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Example 1

Let consider  the following module of FT of a signal x(t)

Is it a bandlimited signal ? explain your answer. 

Find the minimum sampling rate for the signal which allows a 
perfect reconstruction (in interpolation). 

<latexit sha1_base64="CKrzA/PwNOnd2b/Qq2uSrsRlfvc=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0WvXisYD9gu5Rsmm1Dk82SzApl25/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBI9ZEzgI1kk0IzIUrB2O7mZ++4lpw1X8COOEBZIMYh5xSsBK/qRT7SrJBuR80itX3Jo7B14lXk4qKEejV/7q9hVNJYuBCmKM77kJBBnRwKlg01I3NSwhdEQGzLc0JpKZIJufPMVnVunjSGlbMeC5+nsiI9KYsQxtpyQwNMveTPzP81OIboKMx0kKLKaLRVEqMCg8+x/3uWYUxNgSQjW3t2I6JJpQsCmVbAje8surpHVR865q7sNlpX6bx1FEJ+gUVZGHrlEd3aMGaiKKFHpGr+jNAefFeXc+Fq0FJ585Rn/gfP4A0OWQ8w==</latexit>

|X(!)|

<latexit sha1_base64="akPdb09AXKql6bhf/BB7KX07hhs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Rj04jGCeUCyhNlJbzJmHsvMrBBC/sGLB0W8+j/e/BsnyR40saChqOqmuytOOTM2CL69ldW19Y3NwlZxe2d3b790cNgwKtMU61RxpVsxMciZxLpllmMr1UhEzLEZD2+nfvMJtWFKPthRipEgfckSRol1UqOjBPZJt1QOKsEM/jIJc1KGHLVu6avTUzQTKC3lxJh2GKQ2GhNtGeU4KXYygymhQ9LHtqOSCDTReHbtxD91Ss9PlHYlrT9Tf0+MiTBmJGLXKYgdmEVvKv7ntTObXEdjJtPMoqTzRUnGfav86et+j2mklo8cIVQzd6tPB0QTal1ARRdCuPjyMmmcV8LLSnB/Ua7e5HEU4BhO4AxCuIIq3EEN6kDhEZ7hFd485b14797HvHXFy2eO4A+8zx+R148g</latexit>!
<latexit sha1_base64="SiO49SZ5byEHzlSpaErGKNkqONI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6rLoxmUF+4AmlMlk2g6dR5iZiCHUX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nShjVxvO+ndLK6tr6RnmzsrW9s7vn7h+0tUwVJi0smVTdCGnCqCAtQw0j3UQRxCNGOtH4Zup3HojSVIp7kyUk5Ggo6IBiZKzUd6u+BwMY8Eg+5grFp5rgSd+teXVvBrhM/ILUQIFm3/0KYolTToTBDGnd873EhDlShmJGJpUg1SRBeIyGpGepQJzoMJ8dP4HHVonhQCpbwsCZ+nsiR1zrjEe2kyMz0oveVPzP66VmcBXmVCSpIQLPFw1SBo2E0yRgTBXBhmWWIKyovRXiEVIIG5tXxYbgL768TNpndf+i7t2d1xrXRRxlcAiOwAnwwSVogFvQBC2AQQaewSt4c56cF+fd+Zi3lpxipgr+wPn8AY+RlBY=</latexit>

10 rad/sec
<latexit sha1_base64="Abg7AGtRzuImgE+un7xDzm+/0AI=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBi3FGRD0GvXiMYBbIDKGnpydp0svQ3SPGIfgrXjwo4tX/8Obf2FkOmvig4PFeFVX1opRRbTzv2yksLC4trxRXS2vrG5tb7vZOQ8tMYVLHkknVipAmjApSN9Qw0koVQTxipBn1r0d+854oTaW4M4OUhBx1BU0oRsZKHXfv2PdgAAMeyYdcofhEEzzsuGWv4o0B54k/JWUwRa3jfgWxxBknwmCGtG77XmrCHClDMSPDUpBpkiLcR13StlQgTnSYj68fwkOrxDCRypYwcKz+nsgR13rAI9vJkenpWW8k/ue1M5NchjkVaWaIwJNFScagkXAUBYypItiwgSUIK2pvhbiHFMLGBlayIfizL8+TxmnFP694t2fl6tU0jiLYBwfgCPjgAlTBDaiBOsDgETyDV/DmPDkvzrvzMWktONOZXfAHzucP/EOUTQ==</latexit>

�10 rad/sec

<latexit sha1_base64="XKK7NIt7/kyzlxEYk8MoZ2AQAO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5rbL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq3q3l9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A/GxjPk=</latexit>
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Example 1
It is a bandlimited signal since the module of the FT is non-zero only in a 
finite range of values of frequencies. Indeed, we have 

For the  Nyquist theorem, the minimum sampling rate is:

<latexit sha1_base64="qDU2YdgSJp2hdjzosqKWRYTPqac="></latexit>

|X(!)| > 0 only in |!| < 10 rad/sec

<latexit sha1_base64="JF7yCtcJkMRFo8h+/yZdLy2Ag4s="></latexit>

W = 10 rad/sec

!s � Rate-min = 2W = 20 rad/sec



Example 2

Let consider  the following module of FT of a signal x(t)

Find the minimum sampling rate/frequency for the signal which allows a 
perfect reconstruction (in interpolation), expressing the rate in Hertz (Hz). 

<latexit sha1_base64="CKrzA/PwNOnd2b/Qq2uSrsRlfvc=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0WvXisYD9gu5Rsmm1Dk82SzApl25/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBI9ZEzgI1kk0IzIUrB2O7mZ++4lpw1X8COOEBZIMYh5xSsBK/qRT7SrJBuR80itX3Jo7B14lXk4qKEejV/7q9hVNJYuBCmKM77kJBBnRwKlg01I3NSwhdEQGzLc0JpKZIJufPMVnVunjSGlbMeC5+nsiI9KYsQxtpyQwNMveTPzP81OIboKMx0kKLKaLRVEqMCg8+x/3uWYUxNgSQjW3t2I6JJpQsCmVbAje8surpHVR865q7sNlpX6bx1FEJ+gUVZGHrlEd3aMGaiKKFHpGr+jNAefFeXc+Fq0FJ585Rn/gfP4A0OWQ8w==</latexit>

|X(!)|

<latexit sha1_base64="akPdb09AXKql6bhf/BB7KX07hhs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Rj04jGCeUCyhNlJbzJmHsvMrBBC/sGLB0W8+j/e/BsnyR40saChqOqmuytOOTM2CL69ldW19Y3NwlZxe2d3b790cNgwKtMU61RxpVsxMciZxLpllmMr1UhEzLEZD2+nfvMJtWFKPthRipEgfckSRol1UqOjBPZJt1QOKsEM/jIJc1KGHLVu6avTUzQTKC3lxJh2GKQ2GhNtGeU4KXYygymhQ9LHtqOSCDTReHbtxD91Ss9PlHYlrT9Tf0+MiTBmJGLXKYgdmEVvKv7ntTObXEdjJtPMoqTzRUnGfav86et+j2mklo8cIVQzd6tPB0QTal1ARRdCuPjyMmmcV8LLSnB/Ua7e5HEU4BhO4AxCuIIq3EEN6kDhEZ7hFd485b14797HvHXFy2eO4A+8zx+R148g</latexit>!
<latexit sha1_base64="SiO49SZ5byEHzlSpaErGKNkqONI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6rLoxmUF+4AmlMlk2g6dR5iZiCHUX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nShjVxvO+ndLK6tr6RnmzsrW9s7vn7h+0tUwVJi0smVTdCGnCqCAtQw0j3UQRxCNGOtH4Zup3HojSVIp7kyUk5Ggo6IBiZKzUd6u+BwMY8Eg+5grFp5rgSd+teXVvBrhM/ILUQIFm3/0KYolTToTBDGnd873EhDlShmJGJpUg1SRBeIyGpGepQJzoMJ8dP4HHVonhQCpbwsCZ+nsiR1zrjEe2kyMz0oveVPzP66VmcBXmVCSpIQLPFw1SBo2E0yRgTBXBhmWWIKyovRXiEVIIG5tXxYbgL768TNpndf+i7t2d1xrXRRxlcAiOwAnwwSVogFvQBC2AQQaewSt4c56cF+fd+Zi3lpxipgr+wPn8AY+RlBY=</latexit>

10 rad/sec
<latexit sha1_base64="Abg7AGtRzuImgE+un7xDzm+/0AI=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBi3FGRD0GvXiMYBbIDKGnpydp0svQ3SPGIfgrXjwo4tX/8Obf2FkOmvig4PFeFVX1opRRbTzv2yksLC4trxRXS2vrG5tb7vZOQ8tMYVLHkknVipAmjApSN9Qw0koVQTxipBn1r0d+854oTaW4M4OUhBx1BU0oRsZKHXfv2PdgAAMeyYdcofhEEzzsuGWv4o0B54k/JWUwRa3jfgWxxBknwmCGtG77XmrCHClDMSPDUpBpkiLcR13StlQgTnSYj68fwkOrxDCRypYwcKz+nsgR13rAI9vJkenpWW8k/ue1M5NchjkVaWaIwJNFScagkXAUBYypItiwgSUIK2pvhbiHFMLGBlayIfizL8+TxmnFP694t2fl6tU0jiLYBwfgCPjgAlTBDaiBOsDgETyDV/DmPDkvzrvzMWktONOZXfAHzucP/EOUTQ==</latexit>

�10 rad/sec

<latexit sha1_base64="XKK7NIt7/kyzlxEYk8MoZ2AQAO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5rbL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq3q3l9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A/GxjPk=</latexit>
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Example 2

For the Nyquist theorem, the minimum sampling rate is:
<latexit sha1_base64="JF7yCtcJkMRFo8h+/yZdLy2Ag4s="></latexit>

W = 10 rad/sec

!s � Rate-min = 2W = 20 rad/sec

In Hertz (Hz), we have:
<latexit sha1_base64="EH7xqL2Af/kZ6olUhv9fNfLTT5I="></latexit>

fs =
!s

2⇡
=

20

2⇡
= 3.1831 Hz



Example 3

Let consider  the following module of FT of a signal x(t)

What do you can say regarding some features of the signal x(t)? 

Find the maximum sampling period T for the signal which allows a 
perfect reconstruction (in interpolation). 

<latexit sha1_base64="CKrzA/PwNOnd2b/Qq2uSrsRlfvc=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0WvXisYD9gu5Rsmm1Dk82SzApl25/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBI9ZEzgI1kk0IzIUrB2O7mZ++4lpw1X8COOEBZIMYh5xSsBK/qRT7SrJBuR80itX3Jo7B14lXk4qKEejV/7q9hVNJYuBCmKM77kJBBnRwKlg01I3NSwhdEQGzLc0JpKZIJufPMVnVunjSGlbMeC5+nsiI9KYsQxtpyQwNMveTPzP81OIboKMx0kKLKaLRVEqMCg8+x/3uWYUxNgSQjW3t2I6JJpQsCmVbAje8surpHVR865q7sNlpX6bx1FEJ+gUVZGHrlEd3aMGaiKKFHpGr+jNAefFeXc+Fq0FJ585Rn/gfP4A0OWQ8w==</latexit>

|X(!)|

<latexit sha1_base64="akPdb09AXKql6bhf/BB7KX07hhs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Rj04jGCeUCyhNlJbzJmHsvMrBBC/sGLB0W8+j/e/BsnyR40saChqOqmuytOOTM2CL69ldW19Y3NwlZxe2d3b790cNgwKtMU61RxpVsxMciZxLpllmMr1UhEzLEZD2+nfvMJtWFKPthRipEgfckSRol1UqOjBPZJt1QOKsEM/jIJc1KGHLVu6avTUzQTKC3lxJh2GKQ2GhNtGeU4KXYygymhQ9LHtqOSCDTReHbtxD91Ss9PlHYlrT9Tf0+MiTBmJGLXKYgdmEVvKv7ntTObXEdjJtPMoqTzRUnGfav86et+j2mklo8cIVQzd6tPB0QTal1ARRdCuPjyMmmcV8LLSnB/Ua7e5HEU4BhO4AxCuIIq3EEN6kDhEZ7hFd485b14797HvHXFy2eO4A+8zx+R148g</latexit>!
<latexit sha1_base64="SiO49SZ5byEHzlSpaErGKNkqONI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6rLoxmUF+4AmlMlk2g6dR5iZiCHUX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nShjVxvO+ndLK6tr6RnmzsrW9s7vn7h+0tUwVJi0smVTdCGnCqCAtQw0j3UQRxCNGOtH4Zup3HojSVIp7kyUk5Ggo6IBiZKzUd6u+BwMY8Eg+5grFp5rgSd+teXVvBrhM/ILUQIFm3/0KYolTToTBDGnd873EhDlShmJGJpUg1SRBeIyGpGepQJzoMJ8dP4HHVonhQCpbwsCZ+nsiR1zrjEe2kyMz0oveVPzP66VmcBXmVCSpIQLPFw1SBo2E0yRgTBXBhmWWIKyovRXiEVIIG5tXxYbgL768TNpndf+i7t2d1xrXRRxlcAiOwAnwwSVogFvQBC2AQQaewSt4c56cF+fd+Zi3lpxipgr+wPn8AY+RlBY=</latexit>

10 rad/sec
<latexit sha1_base64="Abg7AGtRzuImgE+un7xDzm+/0AI=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBi3FGRD0GvXiMYBbIDKGnpydp0svQ3SPGIfgrXjwo4tX/8Obf2FkOmvig4PFeFVX1opRRbTzv2yksLC4trxRXS2vrG5tb7vZOQ8tMYVLHkknVipAmjApSN9Qw0koVQTxipBn1r0d+854oTaW4M4OUhBx1BU0oRsZKHXfv2PdgAAMeyYdcofhEEzzsuGWv4o0B54k/JWUwRa3jfgWxxBknwmCGtG77XmrCHClDMSPDUpBpkiLcR13StlQgTnSYj68fwkOrxDCRypYwcKz+nsgR13rAI9vJkenpWW8k/ue1M5NchjkVaWaIwJNFScagkXAUBYypItiwgSUIK2pvhbiHFMLGBlayIfizL8+TxmnFP694t2fl6tU0jiLYBwfgCPjgAlTBDaiBOsDgETyDV/DmPDkvzrvzMWktONOZXfAHzucP/EOUTQ==</latexit>

�10 rad/sec

<latexit sha1_base64="XKK7NIt7/kyzlxEYk8MoZ2AQAO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5rbL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq3q3l9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A/GxjPk=</latexit>
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Example 3
For sure, we can say:  

• the signal is real since the module of the FT is even.  We cannot say that 
the signal is even since we should check that all the FT is even, but we 
have only the information of the module (and nothing regarding the 
phase).  

• The signal is a smooth signal (no quick variations/oscillations) since has 
energy in low frequencies (maximum at zero) and its energy is zero for 
high frequencies.

For the  Nyquist theorem, the maximum sampling period is:
<latexit sha1_base64="TEDQod3lUxoNAESGNTd6o26YKCY="></latexit>

W = 10 rad/sec

T � Period-max =
⇡

W
= 0.3142 sec



Example 4
Let consider  the following module of FT of a signal x(t)

<latexit sha1_base64="akPdb09AXKql6bhf/BB7KX07hhs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Rj04jGCeUCyhNlJbzJmHsvMrBBC/sGLB0W8+j/e/BsnyR40saChqOqmuytOOTM2CL69ldW19Y3NwlZxe2d3b790cNgwKtMU61RxpVsxMciZxLpllmMr1UhEzLEZD2+nfvMJtWFKPthRipEgfckSRol1UqOjBPZJt1QOKsEM/jIJc1KGHLVu6avTUzQTKC3lxJh2GKQ2GhNtGeU4KXYygymhQ9LHtqOSCDTReHbtxD91Ss9PlHYlrT9Tf0+MiTBmJGLXKYgdmEVvKv7ntTObXEdjJtPMoqTzRUnGfav86et+j2mklo8cIVQzd6tPB0QTal1ARRdCuPjyMmmcV8LLSnB/Ua7e5HEU4BhO4AxCuIIq3EEN6kDhEZ7hFd485b14797HvHXFy2eO4A+8zx+R148g</latexit>!

<latexit sha1_base64="CKrzA/PwNOnd2b/Qq2uSrsRlfvc=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0WvXisYD9gu5Rsmm1Dk82SzApl25/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBI9ZEzgI1kk0IzIUrB2O7mZ++4lpw1X8COOEBZIMYh5xSsBK/qRT7SrJBuR80itX3Jo7B14lXk4qKEejV/7q9hVNJYuBCmKM77kJBBnRwKlg01I3NSwhdEQGzLc0JpKZIJufPMVnVunjSGlbMeC5+nsiI9KYsQxtpyQwNMveTPzP81OIboKMx0kKLKaLRVEqMCg8+x/3uWYUxNgSQjW3t2I6JJpQsCmVbAje8surpHVR865q7sNlpX6bx1FEJ+gUVZGHrlEd3aMGaiKKFHpGr+jNAefFeXc+Fq0FJ585Rn/gfP4A0OWQ8w==</latexit>

|X(!)|

<latexit sha1_base64="SiO49SZ5byEHzlSpaErGKNkqONI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6rLoxmUF+4AmlMlk2g6dR5iZiCHUX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nShjVxvO+ndLK6tr6RnmzsrW9s7vn7h+0tUwVJi0smVTdCGnCqCAtQw0j3UQRxCNGOtH4Zup3HojSVIp7kyUk5Ggo6IBiZKzUd6u+BwMY8Eg+5grFp5rgSd+teXVvBrhM/ILUQIFm3/0KYolTToTBDGnd873EhDlShmJGJpUg1SRBeIyGpGepQJzoMJ8dP4HHVonhQCpbwsCZ+nsiR1zrjEe2kyMz0oveVPzP66VmcBXmVCSpIQLPFw1SBo2E0yRgTBXBhmWWIKyovRXiEVIIG5tXxYbgL768TNpndf+i7t2d1xrXRRxlcAiOwAnwwSVogFvQBC2AQQaewSt4c56cF+fd+Zi3lpxipgr+wPn8AY+RlBY=</latexit>

10 rad/sec
<latexit sha1_base64="Abg7AGtRzuImgE+un7xDzm+/0AI=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBi3FGRD0GvXiMYBbIDKGnpydp0svQ3SPGIfgrXjwo4tX/8Obf2FkOmvig4PFeFVX1opRRbTzv2yksLC4trxRXS2vrG5tb7vZOQ8tMYVLHkknVipAmjApSN9Qw0koVQTxipBn1r0d+854oTaW4M4OUhBx1BU0oRsZKHXfv2PdgAAMeyYdcofhEEzzsuGWv4o0B54k/JWUwRa3jfgWxxBknwmCGtG77XmrCHClDMSPDUpBpkiLcR13StlQgTnSYj68fwkOrxDCRypYwcKz+nsgR13rAI9vJkenpWW8k/ue1M5NchjkVaWaIwJNFScagkXAUBYypItiwgSUIK2pvhbiHFMLGBlayIfizL8+TxmnFP694t2fl6tU0jiLYBwfgCPjgAlTBDaiBOsDgETyDV/DmPDkvzrvzMWktONOZXfAHzucP/EOUTQ==</latexit>

�10 rad/sec

<latexit sha1_base64="XKK7NIt7/kyzlxEYk8MoZ2AQAO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5rbL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq3q3l9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A/GxjPk=</latexit>

60

Show the module of the FT of the continuous signal x_p(t) obtained 
sampling the signal x(t) (multiplying for a train delta), 

with T=0.2 sec.



Example 4
(in the exam, we have to explain every step very well… with comments 
and explanations…)

It appears “replicas” each                               rad/sec :
<latexit sha1_base64="TjKhD58u7czMQYr5BwerFb3zII8="></latexit>

!s =
2⇡

T
= 31.416

<latexit sha1_base64="Abg7AGtRzuImgE+un7xDzm+/0AI=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBi3FGRD0GvXiMYBbIDKGnpydp0svQ3SPGIfgrXjwo4tX/8Obf2FkOmvig4PFeFVX1opRRbTzv2yksLC4trxRXS2vrG5tb7vZOQ8tMYVLHkknVipAmjApSN9Qw0koVQTxipBn1r0d+854oTaW4M4OUhBx1BU0oRsZKHXfv2PdgAAMeyYdcofhEEzzsuGWv4o0B54k/JWUwRa3jfgWxxBknwmCGtG77XmrCHClDMSPDUpBpkiLcR13StlQgTnSYj68fwkOrxDCRypYwcKz+nsgR13rAI9vJkenpWW8k/ue1M5NchjkVaWaIwJNFScagkXAUBYypItiwgSUIK2pvhbiHFMLGBlayIfizL8+TxmnFP694t2fl6tU0jiLYBwfgCPjgAlTBDaiBOsDgETyDV/DmPDkvzrvzMWktONOZXfAHzucP/EOUTQ==</latexit>

�10 rad/sec

<latexit sha1_base64="akPdb09AXKql6bhf/BB7KX07hhs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Rj04jGCeUCyhNlJbzJmHsvMrBBC/sGLB0W8+j/e/BsnyR40saChqOqmuytOOTM2CL69ldW19Y3NwlZxe2d3b790cNgwKtMU61RxpVsxMciZxLpllmMr1UhEzLEZD2+nfvMJtWFKPthRipEgfckSRol1UqOjBPZJt1QOKsEM/jIJc1KGHLVu6avTUzQTKC3lxJh2GKQ2GhNtGeU4KXYygymhQ9LHtqOSCDTReHbtxD91Ss9PlHYlrT9Tf0+MiTBmJGLXKYgdmEVvKv7ntTObXEdjJtPMoqTzRUnGfav86et+j2mklo8cIVQzd6tPB0QTal1ARRdCuPjyMmmcV8LLSnB/Ua7e5HEU4BhO4AxCuIIq3EEN6kDhEZ7hFd485b14797HvHXFy2eO4A+8zx+R148g</latexit>!
<latexit sha1_base64="SiO49SZ5byEHzlSpaErGKNkqONI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6rLoxmUF+4AmlMlk2g6dR5iZiCHUX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nShjVxvO+ndLK6tr6RnmzsrW9s7vn7h+0tUwVJi0smVTdCGnCqCAtQw0j3UQRxCNGOtH4Zup3HojSVIp7kyUk5Ggo6IBiZKzUd6u+BwMY8Eg+5grFp5rgSd+teXVvBrhM/ILUQIFm3/0KYolTToTBDGnd873EhDlShmJGJpUg1SRBeIyGpGepQJzoMJ8dP4HHVonhQCpbwsCZ+nsiR1zrjEe2kyMz0oveVPzP66VmcBXmVCSpIQLPFw1SBo2E0yRgTBXBhmWWIKyovRXiEVIIG5tXxYbgL768TNpndf+i7t2d1xrXRRxlcAiOwAnwwSVogFvQBC2AQQaewSt4c56cF+fd+Zi3lpxipgr+wPn8AY+RlBY=</latexit>

10 rad/sec

<latexit sha1_base64="HtWtJP0VOpdl7x42sNgFfFlnwgk="></latexit>

|Xp(!)|
<latexit sha1_base64="WgJbRRxlMX1JzoQsSyV4jnhhqZQ=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16CRbBU9lUqV6EohePFewHtKFstpt26WYTdjdiCfkrXjwo4tU/4s1/47bNQVsfDDzem2Fmnh9zpjRC31ZhbX1jc6u4XdrZ3ds/sA/LbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k9uZ33mkUrFIPOhpTL0QjwQLGMHaSAO73A8kJmkdZSmq1rLrc4QGdgVV0RzOKnFzUoEczYH91R9GJAmp0IRjpXouirWXYqkZ4TQr9RNFY0wmeER7hgocUuWl89sz59QoQyeIpCmhnbn6eyLFoVLT0DedIdZjtezNxP+8XqKDKy9lIk40FWSxKEi4oyNnFoQzZJISzaeGYCKZudUhY2zC0CaukgnBXX55lbRrVbdeRfcXlcZNHkcRjuEEzsCFS2jAHTShBQSe4Ble4c3KrBfr3fpYtBasfOYI/sD6/AHw85MS</latexit>

60

0.2
= 300

Note that these are just the first replicas (there are an infinite number of replicas)

<latexit sha1_base64="E3jPdJlLHxr6ZrE26lCGEZHQ0Qg="></latexit>

!s = 31.416
<latexit sha1_base64="3WVKPj8vVbHX5212seZ+T18lg8c="></latexit>�!s = �31.416

there is no “aliasing” in this case !!



Example 5
Let consider  the following module of FT of a signal x(t)

<latexit sha1_base64="akPdb09AXKql6bhf/BB7KX07hhs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Rj04jGCeUCyhNlJbzJmHsvMrBBC/sGLB0W8+j/e/BsnyR40saChqOqmuytOOTM2CL69ldW19Y3NwlZxe2d3b790cNgwKtMU61RxpVsxMciZxLpllmMr1UhEzLEZD2+nfvMJtWFKPthRipEgfckSRol1UqOjBPZJt1QOKsEM/jIJc1KGHLVu6avTUzQTKC3lxJh2GKQ2GhNtGeU4KXYygymhQ9LHtqOSCDTReHbtxD91Ss9PlHYlrT9Tf0+MiTBmJGLXKYgdmEVvKv7ntTObXEdjJtPMoqTzRUnGfav86et+j2mklo8cIVQzd6tPB0QTal1ARRdCuPjyMmmcV8LLSnB/Ua7e5HEU4BhO4AxCuIIq3EEN6kDhEZ7hFd485b14797HvHXFy2eO4A+8zx+R148g</latexit>!

<latexit sha1_base64="CKrzA/PwNOnd2b/Qq2uSrsRlfvc=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0WvXisYD9gu5Rsmm1Dk82SzApl25/hxYMiXv013vw3pu0etPXBwOO9GWbmhYngBlz32ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBI9ZEzgI1kk0IzIUrB2O7mZ++4lpw1X8COOEBZIMYh5xSsBK/qRT7SrJBuR80itX3Jo7B14lXk4qKEejV/7q9hVNJYuBCmKM77kJBBnRwKlg01I3NSwhdEQGzLc0JpKZIJufPMVnVunjSGlbMeC5+nsiI9KYsQxtpyQwNMveTPzP81OIboKMx0kKLKaLRVEqMCg8+x/3uWYUxNgSQjW3t2I6JJpQsCmVbAje8surpHVR865q7sNlpX6bx1FEJ+gUVZGHrlEd3aMGaiKKFHpGr+jNAefFeXc+Fq0FJ585Rn/gfP4A0OWQ8w==</latexit>

|X(!)|

<latexit sha1_base64="SiO49SZ5byEHzlSpaErGKNkqONI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6rLoxmUF+4AmlMlk2g6dR5iZiCHUX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nShjVxvO+ndLK6tr6RnmzsrW9s7vn7h+0tUwVJi0smVTdCGnCqCAtQw0j3UQRxCNGOtH4Zup3HojSVIp7kyUk5Ggo6IBiZKzUd6u+BwMY8Eg+5grFp5rgSd+teXVvBrhM/ILUQIFm3/0KYolTToTBDGnd873EhDlShmJGJpUg1SRBeIyGpGepQJzoMJ8dP4HHVonhQCpbwsCZ+nsiR1zrjEe2kyMz0oveVPzP66VmcBXmVCSpIQLPFw1SBo2E0yRgTBXBhmWWIKyovRXiEVIIG5tXxYbgL768TNpndf+i7t2d1xrXRRxlcAiOwAnwwSVogFvQBC2AQQaewSt4c56cF+fd+Zi3lpxipgr+wPn8AY+RlBY=</latexit>

10 rad/sec
<latexit sha1_base64="Abg7AGtRzuImgE+un7xDzm+/0AI=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBi3FGRD0GvXiMYBbIDKGnpydp0svQ3SPGIfgrXjwo4tX/8Obf2FkOmvig4PFeFVX1opRRbTzv2yksLC4trxRXS2vrG5tb7vZOQ8tMYVLHkknVipAmjApSN9Qw0koVQTxipBn1r0d+854oTaW4M4OUhBx1BU0oRsZKHXfv2PdgAAMeyYdcofhEEzzsuGWv4o0B54k/JWUwRa3jfgWxxBknwmCGtG77XmrCHClDMSPDUpBpkiLcR13StlQgTnSYj68fwkOrxDCRypYwcKz+nsgR13rAI9vJkenpWW8k/ue1M5NchjkVaWaIwJNFScagkXAUBYypItiwgSUIK2pvhbiHFMLGBlayIfizL8+TxmnFP694t2fl6tU0jiLYBwfgCPjgAlTBDaiBOsDgETyDV/DmPDkvzrvzMWktONOZXfAHzucP/EOUTQ==</latexit>

�10 rad/sec

<latexit sha1_base64="XKK7NIt7/kyzlxEYk8MoZ2AQAO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5rbL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq3q3l9W6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A/GxjPk=</latexit>

60

Show the module of the FT of the continuous signal x_p(t) obtained 
sampling the signal x(t) (multiplying for a train delta), 

with T=0.5 sec.



Example 5
(in the exam, we have to explain every step very well… with comments 
and explanations…)

It appears “replicas” each                               rad/sec :
<latexit sha1_base64="Q4qTGHv0eG1lwqIhnqLEOehWQnI="></latexit>

!s =
2⇡

T
= 12.56

there is “Aliasing” in this case !!! we lose information…. 

we cannot recover the original signal x(t)…

Note that these are just the first replicas (there are an infinite number of replicas)

<latexit sha1_base64="akPdb09AXKql6bhf/BB7KX07hhs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Rj04jGCeUCyhNlJbzJmHsvMrBBC/sGLB0W8+j/e/BsnyR40saChqOqmuytOOTM2CL69ldW19Y3NwlZxe2d3b790cNgwKtMU61RxpVsxMciZxLpllmMr1UhEzLEZD2+nfvMJtWFKPthRipEgfckSRol1UqOjBPZJt1QOKsEM/jIJc1KGHLVu6avTUzQTKC3lxJh2GKQ2GhNtGeU4KXYygymhQ9LHtqOSCDTReHbtxD91Ss9PlHYlrT9Tf0+MiTBmJGLXKYgdmEVvKv7ntTObXEdjJtPMoqTzRUnGfav86et+j2mklo8cIVQzd6tPB0QTal1ARRdCuPjyMmmcV8LLSnB/Ua7e5HEU4BhO4AxCuIIq3EEN6kDhEZ7hFd485b14797HvHXFy2eO4A+8zx+R148g</latexit>!

<latexit sha1_base64="HtWtJP0VOpdl7x42sNgFfFlnwgk="></latexit>

|Xp(!)|

<latexit sha1_base64="lN5ExZXx3lTODR7/z60J73J7TrI="></latexit>

12.56
<latexit sha1_base64="e3D2DDnL7SszFfSEJY33M+BpsAY="></latexit>�12.56

<latexit sha1_base64="/7L5ddrWE2n7VsGCj9crpWeG4Os="></latexit>

10
<latexit sha1_base64="LZLlfh3UKH63sxdq9D1BP+9B1eQ="></latexit>�10



Example 6
Let consider the following system below:

<latexit sha1_base64="6xrhP/cwIpX9GBVr4+xUK+kZxyM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6QhDA7mU3GzO4sM71iWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYVSiGa8zJZVu+dRwKSJeR4GSt 2LNaehL3vRHN1O/+ci1ESq6x3HMuyEdRCIQjKKVGk89r4ynvWLJrbgzkGXiZaQEGWq94lenr1gS8giZpMa0PTfGbko1Cib5pNBJDI8pG9EBb1sa0ZCbbjq7dkJOrNIngdK2IiQz9fdESkNjxqFvO0OKQ7PoTcX/vHaCwVU3FVGcII/YfFGQSIKKTF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVbyLint3XqpeZ3Hk4QiOoQweXEIVbqEGdWDwAM/wCm+Ocl6cd+dj3ppzsplD+APn8weqk46I</latexit>

x1(t)

<latexit sha1_base64="uY67MoD8fTTseC8u452Y4YipCg0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6QLGF2MpuMmZ1dZnrFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSKFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYeJUM15nsYx1K6CGS6F4HQVK3ko0p1EgeTMY3kz95iPXRsTqHkcJ9yPaVyIUjKKVGk/dszKedoslt+LOQJaJl5ESZKh1i1+dXszSiCtkkhrT9twE/THVKJjkk0InNTyhbEj7vG2pohE3/nh27YScWKVHwljbUkhm6u+JMY2MGUWB7YwoDsyiNxX/89ophlf+WKgkRa7YfFGYSoIxmb5OekJzhnJkCWVa2FsJG1BNGdqACjYEb/HlZdI4q3gXFffuvFS9zuLIwxEcQxk8uIQq3EIN6sDgAZ7hFd6c2Hlx3p2PeWvOyWYO4Q+czx+sGo6J</latexit>

x2(t) <latexit sha1_base64="JpExoAy+K/tUWFKxQ9xI9uPhY1s=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIrdCSiKibQtGNywq9QVPLZDpph04mYeZEKKHv4MZXceNCEbdu3Pk2TtsstPWHgY//nMOZ83sRZwps+9vIrKyurW9kN3Nb2zu7e+b+QVOFsSS0QUIeyraHFeVM0AYw4LQdSYoDj9OWN7qZ1lsPVCoWijqMI9oN8EAwnxEM2uqZp1EBihVXxUEvEZWSy4QP48l9koLbpxxwAUqiXuyZebtsz2Qtg5NCHqWq9cwvtx+SOKACCMdKdRw7gm6CJTDC6STnxopGmIzwgHY0ChxQ1U1mN02sE+30LT+U+gmwZu7viQQHSo0DT3cGGIZqsTY1/6t1YvCvugkTUQxUkPkiP+YWhNY0IKvPJCXAxxowkUz/1SJDLDEBHWNOh+AsnrwMzbOyc1G2787z1es0jiw6QseogBx0iaroFtVQAxH0iJ7RK3oznowX4934mLdmjHTmEP2R8fkD1dWeIg==</latexit>

p(t) =
1X

n=�1
�(t� nT )

<latexit sha1_base64="YB1pG59U2jN+pYYDmkUqnsf884Y=">AAACGXicbVDLSsNAFJ34rPUVdekmWArtoiURUTeFohuXFfqCppbJdNIOnUzCzI1QQ3/Djb/ixoUiLnXl3zhts9DWAwOHc87lzj1exJkC2/42VlbX1jc2M1vZ7Z3dvX3z4LCpwlgS2iAhD2Xbw4pyJmgDGHDajiTFgcdpyxtdT/3WPZWKhaIO44h2AzwQzGcEg5Z6pp2PClCsuCoOeomolFwmfBhP7pKUuH3KARegJOrF7IOO9sycXbZnsJaJk5IcSlHrmZ9uPyRxQAUQjpXqOHYE3QRLYITTSdaNFY0wGeEB7WgqcEBVN5ldNrHyWulbfij1E2DN1N8TCQ6UGgeeTgYYhmrRm4r/eZ0Y/MtuwkQUAxVkvsiPuQWhNa3J6jNJCfCxJphIpv9qkSGWmIAuM6tLcBZPXibN07JzXrZvz3LVq7SODDpGJ6iAHHSBqugG1VADEfSIntErejOejBfj3fiYR1eMdOYI/YHx9QM5EJ/M</latexit>

z(t) <latexit sha1_base64="HhVrya6CDSJZ9waQtMATvVt7Aik="></latexit>

zp(t)

both  input signals are band-limited, i.e.,
<latexit sha1_base64="n0SmpoOGKS7BDxMOFzyxB4lKkwQ="></latexit>

X1(!) � 0 |!| � !1

X2(!) � 0 |!| � !2

Find the maximum T such that z(t) can be recovers from z_p(t) with an ideal 
band-pass filter.



Example 6
<latexit sha1_base64="zi/tAx8Gg0WLtFFI2GcBmy8lItc="></latexit>

z(t) = x1(t)x2(t)

<latexit sha1_base64="ywSzYaSDWqZLP5WXFLfgc3MSjL0="></latexit>

Z(!) = X1(!) ⇤X2(!)

<latexit sha1_base64="Q0UkZjGXB3dvyJwp0Oj8GWfl2xU="></latexit>!
<latexit sha1_base64="S0gElIXu0QWKTkGj8dvikkr9jUs="></latexit>!1

<latexit sha1_base64="BpKo6AQk4u/HLUF/u4p3JE1VVxg="></latexit>�!1

<latexit sha1_base64="Q0UkZjGXB3dvyJwp0Oj8GWfl2xU="></latexit>!

<latexit sha1_base64="XkO1zIa+ZDFS592PjC/cgv6Vlrg="></latexit>

|X1(!)|
<latexit sha1_base64="hZ/jk0lxnKimQnzrFgeAvWK97Jc="></latexit>

|X2(!)|

<latexit sha1_base64="Q9hj6NVygFeSRSzQx9Z1Lk/IW3M="></latexit>!2
<latexit sha1_base64="qjT8ZqsjSVeeJWyG9SaRUBJpdRI="></latexit>�!2



Example 6 <latexit sha1_base64="ywSzYaSDWqZLP5WXFLfgc3MSjL0="></latexit>

Z(!) = X1(!) ⇤X2(!)

<latexit sha1_base64="Q0UkZjGXB3dvyJwp0Oj8GWfl2xU="></latexit>!
<latexit sha1_base64="S0gElIXu0QWKTkGj8dvikkr9jUs="></latexit>!1

<latexit sha1_base64="BpKo6AQk4u/HLUF/u4p3JE1VVxg="></latexit>�!1

<latexit sha1_base64="Q0UkZjGXB3dvyJwp0Oj8GWfl2xU="></latexit>!

<latexit sha1_base64="XkO1zIa+ZDFS592PjC/cgv6Vlrg="></latexit>

|X1(!)|
<latexit sha1_base64="hZ/jk0lxnKimQnzrFgeAvWK97Jc="></latexit>

|X2(!)|

<latexit sha1_base64="Q9hj6NVygFeSRSzQx9Z1Lk/IW3M="></latexit>!2
<latexit sha1_base64="qjT8ZqsjSVeeJWyG9SaRUBJpdRI="></latexit>�!2

<latexit sha1_base64="Q0UkZjGXB3dvyJwp0Oj8GWfl2xU="></latexit>!
<latexit sha1_base64="rgh2lDKWYEs1WHf6qMBvKzjpsek="></latexit>�!2 � !1

<latexit sha1_base64="sUR+sh9CP2x2jEXhxLShUgYk0D8="></latexit>

!2 + !1

<latexit sha1_base64="erVRUUh69Nh9sU/X2qEcXtHHqI8=">AAAC1XiclVJNj9MwEHXC1xI+tsCRi0UV1CK1Siq0y6XSCi4cF7TdVtQlchy3a63jpPEEtZv2AEJc+W/c+A/8CJyPRWWXCyNZenrz3sx47DCVQoPn/bTsGzdv3b6zd9e5d//Bw/3Wo8enOskzxkcskUk2CanmUig+AgGST9KM0ziUfByevynz40880yJRJ7BO+SymCyXmglEwVND65aYd6A6JzuOgUMMeEWoO6+3HogEk4hJoB3rqpOu4F0GpdtzneBL4HZLEfEG7mCz4EnuYLJc5jfCmpjcVW+PAx4TUrsF/uAaV66Kcb2XaQXdl7GX7D5dFhjtjvNgp7ri9yxrO5o96E7TaXt+rAl8HfgPaqInjoPWDRAnLY66ASar11P dSmBU0A8Ek3zok1zyl7Jwu+NRARWOuZ0X1KlvsGibC8yQzRwGu2F1HQWOt13FolDGFM301V5L/yk1zmL+aFUKlOXDF6kbzXGJIcPnEOBIZZyDXBlCWCTMrZmc0owzMR3DMEvyrV74OTgd9/6DvvXvZPnrdrGMPPUXPUAf56BAdobfoGI0Qs95bK+uz9cUe21v7q/2tltpW43mC/gr7+29Yx9oe</latexit>

|Z(!)|

For properties of the convolution



Example 6
<latexit sha1_base64="Q0UkZjGXB3dvyJwp0Oj8GWfl2xU="></latexit>!

<latexit sha1_base64="rgh2lDKWYEs1WHf6qMBvKzjpsek="></latexit>�!2 � !1
<latexit sha1_base64="sUR+sh9CP2x2jEXhxLShUgYk0D8="></latexit>

!2 + !1

<latexit sha1_base64="erVRUUh69Nh9sU/X2qEcXtHHqI8=">AAAC1XiclVJNj9MwEHXC1xI+tsCRi0UV1CK1Siq0y6XSCi4cF7TdVtQlchy3a63jpPEEtZv2AEJc+W/c+A/8CJyPRWWXCyNZenrz3sx47DCVQoPn/bTsGzdv3b6zd9e5d//Bw/3Wo8enOskzxkcskUk2CanmUig+AgGST9KM0ziUfByevynz40880yJRJ7BO+SymCyXmglEwVND65aYd6A6JzuOgUMMeEWoO6+3HogEk4hJoB3rqpOu4F0GpdtzneBL4HZLEfEG7mCz4EnuYLJc5jfCmpjcVW+PAx4TUrsF/uAaV66Kcb2XaQXdl7GX7D5dFhjtjvNgp7ri9yxrO5o96E7TaXt+rAl8HfgPaqInjoPWDRAnLY66ASar11P dSmBU0A8Ek3zok1zyl7Jwu+NRARWOuZ0X1KlvsGibC8yQzRwGu2F1HQWOt13FolDGFM301V5L/yk1zmL+aFUKlOXDF6kbzXGJIcPnEOBIZZyDXBlCWCTMrZmc0owzMR3DMEvyrV74OTgd9/6DvvXvZPnrdrGMPPUXPUAf56BAdobfoGI0Qs95bK+uz9cUe21v7q/2tltpW43mC/gr7+29Yx9oe</latexit>

|Z(!)|

Applying Nyquist: 
<latexit sha1_base64="Pk/2EW2gEjGnSbB4tP1o1/ApH4w="></latexit>

!s � 2(!2 + !1)

<latexit sha1_base64="5aaR2KJzkXCoUKVUHTCPcwiybe0="></latexit>

W = !2 + !1

<latexit sha1_base64="SNJh8Mwp/6SZTuwh1y7nYT5Bt4o="></latexit>

T  ⇡

!2 + !1

<latexit sha1_base64="jj/lHw7+RQ00lb3SltQ1nDaUG3s="></latexit>

Tmax =
⇡

!2 + !1

This is the solution.



Example 7
Let consider the following system below:

both  input signals are band-limited, i.e.,
<latexit sha1_base64="n0SmpoOGKS7BDxMOFzyxB4lKkwQ="></latexit>

X1(!) � 0 |!| � !1

X2(!) � 0 |!| � !2

Find the maximum T such that z(t) can be recovers from z_p(t) with an ideal 
band-pass filter.

<latexit sha1_base64="JpExoAy+K/tUWFKxQ9xI9uPhY1s=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIrdCSiKibQtGNywq9QVPLZDpph04mYeZEKKHv4MZXceNCEbdu3Pk2TtsstPWHgY//nMOZ83sRZwps+9vIrKyurW9kN3Nb2zu7e+b+QVOFsSS0QUIeyraHFeVM0AYw4LQdSYoDj9OWN7qZ1lsPVCoWijqMI9oN8EAwnxEM2uqZp1EBihVXxUEvEZWSy4QP48l9koLbpxxwAUqiXuyZebtsz2Qtg5NCHqWq9cwvtx+SOKACCMdKdRw7gm6CJTDC6STnxopGmIzwgHY0ChxQ1U1mN02sE+30LT+U+gmwZu7viQQHSo0DT3cGGIZqsTY1/6t1YvCvugkTUQxUkPkiP+YWhNY0IKvPJCXAxxowkUz/1SJDLDEBHWNOh+AsnrwMzbOyc1G2787z1es0jiw6QseogBx0iaroFtVQAxH0iJ7RK3oznowX4934mLdmjHTmEP2R8fkD1dWeIg==</latexit>

p(t) =
1X

n=�1
�(t� nT )

<latexit sha1_base64="HhVrya6CDSJZ9waQtMATvVt7Aik="></latexit>

zp(t)
<latexit sha1_base64="6jMYp0Khbl195VuIjDZAerj8iG8="></latexit>

z(t) = x1(t) ⇤ x2(t)



Example 7

<latexit sha1_base64="Q0UkZjGXB3dvyJwp0Oj8GWfl2xU="></latexit>!
<latexit sha1_base64="S0gElIXu0QWKTkGj8dvikkr9jUs="></latexit>!1

<latexit sha1_base64="BpKo6AQk4u/HLUF/u4p3JE1VVxg="></latexit>�!1

<latexit sha1_base64="Q0UkZjGXB3dvyJwp0Oj8GWfl2xU="></latexit>!

<latexit sha1_base64="XkO1zIa+ZDFS592PjC/cgv6Vlrg="></latexit>

|X1(!)|
<latexit sha1_base64="hZ/jk0lxnKimQnzrFgeAvWK97Jc="></latexit>

|X2(!)|

<latexit sha1_base64="Q9hj6NVygFeSRSzQx9Z1Lk/IW3M="></latexit>!2
<latexit sha1_base64="qjT8ZqsjSVeeJWyG9SaRUBJpdRI="></latexit>�!2

<latexit sha1_base64="6jMYp0Khbl195VuIjDZAerj8iG8="></latexit>

z(t) = x1(t) ⇤ x2(t)

<latexit sha1_base64="1mlQQ5ciyB0uhK2FIGl5CiC+n84="></latexit>

Z(!) = X1(!)X2(!)



Example 7

<latexit sha1_base64="Q0UkZjGXB3dvyJwp0Oj8GWfl2xU="></latexit>!
<latexit sha1_base64="S0gElIXu0QWKTkGj8dvikkr9jUs="></latexit>!1

<latexit sha1_base64="BpKo6AQk4u/HLUF/u4p3JE1VVxg="></latexit>�!1

<latexit sha1_base64="Q0UkZjGXB3dvyJwp0Oj8GWfl2xU="></latexit>!

<latexit sha1_base64="XkO1zIa+ZDFS592PjC/cgv6Vlrg="></latexit>

|X1(!)|
<latexit sha1_base64="hZ/jk0lxnKimQnzrFgeAvWK97Jc="></latexit>

|X2(!)|

<latexit sha1_base64="Q9hj6NVygFeSRSzQx9Z1Lk/IW3M="></latexit>!2
<latexit sha1_base64="qjT8ZqsjSVeeJWyG9SaRUBJpdRI="></latexit>�!2

<latexit sha1_base64="Q0UkZjGXB3dvyJwp0Oj8GWfl2xU="></latexit>!
<latexit sha1_base64="28h1gkvOj5E0UPL+e8yTmfQOS54="></latexit>

min[!1,!2]
<latexit sha1_base64="9mOt06C04Z1DHe5teYpJmaEt53k="></latexit>

�min[!1,!2]

<latexit sha1_base64="erVRUUh69Nh9sU/X2qEcXtHHqI8=">AAAC1XiclVJNj9MwEHXC1xI+tsCRi0UV1CK1Siq0y6XSCi4cF7TdVtQlchy3a63jpPEEtZv2AEJc+W/c+A/8CJyPRWWXCyNZenrz3sx47DCVQoPn/bTsGzdv3b6zd9e5d//Bw/3Wo8enOskzxkcskUk2CanmUig+AgGST9KM0ziUfByevynz40880yJRJ7BO+SymCyXmglEwVND65aYd6A6JzuOgUMMeEWoO6+3HogEk4hJoB3rqpOu4F0GpdtzneBL4HZLEfEG7mCz4EnuYLJc5jfCmpjcVW+PAx4TUrsF/uAaV66Kcb2XaQXdl7GX7D5dFhjtjvNgp7ri9yxrO5o96E7TaXt+rAl8HfgPaqInjoPWDRAnLY66ASar11P dSmBU0A8Ek3zok1zyl7Jwu+NRARWOuZ0X1KlvsGibC8yQzRwGu2F1HQWOt13FolDGFM301V5L/yk1zmL+aFUKlOXDF6kbzXGJIcPnEOBIZZyDXBlCWCTMrZmc0owzMR3DMEvyrV74OTgd9/6DvvXvZPnrdrGMPPUXPUAf56BAdobfoGI0Qs95bK+uz9cUe21v7q/2tltpW43mC/gr7+29Yx9oe</latexit>

|Z(!)|

For the multiplication

<latexit sha1_base64="1mlQQ5ciyB0uhK2FIGl5CiC+n84="></latexit>

Z(!) = X1(!)X2(!)
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Applying Nyquist: 

<latexit sha1_base64="Q0UkZjGXB3dvyJwp0Oj8GWfl2xU="></latexit>!
<latexit sha1_base64="28h1gkvOj5E0UPL+e8yTmfQOS54="></latexit>

min[!1,!2]
<latexit sha1_base64="9mOt06C04Z1DHe5teYpJmaEt53k="></latexit>

�min[!1,!2]

<latexit sha1_base64="erVRUUh69Nh9sU/X2qEcXtHHqI8="></latexit>

|Z(!)|

<latexit sha1_base64="0PkBs+XnsqopywB2ED+NqZIV0ao="></latexit>

W = min[!1,!2]

!s � 2min[!1,!2]

This is the solution.

<latexit sha1_base64="8Vj6rsVYZv9k1x8kbIDjjlgPS1s="></latexit>

Tmax =
⇡

min[!1,!2]

<latexit sha1_base64="NLky26GAJt8Ec9Gs0gYIAsdldRE="></latexit>

T  ⇡

min[!1,!2]



Example 8

A signal x(t) has been perfectly recovered from a sequence x[n], using a 
sampling rate of <latexit sha1_base64="5KHaDXDwngZ5+fQwVimTZOE5PDU="></latexit>

!s = 10000⇡

Find  or obtain some inequality regarding the W such that 

<latexit sha1_base64="KJCOwCzZP9xzRArYCuRTS8vMOvA="></latexit>

X(!) � 0 |!|  W

<latexit sha1_base64="b4dt39c17FD1wcin4VSxmzSf+fw="></latexit>

W =?
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Applying Nyquist: 
<latexit sha1_base64="bVkiIDZVgpa5j4bzkGgbVI6L+lw="></latexit>

!s � 2W

<latexit sha1_base64="y71iTerndvK3OKeFlmqRFQNoSVw="></latexit>

W  !s

2

<latexit sha1_base64="9O5Zws6gQEN+JIRx6JHYQh71Z4g="></latexit>

W  5000⇡

This is the solution.



Example 9

Write the Nyquest’s inequalities for the following signal: 

<latexit sha1_base64="pkGHxsiC5Y4uEViTpyEtqqmXEZE=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBATAmE2BPUiBL14jGAekA1hdjJJhszOLjO9Ygj5BC/+ihcPinj16M2/cfJANLGgoajqprvLj6QwQMiXs7S8srq2nthIbm5t7+ym9varJow14xUWylDXfWq4FIpXQIDk9UhzGviS1/z+1div3XFtRKhuYRDxZkC7SnQEo2ClVurkPgPZCzfnsdBkCoQQLxIYsjnsGaEyxR+hlUqTPJkALxJ3RtJohnIr9em1QxYHXAGT1JiGSyJoDqkGwSQfJb3Y8IiyPu3yhqWKBtw0h5OHRvjYKm3cCbUtBXii/p4Y0sCYQeDbzoBCz8x7Y/E/rxFD57w5FCqKgSs2XdSJJYYQj9PBbaE5AzmwhDIt7K2Y9aimDGyGSRuCO//yIqkW8u5pntwU06XLWRwJdIiOUAa56AyV0DUqowpi6AE9oRf06jw6z86b8z5tXXJmMwfoD5yPb+FDmVg=</latexit>

x(t) = 1 + cos(2000⇡t) + sin(4000⇡t)
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<latexit sha1_base64="pkGHxsiC5Y4uEViTpyEtqqmXEZE=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBATAmE2BPUiBL14jGAekA1hdjJJhszOLjO9Ygj5BC/+ihcPinj16M2/cfJANLGgoajqprvLj6QwQMiXs7S8srq2nthIbm5t7+ym9varJow14xUWylDXfWq4FIpXQIDk9UhzGviS1/z+1div3XFtRKhuYRDxZkC7SnQEo2ClVurkPgPZCzfnsdBkCoQQLxIYsjnsGaEyxR+hlUqTPJkALxJ3RtJohnIr9em1QxYHXAGT1JiGSyJoDqkGwSQfJb3Y8IiyPu3yhqWKBtw0h5OHRvjYKm3cCbUtBXii/p4Y0sCYQeDbzoBCz8x7Y/E/rxFD57w5FCqKgSs2XdSJJYYQj9PBbaE5AzmwhDIt7K2Y9aimDGyGSRuCO//yIqkW8u5pntwU06XLWRwJdIiOUAa56AyV0DUqowpi6AE9oRf06jw6z86b8z5tXXJmMwfoD5yPb+FDmVg=</latexit>

x(t) = 1 + cos(2000⇡t) + sin(4000⇡t)

Generalized Fourier Transform:

<latexit sha1_base64="X4LosNF9xnyjKfXTlwbg0Q8hWiI=">AAACIHicbVDLSgMxFM34rPVVdekmWIQpQsmIqBtBdKFLBfuATimZNG1DM8mQ3BFL209x46+4caGI7vRrTGsRXwcuHM65l3vviRIpLBDy5k1Nz8zOzWcWsotLyyurubX1stWpYbzEtNSmGlHLpVC8BAIkryaG0ziSvBJ1T0d+5ZobK7S6gl7C6zFtK9ESjIKTGrmD7RsfCkfBTsi09XcJIWEiMBR2cGiF8ve+hEF2UG2c+aGOeZsWBo1cnhTJGPgvCSYkjya4aORew6ZmacwVMEmtrQUkgXqfGhBM8mE2TC1PKOvSNq85qmjMbb0/fnCIt53SxC1tXCnAY/X7RJ/G1vbiyHXGFDr2tzcS//NqKbQO632hkhS4Yp+LWqnEoPEoLdwUhjOQPUcoM8LdilmHGsrAZZp1IQS/X/5LyrvFYL9ILvfyxyeTODJoE20hHwXoAB2jc3SBSoihW3SPHtGTd+c9eM/ey2frlDeZ2UA/4L1/ACHJn08=</latexit>

|XG(!)|

<latexit sha1_base64="XfuOPj31m2zfNcBciE8fep6QdL0="></latexit>!

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4
<latexit sha1_base64="EC6XNMiRdSxZHq8pl6l+ixaSEuo="></latexit>

1

<latexit sha1_base64="RAVrm927uMmlNdW5GliZ1ur6H60="></latexit>

4000⇡
<latexit sha1_base64="GJBcEdJvwbMa4y5BwBC3qA4rlYA="></latexit>�4000⇡

<latexit sha1_base64="e4aoNCtiiIXXrhE8oD9WiSbMXaM="></latexit>�2000⇡
<latexit sha1_base64="uNLkrzUMHrfvraUzGYM6DA60EX8="></latexit>

2000⇡

<latexit sha1_base64="Hda+Tz1SHljbwohrFr++0ZziMZo=">AAAB/nicbVBNS8NAEN3Urxq/ouLJy2IpeAqbKtWLUPTisYJthTaUzXbTLt1swu5GKCHgX/HiQRGv/g5v/hu3bQ7a+mDg8d4MM/OChDOlEfq2Siura+sb5U17a3tnd8/ZP2irOJWEtkjMY/kQYEU5E7Slmeb0IZEURwGnnWB8M/U7j1QqFot7PUmoH+GhYCEjWBup7xzV7GovlJhkdZRnyK3lV2cI9Z0KctEMcJl4BamAAs2+89UbxCSNqNCEY6W6Hkq0n2GpGeE0t3upogkmYzykXUMFjqjys9n5OawaZQDDWJoSGs7U3xMZjpSaRIHpjLAeqUVvKv7ndVMdXvoZE0mqqSDzRWHKoY7hNAs4YJISzSeGYCKZuRWSETZhaJOYbULwFl9eJu2a69VddHdeaVwXcZTBMTgBp8ADF6ABbkETtAABGXgGr+DNerJerHfrY95asoqZQ/AH1ucP+ruTkQ==</latexit>

2

<latexit sha1_base64="bzqJTuy6eGrNOf4h6EvsRbZrTj0="></latexit>

XG(!) = �(!) +
1

2
(�(! � 2000⇡) + �(! + 2000⇡)) +

1

2j
(�(! � 4000⇡)� �(! + 4000⇡))

<latexit sha1_base64="BxrqQHGyn1cTOyLAL8pmLX1fQh8=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAYhXsJuEPUiBD3oMYJ5QDaE2UlvMmT2wUyvEEJuXvwVLx4U8eovePNvnCR70MSChqKqm+4uL5ZCo21/W5ml5ZXVtex6bmNza3snv7tX11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wPfEbD6C0iMJ7HMbQDlgvFL7gDI3UyR82OzdFNwqgx04uy24sXAk+FqmrRK+PpU6+YJfsKegicVJSICmqnfyX2414EkCIXDKtW44dY3vEFAouYZxzEw0x4wPWg5ahIQtAt0fTP8b02Chd6kfKVIh0qv6eGLFA62Hgmc6AYV/PexPxP6+VoH/RHokwThBCPlvkJ5JiRCeh0K5QwFEODWFcCXMr5X2mGEcTXc6E4My/vEjq5ZJzVrLvTguVqzSOLDkgR6RIHHJOKuSWVEmNcPJInskrebOerBfr3fqYtWasdGaf/IH1+QMQwJgr</latexit>

XG(!) = 2⇡ (
<latexit sha1_base64="bnkIW4U+z5Km23ObJSuWPdRRUEs=">AAACCnicbVDJSgNBEO2JW4xb1KOX1hBILmEmiHoRgh70GMEskAmhp1OTNOlZ6K4RQsjZi7/ixYMiXv0Cb/6NneWgiQ8KHu9VUVXPi6XQaNvfVmpldW19I72Z2dre2d3L7h/UdZQoDjUeyUg1PaZBihBqKFBCM1bAAk9CwxtcT/zGAygtovAehzG0A9YLhS84QyN1ssf5Zuem4EYB9FjxsuzGwpXgY4G6SvT6WMoUO9mcXbKnoMvEmZMcmaPayX653YgnAYTIJdO65dgxtkdMoeASxhk30RAzPmA9aBkasgB0ezR9ZUzzRulSP1KmQqRT9ffEiAVaDwPPdAYM+3rRm4j/ea0E/Yv2SIRxghDy2SI/kRQjOsmFdoUCjnJoCONKmFsp7zPFOJr0MiYEZ/HlZVIvl5yzkn13mqtczeNIkyNyQgrEIeekQm5JldQIJ4/kmbySN+vJerHerY9Za8qazxySP7A+fwAfNJih</latexit>

)



Example 9

<latexit sha1_base64="CtczJrzrQlRBF1I1Ga60NfJB7ic="></latexit>

W<latexit sha1_base64="BqNBzTcskK9cWqlOgcB8675qYm0="></latexit>

!s � 2W, !s � 8000⇡,

This is the solution.
<latexit sha1_base64="ODYIHnxvA314aLB1hNB7v+uLPQo="></latexit>

T  ⇡

W
, T  1

4000
sec

<latexit sha1_base64="X4LosNF9xnyjKfXTlwbg0Q8hWiI=">AAACIHicbVDLSgMxFM34rPVVdekmWIQpQsmIqBtBdKFLBfuATimZNG1DM8mQ3BFL209x46+4caGI7vRrTGsRXwcuHM65l3vviRIpLBDy5k1Nz8zOzWcWsotLyyurubX1stWpYbzEtNSmGlHLpVC8BAIkryaG0ziSvBJ1T0d+5ZobK7S6gl7C6zFtK9ESjIKTGrmD7RsfCkfBTsi09XcJIWEiMBR2cGiF8ve+hEF2UG2c+aGOeZsWBo1cnhTJGPgvCSYkjya4aORew6ZmacwVMEmtrQUkgXqfGhBM8mE2TC1PKOvSNq85qmjMbb0/fnCIt53SxC1tXCnAY/X7RJ/G1vbiyHXGFDr2tzcS//NqKbQO632hkhS4Yp+LWqnEoPEoLdwUhjOQPUcoM8LdilmHGsrAZZp1IQS/X/5LyrvFYL9ILvfyxyeTODJoE20hHwXoAB2jc3SBSoihW3SPHtGTd+c9eM/ey2frlDeZ2UA/4L1/ACHJn08=</latexit>

|XG(!)|

<latexit sha1_base64="XfuOPj31m2zfNcBciE8fep6QdL0="></latexit>!

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4
<latexit sha1_base64="EC6XNMiRdSxZHq8pl6l+ixaSEuo="></latexit>

1

<latexit sha1_base64="RAVrm927uMmlNdW5GliZ1ur6H60="></latexit>

4000⇡
<latexit sha1_base64="GJBcEdJvwbMa4y5BwBC3qA4rlYA="></latexit>�4000⇡

<latexit sha1_base64="e4aoNCtiiIXXrhE8oD9WiSbMXaM="></latexit>�2000⇡
<latexit sha1_base64="uNLkrzUMHrfvraUzGYM6DA60EX8="></latexit>

2000⇡

<latexit sha1_base64="Hda+Tz1SHljbwohrFr++0ZziMZo=">AAAB/nicbVBNS8NAEN3Urxq/ouLJy2IpeAqbKtWLUPTisYJthTaUzXbTLt1swu5GKCHgX/HiQRGv/g5v/hu3bQ7a+mDg8d4MM/OChDOlEfq2Siura+sb5U17a3tnd8/ZP2irOJWEtkjMY/kQYEU5E7Slmeb0IZEURwGnnWB8M/U7j1QqFot7PUmoH+GhYCEjWBup7xzV7GovlJhkdZRnyK3lV2cI9Z0KctEMcJl4BamAAs2+89UbxCSNqNCEY6W6Hkq0n2GpGeE0t3upogkmYzykXUMFjqjys9n5OawaZQDDWJoSGs7U3xMZjpSaRIHpjLAeqUVvKv7ndVMdXvoZE0mqqSDzRWHKoY7hNAs4YJISzSeGYCKZuRWSETZhaJOYbULwFl9eJu2a69VddHdeaVwXcZTBMTgBp8ADF6ABbkETtAABGXgGr+DNerJerHfrY95asoqZQ/AH1ucP+ruTkQ==</latexit>

2



Example 10

Write the Nyquest’s inequalities for the following signal: 

<latexit sha1_base64="Ak6/5Eeh8dDOTcQ5qaIGOce9lsM="></latexit>

x(t) = 1 + cos(2000⇡t) + sin(2000⇡t)



Example 10

Generalized Fourier Transform:

<latexit sha1_base64="Ak6/5Eeh8dDOTcQ5qaIGOce9lsM="></latexit>

x(t) = 1 + cos(2000⇡t) + sin(2000⇡t)

<latexit sha1_base64="cgx04kUE4gUXSvsaGnEe+OAQ/Lc="></latexit>

XG(!) = �(!) +
1

2
(�(! � 2000⇡) + �(! + 2000⇡)) +

1

2j
(�(! � 2000⇡)� �(! + 2000⇡))

<latexit sha1_base64="Hda+Tz1SHljbwohrFr++0ZziMZo=">AAAB/nicbVBNS8NAEN3Urxq/ouLJy2IpeAqbKtWLUPTisYJthTaUzXbTLt1swu5GKCHgX/HiQRGv/g5v/hu3bQ7a+mDg8d4MM/OChDOlEfq2Siura+sb5U17a3tnd8/ZP2irOJWEtkjMY/kQYEU5E7Slmeb0IZEURwGnnWB8M/U7j1QqFot7PUmoH+GhYCEjWBup7xzV7GovlJhkdZRnyK3lV2cI9Z0KctEMcJl4BamAAs2+89UbxCSNqNCEY6W6Hkq0n2GpGeE0t3upogkmYzykXUMFjqjys9n5OawaZQDDWJoSGs7U3xMZjpSaRIHpjLAeqUVvKv7ndVMdXvoZE0mqqSDzRWHKoY7hNAs4YJISzSeGYCKZuRWSETZhaJOYbULwFl9eJu2a69VddHdeaVwXcZTBMTgBp8ADF6ABbkETtAABGXgGr+DNerJerHfrY95asoqZQ/AH1ucP+ruTkQ==</latexit>

2<latexit sha1_base64="X4LosNF9xnyjKfXTlwbg0Q8hWiI=">AAACIHicbVDLSgMxFM34rPVVdekmWIQpQsmIqBtBdKFLBfuATimZNG1DM8mQ3BFL209x46+4caGI7vRrTGsRXwcuHM65l3vviRIpLBDy5k1Nz8zOzWcWsotLyyurubX1stWpYbzEtNSmGlHLpVC8BAIkryaG0ziSvBJ1T0d+5ZobK7S6gl7C6zFtK9ESjIKTGrmD7RsfCkfBTsi09XcJIWEiMBR2cGiF8ve+hEF2UG2c+aGOeZsWBo1cnhTJGPgvCSYkjya4aORew6ZmacwVMEmtrQUkgXqfGhBM8mE2TC1PKOvSNq85qmjMbb0/fnCIt53SxC1tXCnAY/X7RJ/G1vbiyHXGFDr2tzcS//NqKbQO632hkhS4Yp+LWqnEoPEoLdwUhjOQPUcoM8LdilmHGsrAZZp1IQS/X/5LyrvFYL9ILvfyxyeTODJoE20hHwXoAB2jc3SBSoihW3SPHtGTd+c9eM/ey2frlDeZ2UA/4L1/ACHJn08=</latexit>

|XG(!)|

<latexit sha1_base64="XfuOPj31m2zfNcBciE8fep6QdL0="></latexit>!

<latexit sha1_base64="EC6XNMiRdSxZHq8pl6l+ixaSEuo="></latexit>

1

<latexit sha1_base64="e4aoNCtiiIXXrhE8oD9WiSbMXaM="></latexit>�2000⇡
<latexit sha1_base64="uNLkrzUMHrfvraUzGYM6DA60EX8="></latexit>

2000⇡

<latexit sha1_base64="H/OtinVJC63OMQcH2z2ERkMMhYc="></latexit>

1

2
=

1

4
+

1

4

<latexit sha1_base64="H/OtinVJC63OMQcH2z2ERkMMhYc="></latexit>

1

2
=

1

4
+

1

4

<latexit sha1_base64="BxrqQHGyn1cTOyLAL8pmLX1fQh8=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAYhXsJuEPUiBD3oMYJ5QDaE2UlvMmT2wUyvEEJuXvwVLx4U8eovePNvnCR70MSChqKqm+4uL5ZCo21/W5ml5ZXVtex6bmNza3snv7tX11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wPfEbD6C0iMJ7HMbQDlgvFL7gDI3UyR82OzdFNwqgx04uy24sXAk+FqmrRK+PpU6+YJfsKegicVJSICmqnfyX2414EkCIXDKtW44dY3vEFAouYZxzEw0x4wPWg5ahIQtAt0fTP8b02Chd6kfKVIh0qv6eGLFA62Hgmc6AYV/PexPxP6+VoH/RHokwThBCPlvkJ5JiRCeh0K5QwFEODWFcCXMr5X2mGEcTXc6E4My/vEjq5ZJzVrLvTguVqzSOLDkgR6RIHHJOKuSWVEmNcPJInskrebOerBfr3fqYtWasdGaf/IH1+QMQwJgr</latexit>

XG(!) = 2⇡ (
<latexit sha1_base64="bnkIW4U+z5Km23ObJSuWPdRRUEs=">AAACCnicbVDJSgNBEO2JW4xb1KOX1hBILmEmiHoRgh70GMEskAmhp1OTNOlZ6K4RQsjZi7/ixYMiXv0Cb/6NneWgiQ8KHu9VUVXPi6XQaNvfVmpldW19I72Z2dre2d3L7h/UdZQoDjUeyUg1PaZBihBqKFBCM1bAAk9CwxtcT/zGAygtovAehzG0A9YLhS84QyN1ssf5Zuem4EYB9FjxsuzGwpXgY4G6SvT6WMoUO9mcXbKnoMvEmZMcmaPayX653YgnAYTIJdO65dgxtkdMoeASxhk30RAzPmA9aBkasgB0ezR9ZUzzRulSP1KmQqRT9ffEiAVaDwPPdAYM+3rRm4j/ea0E/Yv2SIRxghDy2SI/kRQjOsmFdoUCjnJoCONKmFsp7zPFOJr0MiYEZ/HlZVIvl5yzkn13mqtczeNIkyNyQgrEIeekQm5JldQIJ4/kmbySN+vJerHerY9Za8qazxySP7A+fwAfNJih</latexit>

)



Example 10

<latexit sha1_base64="CtczJrzrQlRBF1I1Ga60NfJB7ic="></latexit>

W

This is the solution.

<latexit sha1_base64="YcF5gjcYCclmsgLxHkDEbDvHDLE="></latexit>

!s � 2W, !s � 4000⇡,

<latexit sha1_base64="X4LosNF9xnyjKfXTlwbg0Q8hWiI=">AAACIHicbVDLSgMxFM34rPVVdekmWIQpQsmIqBtBdKFLBfuATimZNG1DM8mQ3BFL209x46+4caGI7vRrTGsRXwcuHM65l3vviRIpLBDy5k1Nz8zOzWcWsotLyyurubX1stWpYbzEtNSmGlHLpVC8BAIkryaG0ziSvBJ1T0d+5ZobK7S6gl7C6zFtK9ESjIKTGrmD7RsfCkfBTsi09XcJIWEiMBR2cGiF8ve+hEF2UG2c+aGOeZsWBo1cnhTJGPgvCSYkjya4aORew6ZmacwVMEmtrQUkgXqfGhBM8mE2TC1PKOvSNq85qmjMbb0/fnCIt53SxC1tXCnAY/X7RJ/G1vbiyHXGFDr2tzcS//NqKbQO632hkhS4Yp+LWqnEoPEoLdwUhjOQPUcoM8LdilmHGsrAZZp1IQS/X/5LyrvFYL9ILvfyxyeTODJoE20hHwXoAB2jc3SBSoihW3SPHtGTd+c9eM/ey2frlDeZ2UA/4L1/ACHJn08=</latexit>

|XG(!)|

<latexit sha1_base64="XfuOPj31m2zfNcBciE8fep6QdL0="></latexit>!

<latexit sha1_base64="EC6XNMiRdSxZHq8pl6l+ixaSEuo="></latexit>

1

<latexit sha1_base64="e4aoNCtiiIXXrhE8oD9WiSbMXaM="></latexit>�2000⇡
<latexit sha1_base64="uNLkrzUMHrfvraUzGYM6DA60EX8="></latexit>

2000⇡

<latexit sha1_base64="yT5sihykcpwgvBixYYzDiV3BVsg="></latexit>

1

2

<latexit sha1_base64="yT5sihykcpwgvBixYYzDiV3BVsg="></latexit>

1

2

<latexit sha1_base64="Hda+Tz1SHljbwohrFr++0ZziMZo=">AAAB/nicbVBNS8NAEN3Urxq/ouLJy2IpeAqbKtWLUPTisYJthTaUzXbTLt1swu5GKCHgX/HiQRGv/g5v/hu3bQ7a+mDg8d4MM/OChDOlEfq2Siura+sb5U17a3tnd8/ZP2irOJWEtkjMY/kQYEU5E7Slmeb0IZEURwGnnWB8M/U7j1QqFot7PUmoH+GhYCEjWBup7xzV7GovlJhkdZRnyK3lV2cI9Z0KctEMcJl4BamAAs2+89UbxCSNqNCEY6W6Hkq0n2GpGeE0t3upogkmYzykXUMFjqjys9n5OawaZQDDWJoSGs7U3xMZjpSaRIHpjLAeqUVvKv7ndVMdXvoZE0mqqSDzRWHKoY7hNAs4YJISzSeGYCKZuRWSETZhaJOYbULwFl9eJu2a69VddHdeaVwXcZTBMTgBp8ADF6ABbkETtAABGXgGr+DNerJerHfrY95asoqZQ/AH1ucP+ruTkQ==</latexit>

2

<latexit sha1_base64="o781HjWgBo6mF74eNv47XMLP58k="></latexit>

T  ⇡

W
, T  1

2000
sec



Example 11

Write the Nyquest’s inequalities for the following signal: 
<latexit sha1_base64="/AqAUlU8SNw5loMBLBXmSZxS2Vc="></latexit>

x(t) = 1 + cos(4000⇡t) + sin(2000⇡t)



Example 11

Generalized Fourier Transform:

<latexit sha1_base64="X4LosNF9xnyjKfXTlwbg0Q8hWiI=">AAACIHicbVDLSgMxFM34rPVVdekmWIQpQsmIqBtBdKFLBfuATimZNG1DM8mQ3BFL209x46+4caGI7vRrTGsRXwcuHM65l3vviRIpLBDy5k1Nz8zOzWcWsotLyyurubX1stWpYbzEtNSmGlHLpVC8BAIkryaG0ziSvBJ1T0d+5ZobK7S6gl7C6zFtK9ESjIKTGrmD7RsfCkfBTsi09XcJIWEiMBR2cGiF8ve+hEF2UG2c+aGOeZsWBo1cnhTJGPgvCSYkjya4aORew6ZmacwVMEmtrQUkgXqfGhBM8mE2TC1PKOvSNq85qmjMbb0/fnCIt53SxC1tXCnAY/X7RJ/G1vbiyHXGFDr2tzcS//NqKbQO632hkhS4Yp+LWqnEoPEoLdwUhjOQPUcoM8LdilmHGsrAZZp1IQS/X/5LyrvFYL9ILvfyxyeTODJoE20hHwXoAB2jc3SBSoihW3SPHtGTd+c9eM/ey2frlDeZ2UA/4L1/ACHJn08=</latexit>

|XG(!)|

<latexit sha1_base64="XfuOPj31m2zfNcBciE8fep6QdL0="></latexit>!

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4
<latexit sha1_base64="EC6XNMiRdSxZHq8pl6l+ixaSEuo="></latexit>

1

<latexit sha1_base64="RAVrm927uMmlNdW5GliZ1ur6H60="></latexit>

4000⇡
<latexit sha1_base64="GJBcEdJvwbMa4y5BwBC3qA4rlYA="></latexit>�4000⇡

<latexit sha1_base64="e4aoNCtiiIXXrhE8oD9WiSbMXaM="></latexit>�2000⇡
<latexit sha1_base64="uNLkrzUMHrfvraUzGYM6DA60EX8="></latexit>

2000⇡

<latexit sha1_base64="/AqAUlU8SNw5loMBLBXmSZxS2Vc="></latexit>

x(t) = 1 + cos(4000⇡t) + sin(2000⇡t)

<latexit sha1_base64="DU/duBCzDCcI5QrFVt9I3jtbJlY="></latexit>

XG(!) = �(!) +
1

2
(�(! � 4000⇡) + �(! + 4000⇡)) +

1

2j
(�(! � 2000⇡)� �(! + 2000⇡))

<latexit sha1_base64="Hda+Tz1SHljbwohrFr++0ZziMZo=">AAAB/nicbVBNS8NAEN3Urxq/ouLJy2IpeAqbKtWLUPTisYJthTaUzXbTLt1swu5GKCHgX/HiQRGv/g5v/hu3bQ7a+mDg8d4MM/OChDOlEfq2Siura+sb5U17a3tnd8/ZP2irOJWEtkjMY/kQYEU5E7Slmeb0IZEURwGnnWB8M/U7j1QqFot7PUmoH+GhYCEjWBup7xzV7GovlJhkdZRnyK3lV2cI9Z0KctEMcJl4BamAAs2+89UbxCSNqNCEY6W6Hkq0n2GpGeE0t3upogkmYzykXUMFjqjys9n5OawaZQDDWJoSGs7U3xMZjpSaRIHpjLAeqUVvKv7ndVMdXvoZE0mqqSDzRWHKoY7hNAs4YJISzSeGYCKZuRWSETZhaJOYbULwFl9eJu2a69VddHdeaVwXcZTBMTgBp8ADF6ABbkETtAABGXgGr+DNerJerHfrY95asoqZQ/AH1ucP+ruTkQ==</latexit>

2

<latexit sha1_base64="BxrqQHGyn1cTOyLAL8pmLX1fQh8=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAYhXsJuEPUiBD3oMYJ5QDaE2UlvMmT2wUyvEEJuXvwVLx4U8eovePNvnCR70MSChqKqm+4uL5ZCo21/W5ml5ZXVtex6bmNza3snv7tX11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wPfEbD6C0iMJ7HMbQDlgvFL7gDI3UyR82OzdFNwqgx04uy24sXAk+FqmrRK+PpU6+YJfsKegicVJSICmqnfyX2414EkCIXDKtW44dY3vEFAouYZxzEw0x4wPWg5ahIQtAt0fTP8b02Chd6kfKVIh0qv6eGLFA62Hgmc6AYV/PexPxP6+VoH/RHokwThBCPlvkJ5JiRCeh0K5QwFEODWFcCXMr5X2mGEcTXc6E4My/vEjq5ZJzVrLvTguVqzSOLDkgR6RIHHJOKuSWVEmNcPJInskrebOerBfr3fqYtWasdGaf/IH1+QMQwJgr</latexit>

XG(!) = 2⇡ (
<latexit sha1_base64="bnkIW4U+z5Km23ObJSuWPdRRUEs=">AAACCnicbVDJSgNBEO2JW4xb1KOX1hBILmEmiHoRgh70GMEskAmhp1OTNOlZ6K4RQsjZi7/ixYMiXv0Cb/6NneWgiQ8KHu9VUVXPi6XQaNvfVmpldW19I72Z2dre2d3L7h/UdZQoDjUeyUg1PaZBihBqKFBCM1bAAk9CwxtcT/zGAygtovAehzG0A9YLhS84QyN1ssf5Zuem4EYB9FjxsuzGwpXgY4G6SvT6WMoUO9mcXbKnoMvEmZMcmaPayX653YgnAYTIJdO65dgxtkdMoeASxhk30RAzPmA9aBkasgB0ezR9ZUzzRulSP1KmQqRT9ffEiAVaDwPPdAYM+3rRm4j/ea0E/Yv2SIRxghDy2SI/kRQjOsmFdoUCjnJoCONKmFsp7zPFOJr0MiYEZ/HlZVIvl5yzkn13mqtczeNIkyNyQgrEIeekQm5JldQIJ4/kmbySN+vJerHerY9Za8qazxySP7A+fwAfNJih</latexit>

)



Example 11
<latexit sha1_base64="X4LosNF9xnyjKfXTlwbg0Q8hWiI=">AAACIHicbVDLSgMxFM34rPVVdekmWIQpQsmIqBtBdKFLBfuATimZNG1DM8mQ3BFL209x46+4caGI7vRrTGsRXwcuHM65l3vviRIpLBDy5k1Nz8zOzWcWsotLyyurubX1stWpYbzEtNSmGlHLpVC8BAIkryaG0ziSvBJ1T0d+5ZobK7S6gl7C6zFtK9ESjIKTGrmD7RsfCkfBTsi09XcJIWEiMBR2cGiF8ve+hEF2UG2c+aGOeZsWBo1cnhTJGPgvCSYkjya4aORew6ZmacwVMEmtrQUkgXqfGhBM8mE2TC1PKOvSNq85qmjMbb0/fnCIt53SxC1tXCnAY/X7RJ/G1vbiyHXGFDr2tzcS//NqKbQO632hkhS4Yp+LWqnEoPEoLdwUhjOQPUcoM8LdilmHGsrAZZp1IQS/X/5LyrvFYL9ILvfyxyeTODJoE20hHwXoAB2jc3SBSoihW3SPHtGTd+c9eM/ey2frlDeZ2UA/4L1/ACHJn08=</latexit>

|XG(!)|

<latexit sha1_base64="XfuOPj31m2zfNcBciE8fep6QdL0="></latexit>!

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4

<latexit sha1_base64="D7e98yMAwCVeD3fv+tD1zb6OlaA="></latexit>

1

4
<latexit sha1_base64="EC6XNMiRdSxZHq8pl6l+ixaSEuo="></latexit>

1

<latexit sha1_base64="RAVrm927uMmlNdW5GliZ1ur6H60="></latexit>

4000⇡
<latexit sha1_base64="GJBcEdJvwbMa4y5BwBC3qA4rlYA="></latexit>�4000⇡

<latexit sha1_base64="e4aoNCtiiIXXrhE8oD9WiSbMXaM="></latexit>�2000⇡
<latexit sha1_base64="uNLkrzUMHrfvraUzGYM6DA60EX8="></latexit>

2000⇡

<latexit sha1_base64="CtczJrzrQlRBF1I1Ga60NfJB7ic="></latexit>

W<latexit sha1_base64="BqNBzTcskK9cWqlOgcB8675qYm0="></latexit>

!s � 2W, !s � 8000⇡,

This is the solution.

<latexit sha1_base64="Hda+Tz1SHljbwohrFr++0ZziMZo=">AAAB/nicbVBNS8NAEN3Urxq/ouLJy2IpeAqbKtWLUPTisYJthTaUzXbTLt1swu5GKCHgX/HiQRGv/g5v/hu3bQ7a+mDg8d4MM/OChDOlEfq2Siura+sb5U17a3tnd8/ZP2irOJWEtkjMY/kQYEU5E7Slmeb0IZEURwGnnWB8M/U7j1QqFot7PUmoH+GhYCEjWBup7xzV7GovlJhkdZRnyK3lV2cI9Z0KctEMcJl4BamAAs2+89UbxCSNqNCEY6W6Hkq0n2GpGeE0t3upogkmYzykXUMFjqjys9n5OawaZQDDWJoSGs7U3xMZjpSaRIHpjLAeqUVvKv7ndVMdXvoZE0mqqSDzRWHKoY7hNAs4YJISzSeGYCKZuRWSETZhaJOYbULwFl9eJu2a69VddHdeaVwXcZTBMTgBp8ADF6ABbkETtAABGXgGr+DNerJerHfrY95asoqZQ/AH1ucP+ruTkQ==</latexit>

2

<latexit sha1_base64="ODYIHnxvA314aLB1hNB7v+uLPQo="></latexit>

T  ⇡

W
, T  1

4000
sec



Questions?


