
Luca Martino — luca.martino@urjc.es —  http://www.lucamartino.altervista.org 
Laura Cornejo — laura.cornejo@urjc.es  

Solved Problems - Zeta Transform
Linear systems and circuit applications 
Discrete Time Systems

mailto:luca.martino@urjc.es
http://www.lucamartino.altervista.org
mailto:laura.cornejo@urjc.es


Example 1

Consider the following signal:

(a) Compute the Zeta Transform:

<latexit sha1_base64="QqD2 QTX1oMPgelX8jX3B8FwfVKM=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEEoSTiayMU3bisYB+QhjKZTNqhk0mYmRRL6J+4caGIW//EnX/jtM1CWw9cOJxzL/feE6ScKe0439bS8srq2nppo7y5tb2za+/tN1WSSUIbJOGJbAdYUc4EbWimOW2nkuI44LQVDO4mfmtIpWKJeNSjlPox7gkWMYK1kbq2/eQJ/6YTUq6xJ04v/K5dcarOFGiRuAWpQIF61/7qhAnJYio04Vgpz3VS7edYakY4HZc7maIpJgPco56hAsdU+fn08jE6NkqIokSaEhpN1d8TOY6VGsWB6Yyx7qt5byL+53mZjq79nIk001SQ2aIo40gnaBIDCpmkRPORIZhIZm5FpI8lJtqEVTYhuPMvL5LmWdW9rDoP55XabRFHCQ7hCE7AhSuowT3UoQEEhvAMr/Bm5daL9W59zFqXrGLmAP7A+vwBw+uTFw==</latexit>

x[n] = �[n+ 5]
<latexit sha1_base64="YASY+nboaeBuLkqVZshV1gJ0f8g=">AAACAXicbVDLSsNAFJ3UV42vqBvBzWApVISSiK9NsejGZQX7gDSUyWTSDp1MwsxErKFu/BU3LhRx61+482+cPhZaPXDhcM693HuPnzAqlW1/Gbm5+YXFpfyyubK6tr5hbW41ZJwKTOo4ZrFo+UgSRjmpK6oYaSWCoMhnpOn3L0d+85YISWN+owYJ8SLU5TSkGCktdayd4p3LvUo7IEwhlx8ce2ardL9fOe9YBbtsjwH/EmdKCmCKWsf6bAcxTiPCFWZIStexE+VlSCiKGRma7VSSBOE+6hJXU44iIr1s/MEQFrUSwDAWuriCY/XnRIYiKQeRrzsjpHpy1huJ/3luqsIzL6M8SRXheLIoTBlUMRzFAQMqCFZsoAnCgupbIe4hgbDSoZk6BGf25b+kcVh2Tsr29VGhejGNIw92wR4oAQecgiq4AjVQBxg8gCfwAl6NR+PZeDPeJ605YzqzDX7B+PgG2fSVNQ==</latexit>

X(z) =?
(b) Say what are the zeros of the Zeta Transform.

(c) Say what the poles of the Zeta Transform and say what is the ROC.

(d) If the stand. FT exists, compute it.



Example 1
(a) Using the direct definition:

<latexit sha1_base64="l2ZGapnZW03mqLWYto16UMC7mgA="></latexit>

X(z) =
+1X

n=�1
x[n]z�n

=
+1X

n=�1
�[n� 5]z�n = z�(�5) = z5

<latexit sha1_base64="LdFfptrGUYTttyUAluilBgXiiiw="></latexit>

X(z) = z5



Example 1
(b) Zeros of X(z):

<latexit sha1_base64="7EUmDB6QPTHOzXfi1uVMDJCLmHI="></latexit>

X(z) = z5 = 0 =) z = 0

a zero of order 5 at z=0 (5 coincident zeros at z=0).



Example 1
(c) Poles of X(z):

We have a multiple pole (of order 5) at infinity. 

The the ROC is all the complex plane except infinity !!! Namely, in 
formula:

<latexit sha1_base64="CGFJRnTBS4YSCWCwW8BxAx6pv2s="></latexit>

X(z) = z5

<latexit sha1_base64="w6ipuWA+y9Qpg+x4JLpGA60iZ2I="></latexit>

ROC: 8z 2 C\{1}



Example 1
(d) We can make two considerations (we have two way of proceeding):  

- We can observe that the signal has finite energy, hence it admits 
standard FT. Then, we can compute the stand. FT by the definition or by 
the property of a delta (its FT is a complex exponential in frequency). 

- The second way is to have a look to the ROC: does the ROC include 
the circle of radius 1? YES, then standard FT exists. Moreover, we know 
that setting r=1 in the Zeta Transform, we obtain  the FT, i.e.,

<latexit sha1_base64="NMzh97b7DdGrX12JgFW3nnSpdFM="></latexit>

X(z) = z5 =) X(⌦) = (ej⌦)5 = ej5⌦

<latexit sha1_base64="OuBmYsnaBappaJEZ/HKYi4EzkMY="></latexit>

z = rej⌦ =) r = 1 =) z = ej⌦



Example 2

Consider the following signal:

(a) Compute the Zeta Transform:
<latexit sha1_base64="YASY+nboaeBuLkqVZshV1gJ0f8g=">AAACAXicbVDLSsNAFJ3UV42vqBvBzWApVISSiK9NsejGZQX7gDSUyWTSDp1MwsxErKFu/BU3LhRx61+482+cPhZaPXDhcM693HuPnzAqlW1/Gbm5+YXFpfyyubK6tr5hbW41ZJwKTOo4ZrFo+UgSRjmpK6oYaSWCoMhnpOn3L0d+85YISWN+owYJ8SLU5TSkGCktdayd4p3LvUo7IEwhlx8ce2ardL9fOe9YBbtsjwH/EmdKCmCKWsf6bAcxTiPCFWZIStexE+VlSCiKGRma7VSSBOE+6hJXU44iIr1s/MEQFrUSwDAWuriCY/XnRIYiKQeRrzsjpHpy1huJ/3luqsIzL6M8SRXheLIoTBlUMRzFAQMqCFZsoAnCgupbIe4hgbDSoZk6BGf25b+kcVh2Tsr29VGhejGNIw92wR4oAQecgiq4AjVQBxg8gCfwAl6NR+PZeDPeJ605YzqzDX7B+PgG2fSVNQ==</latexit>

X(z) =?
(b) Say what are the zeros of the Zeta Transform.

(c) Say what the poles of the Zeta Transform and say what is the ROC.

(d) If the stand. FT exists, compute it.

<latexit sha1_base64="r9fo0CNHpUhAJ7kA71IaP7gyrNc="></latexit>

x[n] = �[n� 5]



Example 2
(a) Using the direct definition:

<latexit sha1_base64="KIXZR8Y4rLGGa+3C1wvsFELLFlI="></latexit>

X(z) =
+1X

n=�1
x[n]z�n

=
+1X

n=�1
�[n� 5]z�n = z�5

X(z) = z�5 =
1

z5



Example 2
(b) Zeros of X(z):

we have multiple zero (of order 5) at z=Infinity.

<latexit sha1_base64="frFkYk7kA4IOZDve0u0smXuJgX4="></latexit>

X(z) =
1

z5



Example 2
(c) Poles of X(z):

We have a multiple pole (of order 5) at z=0. 

The the ROC is all the complex plane except zero !!! Namely, in 
formula:

<latexit sha1_base64="frFkYk7kA4IOZDve0u0smXuJgX4="></latexit>

X(z) =
1

z5

<latexit sha1_base64="w4cEELLeFAFpcsKK28qxELVM2gQ="></latexit>

ROC: 8z 2 C\{0}

<latexit sha1_base64="ZsqEqDwUSiRbBy9R9WllbwQ5540="></latexit>

Im

<latexit sha1_base64="Kyoxt7S3HargMWMrZqyDJuSM3Qk="></latexit>

Re



Example 2
(d) We can make two considerations (we have two way of proceeding):  

- We can observe that the signal has finite energy, hence it admits 
standard FT. Then, we can compute the stand. FT by the definition or by 
the property of a delta (its FT is a complex exponential in frequency). 

- The second way is to have a look to the ROC: does the ROC include 
the circle of radius 1? YES, then standard FT exists. Moreover, we know 
that setting r=1 in the Zeta Transform, we obtain  the FT, i.e.,

<latexit sha1_base64="OuBmYsnaBappaJEZ/HKYi4EzkMY="></latexit>

z = rej⌦ =) r = 1 =) z = ej⌦
<latexit sha1_base64="K5fbu6b+1eCff8pzncbbKDd+Qb4="></latexit>

X(z) = z�5 =) X(⌦) = (ej⌦)�5 = e�j5⌦ =
1

ej5⌦



Example 3

Consider the following signal:

(a) Compute the Zeta Transform:
<latexit sha1_base64="YASY+nboaeBuLkqVZshV1gJ0f8g=">AAACAXicbVDLSsNAFJ3UV42vqBvBzWApVISSiK9NsejGZQX7gDSUyWTSDp1MwsxErKFu/BU3LhRx61+482+cPhZaPXDhcM693HuPnzAqlW1/Gbm5+YXFpfyyubK6tr5hbW41ZJwKTOo4ZrFo+UgSRjmpK6oYaSWCoMhnpOn3L0d+85YISWN+owYJ8SLU5TSkGCktdayd4p3LvUo7IEwhlx8ce2ardL9fOe9YBbtsjwH/EmdKCmCKWsf6bAcxTiPCFWZIStexE+VlSCiKGRma7VSSBOE+6hJXU44iIr1s/MEQFrUSwDAWuriCY/XnRIYiKQeRrzsjpHpy1huJ/3luqsIzL6M8SRXheLIoTBlUMRzFAQMqCFZsoAnCgupbIe4hgbDSoZk6BGf25b+kcVh2Tsr29VGhejGNIw92wR4oAQecgiq4AjVQBxg8gCfwAl6NR+PZeDPeJ605YzqzDX7B+PgG2fSVNQ==</latexit>

X(z) =?
(b) Say what are the zeros of the Zeta Transform.

(c) Say what the poles of the Zeta Transform and say what is the ROC.

(d) If the stand. FT exists, compute it.

<latexit sha1_base64="fE3CoEr9/Jh+9DdczDXMcHTfRKY="></latexit>

x[n] = �[n]



Example 3
(a) Using the direct definition:

<latexit sha1_base64="spsyCe5mP179AvDCDbox71lCdNo="></latexit>

X(z) =
+1X

n=�1
x[n]z�n

=
+1X

n=�1
�[n]z�n = z�0 = 1

X(z) = 1



Example 3
(b) Zeros of X(z):

There are no zeros of X(z)! 

<latexit sha1_base64="TDqnS8VST/mO3KgFkfnICWdX9m8="></latexit>

X(z) = 1



Example 3
(c) Poles of X(z):

We have no poles!!! 

The the ROC is all the complex plane!!! Namely, in formula:

<latexit sha1_base64="ZsqEqDwUSiRbBy9R9WllbwQ5540="></latexit>

Im

<latexit sha1_base64="Kyoxt7S3HargMWMrZqyDJuSM3Qk="></latexit>

Re

<latexit sha1_base64="TDqnS8VST/mO3KgFkfnICWdX9m8="></latexit>

X(z) = 1

<latexit sha1_base64="tqHwxghsrl/ZP4I/awj3hsRsJn8="></latexit>

ROC: 8z 2 C



Example 3
(d) We can make two considerations (we have two way of proceeding):  

- We can observe that the signal has finite energy, hence it admits 
standard FT. Then, we can compute the stand. FT by the definition or by 
the property of a delta (its FT is a complex exponential in frequency). 

- The second way is to have a look to the ROC: does the ROC include 
the circle of radius 1? YES, then standard FT exists. Moreover, we know 
that setting r=1 in the Zeta Transform, we obtain  the FT, i.e.,

<latexit sha1_base64="OuBmYsnaBappaJEZ/HKYi4EzkMY="></latexit>

z = rej⌦ =) r = 1 =) z = ej⌦

<latexit sha1_base64="b3+LtFHX2ytd5hPTAgrMtL4SxEE="></latexit>

X(z) = 1 =) X(⌦) = 1



Example 4

Consider the following signal:

(a) Compute the Zeta Transform:
<latexit sha1_base64="YASY+nboaeBuLkqVZshV1gJ0f8g=">AAACAXicbVDLSsNAFJ3UV42vqBvBzWApVISSiK9NsejGZQX7gDSUyWTSDp1MwsxErKFu/BU3LhRx61+482+cPhZaPXDhcM693HuPnzAqlW1/Gbm5+YXFpfyyubK6tr5hbW41ZJwKTOo4ZrFo+UgSRjmpK6oYaSWCoMhnpOn3L0d+85YISWN+owYJ8SLU5TSkGCktdayd4p3LvUo7IEwhlx8ce2ardL9fOe9YBbtsjwH/EmdKCmCKWsf6bAcxTiPCFWZIStexE+VlSCiKGRma7VSSBOE+6hJXU44iIr1s/MEQFrUSwDAWuriCY/XnRIYiKQeRrzsjpHpy1huJ/3luqsIzL6M8SRXheLIoTBlUMRzFAQMqCFZsoAnCgupbIe4hgbDSoZk6BGf25b+kcVh2Tsr29VGhejGNIw92wR4oAQecgiq4AjVQBxg8gCfwAl6NR+PZeDPeJ605YzqzDX7B+PgG2fSVNQ==</latexit>

X(z) =?
(b) Say what are the zeros of the Zeta Transform.

(c) Say what the poles of the Zeta Transform and say what is the ROC.

(d) If the stand. FT exists, compute it.

<latexit sha1_base64="/4jCvhfIq+UeXipg7LDLMaKsXTM="></latexit>

x[n] = �[n+ 5] + �[n� 5]



Example 4
(a) Using the direct definition:

<latexit sha1_base64="3cIAQFDiwcCSH2J84xbv86mOIgQ="></latexit>

X(z) =
+1X

n=�1
x[n]z�n

=
+1X

n=�1
(�[n� 5] + �[n+ 5])z�n = z�5 + z5

X(z) =
1

z5
+ z5 =

1 + z10

z5



Example 4
(b) Zeros of X(z):

The zeros are:  

- 10 different zeros (of order 1) which are the solutions in the complex 
plane of the equation:

<latexit sha1_base64="SGqDoHrQorl8Yv+yVMfEL1EUtXE="></latexit>

X(z) =
1 + z10

z5

<latexit sha1_base64="ivGQEAhnPgE+jtN3YMGYuEKGBkY="></latexit>

1 + z10 = 0 =) z10 = �1



Example 4

Why infinity is not a zero? since  

<latexit sha1_base64="SGqDoHrQorl8Yv+yVMfEL1EUtXE="></latexit>

X(z) =
1 + z10

z5

<latexit sha1_base64="yBDrGMfOgdmn87BLnsFmvK0T6+8="></latexit>

lim
z!+1

X(z) ⇡ z10

z5
= z5 = 1



Example 4
<latexit sha1_base64="n3H1apPHXcI0qF4/U6pPJItjs9w="></latexit>

z10 = �1
<latexit sha1_base64="7HRQwGNUhQA81z1fGErbp5UKSNE="></latexit>

Recall that ej2⇡k = 1
<latexit sha1_base64="LRmRohCK+u5xzRIrKBUdN6zjpy4="></latexit>

and ej⇡(2k+1) = ej2⇡k+⇡ = �1<latexit sha1_base64="+t8sA89jbgAZU1GSaK0zvEVy7oY="></latexit>

z10 = ej⇡(2k+1)

z = (ej⇡(2k+1))1/10

z = ej
⇡(2k+1)

10

<latexit sha1_base64="XeAbKi+lpxG0KpYaIbluT/FSckc="></latexit>

for k = 0, 1, 2, 3, 4, 5, 6, 7, 8, 9

<latexit sha1_base64="PS1csepZJsMZ8QKHpOJJzi46dmU="></latexit>

z = ej
⇡
10 , z = ej

3⇡
10 , z = ej

⇡
2 = j, z = ej

7⇡
10 , z = ej

9⇡
10 , z = ej

11⇡
10 , z = ej

13⇡
10 , z = ej

3⇡
2 = �j, z = ej

17⇡
10 , z = ej

19⇡
10

<latexit sha1_base64="q+nZ11+RgiT1of+jX3m2KT+EjEM="></latexit>

Note that ej
21⇡
10 = ej

⇡
10

<latexit sha1_base64="3osrUEU9cGtD3DAsBE3x92VFjKk="></latexit>

and for all the z above z10 = �1.



Example 4
(c) Poles of X(z):

We have a multiple pole (of order 5) at z=0 (5 coincident poles at z=0) 
and a multiple pole (of order 10) at z=Infinity (5 coincident poles) 

The the ROC is all the complex plane except zero and Infinity!!! 
Namely, in formula:

<latexit sha1_base64="SGqDoHrQorl8Yv+yVMfEL1EUtXE="></latexit>

X(z) =
1 + z10

z5

<latexit sha1_base64="yBDrGMfOgdmn87BLnsFmvK0T6+8="></latexit>

lim
z!+1

X(z) ⇡ z10

z5
= z5 = 1

<latexit sha1_base64="ynmmwelE8xyucR9RLLvTvei7Ib0="></latexit>

ROC: 8z 2 C\{1} [ {0}



Example 4
(d) We can make two considerations (we have two way of proceeding):  

- We can observe that the signal has finite energy, hence it admits 
standard FT. Then, we can compute the stand. FT by the definition or by 
the property of a delta (its FT is a complex exponential in frequency). 

- The second way is to have a look to the ROC: does the ROC include 
the circle of radius 1? YES, then standard FT exists. Moreover, we know 
that setting r=1 in the Zeta Transform, we obtain  the FT, i.e.,

<latexit sha1_base64="OuBmYsnaBappaJEZ/HKYi4EzkMY="></latexit>

z = rej⌦ =) r = 1 =) z = ej⌦
<latexit sha1_base64="oEW07lqfxh4eNui/ScvYXGWAZOs="></latexit>

X(z) =
1 + z10

z5
=) X(⌦) =

1 + ej10⌦

ej5⌦



Example 5

Consider the following signal:

(a) Compute the Zeta Transform:
<latexit sha1_base64="YASY+nboaeBuLkqVZshV1gJ0f8g=">AAACAXicbVDLSsNAFJ3UV42vqBvBzWApVISSiK9NsejGZQX7gDSUyWTSDp1MwsxErKFu/BU3LhRx61+482+cPhZaPXDhcM693HuPnzAqlW1/Gbm5+YXFpfyyubK6tr5hbW41ZJwKTOo4ZrFo+UgSRjmpK6oYaSWCoMhnpOn3L0d+85YISWN+owYJ8SLU5TSkGCktdayd4p3LvUo7IEwhlx8ce2ardL9fOe9YBbtsjwH/EmdKCmCKWsf6bAcxTiPCFWZIStexE+VlSCiKGRma7VSSBOE+6hJXU44iIr1s/MEQFrUSwDAWuriCY/XnRIYiKQeRrzsjpHpy1huJ/3luqsIzL6M8SRXheLIoTBlUMRzFAQMqCFZsoAnCgupbIe4hgbDSoZk6BGf25b+kcVh2Tsr29VGhejGNIw92wR4oAQecgiq4AjVQBxg8gCfwAl6NR+PZeDPeJ605YzqzDX7B+PgG2fSVNQ==</latexit>

X(z) =?
(b) Say what are the zeros of the Zeta Transform (at least say how many).

(c) Say what the poles of the Zeta Transform and say what is the ROC.

(d) If the stand. FT exists, compute it.

<latexit sha1_base64="ANyIgWmPJ9LPtjW8h815RvD6l7A="></latexit>

x[n] = �[n+ 5] + �[n] + �[n� 5]



Example 5
(a) Using the direct definition:

<latexit sha1_base64="gUg5M544tc7uFqi7I8CfmsUD4xs="></latexit>

X(z) =
z10 + z5 + 1

z5

<latexit sha1_base64="sgsr/9UQcKVREPBfdcn+cucHzWs="></latexit>

X(z) =
+1X

n=�1
x[n]z�n

=
+1X

n=�1
(�[n� 5] + �[n] + �[n+ 5])z�n = z5 + 1 + z�5

X(z) = 1 +
1

z5
+ z5 =

z5 + 1 + z10

z5



Example 5
(b) Zeros of X(z):

The zeros are:  

- 10 different zeros (of order 1) which are the solutions in the complex 
plane of the equation: 

Note that again:

<latexit sha1_base64="gUg5M544tc7uFqi7I8CfmsUD4xs="></latexit>

X(z) =
z10 + z5 + 1

z5

<latexit sha1_base64="8Nt+YXJIKe1vV8a2Qm7g3Kpel5M="></latexit>

1 + z5 + z10 = 0
<latexit sha1_base64="yBDrGMfOgdmn87BLnsFmvK0T6+8="></latexit>

lim
z!+1

X(z) ⇡ z10

z5
= z5 = 1



Example 5
(c) Poles of X(z):

We have a multiple pole (of order 5) at z=0  (5 coincident poles at 
z=Infinity) and  a multiple pole (of order 5) at z=Infinity (5 coincident poles 
at z=Infinity). 

The the ROC is all the complex plane except at zero and at Infinity!!! 
Namely, in formula:

<latexit sha1_base64="gUg5M544tc7uFqi7I8CfmsUD4xs="></latexit>

X(z) =
z10 + z5 + 1

z5

<latexit sha1_base64="ynmmwelE8xyucR9RLLvTvei7Ib0="></latexit>

ROC: 8z 2 C\{1} [ {0}



Example 5
(d) We can make two considerations (we have two way of proceeding):  

- We can observe that the signal has finite energy, hence it admits 
standard FT. Then, we can compute the stand. FT by the definition or by 
the property of a delta (its FT is a complex exponential in frequency). 

- The second way is to have a look to the ROC: does the ROC include 
the circle of radius 1? YES, then standard FT exists. Moreover, we know 
that setting r=1 in the Zeta Transform, we obtain  the FT, i.e.,

<latexit sha1_base64="OuBmYsnaBappaJEZ/HKYi4EzkMY="></latexit>

z = rej⌦ =) r = 1 =) z = ej⌦
<latexit sha1_base64="u/26gzvqv6SX8IW37t1oV/BKXo4="></latexit>

X(z) =
1 + z5 + z10

z5
=) X(⌦) =

1 + ej5⌦ + ej10⌦

ej5⌦



Example 6

Consider the following signal:

(a) Compute the Zeta Transform:
<latexit sha1_base64="YASY+nboaeBuLkqVZshV1gJ0f8g=">AAACAXicbVDLSsNAFJ3UV42vqBvBzWApVISSiK9NsejGZQX7gDSUyWTSDp1MwsxErKFu/BU3LhRx61+482+cPhZaPXDhcM693HuPnzAqlW1/Gbm5+YXFpfyyubK6tr5hbW41ZJwKTOo4ZrFo+UgSRjmpK6oYaSWCoMhnpOn3L0d+85YISWN+owYJ8SLU5TSkGCktdayd4p3LvUo7IEwhlx8ce2ardL9fOe9YBbtsjwH/EmdKCmCKWsf6bAcxTiPCFWZIStexE+VlSCiKGRma7VSSBOE+6hJXU44iIr1s/MEQFrUSwDAWuriCY/XnRIYiKQeRrzsjpHpy1huJ/3luqsIzL6M8SRXheLIoTBlUMRzFAQMqCFZsoAnCgupbIe4hgbDSoZk6BGf25b+kcVh2Tsr29VGhejGNIw92wR4oAQecgiq4AjVQBxg8gCfwAl6NR+PZeDPeJ605YzqzDX7B+PgG2fSVNQ==</latexit>

X(z) =?
(b) Say what are the zeros of the Zeta Transform.

(c) Say what the poles of the Zeta Transform and say what is the ROC.

(d) If the stand. FT exists, compute it.

<latexit sha1_base64="BdIpqUlOWTlfySizMMFK7ukCA+Y="></latexit>

x[n] = 1



Example 6
(a) Using the direct definition: <latexit sha1_base64="7r7xwcEffJLbBDpz+tdAv4W4JBM="></latexit>

X(z) =
+1X

n=�1
x[n]z�n

=
+1X

n=�1
z�n

= 1

(comparar con la serie geometrica…) 

The Zeta Transform does not exists !!!



Example 6
The Zeta Transform does not exists !!!  

(b)  The Zeta Transform does not exists, then there are not “zeros” 

(c) The Zeta Transform does not exists, then is like that all the 
complex planes is formed by “poles” (all points in the complex plan 
are poles…) (no voy a  requirer está respuesta…diciendo que no 
existe ya se entiende el resto….) 

(d) Therefore, the stand. FT does not exists neither since the Zeta 
transform is an extension of the stand. FT (which admits more 
signals…)  - This signal admits Fourier Series (as a degenerate 
periodic signal - with infinite period) and Generalized FT.



Example 7

Consider the following signal:

(a) Compute the Zeta Transform:
<latexit sha1_base64="YASY+nboaeBuLkqVZshV1gJ0f8g=">AAACAXicbVDLSsNAFJ3UV42vqBvBzWApVISSiK9NsejGZQX7gDSUyWTSDp1MwsxErKFu/BU3LhRx61+482+cPhZaPXDhcM693HuPnzAqlW1/Gbm5+YXFpfyyubK6tr5hbW41ZJwKTOo4ZrFo+UgSRjmpK6oYaSWCoMhnpOn3L0d+85YISWN+owYJ8SLU5TSkGCktdayd4p3LvUo7IEwhlx8ce2ardL9fOe9YBbtsjwH/EmdKCmCKWsf6bAcxTiPCFWZIStexE+VlSCiKGRma7VSSBOE+6hJXU44iIr1s/MEQFrUSwDAWuriCY/XnRIYiKQeRrzsjpHpy1huJ/3luqsIzL6M8SRXheLIoTBlUMRzFAQMqCFZsoAnCgupbIe4hgbDSoZk6BGf25b+kcVh2Tsr29VGhejGNIw92wR4oAQecgiq4AjVQBxg8gCfwAl6NR+PZeDPeJ605YzqzDX7B+PgG2fSVNQ==</latexit>

X(z) =?
(b) Say what are the zeros of the Zeta Transform.

(c) Say what the poles of the Zeta Transform and say what is the ROC.

(d) If the stand. FT exists, compute it.

<latexit sha1_base64="IkIziiNLKR/afGEIatEOAfmMAYM="></latexit>

x[n] = u[n]



Example 7
(a) Using the direct definition:

<latexit sha1_base64="P2Keqy9bzaz9uxKVFY54qMQnlbg="></latexit>

X(z) =
+1X

n=�1
x[n]z�n

=

+1X

n=0

z�n

=

+1X

n=0

(z�1
)
n

=
1

1� z�1
ONLY IF |z�1| < 1

<latexit sha1_base64="jAMzltPEWGTcmiHoS5xwNMSG7NI="></latexit>

|z�1| < 1 =)
����
1

z

���� < 1 =) |z| > 1

<latexit sha1_base64="XY1XTpGBI6qxBbnLux1fMTEORhk="></latexit>

This is the ROC !!!

<latexit sha1_base64="ZsqEqDwUSiRbBy9R9WllbwQ5540="></latexit>

Im

<latexit sha1_base64="Kyoxt7S3HargMWMrZqyDJuSM3Qk="></latexit>

Re
<latexit sha1_base64="opVI38n0GIfxP1Dw0Xq4mnCrIGg="></latexit>

1

<latexit sha1_base64="vZESjQO2hy+xIB5Njz1T41qXJQc="></latexit>

X(z) =
1

1� z�1
=

z

z � 1



Example 7

Where we have used this one



Example 7
(b) Zeros of X(z):

The zeros are:  

- 1 zero (simple - single) at z=0 

Note that:

<latexit sha1_base64="vZESjQO2hy+xIB5Njz1T41qXJQc="></latexit>

X(z) =
1

1� z�1
=

z

z � 1

<latexit sha1_base64="JVxDns3iFK3IWZjhVg6mxPr1umM="></latexit>

lim
z!+1

X(z) ⇡ z

z
= 1



Example 7
(c) Poles of X(z):

We have a (simple - single) pole at z=1 

The the ROC is all z such that |z|>1:

<latexit sha1_base64="vZESjQO2hy+xIB5Njz1T41qXJQc="></latexit>

X(z) =
1

1� z�1
=

z

z � 1

<latexit sha1_base64="2soIQLQCn3detC+XLJg/wjKl+G0="></latexit>

ROC: 8z 2 C : such that |z| > 1

<latexit sha1_base64="ZsqEqDwUSiRbBy9R9WllbwQ5540="></latexit>

Im

<latexit sha1_base64="Kyoxt7S3HargMWMrZqyDJuSM3Qk="></latexit>

Re
<latexit sha1_base64="opVI38n0GIfxP1Dw0Xq4mnCrIGg="></latexit>

1



Example 7
(d) We can make two considerations (we have two way of proceeding):  

- We can observe that the signal has infinite energy, hence the standard 
FT does not exist!! 

- The second way is to have a look to the ROC: does the ROC include 
the circle of radius 1? No, then standard FT DOES NOT exists.

<latexit sha1_base64="2soIQLQCn3detC+XLJg/wjKl+G0="></latexit>

ROC: 8z 2 C : such that |z| > 1

<latexit sha1_base64="ZsqEqDwUSiRbBy9R9WllbwQ5540="></latexit>

Im

<latexit sha1_base64="Kyoxt7S3HargMWMrZqyDJuSM3Qk="></latexit>

Re
<latexit sha1_base64="opVI38n0GIfxP1Dw0Xq4mnCrIGg="></latexit>

1

The circle of radius 1 is not included in the ROC.



Example 8

Consider the following signal:

(a) Compute the Zeta Transform:
<latexit sha1_base64="YASY+nboaeBuLkqVZshV1gJ0f8g=">AAACAXicbVDLSsNAFJ3UV42vqBvBzWApVISSiK9NsejGZQX7gDSUyWTSDp1MwsxErKFu/BU3LhRx61+482+cPhZaPXDhcM693HuPnzAqlW1/Gbm5+YXFpfyyubK6tr5hbW41ZJwKTOo4ZrFo+UgSRjmpK6oYaSWCoMhnpOn3L0d+85YISWN+owYJ8SLU5TSkGCktdayd4p3LvUo7IEwhlx8ce2ardL9fOe9YBbtsjwH/EmdKCmCKWsf6bAcxTiPCFWZIStexE+VlSCiKGRma7VSSBOE+6hJXU44iIr1s/MEQFrUSwDAWuriCY/XnRIYiKQeRrzsjpHpy1huJ/3luqsIzL6M8SRXheLIoTBlUMRzFAQMqCFZsoAnCgupbIe4hgbDSoZk6BGf25b+kcVh2Tsr29VGhejGNIw92wR4oAQecgiq4AjVQBxg8gCfwAl6NR+PZeDPeJ605YzqzDX7B+PgG2fSVNQ==</latexit>

X(z) =?
(b) Say what are the zeros of the Zeta Transform.

(c) Say what the poles of the Zeta Transform and say what is the ROC.

(d) If the stand. FT exists, compute it.

<latexit sha1_base64="XJcwt+GVMxAbO1qYI1qEJ+6p7/0="></latexit>

x[n] = u[�n]



Example 8
(a) Using the direct definition:

<latexit sha1_base64="QWXNKRRugn4iSYhOWAm6NPyaxEM="></latexit>

X(z) =
+1X

n=�1
x[n]z�n

=
0X

n=�1
z�n

=
+1X

k=0

zk

<latexit sha1_base64="Wb0q3X4LiSN7K76RkDl5Ioipmd0="></latexit>

k = �n ! n = �k



Example 8

We will use this one

We have to recall:



Example 8
Then:

<latexit sha1_base64="Rtbun0GW0GzVipGs71Af46A8+lU="></latexit>

X(z) =
+1X

n=�1
x[n]z�n

=

0X

n=�1
z�n

=

+1X

k=0

zk

=
1

1� z
ONLY IF |z| < 1

<latexit sha1_base64="XY1XTpGBI6qxBbnLux1fMTEORhk="></latexit>

This is the ROC !!!
<latexit sha1_base64="Kyoxt7S3HargMWMrZqyDJuSM3Qk="></latexit>

Re

<latexit sha1_base64="ZsqEqDwUSiRbBy9R9WllbwQ5540="></latexit>

Im

<latexit sha1_base64="opVI38n0GIfxP1Dw0Xq4mnCrIGg="></latexit>

1



Example 8
(b) Zeros of X(z):

The zeros are:  

- 1 zero (simple - single) at z=Infinity 

<latexit sha1_base64="lbXPfR6nZLyl6xJrNNFjGBlQ61M="></latexit>

X(z) =
1

1� z



Example 8
(c) Poles of X(z):

We have a (simple - single) pole at z=-1 

The the ROC is all z such that |z|<1:

<latexit sha1_base64="lbXPfR6nZLyl6xJrNNFjGBlQ61M="></latexit>

X(z) =
1

1� z

<latexit sha1_base64="Kyoxt7S3HargMWMrZqyDJuSM3Qk="></latexit>

Re

<latexit sha1_base64="ZsqEqDwUSiRbBy9R9WllbwQ5540="></latexit>

Im

<latexit sha1_base64="opVI38n0GIfxP1Dw0Xq4mnCrIGg="></latexit>

1

<latexit sha1_base64="DUxXFsoBeEO1dG+bRXp5n0PNtTc="></latexit>

ROC: 8z 2 C : such that |z| < 1



Example 8
(d) We can make two considerations (we have two way of proceeding):  

- We can observe that the signal has infinite energy, hence the standard 
FT does not exist!! 

- The second way is to have a look to the ROC: does the ROC include 
the circle of radius 1? No, then standard FT DOES NOT exists.

The circle of radius 1 is not included in the ROC.

<latexit sha1_base64="DUxXFsoBeEO1dG+bRXp5n0PNtTc="></latexit>

ROC: 8z 2 C : such that |z| < 1
<latexit sha1_base64="Kyoxt7S3HargMWMrZqyDJuSM3Qk="></latexit>

Re

<latexit sha1_base64="ZsqEqDwUSiRbBy9R9WllbwQ5540="></latexit>

Im

<latexit sha1_base64="opVI38n0GIfxP1Dw0Xq4mnCrIGg="></latexit>

1



Example 9

Consider the following signal:

(a) Compute the Zeta Transform:
<latexit sha1_base64="YASY+nboaeBuLkqVZshV1gJ0f8g=">AAACAXicbVDLSsNAFJ3UV42vqBvBzWApVISSiK9NsejGZQX7gDSUyWTSDp1MwsxErKFu/BU3LhRx61+482+cPhZaPXDhcM693HuPnzAqlW1/Gbm5+YXFpfyyubK6tr5hbW41ZJwKTOo4ZrFo+UgSRjmpK6oYaSWCoMhnpOn3L0d+85YISWN+owYJ8SLU5TSkGCktdayd4p3LvUo7IEwhlx8ce2ardL9fOe9YBbtsjwH/EmdKCmCKWsf6bAcxTiPCFWZIStexE+VlSCiKGRma7VSSBOE+6hJXU44iIr1s/MEQFrUSwDAWuriCY/XnRIYiKQeRrzsjpHpy1huJ/3luqsIzL6M8SRXheLIoTBlUMRzFAQMqCFZsoAnCgupbIe4hgbDSoZk6BGf25b+kcVh2Tsr29VGhejGNIw92wR4oAQecgiq4AjVQBxg8gCfwAl6NR+PZeDPeJ605YzqzDX7B+PgG2fSVNQ==</latexit>

X(z) =?

(b) Say what the poles of the Zeta Transform and say what is the ROC.
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Example 9

in our specific case, the poles are just at z=0, since at 
z=Infinity, we have:

<latexit sha1_base64="8JcFyBw4cLWuAtdRsazhsmZ83i8="></latexit>

lim
z!+1

X(z) ⇡ zL�1

zL�1
= 1

in fact, it is a right-sided sequence-signal !!

<latexit sha1_base64="ZsqEqDwUSiRbBy9R9WllbwQ5540="></latexit>

Im

<latexit sha1_base64="Kyoxt7S3HargMWMrZqyDJuSM3Qk="></latexit>

Re



Questions?


