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Example 24

Consider the following Zeta Transform:

Find all the possible ROCs and obtain the corresponding signals x[n].

<latexit sha1_base64="1tMXuJM/CI+go32Y62wDKSyuZ4M=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQLqwzo6gboejGZQX7gLaWTJppQzOZIckI7TArN/6KGxeKuPUb3Pk3pu0stPXA5R7OuZfkHjdkVCrL+jYyC4tLyyvZ1dza+sbmlrm9U5NBJDCp4oAFouEiSRjlpKqoYqQRCoJ8l5G6O7ge+/UHIiQN+J0ahqTtox6nHsVIaalj7jcKo+JlyxMIx6N7J4kLoyP7+KSom1NMOmbeKlkTwHlipyQPUlQ65lerG+DIJ1xhhqRs2lao2jESimJGklwrkiREeIB6pKkpRz6R7XhyRgIPtdKFXiB0cQUn6u+NGPlSDn1XT/pI9eWsNxb/85qR8i7aMeVhpAjH04e8iEEVwHEmsEsFwYoNNUFYUP1XiPtIR6J0cjkdgj178jypOSX7rOTcnubLV2kcWbAHDkAB2OAclMENqIAqwOARPINX8GY8GS/Gu/ExHc0Y6c4u+APj8wftr5bb</latexit>

X(z) =
z2

(z � 1/3)(z � 2)
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The poles are

<latexit sha1_base64="2xSMZZFZ0K8tzaL2QNNSscmJF4A="></latexit>

z =
1

3
z = 2

Possible ROCs:
<latexit sha1_base64="bsgE9uoSELPUr6GKdsLKe9BIocA="></latexit>

ROC : |z| < 1

3

ROC :
1

3
< |z| < 2

ROC : |z| > 1

3

<latexit sha1_base64="dSGkyJ9yh4FtXN3IeyG8yp8NxWE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ffmuMvQ==</latexit>

2



Example 24

For finding all x[n]’s, first of all:
<latexit sha1_base64="lcxIlZy2mzYJMr2HgBBX8wQrGpg="></latexit>

X(z) =
z2

(z � 1/3)(z � 2)
=

1

(1� 1/3z�1)(1� 2z�1)

<latexit sha1_base64="IKgQljrQFfn+uTpbEeAUAI9W2Wo="></latexit>

X(z) =
1

(1� 1/3z�1)(1� 2z�1)
=

A

(1� 1/3z�1)
+

B

(1� 2z�1)

We have to find the value A and B.
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<latexit sha1_base64="IKgQljrQFfn+uTpbEeAUAI9W2Wo="></latexit>

X(z) =
1

(1� 1/3z�1)(1� 2z�1)
=

A

(1� 1/3z�1)
+

B

(1� 2z�1)

We have to find the value A and B:

<latexit sha1_base64="AlCZYjwJDmA0BiuQkbnu0OMHOTE="></latexit>

=
1

(1� 1/3z�1)(1� 2z�1)
=

A(1� 2z�1) +B(1� 1/3z�1)

(1� 1/3z�1)(1� 2z�1)

<latexit sha1_base64="aGNw2RHptMgd/2a7OvhpyfmnAPg="></latexit>

A(1� 2z�1) +B(1� 1/3z�1) = 1



Example 24
<latexit sha1_base64="aGNw2RHptMgd/2a7OvhpyfmnAPg="></latexit>

A(1� 2z�1) +B(1� 1/3z�1) = 1

<latexit sha1_base64="zY60cYEEOV9358FWa9TTGeALZRk="></latexit>

A+B �
✓
2A+

1

3
B

◆
z�1 = 1

<latexit sha1_base64="TLgwp3lIpyOmuZzGlVr2hiyEGrg="></latexit>

A+B = 1

2A+
1

3
B = 0

Then:
<latexit sha1_base64="07avtFTIHkelbDda4AjlUrblYlA="></latexit>

B =
6

5

A = �1

5



Example 24
Thus, we arrive:

<latexit sha1_base64="MbW8uvpIkG+3t+LgA1oAArotGZs="></latexit>

X(z) =
�1/5

(1� 1/3z�1)
+

6/5

(1� 2z�1)

Now, we have to consider the 3 different possible ROCs
<latexit sha1_base64="bsgE9uoSELPUr6GKdsLKe9BIocA="></latexit>

ROC : |z| < 1

3

ROC :
1

3
< |z| < 2

ROC : |z| > 1

3

<latexit sha1_base64="dSGkyJ9yh4FtXN3IeyG8yp8NxWE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ffmuMvQ==</latexit>

2



Example 24
If we consider the ROC |z|<1/3 and using the “tables” (i.e., the 
transformation that we already known), we can come back in time. Note 
that if the complete ROC is |z|<1/3, it means that we have |z|<1/3 for the 
first sequence (first part of the sum) and |z|<2 for the second sequence 
(second part of the sum). Namely,

<latexit sha1_base64="+yn9jLfAXK6GVtzyZ2ALQxvi50g=">AAACIXicbZDLTgIxFIY7eEO8jbp00wgmrnAGjRKjCZGNO9HIJWEI6ZQCDZ2LbceIw7yKG1/FjQuNYWd8GQvMAsE/afL1P+ekPb/tMyqkYXxriYXFpeWV5GpqbX1jc0vf3qkIL+CYlLHHPF6zkSCMuqQsqWSk5nOCHJuRqt0rjurVR8IF9dx72fdJw0Edl7YpRlJZTT1vObb3FN7dFM9hxnoIUAta4eB5cGEeHVvR5RRbOPAn15wVZaKmnjayxlhwHswY0iBWqakPrZaHA4e4EjMkRN00fNkIEZcUMxKlrEAQH+Ee6pC6Qhc5RDTC8YYRPFBOC7Y9ro4r4didngiRI0TfsVWng2RXzNZG5n+1eiDb+UZIXT+QxMWTh9oBg9KDo7hgi3KCJesrQJhT9VeIu4gjLFWoKRWCObvyPFRyWfM0m7s9SReu4jiSYA/sg0NggjNQANegBMoAgxfwBj7Ap/aqvWtf2nDSmtDimV3wR9rPLyi6ouw=</latexit>

ROC: {|z| < 1/3} = {|z| < 1/3} [ {|z| < 2}
left-sided signal left-sided signal

Similar arguments can be used the other ROCs…and find “right-sided” 
and “left-sided” signals…



Example 24
Then with the ROC |z|<1/3:

<latexit sha1_base64="MbW8uvpIkG+3t+LgA1oAArotGZs="></latexit>

X(z) =
�1/5

(1� 1/3z�1)
+

6/5

(1� 2z�1)

<latexit sha1_base64="rPbz/4x2vmTRrwcNXXAzkhEMiWI="></latexit>

x[n] = �1

5

✓
�
✓
1

3

◆n

u[�n� 1]

◆
+

6

5
(�2nu[�n� 1])

See other examples or tables!
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Then with the ROC 1/3<|z|<2:

<latexit sha1_base64="MbW8uvpIkG+3t+LgA1oAArotGZs="></latexit>

X(z) =
�1/5

(1� 1/3z�1)
+

6/5

(1� 2z�1)

See other examples or tables!

<latexit sha1_base64="wVp5B4UOFq5DhyMDaUYP5RSQs+w="></latexit>

x[n] = �1

5

✓✓
1

3

◆n

u[n]

◆
+

6

5
(�2nu[�n� 1])



Example 24
Then with the ROC |z|>2:

<latexit sha1_base64="MbW8uvpIkG+3t+LgA1oAArotGZs="></latexit>

X(z) =
�1/5

(1� 1/3z�1)
+

6/5

(1� 2z�1)

See other examples or tables!

<latexit sha1_base64="n+AlLqnjLrr24L05tJeFoUfyE7w="></latexit>

x[n] = �1

5

✓✓
1

3

◆n

u[n]

◆
+

6

5
(2nu[n])



Example 25

Consider the following Zeta Transform:

Find all the possible ROCs and say how many different signals x[n] can have 
this X(z).

<latexit sha1_base64="G2K1EFkrzzptL0itGHxQARVdXDw="></latexit>

X(z) =
z � 2

z2 � 1
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<latexit sha1_base64="G2K1EFkrzzptL0itGHxQARVdXDw="></latexit>

X(z) =
z � 2

z2 � 1

The poles are
<latexit sha1_base64="l9GHPQxksoaaHQ/AuRchY0O0DwU="></latexit>

z = 1, z = �1

Then we have two possible ROCs  (and then only two possible signals):
<latexit sha1_base64="xoOXidgDy0LuSkfXWoZwO3PXUKA="></latexit>

ROC: |z| < 1,

ROC: |z| > 1.



Example 26 

Consider the following Zeta Transform:

Try to find all the possible x[n] as in Example 24 (and using the 
information in Example 25).

<latexit sha1_base64="G2K1EFkrzzptL0itGHxQARVdXDw="></latexit>

X(z) =
z � 2

z2 � 1



Example 26 
<latexit sha1_base64="CBj5T2I/dDIIMf5eooebtZoHk7E="></latexit>

X(z) =
z � 2

z2 � 1
=

z � 2

(z � 1)(z + 1)
=

A

z � 1
+

B

z + 1

=
(A+B)z +A�B

z � 1

<latexit sha1_base64="pMRdQIE2xrmjVGwtYMlvEOdhvb0="></latexit>

A+B = 1

A�B = �2

<latexit sha1_base64="CTuPWBVQ7WOzg42kt3M/N3NADls="></latexit>

() A = �1

2
, B =

3

2



Example 26 
<latexit sha1_base64="KvmpUAoP4CM8mtkmEYFCRli0Wkk="></latexit>

X(z) = �1

2

1

z � 1
+

3

2

1

z + 1
<latexit sha1_base64="zfNzIpQlQskAELsLiDVRJuUBBmk="></latexit>

X(z) = �1

2

z�1

1� z�1
+

3

2

z�1

1 + z�1

<latexit sha1_base64="ThhQNZOuF+4XUrd956+xn/e73zQ="></latexit>

z�1X1(z)
<latexit sha1_base64="baVPGmtzkXKxg0rHlwmjELl9ykM="></latexit>

z�1X2(z)
<latexit sha1_base64="iH7WcscS4NY/AHVuOb5TePMAI34="></latexit>

X2(z) =
1

1 + z�1

<latexit sha1_base64="fRJ5CqPBNnfQroiez5ADqafKO4c="></latexit>

X1(z) =
1

1� z�1



Example 26 
Solution for the case |z|>1:

<latexit sha1_base64="6SlZeXy1Mz89gqRLYG+tjalE81M="></latexit>

x[n] = �1

2
(1)n�1u[n� 1] +

3

2
(�1)n�1u[n� 1]

<latexit sha1_base64="ZImhTS3bjcGbm50gfpsWnXR/1wY="></latexit>

x[n] = �1

2
u[n� 1] +

3

2
(�1)n�1u[n� 1]

Solution for the case |z|<1:

<latexit sha1_base64="koDFDE7E7dBju895N16ajc/Q1Gs="></latexit>

x[n] =
1

2
u[�n� 2]� 3

2
(�1)n�1u[�n� 2]
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(a causal system is not stable only if all the poles has a module smaller than 1) 

(and a non-causal system? answer as an homework)
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<latexit sha1_base64="rxq+qZU/T9ceQIlMqt2+LkjBgCA="></latexit>

|z| < |2| < |� 3|
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Example 28 
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Example 28 



Questions?


