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SUMMARY

f(t) = f(�t)

<latexit sha1_base64="nr5OEbbRB622RJCGUJUCO8ifxRU="></latexit>

F (!) = F (�!)

<latexit sha1_base64="jDpD82/deFoIBntfy0o2r5wLiv8="></latexit>

Even Even

f(t) = �f(�t)

<latexit sha1_base64="g1SyDLMtHxYkCfRxvEaAnx0iUvw=">AAACFHicbVDLSgMxFM3UV62vqks3wVKYIi0zUtGNUHTjsoJ9QFtKJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6N6bSIth4InHvOvdzc40WCa3CcLyu1srq2vpHezGxt7+zuZfcP6lrGirIalUKqpkc0EzxkNeAgWDNSjASeYA1veD31G/dMaS7DOxhFrBOQfsh9TgkYqZs98W0oXBZ9uwiFTL5NpbbbMmB9go2clMWfupvNOSUnAV4m7pzk0BzVbvaz3ZM0DlgIVBCtW64TQWdMFHAq2CTTjjWLCB2SPmsZGpKA6c44OWqC80bpYV8q80LAifp7YkwCrUeBZzoDAgO96E3F/7xWDP5FZ8zDKAYW0tkiPxYYJJ4mhHtcMQpiZAihipu/YjogilAwOWZMCO7iycukflpyy6Wz23KucjWPI42O0DGykYvOUQXdoCqqIYoe0BN6Qa/Wo/VsvVnvs9aUNZ85RH9gfXwDDxmbvQ==</latexit>

F (!) = �F (�!)

<latexit sha1_base64="zPqHfvPVEvRZfeV3iVjM8Ht0AIk=">AAACK3icbVDLSsNAFJ3Ud3xVXboZLIV00ZJIRTeCKIhLBfuAJpTJdFIHJ5kwcyOU4v+48Vdc6MIHbv0Pp20QbT0wcO4593LnnjAVXIPrvluFufmFxaXlFXt1bX1js7i13dQyU5Q1qBRStUOimeAJawAHwdqpYiQOBWuFt2cjv3XHlOYyuYZByoKY9BMecUrASN3iaTlyoHJcjZwqVOxzx5cx6xMjnDvVnNtln0qdO9g0j8vqT90tltyaOwaeJV5OSijHZbf47PckzWKWABVE647nphAMiQJOBbu3/UyzlNBb0mcdQxMSMx0Mx7fe47JRejiSyrwE8Fj9PTEksdaDODSdMYEbPe2NxP+8TgbRUTDkSZoBS+hkUZQJDBKPgsM9rhgFMTCEUMXNXzG9IYpQMPHaJgRv+uRZ0tyvefXawVW9dHKax7GMdtEecpCHDtEJukCXqIEoekBP6BW9WY/Wi/VhfU5aC1Y+s4P+wPr6BgOmo2E=</latexit>

Odd Odd

f(t) = f(t)⇤

<latexit sha1_base64="jFGUeTqQGIC7zxhUA6BNzbrOQEc="></latexit>

F (!) = F (�!)⇤

<latexit sha1_base64="24XZ84Lyj/LvLQrK++NN0nM1Tp0="></latexit>

Real Hermitian

f(t) = f(t)⇤

<latexit sha1_base64="jFGUeTqQGIC7zxhUA6BNzbrOQEc="></latexit>

F (!) = F (!)⇤

F (!) = F (�!)

<latexit sha1_base64="sqU40v4g3YgmybFp8KRZjr9LgOs="></latexit>

Real	and	even

f(t) = f(�t)

<latexit sha1_base64="nr5OEbbRB622RJCGUJUCO8ifxRU="></latexit>

Real	and	even



SUMMARY

f(t) = f(t)⇤

<latexit sha1_base64="jFGUeTqQGIC7zxhUA6BNzbrOQEc="></latexit>

Real	and	odd Imaginary	and	odd

f(t) = �f(�t)

<latexit sha1_base64="g1SyDLMtHxYkCfRxvEaAnx0iUvw=">AAACFHicbVDLSgMxFM3UV62vqks3wVKYIi0zUtGNUHTjsoJ9QFtKJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6N6bSIth4InHvOvdzc40WCa3CcLyu1srq2vpHezGxt7+zuZfcP6lrGirIalUKqpkc0EzxkNeAgWDNSjASeYA1veD31G/dMaS7DOxhFrBOQfsh9TgkYqZs98W0oXBZ9uwiFTL5NpbbbMmB9go2clMWfupvNOSUnAV4m7pzk0BzVbvaz3ZM0DlgIVBCtW64TQWdMFHAq2CTTjjWLCB2SPmsZGpKA6c44OWqC80bpYV8q80LAifp7YkwCrUeBZzoDAgO96E3F/7xWDP5FZ8zDKAYW0tkiPxYYJJ4mhHtcMQpiZAihipu/YjogilAwOWZMCO7iycukflpyy6Wz23KucjWPI42O0DGykYvOUQXdoCqqIYoe0BN6Qa/Wo/VsvVnvs9aUNZ85RH9gfXwDDxmbvQ==</latexit>

F (!) = �F (!)⇤

F (!) = �F (�!)

<latexit sha1_base64="nfZT6FTzPujF8p49wP9yafDde1Y="></latexit>



Example 1 

<latexit sha1_base64="PqHjkBtRtZJxvEiavTA1BheeweQ="></latexit>

Compute the Standard FT,
<latexit sha1_base64="NFWNTt60SySkuC1RnAkjgeyddiE="></latexit>

X(!) =?
<latexit sha1_base64="uiMZFaKHIWF0JuFKk+jqA3IUAq0="></latexit>

(b) and compute
<latexit sha1_base64="1+CeVHLZe9q/Nh8be1eFC1pL+pA="></latexit>

X(2) =?

<latexit sha1_base64="orCEvoGkddXpGJRQqtlLNfrH6Lw="></latexit>

(a)

<latexit sha1_base64="MV1LHN4OE2Yw4/vAYPXMyNdQ968="></latexit>

(c) Compute also the Stand. FT of

<latexit sha1_base64="d7w4ikEXzrmEAUdsWClv8CDDY3U="></latexit>

X(t) = e�atu(t), a > 0.

<latexit sha1_base64="G9MEH0y92WhqritcETx5veiJd28="></latexit>

X(t) = e�a(t�3)u(t� 3), a > 0.



Example 1 

Using the direct FT transformation:
<latexit sha1_base64="nhtMRHqKfKEw2gX/O8dta6eKqqQ="></latexit>

X(!) =

<latexit sha1_base64="nhtMRHqKfKEw2gX/O8dta6eKqqQ="></latexit>

X(!) =

due to the step function (“escalón”)



Example 1 
<latexit sha1_base64="pj0dbjB1FtMiqb3jzBDjZgA686w="></latexit>

X(!) =
1

a+ j!

It is NOT required but, to understand more, we can try to plot it: 
<latexit sha1_base64="VvxaXwPDlYPogk5p8Z6edlfHfLM="></latexit>

X(!) =
(a� j!)

(a� j!)(a+ j!)
=

a� j!

a2 + !2

<latexit sha1_base64="x03wpd472EAG4NyXM7LgIpBQihc="></latexit>

=
a

a2 + !2
� j

!

a2 + !2



Example 1 
It is NOT required but, to understand more, we can try to plot it: 

<latexit sha1_base64="EXSp+39J8A18Ht8f7y6xgOmcHdw="></latexit>

X(!) =
a

a2 + !2
� j

!

a2 + !2

<latexit sha1_base64="dE199g18zPsiMotu3ChJ5qmXliY="></latexit>

|X(!)| =

s
a2

(a2 + !2)2
+

!2

(a2 + !2)2
=

1p
a2 + !2

<latexit sha1_base64="jksksmAZzbboqdssuMArrSAAkEA="></latexit>

phase(X(!)) = arctan


Im(X(!))

Real(X(!))

�
= arctan

!

a



Example 1 
It is NOT required but, to understand more, we can try to plot it: 

<latexit sha1_base64="vJZEkZbdGIRpkoeBTMzQCZBdApM="></latexit>

|X(!)| <latexit sha1_base64="MI5HXJAnWao1WSKFvrt5Z3RDPco="></latexit>

X(!)



Example 1 

<latexit sha1_base64="5nkah1xjl1e/G2V2A8tb50o4MGU="></latexit>

X(2) =
1

a+ 2j

<latexit sha1_base64="pj0dbjB1FtMiqb3jzBDjZgA686w="></latexit>

X(!) =
1

a+ j!



Example 1 
<latexit sha1_base64="G9MEH0y92WhqritcETx5veiJd28="></latexit>

X(t) = e�a(t�3)u(t� 3), a > 0.

You can redo the same of the previous part, or use a property of the Fourier Transform: 
<latexit sha1_base64="JVZ/lfYrX9KyT8wbAjEMMH+2cP0="></latexit>

x(t� t0) () e�j!t0X(!)

<latexit sha1_base64="lspPTJLQmVScanKd7oq4oMJmXlg="></latexit>

X(!) = e�j3! 1

a+ j!



Example 2

<latexit sha1_base64="PqHjkBtRtZJxvEiavTA1BheeweQ="></latexit>

Compute the Standard FT,
<latexit sha1_base64="NFWNTt60SySkuC1RnAkjgeyddiE="></latexit>

X(!) =?

<latexit sha1_base64="orCEvoGkddXpGJRQqtlLNfrH6Lw="></latexit>

(a)
<latexit sha1_base64="Xl4XO6cONMiR/u6dshxrocNccUU="></latexit>

(b)

<latexit sha1_base64="qfPyDGUJBjngglCp9GF4etS/SIg="></latexit>

Discuss the properties that you expect of X(!),

after just looking/studying x(t).



Example 2
<latexit sha1_base64="orCEvoGkddXpGJRQqtlLNfrH6Lw="></latexit>

(a)
<latexit sha1_base64="qfPyDGUJBjngglCp9GF4etS/SIg="></latexit>

Discuss the properties that you expect of X(!),

after just looking/studying x(t).

Since x(t) is real and even, then the FT is real and even 



Example 2

<latexit sha1_base64="nhtMRHqKfKEw2gX/O8dta6eKqqQ="></latexit>

X(!) =

<latexit sha1_base64="MI5HXJAnWao1WSKFvrt5Z3RDPco="></latexit>

X(!)



Example 2
<latexit sha1_base64="MI5HXJAnWao1WSKFvrt5Z3RDPco="></latexit>

X(!)

<latexit sha1_base64="aDovwtKLp7ZNtrsWunLYnZEkttE="></latexit>

X(!) = X(!)⇤
The Fourier Transform is real: 

The Fourier Transform is real, 
other consequences are:

<latexit sha1_base64="M7pzyTbFxtVc9fKsKcc/9GQZ9Pc="></latexit>

X(!) = |X(!)| = Real{X(!)}



Example 2
<latexit sha1_base64="MI5HXJAnWao1WSKFvrt5Z3RDPco="></latexit>

X(!)

The Fourier Transform is also even: 
<latexit sha1_base64="LRHoOa6B5sPDf4BnMukBm9rEhb4="></latexit>

X(!) = X(�!)



Example 3
<latexit sha1_base64="WzeoIuEeUC0hCrqP5fFk0XEfXRM="></latexit>

x(t) =
+1X

k=�1
� (t� kT )

- Compute the Generalized Fourier Transform (GTF)  



Example 3



Example 3

<latexit sha1_base64="PykArE8WLljjUhSxGEPooR9ymTA="></latexit>

XG(!) =

<latexit sha1_base64="NjdksdvxaGFQhR8itxskA8UFLgw="></latexit>

XG(!) = 2⇡
+1X

�1
ak�(! � k!0)

<latexit sha1_base64="sGpzT92Sw8PjpaCVpxIvtCavdK8="></latexit>

For periodic signals



Example 3

<latexit sha1_base64="S6hIhEisaP6Q+cUJyTf8Oh2du+4="></latexit>

XG(!)

<latexit sha1_base64="Ui44Qw5/+v2rTPVtVYwTVoWpcUA="></latexit>

XG(!) =
2⇡

T

+1X

k=�1
�

✓
! � 2⇡k

T

◆



Example 4
<latexit sha1_base64="MJ0iMKGBUWmbLLA/lxbcjH+2KQo="></latexit>

Let us consider

x(t) = eatu(�t), a > 0
<latexit sha1_base64="PqHjkBtRtZJxvEiavTA1BheeweQ="></latexit>

Compute the Standard FT,
<latexit sha1_base64="NFWNTt60SySkuC1RnAkjgeyddiE="></latexit>

X(!) =?



Example 4
Solution very similar to Example 1

<latexit sha1_base64="V5rQ1g0G/xvatPZm3ugAwm8Ojcs="></latexit>

X(!) =

Z 1

�1
x(t)e�j!tdt

=

Z 1

�1
eatu[�t]e�j!tdt

=

Z 0

�1
eate�j!tdt

=

Z 0

�1
e(a�j!)tdt

=


1

a� j!
e(a�j!)t

�0

�1
=

1

a� j!

<latexit sha1_base64="EvYhL0n6YU+t00HiMzBMdZ//mU0="></latexit>

x(t) = eatu(�t), a > 0



Example 5

<latexit sha1_base64="5Ze7s2Wm3Wlz2pvPNDAnFJHpI/I=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfUiBL14jGAekKxhdjKbDJl9MNMrhiW/4cWDIl79GW/+jZNkD5pY0FBUddPd5cVSaLTtbyu3tLyyupZfL2xsbm3vFHf3GjpKFON1FslItTyquRQhr6NAyVux4jTwJG96w5uJ33zkSosovMdRzN2A9kPhC0bRSJ2nMh5f8Yf0hOK4WyzZFXsKskicjJQgQ61b/Or0IpYEPEQmqdZtx47RTalCwSQfFzqJ5jFlQ9rnbUNDGnDtptObx+TIKD3iR8pUiGSq/p5IaaD1KPBMZ0BxoOe9ifif107Qv3RTEcYJ8pDNFvmJJBiRSQCkJxRnKEeGUKaEuZWwAVWUoYmpYEJw5l9eJI3TinNese/OStXrLI48HMAhlMGBC6jCLdSgDgxieIZXeLMS68V6tz5mrTkrm9mHP7A+fwBBqZEu</latexit>

x(t) = e�at

Say if this signal has (can have) a standard FT

<latexit sha1_base64="lrzDp3IQQIh3OQwjDJ3lwDUXZVo="></latexit>

a > 0



Example 5
<latexit sha1_base64="CM1K8CxKHfrbX1LkktefG8m+c6U="></latexit>

X(!) =

Z 1

�1
e�ate�j!tdt

<latexit sha1_base64="YCXmxOgtMQLu36mnyEMC79V63D4="></latexit>Z 1

�1
e�(a+j!)tdt =


1

a+ j!
e�(a+j!)t

�1

�1
<latexit sha1_base64="dy6XlZKcEEBdifghlt5Oe023yl0="></latexit>

= 0�1

This signal has not standard FT 
(also has not GFT)



Example 5

Say if this signal has (can have) a standard FT 
and if you know a GTF for this signal

<latexit sha1_base64="oglMP+TuE8TbJKl8Npjtm7N5NII="></latexit>

x(t) = u(t)



Example 5

This signal has not standard FT 
it  has a GFT (following the “books”) - see slides about GTF

<latexit sha1_base64="5HBU90RAR6/JnYnWHO7wLGa6qPU="></latexit>Z 1

0
e�j!tdt =


1

j!
e�j!t

�1

0
<latexit sha1_base64="08IsUM7AnIjzNLHhZ2oIWVxTzo0="></latexit>

= @� 1

j!
= @



Example 7

<latexit sha1_base64="uUMLA7FFSXhvApSqOPxX2LBZk8I="></latexit>

x(t) = e�at cos(!0t)u(t)

<latexit sha1_base64="PqHjkBtRtZJxvEiavTA1BheeweQ="></latexit>

Compute the Standard FT,
<latexit sha1_base64="NFWNTt60SySkuC1RnAkjgeyddiE="></latexit>

X(!) =?

<latexit sha1_base64="lrzDp3IQQIh3OQwjDJ3lwDUXZVo="></latexit>

a > 0



Example 7
<latexit sha1_base64="Jocj/jbVVPtKIsrOf+r8nLV8nsc="></latexit>

X(!) =

Z 1

0
e�at cos (!0t) e

�j!tdt

<latexit sha1_base64="Z2WYux3fsz6YC63ooowKBeHGBds="></latexit>

X(!) =
1

2

Z 1

0
e�atej!0te�j!tdt+

1

2

Z 1

0
e�ate�j!0te�j!tdt

<latexit sha1_base64="L32qhjohXurX1qrk5gCuQoi+ZR8="></latexit>

=
1

2


1

�a� j(! � !0)
e�a�j(!�!0)t

�1

0

+
1

2


1

�a� j(! + !0)
e�(a+j!0+j!)t

�1

0

<latexit sha1_base64="ppw2i6nepXsG9VNaCoqXZ2jimkY="></latexit>

X(!) = �1

2

1

�a� j(! � !0)
� 1

2

1

�a� j(! + !0)
This is already the solution



Example 7
<latexit sha1_base64="ppw2i6nepXsG9VNaCoqXZ2jimkY="></latexit>

X(!) = �1

2

1

�a� j(! � !0)
� 1

2

1

�a� j(! + !0)

<latexit sha1_base64="whMTetK+O10+XYPTYh2eWgDWu2U="></latexit>

X(!) =
1

2

1

a+ j(! � !0)
+

1

2

1

a+ j(! + !0)

<latexit sha1_base64="9qNvxQtbOqLUoWh8qpcaa08dS9Q="></latexit>

X(!) =
1

2

1

a� j!0 + j!
+

1

2

1

a+ j!0 + j!

this is the same solution 
written in other way



Example 8

Let consider the following stand. FT,
<latexit sha1_base64="tAmOCd1j2DGTCgFTBZ8RkGhfZ5U="></latexit>

X(!) = !2 � !

(a)  Let “think” that this FT corresponds to  
a signal x(t) with finite length. 
Consider a periodic “brother” of x(t) of period To, 
find its coefficients of the corresponding Fourier 
series.  (b) Write also the corresponding GTF of the 
periodic “brother” of x(t).



Example 8

<latexit sha1_base64="FzNJlVebXzuq/GpfMn7xYtXMn28="></latexit>

ak =
1

T0
X(k!0)

<latexit sha1_base64="/WADClFkxfub56CjPT1Ssaib25k="></latexit>

ak =
1

T0
[X(!)]!=k!0

We use the formula



Example 8
<latexit sha1_base64="FzNJlVebXzuq/GpfMn7xYtXMn28="></latexit>

ak =
1

T0
X(k!0)

<latexit sha1_base64="tAmOCd1j2DGTCgFTBZ8RkGhfZ5U="></latexit>

X(!) = !2 � !

This is already the solution

<latexit sha1_base64="rJSurtjwgikm7iDi63KKpiD2hao="></latexit>

ak =
1

T0
X(k!0) =

1

T0

�
(k!0)

2 � k!0

�



Example 8
Since

<latexit sha1_base64="rJSurtjwgikm7iDi63KKpiD2hao="></latexit>

ak =
1

T0
X(k!0) =

1

T0

�
(k!0)

2 � k!0

�

<latexit sha1_base64="b14vdJyS78Oa8f3ws/6kan13lp4="></latexit>

!0 =
2⇡

T0

<latexit sha1_base64="BFQSjxGw78ypqNnQ4rsOsEt5K/Y="></latexit>

T0 =
2⇡

!0

<latexit sha1_base64="97hvqn2b7gOsw33rbtZx3lDbFi0="></latexit>

ak =
!0

2⇡

�
(k!0)

2 � k!0

�



Example 8
let denote the periodic “brother” signal as 

Its GTF is  

<latexit sha1_base64="W2aZYi8zn2i3Cg04w3UF8torIj0="></latexit>

ex(t)

<latexit sha1_base64="A29hryf6Q0bbxjl6sgToUjv0RPg="></latexit>

eXG(!) = 2⇡
1X

�1
ak�(! � k!0)

<latexit sha1_base64="AJa4n3WOSmXYZi/hd5V3wiYl9fk="></latexit>

eXG(!) = 2⇡
1X

�1

⇣!0

2⇡

�
(k!0)

2 � k!0

�⌘
�(! � k!0)

<latexit sha1_base64="Eq3/KU9mQZwy9z1EtBolsJvk9b8="></latexit>

eXG(!) = !0

1X

�1

�
(k!0)

2 � k!0

�
�(! � k!0)

This is already the 
solution



Questions?


