z-Transform

X(2)= ix[n] z™" (one-sided) & x[n] :%gg X (z)z"*dz, (cin region of convergence)
Jerm s,

n=0

z-Transform Properties

Linearity
Right shift of x[n]u[n]
Right shift of x[n]

Left shift of x[n]

Multiplication by n
Multiplication by n

Multiplication by a"

Multiplication by cos(Qn)

Multiplication by sin(Qn)
Summation

Convolution in time-domain

Initial-value theorem

Final-value theorem

ax[n]+bv[n]«<> aX(z)+bV(z)
x[n—qluln—ql <> X(z)z"°

x[n-1] < X (z) 27+ x[-1]

x[n-2] < X(2) 272 +x[-2]+ x[-1]z*

X[n—q]l <> X(2) 29+ x[-q]+ X[-q +1] 2" +... x[-1] 2%

X[n+1] <> X(z) z—x[0] z
X[n+ 2] <> X (z) 2> — x[0] 2> — x[1] z

x[n+q] e X(2) 2% =x[0] 2° = x[1] 2" - ... x[q 1]

nx[n] < —zM
dz
n® x[n] < z d X(2) +2° d’ XZ(Z)
dz dz
x[n]a" < X [£j
a

x[n] cos(Qn) «> [ X (€'%2) + X (e 7%2) |
x[n]sin(Qn) © [ X (e'%2) - X (e72) ]

Zn:x[i] Hix (2)

X[n]*v[n] <> X (z)V (2)

X[0] = lim X (2)

X[1] = !I_T)Q[Z X (z)—z x[0]]

x[q] = lim [ 29X (2) - 2°X[0] - 2 X{1] - ... 2 X[q 1] |
lim x[n] = [(z-1)X (z)]L:l , if X (2) is rational and
the poles of (z-1) X (z) have magnitudes less than 1.



n=0

z-Transform

X(z) = ix[n] 2" (one-sided) & x[n] :%gg X (z)z" " dz, (cin region of convergence)
Jerm s

z-Transform pairs ( x[n] «— X(2) )

oln-ql<z° q=12..

- w2 1 =1,2
uln-qlez (z—l) z‘H(z—l)' q=12,...
2% -1

U[n]—U[n—q](—)m, q:1,2,...

z(z+1)

(z-1)

n“u[n] <

o[nl1
z
ufn] & —
[n] 1
q
u[n]+u[n—q]ei—+1, g=12,...
2% (z-1)
nuln] < : 5
(z-1)
ZZ
(n+1)u[n] < :
(z-1)
- az(z+a)
n“a"u[n] <> ———==, a can be real or complex
(z-a)
; 2az°
n(n+1)a u[n]<—>( )3 , a can be real or complex
z-a
a"u[n] & L, a can be real or complex
Z_

na"u[n] <

(z-a)"

%n (n-Da"u[n-1] < T —a)3 ,

1
(i—D)!

2_
cos(Qn)u[n] <> 22 (c0s©2)2
z°—(2c0sQ)z+1

z* —(acosQ)z
2’ —(2acosQ)z+a’

a" cos(Qn)u[n] <>

a can be real or complex or na"'u[n] &

nin-1)---(n—i+2)a""uln-i+2] <

sin(Qn)u[n] <>

a"sin(Qn)u[n] & —

>, a can be real or complex

(z-a)

a can be real or complex

1=4,5,6,... & a can be real or complex

(sinQ)z
2 —(2cosQ)z+1

(asinQ)z
2’ —(2acosQ)z+a’
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