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The One-Side z-Transform
The one-sided z-transform of a signal x(n) is defined as

¥
X"(@=a x(z"
n=0
X(n) « X*(2)
The one-sided z-transform has the following characteristics:
1. It does not contain information about the signal x(n) for
negative values of time (i.e., for n<0)
2. It is unique only for causal signals, because only these
signals are zero for n<0.

3. The one-sided z-transform X (z) of x(n) is identical to
the two-sided z-transform of the signal x(n)u(n).

4. ROC of X" (2)is always the exterior of the circle. So it is
not necessary to refer to their ROC.

Example:

X;I_(n) :{112,5,7,0,1} (>(( XI(Z) =1+ 22'1 +52-2 +7Z-3 + Z-5

x,(N) ={12,5,7,0,1} « X:(2)=5+7z +Z°

%,(n) ={0,0,1,2,5,7,0,1} « X;’ (2) =172 +27% +574 +775 + 77

X,(n) =d(n) <§+ X, (2)=1, x(n)=d(n- k) <§+ X (2)=z"

ece308-21-1



%(n) =d(n+k) « X;(2)=0
1

x,(N) =a'u(n) « X;(2)= 7
1- az

Shifting Property
Case 1:Time Delay
If x(n)« X" (2)
Then

X+ -k é + ok n l:l
X(n- k)« Z"aX"(2)+a x(-n)z'; k>0
e =1 u
In case x(n) is causal, then

x(n- K)« Z“X*(2) k>0

Example:
X(n)=a'u(n) « X'(2)=—r
1- az

The ztransform of x (n) =x(n- 2)
x* A 1
x(n-2)=a"2u(n- 2) « z2%
(n-2=a""un-2) « 2*g——s
-2

=2 4x(- Dzl +x(-2)

-1

u

i

+X(- Dz+ x(- 2) 22

Case 2: Time advance

If x(n)« X*(2)
Then

x* A k-1 >
x(n+k)« 28X (2)- & x(Nz"g k>0
e n=0 u
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Example:

x(n) =a"u(n) <ﬁ+ X"(2) = 1

1- az't

The ztransform of x (n) =x(n+2)

x(n-2)=a"%u(n- 2 X+ZZE:3 +x(0 +xlz'1l‘jl
(n-2) (n-2) « 81 a7 (0) +x(1) g
22
=1 az_l+x(0)zz+x(1)z
ZZ
=1 —+7 +az
- az

Final Value Theorem:

If x(n)« X*(2)
Then

limx(n) « lim(z- )X"(2)

n® ¥ ®1

This is exits if the ROC of (z- 1) X" (z)includes the unit
circle.

Example:
x(n) =u(n), h(n)=a"u(n)
y(n) = h(n)* x(n)

1 1 z°

Y(z) =H(2) X(2) :1_ az11- 71 = (z-a)(z- 1)

ROC: |7 >|a|

v e
(z-a)(z-1) (z-a)

(z- DY(2) =(z- 1) ROC: |7 >[a|
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xt 2
Z 1
I|mx(n) « lim =
®lz-a 1l-a

Solution of Difference Equation:

The one-sided z-transform is a very efficient tool for the
solution of difference equation.

Example:

Let y(nO represents the Fibonnacci series
1,1,2,3,5,8,13,21,.....

y(n) =y(n-)+y(n- 2)

The initial condition
y)=y(-D)+y(-2)=1
y@Q=y0)+y-D=1 2Yy(-)=0,y(-2)=1

Y@ =2 @ () +y- DR+ 2@ (9 +y( D +y(- Dz Y

1 yia
Y(z) = =
@) 1- z'- 7% 7-z-1
Y(2) _ Z _ A N A
2 ® 1+60% 1-460 ® 1+460 & 1.5
T2 2 o8 2 58 2,
1+J§
A=—O" =2
e 1-\/§t:)z—l+;/§ »\/g
QZ_ 2
e 2
A
z _ &2,
ae 1+J_0z— J5
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e1+\/_aa__+\/§o 1- \/_aa_ JEoU
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