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Example 1

Let consider  the following signal: 

(a) Compute the FT of x[n] 

(b)  Compute the coefficients a_k of the Fourier Series of the “periodic brother” 
signal     obtained repeating the x[0]=1, x[1]=1, x[2]=1, x[3]=1, and x[4]=1, 
each N=5 and N=6 times steps. 

(c) Considering the data  x[0]=1, x[1]=1, x[2]=1, x[3]=1, and x[4]=1, say what is 
the value of L, and considering N=6 compute the DFT. 

(d)  Compare the a_k with the DFT.

<latexit sha1_base64="4v97fYyy3yFgR+KyKYZdgYRbzJo="></latexit>

ex[n]



Example 1

We can compute the FT in two (equivalent) ways: first of all,

<latexit sha1_base64="QB5QkzNT96r9i0qwbMv1/BIy9u4="></latexit>

x[n] = �[n] + �[n� 1] + �[n� 2] + �[n� 3] + �[n� 4]

(a) We can write: 

<latexit sha1_base64="4XFwd9ZJkz3KqnG0CrG5nZRJBmk="></latexit>

�[n� n0] ! e�j⌦n0

<latexit sha1_base64="MXXoWhb7lBADf9UBNOQCCBv3K7A="></latexit>

X(⌦) = 1 + e�j⌦ + e�j2⌦ + e�j3⌦ + e�j4⌦
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or in this way:

using this sum formula (with N2=4 and N1=0): 

<latexit sha1_base64="MXXoWhb7lBADf9UBNOQCCBv3K7A="></latexit>

X(⌦) = 1 + e�j⌦ + e�j2⌦ + e�j3⌦ + e�j4⌦

<latexit sha1_base64="MPhOy6SW6wD8TaiYo21mpL+MLHE="></latexit>

X(0) = 5
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<latexit sha1_base64="MfwR0KJfLf6NOSGhmeUVQ5lZpy0="></latexit>

X(⌦) =
1� e�j5⌦

1� e�j⌦

Indeed, in both cases, as examples we have: (this is not required in the problem)

<latexit sha1_base64="MXXoWhb7lBADf9UBNOQCCBv3K7A="></latexit>

X(⌦) = 1 + e�j⌦ + e�j2⌦ + e�j3⌦ + e�j4⌦

These two formulas are equivalent:

<latexit sha1_base64="IcfhhQmENVJ+ydDYDDutMBfKUKY="></latexit>

X(0) = 1

<latexit sha1_base64="KTmTwpJdt59f434zFWTXOF1Qwb8="></latexit>

X(1) = �0.5195� 1.1351j

<latexit sha1_base64="4eDzLbpY75j/Kn8UOrgRDIchOoM="></latexit>

X(0.5) = 2.0725� 3.2277j
<latexit sha1_base64="9o93ZmuH34DnVZtl2A5yqawmSTA="></latexit>

X(0.2) = 4.4232� 1.8701j
<latexit sha1_base64="19slI1zK3CdqAqV39lJ8Snglm3g="></latexit>

X
⇣⇡
2

⌘
= X(⇡) = 1

<latexit sha1_base64="MPhOy6SW6wD8TaiYo21mpL+MLHE="></latexit>

X(0) = 5
<latexit sha1_base64="CSwEMRMN64Utn9flKK1ophmMjmI="></latexit>

and
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(b) We will use the following formulas: 

for N=5:

<latexit sha1_base64="MfwR0KJfLf6NOSGhmeUVQ5lZpy0="></latexit>

X(⌦) =
1� e�j5⌦

1� e�j⌦

<latexit sha1_base64="W6cuDi/pjD7hFuro3kv1E7pRyu0="></latexit>ak = ak+N

<latexit sha1_base64="EfmGUdb2x8b1KuCm4emb93llBck="></latexit>

k = 1, 2, 3, 4
<latexit sha1_base64="5n0BeGmwjKCULu9XWIX8sAcZGyU="></latexit>ak = ak+5

<latexit sha1_base64="6wosxi1g5MssuTcnx1yTwmqXWiI="></latexit>

ak =
1

5

1� e�j5k 2⇡
5

1� e�jk 2⇡
5

=
1

5

1� e�jk2⇡

1� e�jk 2⇡
5

= 0 k 6= 0
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for N=5:

for k=0,  we can have an indeterminate form, which can be easily 
solved in this way (from the definition of a_k with k=0) :

then the coefficients of the FS for N=5 are (“summary formula”):
<latexit sha1_base64="bsyi1ImT/zaRPnws25snjI5lKV8="></latexit>

ak = �[k]
<latexit sha1_base64="4qCW70vi60KWf3x6rrmeigatWq8="></latexit>

and <latexit sha1_base64="5n0BeGmwjKCULu9XWIX8sAcZGyU="></latexit>ak = ak+5

<latexit sha1_base64="3BcywHoWJ2EQM5AGcADif9+p7qI="></latexit>

a0 =
1

N

N�1X

n=0

x[n] =
1

5
5 = 1

<latexit sha1_base64="3PPO8oUsg+SPLB3DLod4C1gpWUI="></latexit>

ak =
1

5

1� e�jk2⇡

1� e�jk 2⇡
5

= 0 k 6= 0
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for N=6:

<latexit sha1_base64="MfwR0KJfLf6NOSGhmeUVQ5lZpy0="></latexit>

X(⌦) =
1� e�j5⌦

1� e�j⌦

<latexit sha1_base64="W6cuDi/pjD7hFuro3kv1E7pRyu0="></latexit>ak = ak+N

<latexit sha1_base64="67y0hLKpKck73ipFoz/N8Ayka54="></latexit>

a0 =
1

N

N�1X

n=0

x[n] =
1

6
5 =

5

6

<latexit sha1_base64="4qCW70vi60KWf3x6rrmeigatWq8="></latexit>

and <latexit sha1_base64="1L7Pyb7J7l/N39xpvNTCQlTV2n0="></latexit>ak = ak+6

<latexit sha1_base64="d/+tKQgbFflZQWUC4yFyGBINHts="></latexit>

ak =
1

6

1� e�jk 5⇡
3

1� e�jk ⇡
3

k 6= 0
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c) First of all, L=5. 

There are several ways to compute the DFT. In this problem, the 
easiest and fastest way is using the following formulas: 

for N=6:

<latexit sha1_base64="MfwR0KJfLf6NOSGhmeUVQ5lZpy0="></latexit>

X(⌦) =
1� e�j5⌦

1� e�j⌦

<latexit sha1_base64="OjmzCZR9EGYFNiUx0ehsTGlAt1I="></latexit>

X6[k] =
1� e�jk 5⇡

3

1� e�jk ⇡
3

k 6= 0

<latexit sha1_base64="kWnuSxfiKNtDCZPi1RdapQ6XfCo="></latexit>

X6[0] =
N�1X

n=0

x[n] = 5



Example 1
d) we find that:  

<latexit sha1_base64="yMLmRADtqg4m3tuW+6wJOY5bf3c="></latexit>

ak =
1

6
X6[k]



Example 2

Let consider  the following signal: 

(a)  Say what is L. 

(b) Compute the FT of x[n]. 

(c) considering N= 6, 7, 8 compute the DFT X_N[k]. 

(d) Say what is the output of the Matlab function fft(x,N) with N=6, and what 
are the frequency associated to each elements of the output.

<latexit sha1_base64="RVRYMY1G8wfQ8GBYsJTE8xj1pj0="></latexit>

x[0] = 3, x[1] = �5, x[2] = 1.5, x[n] = 0 for the rest of n



Example 2
(a) L=3

(b) The FT ca be easily obtained in two equivalent ways:
<latexit sha1_base64="8EXHRb31eYSwS1qSoIo49G7R1pw="></latexit>

x[n] = 3� 5�[n� 1] + 1.5�[n� 2]
<latexit sha1_base64="BSnagjU0BQe+N1XiJcTrI1GDxFI="></latexit>

X(⌦) = 3� 5e�j⌦ + 1.5e�j2⌦

<latexit sha1_base64="HmxxbonkiGKybVBLIoo/bY8vwPg="></latexit>

X(⌦) =
+1X

n=�1
x[n]e�j⌦n =

L�1X

n=0

x[n]e�j⌦n =
2X

n=0

x[n]e�j⌦n =
1� e�j3⌦n

1� e�j⌦n

<latexit sha1_base64="eArsBmHa6tlaCVALvbOwvbrKXAc="></latexit>

X(0) = 3� 5 + 1.5 = �0.5



Example 2
(c) There are several ways to compute the DFT. In this problem, the easiest 
and fastest way is using the following formulas:

<latexit sha1_base64="BSnagjU0BQe+N1XiJcTrI1GDxFI="></latexit>

X(⌦) = 3� 5e�j⌦ + 1.5e�j2⌦

<latexit sha1_base64="yXSxtuCzOBHJCUp0u6vfcWRfx4c="></latexit>

XN [k] = 3� 5e�jk 2⇡
N + 1.5e�j2k 2⇡

N



Example 2
<latexit sha1_base64="yXSxtuCzOBHJCUp0u6vfcWRfx4c="></latexit>

XN [k] = 3� 5e�jk 2⇡
N + 1.5e�j2k 2⇡

N

<latexit sha1_base64="Xha1FOv2UOWguzr2XtYNnU2/CLw="></latexit>

XN [k] = 3� 5e�jk 2⇡
N + 1.5e�jk 4⇡

N

N=6:
<latexit sha1_base64="lnjnm7+2RnM+HjXoVEzEQM4wBL0="></latexit>

X6[k] = 3� 5e�jk ⇡
3 + 1.5e�jk 2⇡

3

N=7:

N=8:

<latexit sha1_base64="JydwdhtGzpYyPUlTZ2RiwtYBrWE="></latexit>

X7[k] = 3� 5e�jk 2⇡
7 + 1.5e�jk 4⇡

7

<latexit sha1_base64="8MysATTGfc0JmOXy8FN04qJLRr8="></latexit>

X8[k] = 3� 5e�jk ⇡
4 + 1.5e�jk ⇡

2



Example 2
<latexit sha1_base64="lnjnm7+2RnM+HjXoVEzEQM4wBL0="></latexit>

X6[k] = 3� 5e�jk ⇡
3 + 1.5e�jk 2⇡

3

(d) The Matlab function fft(x,N) returns N values.

frequencies



Example 2
<latexit sha1_base64="lnjnm7+2RnM+HjXoVEzEQM4wBL0="></latexit>

X6[k] = 3� 5e�jk ⇡
3 + 1.5e�jk 2⇡

3

 Then in this case:

<latexit sha1_base64="msn40I45KVKKG/Cv8jvOgQhfWWI="></latexit>

X6[0] = �0.5
<latexit sha1_base64="irwQ8c1Nz7hhzL0Gm0WZZqjQQwA="></latexit>

X6[1] = 3� 5e�j ⇡
3 + 1.5e�j 2⇡

3 = �0.2500 + 3.0311j
<latexit sha1_base64="hhjVq5KIGO3krr1TU8isGti6Skc="></latexit>

X6[2] = 3� 5e�j 2⇡
3 + 1.5e�j 4⇡

3 = 4.7500 + 5.6292j
<latexit sha1_base64="ZuvkfCKbpf7TPqITdvQl3L7i8YE="></latexit>

X6[3] = 3� 5e�j⇡ + 1.5e�j2⇡ = 9.5
<latexit sha1_base64="pen2i5W/D1GBAglo6zpGNedNSwc="></latexit>

X6[4] = 3� 5e�jk 4⇡
3 + 1.5e�jk 8⇡

3 = 4.7500� 5.6292j
<latexit sha1_base64="vhxY6n/AzeobIgEVD+iu5lJkJq4="></latexit>

X6[5] = 3� 5e�jk 5⇡
3 + 1.5e�jk 10⇡

3 = �0.2500� 3.0311j



Example 2
<latexit sha1_base64="I3NPBnuVdV6w1tKcS7vGnxoLUdM="></latexit>

⌦0 =
2⇡

6
=

⇡

3
<latexit sha1_base64="msn40I45KVKKG/Cv8jvOgQhfWWI="></latexit>

X6[0] = �0.5
<latexit sha1_base64="irwQ8c1Nz7hhzL0Gm0WZZqjQQwA="></latexit>

X6[1] = 3� 5e�j ⇡
3 + 1.5e�j 2⇡

3 = �0.2500 + 3.0311j
<latexit sha1_base64="hhjVq5KIGO3krr1TU8isGti6Skc="></latexit>

X6[2] = 3� 5e�j 2⇡
3 + 1.5e�j 4⇡

3 = 4.7500 + 5.6292j
<latexit sha1_base64="ZuvkfCKbpf7TPqITdvQl3L7i8YE="></latexit>

X6[3] = 3� 5e�j⇡ + 1.5e�j2⇡ = 9.5
<latexit sha1_base64="pen2i5W/D1GBAglo6zpGNedNSwc="></latexit>

X6[4] = 3� 5e�jk 4⇡
3 + 1.5e�jk 8⇡

3 = 4.7500� 5.6292j
<latexit sha1_base64="vhxY6n/AzeobIgEVD+iu5lJkJq4="></latexit>

X6[5] = 3� 5e�jk 5⇡
3 + 1.5e�jk 10⇡

3 = �0.2500� 3.0311j

<latexit sha1_base64="fXfg7ny988RNvMZsbLq68hj7vZA="></latexit>

⌦ = 0
<latexit sha1_base64="8uB5kwqut4JqVq5aQPakj6pc7Z4="></latexit>

⌦ = 1⌦0 =
⇡

3
<latexit sha1_base64="Wg819AgHYfaJtYsfN74TGh76OWY="></latexit>

⌦ = 2⌦0 =
2⇡

3
<latexit sha1_base64="Ywg3xery4J8IffrxTtcQNb2KfyA="></latexit>

⌦ = 3⌦0 =
3⇡

3
= ⇡

<latexit sha1_base64="9mysx8ptojl9gKEnwjVZImHfxeM="></latexit>

⌦ = 4⌦0 =
4⇡

3

<latexit sha1_base64="vtTZZanNNDNVUvx+pU2IdRqa9gA="></latexit>

⌦ = 5⌦0 =
5⇡

3



Example 2
Just to see the matlab view and check that what we wrote is right:



Example 2
Just to see the matlab view and check that what we wrote is right:



Example 3

Let consider  the following signal: 

(a)  Say what is L. 

(b) Compute the FT of x[n]. 

(c) considering a generic N compute the DFT X_N[k]. 

(d) Say what is the output of the Matlab function fft(x,N) with N=2,3,4,5,6,7,8, 
and what are the frequency associated to each elements of the output.

<latexit sha1_base64="4J7J+ycoc8l7ZurddPVKBx3to60="></latexit>

x[0] = 10, x[1] = �5, x[n] = 0 for the rest of n

In an exam, you have to write all the “complete” formulas with exponentials 
etc. here I will give you the numerical results in order to check your calculus…



Example 3
<latexit sha1_base64="4J7J+ycoc8l7ZurddPVKBx3to60="></latexit>

x[0] = 10, x[1] = �5, x[n] = 0 for the rest of n

(a) L=2

(b) The FT is 

<latexit sha1_base64="d/tVyXzhDf8+WNjdgdAG/KLpmEo="></latexit>

x[n] = 10� 5�[n� 1]

X(⌦) = 10� 5e�j⌦
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(c) The DFT is 

<latexit sha1_base64="ySqEiyHP0PGAWg17+yLyCXXLPxA="></latexit>

X(⌦) = 10� 5e�j⌦

<latexit sha1_base64="gbrVWl5g0cFI0qLwLRbN0fbgTsA="></latexit>

XN [k] = 10� 5e�jk 2⇡
N



Example 3

(d)  N=2

<latexit sha1_base64="gbrVWl5g0cFI0qLwLRbN0fbgTsA="></latexit>

XN [k] = 10� 5e�jk 2⇡
N

<latexit sha1_base64="MMhJQXrfq/Wfc8+f7vAcf1LxEvc="></latexit>

X2[0] = 10� 5 = 5

X2[1] = 10� 5e�j⇡ = 10 + 5 = 15

<latexit sha1_base64="NkphKAPl9hnQyisf4EgAQ5CM+OQ="></latexit>

⌦0 =
2⇡

N
=

2⇡

2
= ⇡

<latexit sha1_base64="URmh0EJauCIs6Zbno3myOEKAU+g="></latexit>

⌦ = 0⌦0 = 0
<latexit sha1_base64="RdeY+xBLV2qYvtQ7qmnXTsaa1Z8="></latexit>

⌦ = 1⌦0 = ⇡



Example 3

(d)  N=3

<latexit sha1_base64="gbrVWl5g0cFI0qLwLRbN0fbgTsA="></latexit>

XN [k] = 10� 5e�jk 2⇡
N

In an exam, you have to write all the “complete” formulas with 
exponentials etc. here I will give you the numerical results in 
order to check your calculus… as in the previous slide

<latexit sha1_base64="j7JXfzrgVV7mPVDiGaUi3wAoUc4="></latexit>

⌦0 =
2⇡

N
=

2⇡

3



Example 3
(d)  N=4

In an exam, you have to write all the “complete” 
formulas with exponentials etc. here I will give you the 
numerical results in order to check your calculus… 



Example 3
(d)  N=5

In an exam, you have to write all the “complete” 
formulas with exponentials etc. here I will give you the 
numerical results in order to check your calculus… 



Example 3
(d)  N=6

In an exam, you have to write all the “complete” 
formulas with exponentials etc. here I will give you the 
numerical results in order to check your calculus… 



Example 3
(d)  N=7

In an exam, you have to write all the “complete” 
formulas with exponentials etc. here I will give you the 
numerical results in order to check your calculus… 



Example 3
(d)  N=8

In an exam, you have to write all the “complete” 
formulas with exponentials etc. here I will give you the 
numerical results in order to check your calculus… 



Example 4

Let consider  the following signal: 
<latexit sha1_base64="4J7J+ycoc8l7ZurddPVKBx3to60="></latexit>

x[0] = 10, x[1] = �5, x[n] = 0 for the rest of n

say what is L and if it is possible to compute the DFT for N=1.



Example 4

 L=2 and it is not possible to compute DFT for N<L (N=1 for instance) 
since the result has no meaning (el resultado no tiene ningún sentido)



Example 5

Let consider  the following signal: 
<latexit sha1_base64="4J7J+ycoc8l7ZurddPVKBx3to60="></latexit>

x[0] = 10, x[1] = �5, x[n] = 0 for the rest of n

Choose a proper N such that the DFT X_N[k] returns you, for some k, 
the value of the FT X(Omega) at Omega=pi/2.



Example 5
<latexit sha1_base64="Tuhtx2P9VWp96FV5KwDbFA3GlsE="></latexit>

⌦0 =
2⇡

N
We know that:

and the frequencies are:
<latexit sha1_base64="gYnqTDKx/b2qBxVMtdOS2Cv9360="></latexit>

⌦ = k⌦0 = k
2⇡

N

<latexit sha1_base64="D0JTJDkgQcFicUZ9OxYes0mBthU=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHBC9k1+DgSvXjERB4JrGR2mIWR2ZnNzKwJ2fAPXjxojFf/x5t/4wB7ULCSTipV3enuCmLOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKezOOqR/hgWAhI9hYqfmQlkenk16x5FbcGdAy8TJSggz1XvGr25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gE6v0USiVLWHQTP09keJI63EU2M4Im6Fe9Kbif14nMeGVnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5WXSPKt4F5Xzu2qpdp3FkYcjOIYyeHAJNbiFOjSAwCM8wyu8OdJ5cd6dj3lrzslmDuEPnM8fFN6O0g==</latexit>

(k)



Example 5

then one possibility is to consider N=4 and k=1: (we can have several 
possibilities)

<latexit sha1_base64="irxNlex7FRFC6T9zUl/5TUQgNbc="></latexit>

⌦ = k
2⇡

4
= k

⇡

2

<latexit sha1_base64="dY00+S+LozJt0/SM13jMHX7+EkQ="></latexit>

k = 1 =) ⇡

2

<latexit sha1_base64="D0JTJDkgQcFicUZ9OxYes0mBthU=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHBC9k1+DgSvXjERB4JrGR2mIWR2ZnNzKwJ2fAPXjxojFf/x5t/4wB7ULCSTipV3enuCmLOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKezOOqR/hgWAhI9hYqfmQlkenk16x5FbcGdAy8TJSggz1XvGr25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gE6v0USiVLWHQTP09keJI63EU2M4Im6Fe9Kbif14nMeGVnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5WXSPKt4F5Xzu2qpdp3FkYcjOIYyeHAJNbiFOjSAwCM8wyu8OdJ5cd6dj3lrzslmDuEPnM8fFN6O0g==</latexit>

(k)



Example 5
(d)  N=4

In an exam, you have to write all the “complete” 
formulas with exponentials etc. here I will give you the 
numerical results in order to check your calculus… 

<latexit sha1_base64="dY00+S+LozJt0/SM13jMHX7+EkQ="></latexit>

k = 1 =) ⇡

2

THIS IS JUST TO CHECK…

<latexit sha1_base64="vhG0eEKiZHHiwBtbttI3Yt5nNVY="></latexit>

X(⌦ = ⇡/2) = X(⇡/2)



Example 5
JUST TO CHECK:

<latexit sha1_base64="ySqEiyHP0PGAWg17+yLyCXXLPxA="></latexit>

X(⌦) = 10� 5e�j⌦

<latexit sha1_base64="ezDRch8FSZHxwR16Ysxn13H5hjM="></latexit>

X(⌦ = ⇡/2) = X(⇡/2) = 10� 5e�j ⇡
2

<latexit sha1_base64="IVcUHoIkn9wiTknfea9uiSxniic="></latexit>

X
⇣⇡
2

⌘
= 10� 5

⇣
cos

⇣⇡
2

⌘
� j sin

⇣⇡
2

⌘⌘

<latexit sha1_base64="DV0WjnqLzfnXTXm5OiIXz2wGM6s="></latexit>

X
⇣⇡
2

⌘
= 10� 5 (0� j1) = 10 + 5j

JUST TO CHECK:

correct !!!



Example 6

Let consider  the following signal: 
<latexit sha1_base64="4J7J+ycoc8l7ZurddPVKBx3to60="></latexit>

x[0] = 10, x[1] = �5, x[n] = 0 for the rest of n

Choose a proper N such that the DFT X_N[k] returns you, for some k, 
the value of the FT X(Omega) at Omega=2pi/3.



Example 6

We know that:

<latexit sha1_base64="Tuhtx2P9VWp96FV5KwDbFA3GlsE="></latexit>

⌦0 =
2⇡

N

and the frequencies are:
<latexit sha1_base64="gYnqTDKx/b2qBxVMtdOS2Cv9360="></latexit>

⌦ = k⌦0 = k
2⇡

N

<latexit sha1_base64="D0JTJDkgQcFicUZ9OxYes0mBthU=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHBC9k1+DgSvXjERB4JrGR2mIWR2ZnNzKwJ2fAPXjxojFf/x5t/4wB7ULCSTipV3enuCmLOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKezOOqR/hgWAhI9hYqfmQlkenk16x5FbcGdAy8TJSggz1XvGr25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gE6v0USiVLWHQTP09keJI63EU2M4Im6Fe9Kbif14nMeGVnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5WXSPKt4F5Xzu2qpdp3FkYcjOIYyeHAJNbiFOjSAwCM8wyu8OdJ5cd6dj3lrzslmDuEPnM8fFN6O0g==</latexit>

(k)



Example 6

then one possibility is to consider N=3 and k=1: (we can have several 
possibilities)

<latexit sha1_base64="btWVHkX0JufnQV7DJDFLhM0fkhc="></latexit>

⌦ = k
2⇡

3

<latexit sha1_base64="vLiyrZr4lwj52kA7La9np0ZnsxE="></latexit>

k = 1 =) 2⇡

3

<latexit sha1_base64="D0JTJDkgQcFicUZ9OxYes0mBthU=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHBC9k1+DgSvXjERB4JrGR2mIWR2ZnNzKwJ2fAPXjxojFf/x5t/4wB7ULCSTipV3enuCmLOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKezOOqR/hgWAhI9hYqfmQlkenk16x5FbcGdAy8TJSggz1XvGr25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gE6v0USiVLWHQTP09keJI63EU2M4Im6Fe9Kbif14nMeGVnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5WXSPKt4F5Xzu2qpdp3FkYcjOIYyeHAJNbiFOjSAwCM8wyu8OdJ5cd6dj3lrzslmDuEPnM8fFN6O0g==</latexit>

(k)



Example 6

(d)  N=3

<latexit sha1_base64="j7JXfzrgVV7mPVDiGaUi3wAoUc4="></latexit>

⌦0 =
2⇡

N
=

2⇡

3

THIS IS JUST TO CHECK…

<latexit sha1_base64="vLiyrZr4lwj52kA7La9np0ZnsxE="></latexit>

k = 1 =) 2⇡

3

<latexit sha1_base64="iwr2EbfcLInDhrc3mPdDniMZSyg="></latexit>

X(⌦ = 2⇡/3)



Example 6
JUST TO CHECK:

<latexit sha1_base64="ySqEiyHP0PGAWg17+yLyCXXLPxA="></latexit>

X(⌦) = 10� 5e�j⌦JUST TO CHECK:

<latexit sha1_base64="QTUrkKLmMd8Jv3D7Jm56y4BgLj4="></latexit>

X(2⇡/3) = 10� 5e�j 2⇡
3 = 12.5000 + 4.3301j

correct !!!



Example 7

Let consider  the following signal: 
<latexit sha1_base64="4J7J+ycoc8l7ZurddPVKBx3to60="></latexit>

x[0] = 10, x[1] = �5, x[n] = 0 for the rest of n

Let us consider that is obtained sampling a continuos signal x(t)  with 
sampling period T=0.1 sec.  

(a) Say what is the maximum frequency of the signal x(t) that you can 
detect. 

(b) Interpret the output of an DFT for a generic N and with N=3,4,5, as 
X(Omega) - FT of x[n] - and  as X(omega) - FT of x(t).



Example 7
(a) If the signal x(t) has been well-sampled, we can “see” until the 
frequency: 

<latexit sha1_base64="23BHwSj/32xYqlSYfi2hodOchiw="></latexit>

!s

2
=

2⇡

2T
=

⇡

T
=

⇡

0.1
= 31.4159 rad/sec



Example 7
(b) Each output of DFT from k=0,…,N-1 (fft in matlab) can be 
interpreted as associate to the frequencies 

<latexit sha1_base64="V2VkzZm93R3n/LlZ4UeUBF53WLk="></latexit>

⌦ = 0,⌦0, 2⌦0, ..., (N � 1)⌦0

for x[n] (discrete time), and 
<latexit sha1_base64="4zuW3KOQ8+BUnI3TDLFpP9QVcO8="></latexit>

! = 0,!0, 2!0, ..., (N � 1)!0

for x(t) (continuos time), where 
<latexit sha1_base64="BPvZXiB5R+lwrJSzyDTgxcoa470="></latexit>

!0 =
⌦0

T
=

2⇡

NT

<latexit sha1_base64="5OnLyue6LwGa3p5W4iY0f3c0KyA="></latexit>

⌦0 =
2⇡

N



Example 7
However, recall that in continuous time we can “see” only until

<latexit sha1_base64="4zuW3KOQ8+BUnI3TDLFpP9QVcO8="></latexit>

! = 0,!0, 2!0, ..., (N � 1)!0

<latexit sha1_base64="23BHwSj/32xYqlSYfi2hodOchiw="></latexit>

!s

2
=

2⇡

2T
=

⇡

T
=

⇡

0.1
= 31.4159 rad/sec

therefore some outputs, in this case, have not “sense”….

exactly only an half or half+1…. (solo mitad! o mitad+1) since fft gives you exactly N values…

<latexit sha1_base64="J7g3WnWJUKaC+yout7H+lbpqwO8="></latexit>!max =

<latexit sha1_base64="BPvZXiB5R+lwrJSzyDTgxcoa470="></latexit>

!0 =
⌦0

T
=

2⇡

NT

<latexit sha1_base64="cSekQf5vO7zRUbcopFEzIhXb0oM="></latexit>

=
2

N
!max

<latexit sha1_base64="JYZxZrX2RZjdQ1u9GlLyD4yQwM0="></latexit>

!max =
N

2
!0



Example 7

(b)  N=3

<latexit sha1_base64="gbrVWl5g0cFI0qLwLRbN0fbgTsA="></latexit>

XN [k] = 10� 5e�jk 2⇡
N

In an exam, you have to write all the “complete” formulas with 
exponentials etc. here I will give you the numerical results in 
order to check your calculus…

<latexit sha1_base64="j7JXfzrgVV7mPVDiGaUi3wAoUc4="></latexit>

⌦0 =
2⇡

N
=

2⇡

3

and \omega_0 for continuous time? ==>



Example 7
first, a summary so far:



Example 7
(b)  N=3

<latexit sha1_base64="j7JXfzrgVV7mPVDiGaUi3wAoUc4="></latexit>

⌦0 =
2⇡

N
=

2⇡

3

<latexit sha1_base64="bjOyJ97GICp6Wzkzi40c4qh5D2w="></latexit>

31.4159

<latexit sha1_base64="KuArRXuW1jGc6RrvHHuWJdy9bck="></latexit>

!0 =
2⇡

NT
= 20.9440

<latexit sha1_base64="PbnvlkkCL9svYcYpUf4lhtQwk4g="></latexit>

!max =
⇡

T
= 31.4159



Example 7
(b)  N=4



Example 7
(b)  N=4



Example 7
(b) N=5



Example 7
(b) N=5



Questions?


