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Example 15
Consider the following FTs of an input x[n] and the impulse response h[n] of an 
LTI system:

Compute the   standard FT  of the output of the system 
y[n],

<latexit sha1_base64="r3KsyrNWgHIPQqfWbQbAD9Do5CU=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1U5LiayMU3XRnBfuAJpbJ9KYdO3kwMxFKyAe48VfcuFDErR/gzr9x2mahrQcGDuecy5173IgzqUzz21hYXFpeWc2t5dc3Nre2Czu7TRnGgkKDhjwUbZdI4CyAhmKKQzsSQHyXQ8sdXo391gMIycLgVo0icHzSD5jHKFFa6haKtZJ97UOfHF3AXXJve4LQpGJHLE1O0qmT6pRZNifA88TKSBFlqHcLX3YvpLEPgaKcSNmxzEg5CRGKUQ5p3o4lRIQOSR86mgbEB+kkk2NSfKiVHvZCoV+g8ET9PZEQX8qR7+qkT9RAznpj8T+vEyvv3ElYEMUKAjpd5MUcqxCPm8E9JoAqPtKEUMH0XzEdEN2H0v3ldQnW7MnzpFkpW6dl8+a4WL3M6sihfXSASshCZ6iKaqiOGoiiR/SMXtGb8WS8GO/GxzS6YGQze+gPjM8fLJSbFw==</latexit>

H(⌦) = e
j 2⇡

5 ⌦
<latexit sha1_base64="lBqcrLEbrXc4fc3VbsvR99GlzV8=">AAACJHicbVDLSgMxFM34rPVVdelmsBTqpswUXyBC0U13VrAP6Iwlk95pYzMPkoxQhvkYN/6KGxc+cOHGbzFtR9HWA4GTc84luccJGRXSMD60ufmFxaXlzEp2dW19YzO3td0QQcQJ1EnAAt5ysABGfahLKhm0Qg7Ycxg0ncHFyG/eARc08K/lMATbwz2fupRgqaRO7rRQLVqXHvTw/hncxLeWyzGJy1ZIk/gwmThJtvWTsUggvi+dXN4oGWPos8RMSR6lqHVyr1Y3IJEHviQMC9E2jVDaMeaSEgZJ1ooEhJgMcA/aivrYA2HH4yUTvaCUru4GXB1f6mP190SMPSGGnqOSHpZ9Me2NxP+8diTdEzumfhhJ8MnkITdiugz0UWN6l3Igkg0VwYRT9Ved9LGqSapes6oEc3rlWdIol8yjknF1kK+cp3Vk0C7aQ0VkomNUQVVUQ3VE0D16RM/oRXvQnrQ37X0SndPSmR30B9rnF6fio5g=</latexit>

X(⌦) = cos(⌦)

<latexit sha1_base64="eO1k6n1YLGOjLNIS9rlWCVxS3dQ="></latexit>

Y (⌦) =?



Example 15
We know that:

<latexit sha1_base64="3Lc22NdsMCgNU7BPBEpJGnYJ0/4="></latexit>

Y (⌦) = X(⌦)H(⌦)

then:
<latexit sha1_base64="4NDgiCU2Wz9IbNFJXG6bCHLVYHY="></latexit>

Y (⌦) = cos(⌦)ej
2⇡
5 ⌦

=
1

2

�
ej⌦ + e�j⌦

�
ej

2⇡
5 ⌦

=
1

2

⇣
ej

7⇡
5 ⌦ + e�j 3⇡

5 ⌦
⌘

This is the solution.
<latexit sha1_base64="ALoiHx8XfCFQOdnA+fWQpMmQ6+8="></latexit>

=
1

2

⇣
ej

2⇡+5
5 ⌦ + ej

2⇡�5
5 ⌦

⌘



Example 16

Consider the following FT:

Compute the corresponding signal x[n].

<latexit sha1_base64="NJfTTdv8S9RcwDHioB3MQuBKhWQ="></latexit>

X(⌦) = 1 for
⇡

4
 |⌦|  3⇡

4
and zero (= 0) in the interval [�⇡,⇡]



Example 16
<latexit sha1_base64="NJfTTdv8S9RcwDHioB3MQuBKhWQ="></latexit>

X(⌦) = 1 for
⇡

4
 |⌦|  3⇡

4
and zero (= 0) in the interval [�⇡,⇡]

The FT is (recalling that is periodic with period 2\pi ):

<latexit sha1_base64="8BiIPQpMgVq9W7pySzvaNWQqJ0A="></latexit>

0
<latexit sha1_base64="Pb1Dc6H3IQnb1UG27BAth31iO24="></latexit>⇡<latexit sha1_base64="VkB0KWLUYL1cVDnfD/42yi0pw14="></latexit>

3⇡

4

<latexit sha1_base64="smjlbIhofMyW5yN4mTKw1zu4dE8="></latexit>

�3⇡

4

<latexit sha1_base64="F3jXbjvvM/d4HMRP4XgKq06Fp7o="></latexit>

�⇡

4

<latexit sha1_base64="fFaGDkNlUswRZRVCK2BVXKXZiRE="></latexit>⇡

4

<latexit sha1_base64="ZIizHRp4SD4K2iotxbKXQjQS9Ys="></latexit>�⇡

<latexit sha1_base64="P7fBrzhJP+HEsdSb2+KvSdsRmtQ="></latexit>

1
<latexit sha1_base64="P7fBrzhJP+HEsdSb2+KvSdsRmtQ="></latexit>

1

<latexit sha1_base64="YJVod4khUon+kDt/mmNyfc2xAQs="></latexit>

X(⌦)

<latexit sha1_base64="/+Opwsrrwv8eQykyjXWkar7Sez4="></latexit>

⌦



Example 16
The inverse transformation formula is:

<latexit sha1_base64="KVKGT2VYq77Mhwj0j4tMPfsLCWY="></latexit>

x[n] =
1

2⇡

Z

2⇡
X(⌦)ej⌦nd⌦Inverse 

freq. ==> time Inverse Fourier Transform

<latexit sha1_base64="gKYmHfrDhdQf7Qtz9bwThwnjAlk="></latexit>

x[n] =
1

2⇡

Z ⇡

�⇡
X(⌦)ej⌦nd⌦

One possible choice:



Example 16
<latexit sha1_base64="gKYmHfrDhdQf7Qtz9bwThwnjAlk="></latexit>

x[n] =
1

2⇡

Z ⇡

�⇡
X(⌦)ej⌦nd⌦

<latexit sha1_base64="kkowpOHlz5zF909MyvQkppuRltY="></latexit>

x[n] =
1

2⇡

Z �⇡
4

� 3⇡
4

ej⌦nd⌦+
1

2⇡

Z 3⇡
4

⇡
4

ej⌦nd⌦

<latexit sha1_base64="drKSGfg/94KqiJkF3eCcl7gYUGs="></latexit>

x[n] =
1

2⇡


1

jn
ej⌦n

��⇡
4

� 3⇡
4

+
1

2⇡


1

jn
ej⌦n

� 3⇡
4

⇡
4



Example 16
<latexit sha1_base64="drKSGfg/94KqiJkF3eCcl7gYUGs="></latexit>

x[n] =
1

2⇡


1

jn
ej⌦n

��⇡
4

� 3⇡
4

+
1

2⇡


1

jn
ej⌦n

� 3⇡
4

⇡
4

<latexit sha1_base64="gEK/7XrKXpAOFpq81tESlUTc6hU="></latexit>

x[n] =
1

2⇡

1

jn

⇣
e�j ⇡

4 n � e�j 3⇡
4 n + ej

3⇡
4 n � ej

⇡
4 n

⌘

This is already the solution; if required, we have to do more 
“arrangements”. 



Example 16

<latexit sha1_base64="KZiNUoJGDeo9qy6irbCavBo5pGw="></latexit>

x[n] =
1

2⇡

1

jn

⇣
e�j ⇡

4 n � ej
⇡
4 n � e�j 3⇡

4 n + ej
3⇡
4 n

⌘

<latexit sha1_base64="gEK/7XrKXpAOFpq81tESlUTc6hU="></latexit>

x[n] =
1

2⇡

1

jn

⇣
e�j ⇡

4 n � e�j 3⇡
4 n + ej

3⇡
4 n � ej

⇡
4 n

⌘

<latexit sha1_base64="azWQ+kqJ1Vd9aZ4ZhbTU/cBfzqo="></latexit>

x[n] =
1

2⇡

1

jn

�
e�j ⇡

4 n � ej
⇡
4 n

�
+

1

2⇡

1

jn

⇣
ej

3⇡
4 n � e�j 3⇡

4 n
⌘

<latexit sha1_base64="zYCM1Qen0qaiHJp6yh+4l+jTIjM="></latexit>

x[n] = � 1

⇡n
sin

h⇡
4
n
i
+

1

⇡n
sin


3⇡

4
n

�



Example 17

Consider the following difference equation:

Compute the corresponding impulse response in frequency:
<latexit sha1_base64="QYI1KeBTP5icVSHAzl43tGWqrAM="></latexit>

H(⌦) =?

<latexit sha1_base64="g7Y1HYVBPkEOJsqwNUQKv64H0fo="></latexit>

y[n]� 10y[n� 1] = 3x[n]�
p
2x[n� 10]



Example 17
<latexit sha1_base64="g7Y1HYVBPkEOJsqwNUQKv64H0fo="></latexit>

y[n]� 10y[n� 1] = 3x[n]�
p
2x[n� 10]

Recalling the property:
<latexit sha1_base64="MNwt918IaecjX5h5y5ABjjCwzys="></latexit>

y[n� n0] () e�j⌦n0Y (⌦)

<latexit sha1_base64="L21SYqvso/V0Wk2CGXOubl13sZo="></latexit>

Y (⌦)� 10e�j⌦Y (⌦) = 3X(⌦)�
p
2e�j10⌦X(⌦)



Example 17
<latexit sha1_base64="L21SYqvso/V0Wk2CGXOubl13sZo="></latexit>

Y (⌦)� 10e�j⌦Y (⌦) = 3X(⌦)�
p
2e�j10⌦X(⌦)

<latexit sha1_base64="ufLLng2RZSBenrPqkJvg283tBzg="></latexit>

Y (⌦)
�
1� 10e�j⌦

�
= X(⌦)

⇣
3�

p
2e�j10⌦

⌘

<latexit sha1_base64="ypNZOQUg/iZYQ/Givf6gnV+/UQ0="></latexit>

H(⌦) =
Y (⌦)

X(⌦)
=

3�
p
2e�j10⌦

1� 10e�j⌦

This is the solution. 



Example 17

Consider the following difference equation:

Compute the corresponding impulse response in frequency:
<latexit sha1_base64="QYI1KeBTP5icVSHAzl43tGWqrAM="></latexit>

H(⌦) =?

<latexit sha1_base64="La0HedTTb81973ncnobvny3zFHo="></latexit>

y[n] = 0.5y[n� 1] + y[n� 2]� 3x[n]



Example 17
<latexit sha1_base64="La0HedTTb81973ncnobvny3zFHo="></latexit>

y[n] = 0.5y[n� 1] + y[n� 2]� 3x[n]

<latexit sha1_base64="24JAucXpqy+MBNQ0Z68khudyXjk="></latexit>

y[n]� 0.5y[n� 1]� y[n� 2] = �3x[n]

<latexit sha1_base64="SWzlWCGl8/9gd4eYGW+c+2ryqp0="></latexit>

Y (⌦)� 0.5e�j⌦Y (⌦)� e�j2⌦Y (⌦) = �3X(⌦)
<latexit sha1_base64="7lK5HCjFxvlOZkaAxgn5tNnO+eg="></latexit>

Y (⌦)
�
1� 0.5e�j⌦ � e�j2⌦

�
= �3X(⌦)



Example 17

<latexit sha1_base64="7lK5HCjFxvlOZkaAxgn5tNnO+eg="></latexit>

Y (⌦)
�
1� 0.5e�j⌦ � e�j2⌦

�
= �3X(⌦)

<latexit sha1_base64="G0MmxVjPTcb1FXU1nyMsl5xUxjs="></latexit>

H(⌦) =
Y (⌦)

X(⌦)
=

�3

1� 0.5e�j⌦ � e�j2⌦

This is the solution. 



Example 18

Consider the following module of FT:

Say if it represents a low-pass filter, high-pass filter or a band-pass filter, 

and give a proper explanation.

<latexit sha1_base64="FnYvepE+EkCuvaLcR61XXzH9u2w="></latexit>

⌦
<latexit sha1_base64="ZIizHRp4SD4K2iotxbKXQjQS9Ys="></latexit>�⇡ <latexit sha1_base64="Pb1Dc6H3IQnb1UG27BAth31iO24="></latexit>⇡

<latexit sha1_base64="HrJ4QT+ZXVHhG7iXlHX8WK+To7s="></latexit>

|H(⌦)|



Example 18

This is a low-pass filter. (proper explanation leave to the student but recall 
figure below)

<latexit sha1_base64="FnYvepE+EkCuvaLcR61XXzH9u2w="></latexit>

⌦
<latexit sha1_base64="ZIizHRp4SD4K2iotxbKXQjQS9Ys="></latexit>�⇡ <latexit sha1_base64="Pb1Dc6H3IQnb1UG27BAth31iO24="></latexit>⇡

<latexit sha1_base64="HrJ4QT+ZXVHhG7iXlHX8WK+To7s="></latexit>

|H(⌦)|



Example 19

Consider the following module of FT:

Say if it represents a low-pass filter, high-pass filter or a band-pass filter, 

and give a proper explanation.

<latexit sha1_base64="8BiIPQpMgVq9W7pySzvaNWQqJ0A="></latexit>

0
<latexit sha1_base64="Pb1Dc6H3IQnb1UG27BAth31iO24="></latexit>⇡<latexit sha1_base64="VkB0KWLUYL1cVDnfD/42yi0pw14="></latexit>

3⇡

4

<latexit sha1_base64="smjlbIhofMyW5yN4mTKw1zu4dE8="></latexit>

�3⇡

4

<latexit sha1_base64="F3jXbjvvM/d4HMRP4XgKq06Fp7o="></latexit>

�⇡

4

<latexit sha1_base64="fFaGDkNlUswRZRVCK2BVXKXZiRE="></latexit>⇡

4

<latexit sha1_base64="ZIizHRp4SD4K2iotxbKXQjQS9Ys="></latexit>�⇡

<latexit sha1_base64="P7fBrzhJP+HEsdSb2+KvSdsRmtQ="></latexit>

1
<latexit sha1_base64="P7fBrzhJP+HEsdSb2+KvSdsRmtQ="></latexit>

1
<latexit sha1_base64="/+Opwsrrwv8eQykyjXWkar7Sez4="></latexit>

⌦

<latexit sha1_base64="HrJ4QT+ZXVHhG7iXlHX8WK+To7s="></latexit>

|H(⌦)|



Example 19

This is a band-pass filter. (proper explanation leave to the student but recall 
figure below)

<latexit sha1_base64="8BiIPQpMgVq9W7pySzvaNWQqJ0A="></latexit>

0
<latexit sha1_base64="Pb1Dc6H3IQnb1UG27BAth31iO24="></latexit>⇡<latexit sha1_base64="VkB0KWLUYL1cVDnfD/42yi0pw14="></latexit>

3⇡

4

<latexit sha1_base64="smjlbIhofMyW5yN4mTKw1zu4dE8="></latexit>

�3⇡

4

<latexit sha1_base64="F3jXbjvvM/d4HMRP4XgKq06Fp7o="></latexit>

�⇡

4

<latexit sha1_base64="fFaGDkNlUswRZRVCK2BVXKXZiRE="></latexit>⇡

4

<latexit sha1_base64="ZIizHRp4SD4K2iotxbKXQjQS9Ys="></latexit>�⇡

<latexit sha1_base64="P7fBrzhJP+HEsdSb2+KvSdsRmtQ="></latexit>

1
<latexit sha1_base64="P7fBrzhJP+HEsdSb2+KvSdsRmtQ="></latexit>

1
<latexit sha1_base64="/+Opwsrrwv8eQykyjXWkar7Sez4="></latexit>

⌦

<latexit sha1_base64="HrJ4QT+ZXVHhG7iXlHX8WK+To7s="></latexit>

|H(⌦)|



Example 20

Consider the following module of FT:

Say if it represents a low-pass filter, high-pass filter or a band-pass filter, 

and give a proper explanation.

<latexit sha1_base64="FnYvepE+EkCuvaLcR61XXzH9u2w="></latexit>

⌦
<latexit sha1_base64="ZIizHRp4SD4K2iotxbKXQjQS9Ys="></latexit>�⇡ <latexit sha1_base64="Pb1Dc6H3IQnb1UG27BAth31iO24="></latexit>⇡

<latexit sha1_base64="HrJ4QT+ZXVHhG7iXlHX8WK+To7s="></latexit>

|H(⌦)|

<latexit sha1_base64="eRgpPCplfBcbQl/S1qzK2Vrw/Vc="></latexit>

2⇡
<latexit sha1_base64="rHBFTWUp5eyvDPlscvBN7K9MG3E="></latexit>⇡

2

<latexit sha1_base64="3ggdMhBfWySi0DVLBsLFoLKTZTM="></latexit>

3⇡

2

<latexit sha1_base64="cbCDehfyTaomvsJkvPQeeMgvN90="></latexit>

�3⇡

2

<latexit sha1_base64="DEhoMu1sWQuI196/lMt+aPAE9s8="> Ski1iPzvpCcJGvMWSd92Zge/0hw54VF+oMHWA+hBcbtG2CLeaMhIEsYgutYPWQmJO4PagshqDPtjxvHFUr+tuK9m13a+9jMo516YX0UipLuvRO2pP2pQPpULIK+wWvcFW4Ln4p0uJNcRyHrq4kOc+l3Cr++ANOC5za</latexit>�2⇡
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This is a high-pass filter. (proper explanation leave to the student but recall 
figure below)

<latexit sha1_base64="FnYvepE+EkCuvaLcR61XXzH9u2w="></latexit>

⌦
<latexit sha1_base64="ZIizHRp4SD4K2iotxbKXQjQS9Ys="></latexit>�⇡ <latexit sha1_base64="Pb1Dc6H3IQnb1UG27BAth31iO24="></latexit>⇡

<latexit sha1_base64="HrJ4QT+ZXVHhG7iXlHX8WK+To7s="></latexit>

|H(⌦)|

<latexit sha1_base64="eRgpPCplfBcbQl/S1qzK2Vrw/Vc="></latexit>

2⇡
<latexit sha1_base64="rHBFTWUp5eyvDPlscvBN7K9MG3E="></latexit>⇡

2

<latexit sha1_base64="3ggdMhBfWySi0DVLBsLFoLKTZTM="></latexit>

3⇡

2

<latexit sha1_base64="cbCDehfyTaomvsJkvPQeeMgvN90="></latexit>

�3⇡

2

<latexit sha1_base64="DEhoMu1sWQuI196/lMt+aPAE9s8="></latexit>�2⇡



Example 21

Consider the following FT:

Find the corresponding signal x[n]

<latexit sha1_base64="RrtG1v8tTH/8CpDYXe/mi9n3Xog="></latexit>

X(⌦) =
e�j⌦ � 1

3

1� 1
5e

�j⌦



Example 21 <latexit sha1_base64="RrtG1v8tTH/8CpDYXe/mi9n3Xog="></latexit>

X(⌦) =
e�j⌦ � 1

3

1� 1
5e

�j⌦

Recalling the formula of the geometric series or using some Tables 
of well-known Fourier transformation, we can write:

<latexit sha1_base64="+hTuAOaxUnSTeF8l9sAHlD/LKPc="></latexit>

X(⌦) =
e�j⌦

1� 1
5e

�j⌦
� 1

3

1

1� 1
5e

�j⌦

<latexit sha1_base64="hFrmMfuEtVReWcO6vvRl0BcI8jo="></latexit>

1

1� 1
5e

�j⌦
=

1X

n=0

✓
1

5

◆n

e�j⌦n



Example 21
Recalling the formula of the geometric series or using some Tables 
of well-known Fourier transformation, we can write:

<latexit sha1_base64="hFrmMfuEtVReWcO6vvRl0BcI8jo="></latexit>

1

1� 1
5e

�j⌦
=

1X

n=0

✓
1

5

◆n

e�j⌦n

<latexit sha1_base64="g+R6X+F+d+tdI0UJtKBmqxs6Y2Q="></latexit>

Z(⌦) =
1

1� 1
5e

�j⌦

<latexit sha1_base64="rfieycczq0AYMG7EsKIBg4bMB3o="></latexit>

z[n] =

✓
1

5

◆n

u[n]

comparing with the definition of FT:

we can write:



Example 21

Then:

<latexit sha1_base64="g+R6X+F+d+tdI0UJtKBmqxs6Y2Q="></latexit>

Z(⌦) =
1

1� 1
5e

�j⌦

<latexit sha1_base64="+hTuAOaxUnSTeF8l9sAHlD/LKPc="></latexit>

X(⌦) =
e�j⌦

1� 1
5e

�j⌦
� 1

3

1

1� 1
5e

�j⌦

<latexit sha1_base64="8ssBav265GS9BfZnIkXuXpMIUyE="></latexit>

X(⌦) = e�j⌦Z(⌦)� 1

3
Z(⌦)

<latexit sha1_base64="aiBm7mQcKbLgdvJp3XZrHbUrk1M="></latexit>

z[n� 1]
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Then:

<latexit sha1_base64="8ssBav265GS9BfZnIkXuXpMIUyE="></latexit>

X(⌦) = e�j⌦Z(⌦)� 1

3
Z(⌦)

<latexit sha1_base64="A7JZnnZdwW5nNOPEueLd3vDI7hE="></latexit>

x[n] = z[n� 1]� 1

3
z[n]

<latexit sha1_base64="c/pbe/l8u8YyDjK7VhKlROjeAsU="></latexit>

x[n] =

✓
1

5

◆n�1

u[n� 1]� 1

3

✓
1

5

◆n

u[n]

<latexit sha1_base64="rfieycczq0AYMG7EsKIBg4bMB3o="></latexit>

z[n] =

✓
1

5

◆n

u[n]
This is the solution. 



Questions?


