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Geometric Series - a non-unit start term
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Geometric Series - a non-unit start term

Laurent Series vs. z-Transform (n = -n)
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when the pole is expressed as 1/p
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Shifted Geometric Series (1a) p
from unshifted series
2 'FOY'Mu\aS Simple Pole Form
| |
2 -P T - P
Q Tepresentotions each
shifted unshifted
| Ip |
/ | — P2 | —P'z
- -n-1 -n
N
—— P Pu(n) P u(n)
2! /z |
|- pa D |- pa
pu(-n-1) P u(-n)
|7 /p 1
P Misiss P
| n- _ n B
= < P™ u(-n) P" u(-n)
\ Z *Z |
|- Pz i |- P2
P "' u(n-1) P" uln)

Simple Pole Form

Unit nominator

Shifted Geometric Series Form

Un-shifted Geometric Series Form

u(n)

u(-n)




Shifted Geometric Series (1b) 1/p

from unshifted series

2 'F°Y'MIA\&$ Simple Pole Form

Z _ P-l Z—i - P-l

Q Tepresentotions each

shifted unshifted

? *p ]

/ —pz| | CI-Pz

—— <~ P u(n) P u(n)
\ ! /Z |

|- Pz HES
pru(-n-1) P u(-n)
P «P 1
I-P & I-P z

,-.| = < P u(-n) P u(-n)
T T

z < *z |
R |- P'2
P u(n-1) P uln)
Simple Pole Form Unit nominator
Shifted Geometric Series Form Un-shifted Geometric Series

u(n) u(-n)




Shifted Geometric Series (2a) p

from complementary unshifted series

2 'FOY'MI&\O\S Simple Pole Form

T - P T-p

2 vepresentotions eacw

shifted unshifted, complementary

L [z Pz

— ] / i—ee] | T | -Pz

I -n-1 -n ~
— [~ ptu(n) P u(n-1

N—"

4 /p Pz’
-p || - po
Pu(-n-1) P u(-n-1)
.P-| * .P-[E-!

3 /p Pz
I- P2 « |- P2
P u(n-1) P" u(n-1)

Simple Pole Form Common Ratio nominator

Shifted Geometric Series Form Un-shifted Geometric Series Form

u(n-1) u(-n-1)




Shifted Geometric Series (2b) 1/p

from complementary unshifted series

2 'FOYW'IA\OsS Simple Pole Form

2 - P 2 - ¢

2 Tepresentotions eacwh

shifted unshifted, complementary

14 4/z I

— — Li-r: | —P 2|
_1 _\'\ p™u(n) P"u(n-1)

\ 1" *p P-' i-l

|- P |- £
PM'U('n'l) P"u(_n_l)
14 *7 P

! /
= [ P u(-n) P" u(-n-1)

\ Z *p Pz

Simple Pole Form Common Ratio nominator

Shifted Geometric Series Form Un-shifted Geometric Series Fol

u(n-1) u(-n-1)




Shifted Geometric Series (3a) p

/p - l unshifted

T 1-pz

\

“Toez| * \ P uln)

/ P™'u(n) /2 \ Pz complementary

| _1-pz
Pru(n=1)——
TP
\ /7 | unshifted
' |- pz!
\\ - < / i
T-p \ " u(-n)
P-n-l u (_n_l) /N P Z-I complementary
|- pz
P"u(-n-1)
/p A l unshifted
-z
A —
/ — |——i"'.E" < P u(-n)
/ P"" u(_n) *Z\ _ ‘P-[E-' complementary
| -7z
z—l_ P P" U('n'l)
\ o ) I | unshifted
- P2
‘\\\\ - "’,,f”'» P
i | < 70
P"" u(n_l) M Pz complementary
- Pz

P" u(n-1)




Shifted Geometric Series (3b)

C1-Pz2
Pﬂ'ﬂ

'z -p

| - p 2!
p™ u(-n-1)

I-P*2

P‘ nH

BTN

I-PZ

P-n-u U(-n)

1/p

*p

*z

*p

*p

*z




2 ',FOY'MM\M

Simple Pole Form

zZ -P z'-P
ti
2" causal anti- causal
1 1P| = = T
|
[~ I
\ Z-I _
I-pz! | = =
causal anti- causal
P causal anti- causal
— ¥ A 2 -~ - Y o) ra-=|\
AT & @ = s

N A -(:EJ A f‘)i
-—— -—
e |29 C
causal anti- causal

Simple Pole Form

Geometric Series Form




Simple Pole Form

®©
' [2<o ! I21>6
| -az ' | 62"
-o (n> o) -(%)" (n<)
>
l 121~ - l 121 A4
RIRFs e o'z E=a
o cn<l) (%)" (n=5s)
®
— l 121 < 7 l [ P ™ |
| -(f‘ﬁ <o | —O:'Z" Rt> &
- &) (n> °) - o (n<1)
®
' —a l .
-4z k>0, - 0.2 te<ah]
(x)" n<1) an (n>o)




Geometric Series : f(2), 8(2), F(z), 3(2)

fa) = -2 [z fa)y = — =% [F>a
Gn = - (n> o) an = -(&)" (N<|)
PP T z" - A Lo Z
S(Z') = -0tz Elzo” ogleg) I-a'2 [Z]< &
Qn = am (n«< o) Qn = "(ﬁ)“q (ﬂ& |)
E)_. _— a-| 7 '—‘" — — 0:| =1
F(@) = 7o [iE<a fta)y= —7= [I>&
Gn = -(%)" |(nyo) Gn = - O™ (N<|)
2 (27) M P g(z) = z <a?
n = (&)™ |(n<o) Gn= -0 |(n=])




Geometric Series :

—_— the same algebraic formula
f:(Z) — 8 (Z-') but the complement ROC's
th lgebraic f I
8(2) = f(2) but the complement ROC's.
fz) — fa\('é) two variable function
2(2) — g_(2) two variable function
(7,
f(g) prmmd f:é\., (2) inverse a
5(1 ) = 86‘\" (2) inverse a




associated simple pole forms
«f(2), ¥a(2), a f(z), e8(2)

O, ®
0'f(2)= - iz fiz<a Of(F) = (1> a
Gn = -d (n> o) an = (&) (n<)

® @
28(2Y) = g [ £8(2) = Lo [121<a
Gn = o (<) an= (&)" [(nzo)

® ©
of(2) = -1 |11 0f(2Y) = o 1> 0
Gn = -(&) (n> °) On= - 0" (n<|)

Q) ®
a -— l 21> a a — l =1 -4
28(27) = —=[=I>a #8(2) = g [1z1< 0
dn = (£)" |(n<) Gn=_0"  |(n>o)




(1)] 1(2) (1) (2) fe) f@)
i
> > fe) Fea)
)] |8 ) (8 @) 3@)
© @
On = -o™ (n o) | Neg(n) symin) Gn = ~(F)™ (n< 1)
[N P
Lopem s —_ 0\ . . PR PR L onobe 0‘ N
Ile) = — I -a2 [ZI<a | nviz)mviz) | T(&')= — I —oz" 21> o
. .
SIgN I comp(z) sign fcomp(z)
stgn—+comptmn) Signm fcomp(n)
©) X @ ¥
oy z” e RN PP
3(27) = =7 |Flza'|negnysymin)  &(3) = % [Z< @&
'\ a8 -1
Gn = o\l‘l (n< °) inv(z)-inv(z) An = (?'i) (n; I)
® ©
an = _(?;A_)m (n> o) neg(n) Sym(n) dn = - o™ (n<1)
— LN - ;
Lran _ o . Lraciy 0 L :
1({g) = — | —0'2 FIRXN inviz)ymviz) | T(e') = — -5z I ®
. .
s!gn comp(z) sign fjcomp(z)
StgR—F-comp(n) Signm fcomp(n)
® x ® ¥
-l) = |-zaz* lzt>a | hegin)-Symn) %(i) = I-zaz [z1<a?
At ‘ -
Gn = (%) (n<o)| inv(z)inv(z) Qn = O™ (nz1)




(1) [(2) D ) fz) f
53) (4) (3) (4) 2(27) §(2)
5)| [(6) (5) (6) fa) Fa
(7) |(8) (7)_(8) 32" 3

Gn = -0 (n o) | neg(msymn)|  dan = -(x)" (n<1)
o (i)
'F(%} - — 02 t2t<o v(z2)-inv(z) !:(34} = - o IZl> 0
v v
inv(a) inv(a) _inv(a)inv(a)
inv(a) nv(a)
© . © .
Ef = o Z1L<L N £ —_ 0:| 21~ A"
F(2) oz <0 v | FEY = g (B
- _(L\™ 2 _ »
Gn (%) (nz o) heq(n) symin)_ Gn = o" (n< 1)
©) S ®
Gn = ™ (n<o) ieg(n)sym(n) An= )" |(nz1)
_ 2™ N . 2
a4(27) = o T z]>o2 ]| inv(z) inv(z) $(2) = o |121<a
. n -5
inv(a)inv(a) inv(a)inv(a)
inv(a) inv(a)
® N ® ¥
— ay _ z _ _ Z
@) = —az |27 inviz)yinviz) a() = —az [[E<®
N LA o —
n= (%) (n<o)| neg(n)sym(n) Gn = O (nz1)




(1)

(2)

(3)

(4)

(6)

(7)

o'f(z) o'f(#)
28(2") #4(2)
of(z) of(z
23 (27) £3(2)

a unit nominator

(n2 ©) neg(n)sym(n) ) (n<|)
> -
0o l x g Pz} inviz) | > g
I -az |' | -2

%s—(i"‘ — 12 = o) 121 .- 4
-J l—a—lzﬁ IcrT -\ |nv(z) |nv(z) l-alz [E1< &
. s -
o < 1)|neg(n) sym(n (%) (nzo)
~ (L) s, oy | 1E9(n) symin) o <
(g) (n> )‘ & (n<|)
— | | |
l‘ | _la-lz &< o nv(z) inv(z) PR 21> o

29 (27) —— et at—invirmviz+ E 82 ) =———lrzt<a+
-0 % - I-02
)" (n<l)| neg(n)symin o" (nz»)




o'f(z) of@)

()| ((2) (1) (2)
(3)| ((4) (3) (4) 28(27) £'9(2)
@ & @ ® fa) ofie) N
zg3(2") ©3(2) a unit nominator
® ®
dn = -0 (ny0) N9V da = ()" |(n<))
s
&-‘f'%“: _ 1 tztent] iNV(z) inv(z) Lx:'Fl:gl\—_ | I2}>-6
\&y l _aa ITIT=WN '\ J l _Az-l
v \ J
inv(a) inv(a) mv/(a\)inv(a)
@ mv(a) QA inv(a)
— — 9
0F(3) = - —= |iz1<a af(z?) = -— 2>
J | -a'g |’ inv(z) inv(z) rieJ | - o
Xy — — .
On = ‘(a) n> ) neg(n) sym(n An = - & (n<)
©) (@)
Gn = o cn<|)ieg(n)sym(n) an = (3) (n=o)
| L . ) |
28(27) = o (Rimer | v v E@(R) = [1z1<a
] 3
inv(a)inv(a) inv(a)inv(a)
inv(a) mnva)
® N ® A
—i%CZ— Iy = l -q ) = I 121< 4
7 -4 21> a inv(z) inv(z) 2°8(2) -4z [2<a
= o > -
Gn = (%) (< D] neg(n) sym(n) Gn= 0O (n=o)




Simple Pole Forms

Geometric Series Forms

(n>0)

[Zl<a™

(n<)

21>

(n<l)

|Z]< &

(nz»o)

(n> o)

FIRN

(n<|)

HPXN

FAlXN

(n<])

[Z]< &

Qn = “&m
Epay — _ o
| (z} | _az
Go= -G
Ll-el"\ — o
rie) I-0€"
-4y — z”
J = -0 %
Qn = o™
Z
8(2) = =
Gn = (& n-1
an= -G
Lpms o
r(2) o2
Gn = on
-Ef_-l\ a-|
Ite )= — | -z
gy = —=
’ |- 0.2
Gn = ()"
3(2) = —
J -0z
Gn = o (ﬂ& |)

(n=o)




Simple Pole Forms

Geometric Series Forms

An = - (n> o) -0 id An = -o (n> o)
- o o a . ! —_ l 12l
f(e) = I -02 [2<w O d (}\IF(%}— - | -ag F&H<oct
—a (a°z°+ a'2! + a*g4 - — [(a®2°+ a'2! 4 AR 4 )
- n
dn = -(F)™  |(n<]) = id Gn = -(§) (n<1)
o . |
%?Wﬁi76\ *0 el o‘llﬁ{{')z 62" 2t>-6
—a(a’z°+ a'27 ¢ ATE + - — (a°2°+ a'27 4 a*EP 4 o)
—o (@ + @+ @+ - - (e @2+ @E )
s_cz-l\ - z” =l .z id zs_ez'l\ = l |2} > ot
J -4z A\ J -4z W\
Gn = ™ (n<o) -0 S(c(n)) Gn = o (n<|)
—2(a%2%+ o' ¢ &+ - - (@2 + T + £+ )
— (a4 ATy AR+ -
. Z .
§ (@) = 7 [tzi<a -2 id | F'8(3) = ,_'ﬂ [B1<a
an= (®)™ |(nz1) \ gresEoy Gn= @)  [(nz»o)

—Z2(a°Z°+ &' + LB 4+ -

— (a2 + @' & -

- (@@ +@7

- (@@ r@F + -




O an=-F" |9 T an= (&)  [(nro)
Efﬂ\ = 0:| [21< 0 _0\" : &EI%\ - - l FIEIN
i\e) l_a:lz ITITWA 19 1\&) l_a'lz 1Tl

@@ @2 v @2 ) — (@ @ @2+ )
- (B @ +@zr+ )
©| Gn=-o" (n<1) o’ id Gn = - O (n<|)
— . @ [ _
fz"y= e (e . 0f(aly = = |ri>«
I\ J l -o:|£-l s O\ |d J l _a|z-|
_a"(a°zu+ a2y AR 4 ) _ {a°Z°+ a7y AR )
- (@24 @2 ¢ PE 4 )
a =i z-. 1=} a - I 21~
@ w’) = I_ap ZI>2& ‘z-) |d zg‘(—zq) - |‘&Z" %EI/U\
— . _ - -
Gn = ()" (n<o) - os(c(n)) Gn = (%) (n<|)
2_'((#;20*({1_)—%_' +(a|1_)qll—z + ) (a®2°+ a'27 ¢ a*%* + )
(@ + @ + @+ ) (e + @+ @2+ )
a = z 12le A "— — I
3(2) I-agz |[|EI<& -z id Z—S{Hﬁ'—mw
Gn= o [(n=]) "a!s(c(n)) Op= O (n=o)
2(a°z°+ a'2' y a"2 ¢+ )

(a®z'+ &' + a*2 + ---

(aozo+ a|2| + ALE;_*_




Gn = -0 (n> o) an = (&)™ (n<1)
LI—\ - = 0\ f< -t £:..-l\ — — 0' i'ii75\
I\g) | -4z IelI<A I1le ) — | —oz”

neg(n)sym(n)
inv(z) inv(z)
Qn = "dm U\>/°)
o
flzgy = -2 <
LY — z-‘ |2 |~ , <} fen \
%‘—z'!) = TaF 220 3(5) |‘:"Z [Z[< &
(-
Gn = o™ (n<o) an= (" |[(nz1)
neg(n)sym(n) g id
inv(z) inv(z) & s(c(n))
$(2) = |_:..z [2I< & 74 (3) = ———— | I-Iar'z < —
— & 2@ v L~ "
an = (%) (n=1) Gn = (%) (nzo)
Z id
o s(c(n))
£$(3) = L [1z<a
an= ()" |(nz0o)




l-’!t i-' [T ey -t i:'—l'di - !
U i I 28 = g |7
Gn = ™ (n<o) .0 s(c(n)) dn= o cn<l)
|
X)) = — 21> 00
Q% = o <)
+ (a“Z°+ a2y AR+ ) n=o0,1,2,~
‘i.!l a” a ot o0\
S (N RS S ) ‘L nN=-1,2,3,""

1y (¢) = ﬁ 21> o
Q-1 = o (n<o)




Z a : A=\

8 (2) =iz |1l “rid 7'g(3) = ,_!a..z 1ZI<d
- @ oo e dn= (§) [(nz0)
X(2) = I-la"z 121< 4
& = ()" (n=e)

I - (a’2°+ Q2 + a'E + ---) n=o0,1,2,

.zl o a a* o\

— (a%z'+ a2+ 4R+ o) n=1,2,3,
z
Z X (%) =o'z 121<d
Ca- (H)" (nz=1)




—0- [N 2" —)_-Ig l N
Gn = ()™ [cn<o) YT s(c(n)) Gn = (5)" (n<|)
|
X(z) = aE 2>«
By = (%)" (n<|)
- (0°2°+ a2 + a2+ o) nN=0,-,2,
oz 0° o o o0
- (a°F .+ AT+ ) n=-,2,3
—ZX(g) = = Bz
-4z
Q-1 = (&)™ (n<o)




o2 XU z - - e | —I-l\ l
- 4 Z A9 - b
- 3(2) —az ||E1<4 T8@) = T [izl<a
Gn = O™ (nz1) & s(cn) Gn= " (nz»o)
|
}EE!i - -4z |£|<a_4'
Qa = o" (n=»o)
+ (a°2°+ &'zt 4+ a*z? ) nN= 0,1, 2
oz" a° a ar O
v + (a%2's A2ty at2 4 ) v on= 1,25
X E) = z ”
|-az Ifl<a
Qa-y = o™ (nz1)




(h> o) neg(n)sym(n)

'E'(o:s mrv

inv(z) inv(z)

(n< D|neg(n) sym(n




®© @
it noac{n) Svmin) 2 1 \AN=1
On = _2.-. UV/ D) gt oyt aﬂ = _‘-5) (n< I)
[N a2
= - _2 |Z]1<0.5| inv(z)inv(z) f(z",) = - i-2z£" 12|> 2
= R
Sign & ~amn(=) sigh Ecomp(z)
) LUIIIP\L[ .J | Y 7
sign | comp(n) . Sign HJcomp(n)
©) M v ¥
-
a(27) = ,_?_-., 121> 05| neg(n) Sym(n)| $(3) = ._i_ |12]1< 2.
0.3 I=0.5%
S— - > a8 TECE :
dn= 2 (<o) Sinv(z) inv(z) do= ) |[(n=1)




\“ 3\
/\ >
c -
— .l
b
T Nl
=
aaf
I..\ [ =
i 1
c qp)
4
S|
S
Jd
EM L
= N
e 'S
n £
|3
o >
Q (o
& ‘ =
— i
o =
N \'
gl =
(YY)
~
N[
i N — |
! |
I |
[ 3 ~
S )
L SV
(Y

PPN R}
compiz)

f—;“n
Stgh

comp(z)

clian
STy

NO|=
v A\
L B
¥l
LY _0 m
- |ad
ol
~~ [
M S
L >

D

inv(z) inv(z)

(n<o)

-
%Hi)ﬁ:%ﬂ!? b%| neg(n) Sym(n
=03

zi'ﬂ

Qn =




C An = -2 n> o 2 Gn = -(3)™ n<
© [ a=- TJwo] @O an=-@" [0n<)
Ffz) = = = |2l<6.8 Ffz"\ ) = - ||2]|> 2
N\ l-ZE e I\ J I_lil
neg(n)sym(n)
inv(z) inv(z)
Gn = -2 ((\},D)
- S 9
fla) = -5 [1zi<es)
©) z” @
8(27) = i (11705 8(3) = == |2
e - a -_ e
On = 2™ ¢n<o) an = (5™ [(nz1)
neg(n)sym(n) -z id
inv(z) inv(z) 0 s(c(n))
9(2) = - L |12)< 2 '8 (2) = ._' |2]< 2
7 I=osz | =052
.| — —
dn= L™ [(nz1) dn= (L [(nzo)
- Z id
<0 s(c(n))
'8 (2) = ,_'a..z |21< 4
dn= () |nze)




3~ - )
: /

(-03)(-V) \ 2-0.5 Z-2
Iilgos: !(2\ _ _ 2 0. n+l
A -2z T T-ore e i S n>2)
- (220“_ Jail_‘_ 2’2‘--(.....) + ((i-)z";.(%)‘zl_‘,(%)’zl,'.. )
N=o0 n=l n=x n=°0 n=| Nn=2
|zl <0.8 ) = - —32 0.8 SRS T o
| AN SV 4 - l_zz + I—D.S'& (-I - 2 ‘\"\1@0)7
S(ArerEsletn ) s (e i)
—(W)es e @) e )+ (e 42024 2 Ee)
Nzo N=- N=-2 Nn=o n= -l Nn=-2
2 N N n+
Roc ‘f'ft) = :_L'ofl 2 a N0 n>| n<o n<|
IYyn=1on -
Z\a) 2 /
A 4 y ‘v
_ LYk ook -
Roo X® gz(o\) 2 a™ n<o n<l nzo ngyz|




]
nzo0 nz|

z"I g o
z (o) 2" N
g;o & o -
n<o n<j




_ 2 o5 2 05
® —3g + T-osg |[lEI<OF ®|- —agn t Toosw |*17 2
- - N\ 2 z
@ —ese ~ T-z2& |72 &) |+ Toosz T-2¢ |lEl<O*
nH PRy 2V . IL\“" a 1 P
M ) (n> o) =&+ (n<i)
2 05 - 2 _0 |
-2 | -o05% | -2g" " | -osE!
|2i<0.5 Y M
VY
Z) N
2 05
q A— — 4 — [
| =22 =052
|2l<0.5
L 8 {_L\’H" r'wn a) 4 [_L\ﬂ“ ~4N-f v - 1)
+ 2 -{=) (n<o) —K) 4 \I=1)
N 2" z
+—|_f!!,-—|_w. L) i I .
lz1> 2 |2|<0-5
yam
)T n 2 Nn-|
2 I |
_’-‘ . < B i+ - ®
|2l<0.5 |2|<0F5
X N-|
I
+ ! - — ®
I-052 1= <<
|ZI<0.5




2" X&)

Shifted Seguence

2] > | |2} > 2
1 7 <
X (2 S —— (rm»2)
) = | -2 | — 28 ( }
— n n
Qq | + 2 (n o)
( Pge 4+ 12l 2 )+ [ 27%4 2'27 ¢ 2024 ...) (M) n= 0,1, 2,
.Z.l !0 !1 !z. .. 2° 2‘ 2'-
v ( P+ et 22t ) 4 (2°2e 2027 22t ) (0] *L n=1,2,3
X () Cn 2 (lr>2)
- | -2} - | — 22" ( }
s SN —_— s n-=| 1 9 n £ n > |\
Gn-y | + PS (nz1)




—4£u)—= +) ! ) ! — (!Z!(D.g\
(P | — 28 \ ]

(nzo)

P
Il

e
!
N

I ( 1°2°+ '8 + [*&* 4. ) = (222°+ 2'2) ¢ 2% + -.-) @ n= o
’il ° " " 2 2' 2
('« e+ "2 + ) - (Fe'+22 ¢ 2287+ --) (-] n= |

28(2) = (4

-




2 @)

Shifted § Reflected Sequence

C | | [ \
(@) = T— ﬁ (1z1<0g)

n
!

2" (n2 o)

( IP2°+ |'8" + 2% .- ) — [(2°2°+ 2'2' 4+ 2'® + ..-) () N=0,1,2
OZ 1° | * 2° 2 2t
Vo (re'e e g ) = (22 28 e 22 ) @] |
zf(z) z z (121 <05)
| —¢  |-22 \ /
S S — I~ — 2" (nz])
(z) (1Pt s 'ede P24 )+ (2284 22y 2020 4 o) M) n=1.2,2
S— A 7 \/
la !l !n. e 2° 2‘ 21-
@V ( Pz'+ "2+ I‘E’+-"J+ (2°z'+ 2'2 % ¢ z‘z’+---) -N nN=-,2,-3,--
Zif@) = & S (121>2)
| -¢ |-a% \ J
a—n—l == I”*l b— [—ln— n+| (n < 0 )
; . =/ \ )

7
A-(n+1)




3
2

(2-035)(2-1)

12l > 2 X (22 br=| +(L)7- 2™ (n;
flzl<osINfI12l 72} = ¢ @ Qp+bn=0
An = —bn
2 R i
|2l <O X () = zﬁ a™ 2 a N0 n>| n<o n-
[T]
dYn=19n -
za)e "
A 4 ‘v ‘v L
—00 _
2> X (&) = &(7,';)*"2"‘ ™ n<o n<|l nzo n
n-}
= (%)
a2
a (az)"
-
o la3)
% g anM N g °<°- a9
| —02 ﬂ-Lo“ C | —02 L_'U\ C
g L ,n g a X a4,
I -a'g” ws - ozt S0 F
:_z_‘a" 2" > o™ "




2 X (&)

Shifted ¢ Reflected Sttq.ence

ﬁ — !_i (Izl72)

[/ o_o Lpel 2 ., =2 AT [ »° 0 X | PR |
LIZ+]E+]& + ) 28+ 2% v 2t

[ ]

M,

>
[}
N

N
N

-}
L

Zi Z.g z‘l V4 \
= —_ 2
X(2) — — (1217 2)
a (r-l 2" (n>|)
“n-l — | N
m / LR L 2 ST - I Y+ o 2 2t 5"t 2% 2-3 Y A\ nN= 1,2,3,.--
& Cr&+r&e—1roc+ L2 EF L+ LT+ ) w [
a) | = 3

X&) = - (121<05)
Qa — intl
K=n=1 |

a—(n-ﬂ)




3 )
> @-omR-v — \g-os5  Z-2 )
|zl e n €& [ LN — 2 " 0. — (L] 1 N+l
e e = I-22 ' T1-osz "+ (%) (n2°)
- (2z°+2 P42’ ) 4 ((-\-)z'+(-l-)‘z'+(-\-)’z +
Nn=o N=l nz2 n=0 n=| Nn=2
lgh<os X)) = =5+ o= | =WV 2™ (nso)
I -22 | —os2
- (.‘{'z‘-r Tl ) (("i) ([ )
—()'es () e+ (G e ) * (e 42024 P E-)
N=o n=-| N=-2 Nn=o n= -l N=-2
L mmogn el
Roc +w = Z o™z o N0 nz>| n<o n<|
w =) =)
bACYAR: "
v v W
w - -
Roc ¥X® = ge(z't)*'i "™ n<o n<l nzo nyz|




%0 nH
fy = 2 a™z" a N0 nz| n<o nNn<|

00 , )
X = aék“ 2 (%) nN<o n<l nzo nz|




2%

2'2

|12|<0.5 21> 2 21>0.5 12]< 2
2 &' 2
ﬁ—T
| —2% | =2&"
N\ N\
(22)" (22) (2&")" (2&")
22y 2%) (2" (2&"
- -t
Z € + Z
-
|-0.527 |-0.52













z-Transform (n - -n)

(5) 124 -1
- | |10 O 22| 12170
—(a'gs &' A2+ ) = (a g+ a‘zﬂ+ﬁ
- (@ + @ +@E + ) - (e @ v @+ )
- & u(-(-n)-1)[kn<o) ~(&)" u(-(-n)-1)/tn <o)
-(®)" u(n-1)  [(nz1) -d u(n-1)  [¢nz1)
D22 lri<ot | @k 22 [ 1z1<0
Cl-az | | Col= a2 :
(a'g'+ & + & + .- ) (@2 + &2 + &2 4 )
(@e'+ @z + (@De’ ) (D2 + @2 +(@E + )
& u((-n)-1) |¢nzl) ()" u((-n)-1) [enz1)
('aL)“ u(-n-1) (n <o) o" Uu(-n-1) (n<o)




Laurent Series vs. z-Transform (n = -n)

-2 -1
) |_aa§z-s HEI > 6\4 - |fi£-l j%i.?a ©)
—(@Et @ R ) —(d s R R4 )
~ (@ + @ ¢ @+ ) — (e s D2 @&+ )
Laurent -o'  u(-n-1) (n<e) -(®)" u(-n-1) |(n=<o)
z-Trans ’('&)n u(n-1) (nz1) -0 u(n-1) |¢nzl])
7 0. - S
QA I-iz 2| < o + I-aa%'z izl<ao | ®
(g + T + &F + ) (a2 + a2 ¢ &2+ )
(He'+ @2 + @2+ ) (B2 + @2 +@E + )
Laurent o’ u(n-1) |<nzl) (@"()" u(n-1) (nz1)
z-Trans ('al')" u(-n-1) (n < D) o" u(-n-1) (n<o)




