Z-Transform of Finite duration signal

Find the Z - Transform and mention the Region of Convergence
(ROC) for the following discrete time sequences.

1. x(n)={ 2 1 2 3)

3. x(n)={ 1 21 231)

1st example Is of causal signal
2rd example Is of anti-causal signal

3rd example Is of non-causal signal
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Solution(1)

x(={2 1 2 3 )
ZT.is defined as X(z)= Zx(n)z‘"

h=-—c0

X (2) = x(0)+x(z7' +x(2)z72 + x(3)z 3

X(2)=2+1z"+2z2+3773
ROC
X(z2)=2+z"'+27%43773 -

ROC is a set of those values of z for which x (2) is not infinite ‘ 2-0

In this case x(z) is finite for all values of z, except |z| = 0. }

Because at z = 0, x(z) = «. 3

Thus ROC is entire z-plane except |z| = 0. ;
A\

|
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Solution(2)

x(n)={2 1 2 3
f (o 8]
Z.T.is defined as X(2)= Zx(n)z‘"

n=—oo

X (2) = x(0)+x(-1)z' + x(=2)z* + x(-3)7°

X(z) =3+2z' +1z2 +27°

ROC
2 3
X()=3+27 +z7°+2z2 Q
ROC is a set of those values of z for which x (z) is not infinite | ' g Z=e
3 §\
In this case X(z) is finite for all values of z, except |z| = *. : Q
Because at z = ©, X(z) = «. i
Thus ROC is entire z-plane except |z| = . ;
A\
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Solution(3)

x(M={1 21-231)
? o0
ZT.is defined as X(2)= Zx(n)z’"

n=—oo

X(z) =x(-2)z" + x(-1)z' + x(0) + x(1)z ™" + x(2)z ™ + x(3)z”

X(y=1z>+27' +1-2z""+3z2 +1773

ROC
X(2)=22+27'+1-2z7"43z2+ 77
Q Z=0

ROC is a set of those values of z for which x (z) is not infinite ' \ NN /Zﬂ

3 .\,\.\\ N
In this case X(z) is finite for all values of z, except |z| = . Q
Because at z = ©, X(z) = «. :
Thus ROC is entire z-plane except |z| = 0 &|z| = . |

A\
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z-Transform of infinite duration signal

Find the z-transform for following discrete time sequences. Also mention
ROC for all the cases.

1 x(n,)= a"U (n)
2 x(n)z -a"U (—n —1)
3 x(n)=a"'Un)+b"U(-n-1)
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Solution(1)

x(n)= a"U (n) Sequence is causal
Z.T. for the given sequence x (n) is defined as
& 1
X (Z) _ 2 x(n)z - We also know E a’= -2 for |a|< 1
R=—00 Thus, x (z) converges when |az™'| <1
1
X = fi —1 1
:i a"U(I’I)Z -n (Z) l_az_l or |aZ |<
= for|a/z|<1
© Z
X (z) =Za"z'" X (2)= 7—a for |z | >|al
n=0 ;)

X@=3 (e
¢ g(az ) ROC is outside the \ \

2 circle |z|=]a ' \
We knowthat D a"=a’+a'+a’+.. Fi=iel
n=0
Series converges iff |a|<1
N
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Solution(3)

x(n)=a"U(n)+b"U(-n—-1)  Sequenceisnon-causal

Z.T. for the given sequence x (n) is defined as

2 1
X(@=), x(n)z™ ARSI Zﬂ “Tia for Ja<d

n= Thus, x (z) converges when |az'| <1 &|b'z|<1

© _ -1

:Zanz—n +2bnz—n X(Z)—D1+ b Z f0r|82_1|<1&|b'12|<1

n=0 — l-az” 1-b7'z

for|a/z|<1&|z/b| <1
Z <
S X\(z)= +
X(z)=2(az‘1)"+ Z(bz‘l)" (2) z—a b-z forlz|>al&|z|<]bl
n=0 n=—w %

Put n=-m in secondoo ROC is |b|>| z | > |a|

term i( b—l Z)m \
;]:0 m=1

@

We knowthat D a"=a’+a'+a’+..
n=0

Series converges iff |a|<1
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Solution(1)

= ) —6 )
X)) =73 Juln) JTT)

€
"/ A
X@=7)( 1}) z_-62( 1/) z_

X(@=T¥ (2 ) ~63(' z )
Z/3 —1"n ZA —1"n

n=0 n=0
176 |%z‘l‘<l & ‘%z‘l‘d
=g 1- 4 s &
_@Z_%Z_l_ﬁ_l_yz_l ROC is

- _ outside the @\
(1_ % Z—l)(l_ % Z 1) circ|ed[z|=112 \ \\\:.\\
3 %

\
_BU+E%2Y 2

z2—%)(z— 1) (z—/15)(z 1) & '- \

“\

%
’5%
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Solution(2)

x[n]= (1 )n sin( 4n)uln]
A

[ ivhn — g=i%n ]

x(n]= (%)HL Ju[n] =L( L) e’ "uln] —L(4)" e uln]

2j
X () =2 1 1 1
z) =4 L .
I1— -1 J1_ —jTan ,—1 Is
R R S N

circle |z|=1/3

' N
\

T

ROC ‘ge”’*z‘l <1&

%e— 4 Z—l

Z>1 & >y
2> 17

N
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Solution(3)

x(n) —p"! b>0

x(n)=b"u(n)+b"u(-n-1)

We know
b"u[n] < F—Lz‘l |z|>b
and b u[-n-1]o=L, | [zl<y
|1z|=1
-1 _ 1 b<lzlk1
X(2) == bzl<k

For b>1, there are no values of z that satisfy ROC
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Problem:

Show all possible ROC’s and pole-zero lz|=1

diagram z-transform given below

X@=——
(-7 )1-2z7)

If x[n] is left sided signal — - _
i.e. anti-causalsignal If x[n] is right sided signal

i.e. causal signal
-
|z|=1

1\ 13

If x[n] is double sided
signal
i.e. non-causal signal

Note from [RD d
info@irdcindia.com
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