% X (T>
= " 42 = p pe2
b—‘l‘l

Ea

U
X

b— n

, " cﬁ
. P p . P ’ y Q
56997 56097 [
gh oz gzt g 2 g 2 b 2t gt o g 2 20
XE&)= 5= 217+ 121<2
) =t = 3 ) - SR TP S
2-05  pem' /o AT g e 2
® n=-N
- n
= 2. G)e" =y (LY gn
n=0 7/ A U B
=0
— W AR S
a" "(%) o —(—1)
= -h F=% = h =2
v I




(b2)' (n2o) (b &h" (o)
o & &
ré|<b o . P o 121> b Q ;, P .
P W ] 00 2
19906 719268
Zl Z' Zl ZJ E" E: il' Z. Z—l Z-). Z-J E‘ E-.r E—L
r _ | _ b’ " | - &
1= Tye X@®=1pm = 2-56
A, = p° Lo= b"
—_ - = n
= P P
=5 pP=5b
(n<o) ') = bz | [(n<o) (5'EY" = (bE)"
b b
et 121>b L Y6 12l < B
e ¥ e i b ¥
5 6097 £ 6097 |
gk ozt v 3 71 2° 2t oz B 2 ! 2
(;(z)- \ - - 2 ,‘(Z) = ! = b
\ —(bT) - b | —<(b2) -
an = b_“ Ln= b_n
= P-h - Ph
ik p= b







TMO - S‘:o&d

)\ LT

P 7 | 3
;| i

A AN 4

_d

| £]< |
| | w2
|- & T - & = 22 | 2-2 Y
z 2 /
= &-o.fF T 2Z-2 N
| H - 2 _ 2 _]_
| - L 1' | - & _]—- g-O'! Z-Z
it 2
! 1Y 1 1 3 1t z
— - 1 1 1V, _
|— % = (@) IREARIVARIFAR = 981 = E-or
) LY LY LYy = | = _ 0§
AN YRR Y vy T Z2-0g | 2-0.5
\ 2 a
—_— 0 | * 2y Py
-z =@ +E)E)E Y = 55
0 2 -Lrl_%_il_jz\’—%_g—
7y = t-0f " -2 (E-0-§)(R-1) ~—  (&-0-5)(E-)




n
I
\

P 2 a3 2 ¥ 2 -
0. 2 2t - _ ~x ¢
.'F(Z) (

n & £ 3
e L S . e
feh = T-o0.§ -2 (z-0-5)(t-1) (2-0-5)(t-2)
_ oSt 2%
=082 I=2%
Y S
92-% 05-t
-2 , _ sz 4t -3t

—0- - -

fty = fa&Yy = x(?)




"N

(z-0-5)(t-1)

3
-5 t

I

(z-0-5)(t-2)

z”j(i-)" A 3: B)e*
(<o) (m
0099711179900




two-sided

= <1}l <2 L<r <2
|22l <1, [2%]< | |£2'1< 1, (272l ¢ |
Z 2 2 2







I)’) bz) U) I ) 0\) ﬂl) AB

1 2 " 0,0,0,0,4,&,0," "
K=\ 08 = z-og B, B b 1,0, 0 0
|8 <1 120§
6. . 2
X&) = t-0.§ ) -2
0,0, 0, NS ),(13 )\p 0.8 2
0% 652 t-o.§ -2
X(D=7208 = 1o itor -1t A
i, = -eht-y)
|-?|<| 12} 20.§ ___31-1..

(z-0-5)(t-2)

0,00, 0, (), (3,9,

‘ 05 A 05
X(D= o8 = -
e “, B B b 1,000
|85] < | 12l 70.§ 1 0,0,0,1,0, 6,0,
3 2 ,
t-o0-% 1 9t |
-t -~ t
B8 AN )1, 000, * Twemew 1
| 2
NN _ H.HL_MPA*
A= \——L B 1- 2 = -
a (E0-§)(x-2)
|i,|<\ |2 1< & —1.8t

(T-0-§)(x-1)




< S
(n20) &,=|Res(Z2, 0) X, = [Res(x@2™, L) (ny0
£C2) .
| Res| L TLJ) XL‘ . K2, o ) (n<o
(’YKO) a. = gs(f:ﬁ .g_) + Kes(X(a)Zn.,’ \,2)
',:(2) = 1.0t X(%)ZM - ~1.CE Z'H
R (o)) e (To-5)(x-v)
1.y _ ~1.5 2"

N n = [ L
(o) (to-6)x-v)y




[l

(l

P ——

[ (l L [l L

[l

~

N

3

-3 -3t
- 3 _ 3
{-(Z') T (E=0-5) () X(%) T (e-0-8) ()
Res(x@wz” &
Res(¥®2" L) + Res(x@?” 0 ) <
S T
RQS( (2=0-5)(t-2) 7-)
3
- < —Ti
KCS( (2 - o:’)(%"l) ) L) ! KCS (z-0.8)(t-2) O)
-3 ' R 3 - . —( )
KCS( (2-0-5 (t-1)z > » 2 ) = ( :.) = ( L)
- 2 =(=2)
3 L — [ = (L
KCS( (2-0-5) (2-1)z"2 1 2 ) = ( :_) ( L)
3
~3 Ly o (= ()
KCS( (2-0-5)(t-2)z"! » 2 ) = ( :_) ( 1—)
3
=3 o - (LY°
KCS( (z-0-5)(t-2)= ,Ji ) = ('L:_) = ( :_)
3 3
=3
RCS( (-0 () 1 2 ) t Res (e- os)(%—z);g
3 -3 =
=3
ReS( (2=0-5)(t-1)=z*> > >— ) ¥ RCS (z- 05)(%—1)1
(= L)+ Res( s
Res (z=0-5)(t-2)2> » 2 Kes (2=0-5(t-21)2

, 0)= (J')H =2)
, 0)= (L)—

) O)= (J;j _.-;—3
=(_;_3



423(&19_-\—_%(*(2) 0\ ( ny0)
2 ) T A

Ln=
\&’i‘fj, 5) S
p . 3 \
( KCS( (z- os)(}-),)%n ,J;'_) &l Rﬁ( (2-0-5)(t-2)z" > O) (n7/0)
o= X
L Res( (z- oS)ca—m)v ,z) (M<0)
3 4 N3 (D
I«-? — KCS( (2=0-5)(t-2)22 » 2 ) = (T) = { L.)
r -35 ,_L A ' N2 _ I_g'\—(‘q')
ff_lz Kes( (2-0-5)(2-2)2"2 7,) = (T) = (=)
o = I N RN R AT =1 P
j’-| — KCSK (’l._o.s)(%-"),).%"l ) L) ( 7—.) )
3
—T_(—‘T—‘_L_)fﬁ_.joﬁ_ [ 1L\O
j’o = €S\ (z-0.5)(t-2)z° » > = L ‘)
. -3 T -3
L = Res(mmoaoe 2 )+ Res( gomaoe » 0) = (‘l’) + ()
3 3 =
pA
I’z - RCS( le- OS)CE"I)Q-_'?- y 2 ) T KCS( (t- og)(z;—),)% O) = (‘":. -
— [\
-3 3 e
= 1 -3 -3 3
Li= RCS( (t- 05)(%—1)13 ) >)+ KCS( (2-0-5)(t-21)z22 > O)= (‘L:-) -3

-::(-—‘-3
>




Residue Com putations

J;:h @ G6) = a, Simple ple o
ReS(él(-?:)l %t)
| 'L"/'v\q A’H o Qél (;“%’ - a‘
\ (1! 293. 42m\t- T - pe °

3

= r
KCS( (-0 (t-r)=" > O) .

-% A B
(Z— - = o5 T -
v
__g__ |
= . 3
A 2=-2 lt=0¢ ~ 1 -3
3 l -
e T
B= 2-os lgea = 2 |
_—?5: l |
(2=0-5(t-2) ~— [z—0-5 (-0
b
d - = _ -1 o
dr (£ =0.5)(t-2) — (2-e.P)* (r-0)™
2
> -= 2 2
a (z=0-5)(t-2) — (2 o.0>? — (:-0)3
I ve V/ ve 4 )
b ]
& —= - ¢ L ¢
d¥  (t-0-5)(t-2) —  (2-0.D)¥ (2 -0y
4 / C4
r 3
( d -z _ -l o
dr  (£=0-5)(t-2) — (-e.b>* (-0 ™
f 3
| 4> -= ( \
2! a (=05 (t-2) —  (-0.5)? T ()3
~ LvOe
2 .
R A -
g [2=0-5)(t-2) ~— (2-e0.n% (2 -L)%




3

~

3
~

! _ I ]

I
| z=0

—~

R?S\ (-0 (t-r)=: 0 (z-0-5)(t-2) = L{&-0-5 (2-) JE=°
=-2 +% = -3
o ( -3 o\ - 4 -3 == J
Res\ Tzoo-d(z-)e » ¥/ 7 d2 (-0 (- lg=o L[ 7700 i P
= —4 3 = ——'55
o “}I A\ _f_di -"3: =| = L _ 'l
Res\ o zv)es » 90 2 dd (-0 () lg=o [ @700 W),
= Bra)-- %
"
A, ="
N~

(( 12\ [ e
) () 7y
i I
L\LL) L’h<0)




/\ - causal

DO m
fl=2. & & X@)= L a2
n=0 =0
L& @y Xo = —— & Y
an 27”. ) P 3 N 2‘.,“. ?(J IZ d‘é
. < p r £¢3) -\ - I - \
= % Kes \ 7o s °+) = % Kes\X(»12"7, 2,)
Poles 24 Poles 2,
NnNzo zy, 2., €3, O nao Ty, 2., E3

nLo ey, 2., ¥3, O




Z - trans form
Ry =
Tl = — = g‘z&z) T 4z N> 0 g fprles of FB) ]
© n=o 24 ‘%P‘\es of -Fu-_)}—t—{'i_ o}
=5 Res (fenre”, 2,) 2mm g -k
k

ALP) ihcludes WCm] — X C2) conbmms 2

ov its Numerctoy
Tzl
Also, Hhink obout mod:€ied PMM&«L Frochon X-E
Lourent Expunsion
QXPaxnsior\ at 2. 2, =0
e 1 & T e a1t & @
n 27 jc -z.)" P n 27 { j’c 2"
- S Kes( £¢2) 2.\ = S &Mifcz) I
Lk__. \c%—%n)nﬂ, ) - ﬁ_, inH
,"0} Yy 2N Ao 01 {
A ™ 2r¢ ? o< =
c




Different D Diffevert Laurent Sevies

)\
\\\4//

' C

Xtrl= —)'lﬁ}cx (z)2" de

= % Res (X(.'D T oze )

- 'I.'mnsf’ Y m







=
(2-1)-V)

Complex Variables and Ar

rchil

oA

R C Chit
DIOWIT G CITurcrim

-1 I
fl = @Dy = T T
D, « 12l <]
Ds i 1 <2 <2
Ds: 2< |2
D, &<, i<l
, ; =i e
fey= =7 - 3% = T2 *+3 @
00 0 zn 0o
= -z e 2 o = 2 (2™ -0 R«
Da [<tat<z > IH<t, [5l<)
‘F | ;' L i L !
)= 73 — 2= = T T-®& *t27-@
s
oo nee
- wL—“—zﬁ
Ne " * I-Z‘ 2"
Ds  a<|2| [Z<\ =<
] | . \
fly= 7 - 3% = TT® " @)
poo nes &7 ne0
= 2 ~g-




(2-1)(2-1) 1T T
D D, | 2] < | camsal Gn=0 (M <o)
1E1<] 5] <!
VRN | "
(1) foy= — L
S -G T -&
N

= g \nﬂ_\ Zn
& p. | < 2] <2 two -Sided
e BRI RN
D J—
() f = 2 4 )
\k I -13) Rl wry
&L A ¥l
\/ — %lnz—n-\ + :‘:e (é)ﬂ "
= —i‘_n e LU @(L\“":;'l
f—_| < | ﬁ:o\zl [~}
D3 2l 72 omt;-comsal Qw0 (M0)
Izl <l [%] <]
VRN L 2
e fH=- 2 - 2
(" R
\/ - ;l“ E-’H_ni .)_nz-n—l
= T U=2t) gt
)




_I I [}

fl2) =

(- e-w &1 T
D D, | 2] < | camsal Ga=o0 (M <o) I
‘f(&)-: ?. M_y | zn
RN
[ ( X}
\\/
N
3 Dz |<I%I <2 T_NO_SJALA—" )
fay= > 2" + 3L G
I\ "
AR
\\.// [ .
g | ??ang
® D3 2] ) 2 omt; - con sal  (n=0 (ﬂ;,o)l
fo= T 0-me
/TN
([ o
\ 790,
N T
O




|
(-V)(r-V)

fl) =

f)  _ —\

Y T (AR

| - )
fley= =57 — 3= = T2 t3 —wm
- [ z" 00 -
= -2 2"y 2 ST = (2" -)2" f2\<q
Nev n=9 h=o
£3) =\ ! i
zn*\ = [‘z__‘)(&.,_)gﬂ'ﬂ _Z-] - ‘Z.".L

2 Ret (52, 2.) = Res (maeem, o)

1-




ﬁ\—fﬁe—ﬁ:ﬁﬁ klz-ut&-t)%‘"‘ 6)

N2 o then the pole Z=o

i : am n
T=)) ﬁ.”:’ (220 @) (orian)

(e -n?) =) (@™ - ™)

‘ﬁ‘((z-i)" a2 ) = L0 (@AY - (e?)

?d;?((z_')_, —tzy?) = LnEney (@5 - ey®)

Fr (@ -ten?) = @y m! (@0 - ™)

-n_\!' z;o d:-n ((2"')" - ()™ ) = ("\) 250 (Ct - — (1:—-1.)’"")

=) (@Y™ - eam)

= -| +2™

An = - +27™ (n>e)

T (2)

I

S, ™D

[

2 Q.2

L7, N r—N
Tr=9o




(-V)(2-DV)

fli) =

@ p. [<lat<z = |FH<t, [5l<)
\/
I / I | I
o= 77 ~3= = T @t T®
- nz.:,‘ EL + é 3:00
- fe) r \

Ahn = Ei Re‘ PV AN = RGJ (\[?"U(%"l}%’"‘; 0)
IR Y 4 -\ )
T Res ez, |




M
hn = 1.2‘ Re 2(::.) 5'“3 (\[?—l)(%*l\%"" 0)

r -\

RGJ K(z-ut&-».)z-“" ‘/

A'H n
0l tae azm (3225 Lortam)

A L (@ -t = e T (@0 - ™)
=) (@Y™ - ea™)
= - + 2
( -\ 0) = -1 +2™ (nzo)
KeJ \ Z-leyg™, -/ = 7
[ -\ A M (2= -\ =
Res ( Tz, 1/ eal P Farayen - L
N=-L N=-| N O n=1\ Ne )
© O  A+at A4 420 Res (5%, 0)
! ‘ ' \ l ResER, 1)
{ \ 24 27 2™
- -
2 0\0'\ - 2 2 0 jz n-t Eﬂ
Ahn = |\ n <o \, z-"




'F (23 = (-1O(R-V

G bs a<z [2<\  I=1<)

| \
| ! oo 1
fly= w7 - 32 = TT=® " -G
0 e 2"
= i _‘_ 2" = N
he o nee ™°
B0 | —2™
= 2 T e~
Ne-y

N r -\ \
Z Re‘ (1‘(%) 1.) = Re-‘ k lz_‘)[é_,_yz_nn) O)

=1
& / -\ \.\
$  Rrtg=ye™, 1/

*Mﬁﬂaﬁ%ﬂﬁ—”—




Res (= ©) = =r+2™ (nzo)y
Res \ Reyg™, =/ = 7

& / -\ N M (2= _ = l
S \ (R-)lz2y™, | J Z2-1 (R-1)(E2)y2™!

/ -\ - ’) — - Y "\ _ ‘
Res \ iz, . Z22 1)l y="* S

N=-3 N= - N=- N=v n=\ Nne )
o o o - +27 4+ 28 ?G:%D‘ , 0)
[ 1 ( l \ ( ResER 1)
-2* -2 —{ -2 -2 -3 Resl55 , 2)
[ - (-2 o ) S} o)
Ao = | -2™ n<o _ ¥ ==
= 5 ==

-0 > '
fay) -~ = G-z = 3 2




d |
(-1~

ft) =

X 2

1

X"

XD = apa

-1
'E.'H

)( CZ) 'Z.'H

= (24)(22)
~ 7 4

-1 ™
-y ¢

2)

Res (X2 1) =

leey = 1

(24)(F2)

(2-2) 2

—
—

Res ([ X )2 | 2.)

2=2

_ 2‘1'(

XT= \— 2"




e —7 Roc (Reg\on o f Covwwgw\u>

™~

2\ 72 = & <]

() @ (3y+ - === T_3

71\
[/ 1\
\ \

\ Pz

CQY\\IU\G,O..

N\ ;
\ 1
|

/

AN

\\__/
2\72 = o<
\
_\_ 0 (v 1 \> -
(5)% Ve (4)e - oy~
Csh\llnap..
I ! TR B I W
f‘&)——- F R R R b D I I S ),
- %o _l_ acd 21! _ & \—2'.
- Nneo ne O
he= 0
0 | -2
= Z E'\
Nay

() + & (Y- - A
29 (B @)+ EPe. -1 T T o (2

CsY\\IQr\gJ?..

ll
(1-2°) 70 4 (1-2) 27 4 (\-22)L° + .- *@MM

Cs\'\\llngp.,

_ |
XUn) = [_1\’*-1 - » X&) = [2-)(2-2) <|3\72>

v AL













