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Notation
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Time-Shifting
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Properties of the ZIransform
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Property

Initial Value theor.

Multiplication

Parseval’s relation

Selected proofs:

(1) Linearity:

Properties of the ZTransform (cont.)

Time Domain z-Domain
if x(n) is causal Xx(0) = lim X(2
Z —»
1 z, -1
X1(N)X,(N) T le(v)xz(\—/)v dv

S Xy (M)Xo(n) = %ixl(v)x;(i*)v‘ldv
V

n = —o

Z[ayx4(n) + ayx,(n)] = Z (alxl(n)+a2x2(n))z_n

n=—oo

= z alxl(n)z_n+ z a2x2(n)z_n

n=-—oo n=—oo

a, Z xl(n)z_n+a2 Z xz(n)z_n

= —00 = —00

= a,X4(2 +a,X4(2)
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(2) Convolution:

x(n) = Z X1 (K)xo(n—K)

k= —o0

X@=y x(Nz " = S { S xl(k)xz(n—k)}z_n

n=—oo Nn=—oolk=—0

Interchange the order of summation:

S Y X, (K)Xo(n=K)Z "

K=-—0 n=—w

S 40y X,(N—KZ "

k=—o n=—oo

Using the time-shifting property:

S x® 7 X2

K=—

= %0 ¥ X, (2

K =—o0

= X5(9X4(2 = X1(DXA2)
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Example:

x(n) = [3(2") —4(3M]u(n)

X(2 = 32[2"] -4z[3"]
or,

3 4
X(Z) — -
1-2771 1- 32_1

The region of convergence for the second term is a subset of the region of
convergence for the first term. Hence,

ROC: |2 >3

Example:
x(n) = cos(wyn)u(n)

From Euler’s identity:

x(n) = lejwonu(n) +le_1w°nu(n)
2 2
1 1 1 1
= - + -
X2 = et Do
l1-e 'z l1-e z
Example:
n
x(n) = a cos(wyn)u(n)
X(2 = X(@ 2
or,
1 1 1 1
= = : + = .
X(@ 2 joy -1 2 —]0y_—1
l1-ae 'z l-ae” 'z
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Example:

x,(n) = {1,-2 1
X ={1,11113 =un-un-6)

1 2

X2 =1-2z "+z

2 -3 -4, -5
X =1+z " +z +z +z +z

therefore,
Y(2 = X:(@X,(2
= 1-71_ 7%
x(n ={1,-1,0,0QQ-1 3
Example:

x(n) = anu(n)

Compute the autocorrelation function:

_ -1
R (2 = X(2X(z ")
_ 1 1
B -1
l-az 1-az
1 I
od) = ——a'
1-a

How do we find the energy density spectrum?
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