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Segnali Periodici e Aperiodici

x(t) =

+1Z

�1

X(f) ei2⇡ft df

<latexit sha1_base64="Zwtb9vYzEBFa5ttSDMwauP0dMvI="></latexit><latexit sha1_base64="Zwtb9vYzEBFa5ttSDMwauP0dMvI="></latexit><latexit sha1_base64="Zwtb9vYzEBFa5ttSDMwauP0dMvI="></latexit>

X(f) =

+1Z

�1

x(t) e�i2⇡ft dt

<latexit sha1_base64="c0heU+GjQurXtMvBjvHrrJlKJaw="></latexit><latexit sha1_base64="c0heU+GjQurXtMvBjvHrrJlKJaw="></latexit><latexit sha1_base64="c0heU+GjQurXtMvBjvHrrJlKJaw="></latexit>
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<latexit sha1_base64="oTRCcNSbwdYPD0Tkup5rnxS2wNw=">AAACHnicbVBLSwMxGMz6rPVV9ejlwyJU0LItggoKBS8eK1hb6NYlm2Y1Nvsg+VYsy/4YL/4VPSieFP03pu1efAwEhpkJyYwXS6HRtr+sqemZ2bn5wkJxcWl5ZbW0tn6po0Qx3mKRjFTHo5pLEfIWCpS8EytOA0/ytjc4HfntO660iMILHMa8F9DrUPiCUTSSW2rcV3AHTsDRSeCmA8P2HBH6OMyu0px0jJ6Bswv8Kr2FOjixgAH4bmpngJlbKttVewz4S2o5KZMcTbf07PQjlgQ8RCap1t2aHWMvpQoFkzwrOonmMWUDes3Tcb8Mto3UBz9S5oQIY/VHjgZaDwPPJAOKN/q3NxL/87oJ+oe9VIRxgjxkk4f8RAJGMBoL+kJxhnJoCGVKmB8Cu6GKMjSTFk312u+if0mrXj2q2uf75cZxvkGBbJItUiE1ckAa5Iw0SYsw8kheyDv5sB6sJ+vVeptEp6z8zgb5AevzG3A1oLY=</latexit><latexit sha1_base64="oTRCcNSbwdYPD0Tkup5rnxS2wNw=">AAACHnicbVBLSwMxGMz6rPVV9ejlwyJU0LItggoKBS8eK1hb6NYlm2Y1Nvsg+VYsy/4YL/4VPSieFP03pu1efAwEhpkJyYwXS6HRtr+sqemZ2bn5wkJxcWl5ZbW0tn6po0Qx3mKRjFTHo5pLEfIWCpS8EytOA0/ytjc4HfntO660iMILHMa8F9DrUPiCUTSSW2rcV3AHTsDRSeCmA8P2HBH6OMyu0px0jJ6Bswv8Kr2FOjixgAH4bmpngJlbKttVewz4S2o5KZMcTbf07PQjlgQ8RCap1t2aHWMvpQoFkzwrOonmMWUDes3Tcb8Mto3UBz9S5oQIY/VHjgZaDwPPJAOKN/q3NxL/87oJ+oe9VIRxgjxkk4f8RAJGMBoL+kJxhnJoCGVKmB8Cu6GKMjSTFk312u+if0mrXj2q2uf75cZxvkGBbJItUiE1ckAa5Iw0SYsw8kheyDv5sB6sJ+vVeptEp6z8zgb5AevzG3A1oLY=</latexit><latexit sha1_base64="oTRCcNSbwdYPD0Tkup5rnxS2wNw=">AAACHnicbVBLSwMxGMz6rPVV9ejlwyJU0LItggoKBS8eK1hb6NYlm2Y1Nvsg+VYsy/4YL/4VPSieFP03pu1efAwEhpkJyYwXS6HRtr+sqemZ2bn5wkJxcWl5ZbW0tn6po0Qx3mKRjFTHo5pLEfIWCpS8EytOA0/ytjc4HfntO660iMILHMa8F9DrUPiCUTSSW2rcV3AHTsDRSeCmA8P2HBH6OMyu0px0jJ6Bswv8Kr2FOjixgAH4bmpngJlbKttVewz4S2o5KZMcTbf07PQjlgQ8RCap1t2aHWMvpQoFkzwrOonmMWUDes3Tcb8Mto3UBz9S5oQIY/VHjgZaDwPPJAOKN/q3NxL/87oJ+oe9VIRxgjxkk4f8RAJGMBoL+kJxhnJoCGVKmB8Cu6GKMjSTFk312u+if0mrXj2q2uf75cZxvkGBbJItUiE1ckAa5Iw0SYsw8kheyDv5sB6sJ+vVeptEp6z8zgb5AevzG3A1oLY=</latexit>

Xk =
1

T0

+T0/2Z

�T0/2

x(t) e�j2⇡kf0t dt

<latexit sha1_base64="6khr1rQPSdIOitUSF1l6srZ+qb4="></latexit><latexit sha1_base64="6khr1rQPSdIOitUSF1l6srZ+qb4="></latexit><latexit sha1_base64="6khr1rQPSdIOitUSF1l6srZ+qb4="></latexit>

x(t) () Xk
<latexit sha1_base64="vVC7DJDLeEtWlzhw1jcVuEarTIQ=">AAAB+nicbVDLSsNAFJ3UV62vqEtdDBahbkoiggouCm5cuKhgbKEtYTKdpEMnmTBzo5bSjb/iRnGl+BH+gn/jtM2mrQcGDuec4d57glRwDY7zaxWWlldW14rrpY3Nre0de3fvQctMUeZRKaRqBkQzwRPmAQfBmqliJA4EawT967HfeGRKc5ncwyBlnZhECQ85JWAk3z58rsAJbt/KJBIsBMWjHhCl5BNu+n3fLjtVZwK8SNyclF GOum//tLuSZjFLgAqidct1UugMiQJOBRuV2plmKaF9ErHhZPcRPjZSF4dSmZcAnqgzORJrPYgDk4wJ9PS8Nxb/81oZhBedIU/SDFhCp4PCTGCQeFwE7nLFKIiBIYQqbjbEtEcUoWDqKpnT3flDF4l3Wr2sOndn5dpV3kERHaAjVEEuOkc1dIPqyEMUvaA39Im+rJH1ar1bH9Nowcr/7KMZWN9/9waTug==</latexit><latexit sha1_base64="vVC7DJDLeEtWlzhw1jcVuEarTIQ=">AAAB+nicbVDLSsNAFJ3UV62vqEtdDBahbkoiggouCm5cuKhgbKEtYTKdpEMnmTBzo5bSjb/iRnGl+BH+gn/jtM2mrQcGDuec4d57glRwDY7zaxWWlldW14rrpY3Nre0de3fvQctMUeZRKaRqBkQzwRPmAQfBmqliJA4EawT967HfeGRKc5ncwyBlnZhECQ85JWAk3z58rsAJbt/KJBIsBMWjHhCl5BNu+n3fLjtVZwK8SNyclF GOum//tLuSZjFLgAqidct1UugMiQJOBRuV2plmKaF9ErHhZPcRPjZSF4dSmZcAnqgzORJrPYgDk4wJ9PS8Nxb/81oZhBedIU/SDFhCp4PCTGCQeFwE7nLFKIiBIYQqbjbEtEcUoWDqKpnT3flDF4l3Wr2sOndn5dpV3kERHaAjVEEuOkc1dIPqyEMUvaA39Im+rJH1ar1bH9Nowcr/7KMZWN9/9waTug==</latexit><latexit sha1_base64="vVC7DJDLeEtWlzhw1jcVuEarTIQ=">AAAB+nicbVDLSsNAFJ3UV62vqEtdDBahbkoiggouCm5cuKhgbKEtYTKdpEMnmTBzo5bSjb/iRnGl+BH+gn/jtM2mrQcGDuec4d57glRwDY7zaxWWlldW14rrpY3Nre0de3fvQctMUeZRKaRqBkQzwRPmAQfBmqliJA4EawT967HfeGRKc5ncwyBlnZhECQ85JWAk3z58rsAJbt/KJBIsBMWjHhCl5BNu+n3fLjtVZwK8SNyclF GOum//tLuSZjFLgAqidct1UugMiQJOBRuV2plmKaF9ErHhZPcRPjZSF4dSmZcAnqgzORJrPYgDk4wJ9PS8Nxb/81oZhBedIU/SDFhCp4PCTGCQeFwE7nLFKIiBIYQqbjbEtEcUoWDqKpnT3flDF4l3Wr2sOndn5dpV3kERHaAjVEEuOkc1dIPqyEMUvaA39Im+rJH1ar1bH9Nowcr/7KMZWN9/9waTug==</latexit>

x(t) () X(f)
<latexit sha1_base64="90DoKlmiB/6SFA2o0dLwGX9ZT9A=">AAAB+3icbVDLSgMxFM3UV62vUZciBIvQbsqMCCq4KLhx4aKCYwttKZk0Mw3NJENyRy2lbvwVN4orxX/wF/wbp+1s2nogcDjnhHvv8WPBDTjOr5VbWl5ZXcuvFzY2t7Z37N29e6MSTZlHlVC64RPDBJfMAw6CNWLNSOQLVvf7V2O//sC04UrewSBm7YiEkgecEkiljn34VIIybt0oGQoWgOZhD4jW6hE3SkG5YxedijMBXiRuRoooQ61j/7S6iiYRk0AFMabpOjG0h0QDp4KNCq3EsJjQPgnZcLL8CB+nUhcHSqdPAp6oMzkSGTOI/DQZEeiZeW8s/uc1EwjO20Mu4wSYpNNBQSIwKDxuAne5ZhTEICWEap5uiGmPaEIh7auQnu7OH7pIvJPKRcW5PS1WL7MO8ugAHaESctEZqqJrVEMeougFvaFP9GU9W6/Wu/Uxjeas7M8+moH1/QcKVJOx</latexit><latexit sha1_base64="90DoKlmiB/6SFA2o0dLwGX9ZT9A=">AAAB+3icbVDLSgMxFM3UV62vUZciBIvQbsqMCCq4KLhx4aKCYwttKZk0Mw3NJENyRy2lbvwVN4orxX/wF/wbp+1s2nogcDjnhHvv8WPBDTjOr5VbWl5ZXcuvFzY2t7Z37N29e6MSTZlHlVC64RPDBJfMAw6CNWLNSOQLVvf7V2O//sC04UrewSBm7YiEkgecEkiljn34VIIybt0oGQoWgOZhD4jW6hE3SkG5YxedijMBXiRuRoooQ61j/7S6iiYRk0AFMabpOjG0h0QDp4KNCq3EsJjQPgnZcLL8CB+nUhcHSqdPAp6oMzkSGTOI/DQZEeiZeW8s/uc1EwjO20Mu4wSYpNNBQSIwKDxuAne5ZhTEICWEap5uiGmPaEIh7auQnu7OH7pIvJPKRcW5PS1WL7MO8ugAHaESctEZqqJrVEMeougFvaFP9GU9W6/Wu/Uxjeas7M8+moH1/QcKVJOx</latexit><latexit sha1_base64="90DoKlmiB/6SFA2o0dLwGX9ZT9A=">AAAB+3icbVDLSgMxFM3UV62vUZciBIvQbsqMCCq4KLhx4aKCYwttKZk0Mw3NJENyRy2lbvwVN4orxX/wF/wbp+1s2nogcDjnhHvv8WPBDTjOr5VbWl5ZXcuvFzY2t7Z37N29e6MSTZlHlVC64RPDBJfMAw6CNWLNSOQLVvf7V2O//sC04UrewSBm7YiEkgecEkiljn34VIIybt0oGQoWgOZhD4jW6hE3SkG5YxedijMBXiRuRoooQ61j/7S6iiYRk0AFMabpOjG0h0QDp4KNCq3EsJjQPgnZcLL8CB+nUhcHSqdPAp6oMzkSGTOI/DQZEeiZeW8s/uc1EwjO20Mu4wSYpNNBQSIwKDxuAne5ZhTEICWEap5uiGmPaEIh7auQnu7OH7pIvJPKRcW5PS1WL7MO8ugAHaESctEZqqJrVEMeougFvaFP9GU9W6/Wu/Uxjeas7M8+moH1/QcKVJOx</latexit>

Segnale periodico:
• Somma (serie) di componenti sinusoidali a armoniche discrete con ampiezza

finita e con frequenza multipla della frequenza fondamentale
Segnale aperiodico:
• Somma (integrale) di componenti sinusoidali a armoniche continue con 

ampiezza infinitesima |X(f)|df e con frequenza f variabile con continuità



x(t) , X(f) ! X(t) , x(�f)

y(t) = x(t� t0) , Y (f) = X(f)e�i2⇡ft0

x(t) = ax1(t) + bx2(t) ) X(f) = aX1(f) + bX2(f)
<latexit sha1_base64="JqHvPN9HGms+/zw3eUC0qufeayc=">AAACGXicbVDNSwJBHJ3t0+xrq2OXIQkUQXYlqKhA6NLRInNBZZkdZ3Vw9oOZ35Yi/idd+le6JJ2KTv03zaoXtQcDj/feMPOeFwuuwLJ+jZXVtfWNzcxWdntnd2/fPDh8UlEiKavRSETS8YhigoesBhwEc2LJSOAJVvd6t6lff2ZS8Sh8hEHMWgHphNznlICWXPOqn4cCvsGk79opK2Kv75ZT1nzgnS4QKaMX7OT9ScjRIb9Q9B wd8QuumbNK1gR4mdgzkkMzVF1z3GxHNAlYCFQQpRq2FUNrSCRwKtgo20wUiwntkQ4bTqqN8KmW2tiPpD4h4Ik6lyOBUoPA08mAQFcteqn4n9dIwL9oDXkYJ8BCOn3ITwSGCKc74TaXjIIYaEKo5PqHmHaJJBT0mlld3V4sukxq5dJlybo/y1WuZxtk0DE6QXlko3NUQXeoimqIojf0gb7Qt/FqvBtj43MaXTFmd47QHIyfP3i0m3I=</latexit><latexit sha1_base64="JqHvPN9HGms+/zw3eUC0qufeayc=">AAACGXicbVDNSwJBHJ3t0+xrq2OXIQkUQXYlqKhA6NLRInNBZZkdZ3Vw9oOZ35Yi/idd+le6JJ2KTv03zaoXtQcDj/feMPOeFwuuwLJ+jZXVtfWNzcxWdntnd2/fPDh8UlEiKavRSETS8YhigoesBhwEc2LJSOAJVvd6t6lff2ZS8Sh8hEHMWgHphNznlICWXPOqn4cCvsGk79opK2Kv75ZT1nzgnS4QKaMX7OT9ScjRIb9Q9B wd8QuumbNK1gR4mdgzkkMzVF1z3GxHNAlYCFQQpRq2FUNrSCRwKtgo20wUiwntkQ4bTqqN8KmW2tiPpD4h4Ik6lyOBUoPA08mAQFcteqn4n9dIwL9oDXkYJ8BCOn3ITwSGCKc74TaXjIIYaEKo5PqHmHaJJBT0mlld3V4sukxq5dJlybo/y1WuZxtk0DE6QXlko3NUQXeoimqIojf0gb7Qt/FqvBtj43MaXTFmd47QHIyfP3i0m3I=</latexit><latexit sha1_base64="JqHvPN9HGms+/zw3eUC0qufeayc=">AAACGXicbVDNSwJBHJ3t0+xrq2OXIQkUQXYlqKhA6NLRInNBZZkdZ3Vw9oOZ35Yi/idd+le6JJ2KTv03zaoXtQcDj/feMPOeFwuuwLJ+jZXVtfWNzcxWdntnd2/fPDh8UlEiKavRSETS8YhigoesBhwEc2LJSOAJVvd6t6lff2ZS8Sh8hEHMWgHphNznlICWXPOqn4cCvsGk79opK2Kv75ZT1nzgnS4QKaMX7OT9ScjRIb9Q9B wd8QuumbNK1gR4mdgzkkMzVF1z3GxHNAlYCFQQpRq2FUNrSCRwKtgo20wUiwntkQ4bTqqN8KmW2tiPpD4h4Ik6lyOBUoPA08mAQFcteqn4n9dIwL9oDXkYJ8BCOn3ITwSGCKc74TaXjIIYaEKo5PqHmHaJJBT0mlld3V4sukxq5dJlybo/y1WuZxtk0DE6QXlko3NUQXeoimqIojf0gb7Qt/FqvBtj43MaXTFmd47QHIyfP3i0m3I=</latexit>

Teoremi e proprietà della trasformata di Fourier

Linearità:

Dualità:

Teorema del ritardo:

un ritardo temporale modifica lo spettro di fase della trasformata ma non lo spettro

in ampiezza



Teoremi e proprietà della trasformata di Fourier

Teorema del cambiamento di scala:

Dilatazione dell’asse dei tempi (rallentamento del segnale) = compressione

dell’asse delle frequenze (aumenta l’importanza delle basse frequenze)

x(↵t) () 1

|↵|X
✓
f

↵

◆

<latexit sha1_base64="I6I7+6X9Wrk+1wPME6Opo8RpqjU=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VoNyURQQUXBTcuXLRgbaEpZTKdtEMnmTBzo5Y0P+XGX/ATdKG4UvwLk6abth4YOJxzLnfucQLBNZjmu5FbWV1b38hvFra2d3b3ivsH91qGirImlUKqtkM0E9xnTeAgWDtQjHiOYC1ndJ36rQemNJf+HYwD1vXIwOcupwQSqVdsPJVtIoIhwVDB9q30B4K5oPhgCEQp+YhtVxEaWXE0yX KTuG2nkXJmuHGU6bE9HaoUesWSWTWnwMvEmpESmqHeK77afUlDj/lABdG6Y5kBdCOigFPB4oIdahYQOiIDFk0PjvFJIvWxK1XyfMBTdS5HPK3HnpMkPQJDveil4n9eJwT3ohtxPwiB+TRb5IYCg8Rpe7jPFaMgxgkhVPHkh5gOSVIEJB2np1uLhy6T5mn1smo2zkq1q1kHeXSEjlEZWegc1dANqqMmougFfaBv9GM8G2/Gp/GVRXPGbOYQzcH4/QOCYKqD</latexit><latexit sha1_base64="I6I7+6X9Wrk+1wPME6Opo8RpqjU=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VoNyURQQUXBTcuXLRgbaEpZTKdtEMnmTBzo5Y0P+XGX/ATdKG4UvwLk6abth4YOJxzLnfucQLBNZjmu5FbWV1b38hvFra2d3b3ivsH91qGirImlUKqtkM0E9xnTeAgWDtQjHiOYC1ndJ36rQemNJf+HYwD1vXIwOcupwQSqVdsPJVtIoIhwVDB9q30B4K5oPhgCEQp+YhtVxEaWXE0yX KTuG2nkXJmuHGU6bE9HaoUesWSWTWnwMvEmpESmqHeK77afUlDj/lABdG6Y5kBdCOigFPB4oIdahYQOiIDFk0PjvFJIvWxK1XyfMBTdS5HPK3HnpMkPQJDveil4n9eJwT3ohtxPwiB+TRb5IYCg8Rpe7jPFaMgxgkhVPHkh5gOSVIEJB2np1uLhy6T5mn1smo2zkq1q1kHeXSEjlEZWegc1dANqqMmougFfaBv9GM8G2/Gp/GVRXPGbOYQzcH4/QOCYKqD</latexit><latexit sha1_base64="I6I7+6X9Wrk+1wPME6Opo8RpqjU=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VoNyURQQUXBTcuXLRgbaEpZTKdtEMnmTBzo5Y0P+XGX/ATdKG4UvwLk6abth4YOJxzLnfucQLBNZjmu5FbWV1b38hvFra2d3b3ivsH91qGirImlUKqtkM0E9xnTeAgWDtQjHiOYC1ndJ36rQemNJf+HYwD1vXIwOcupwQSqVdsPJVtIoIhwVDB9q30B4K5oPhgCEQp+YhtVxEaWXE0yX KTuG2nkXJmuHGU6bE9HaoUesWSWTWnwMvEmpESmqHeK77afUlDj/lABdG6Y5kBdCOigFPB4oIdahYQOiIDFk0PjvFJIvWxK1XyfMBTdS5HPK3HnpMkPQJDveil4n9eJwT3ohtxPwiB+TRb5IYCg8Rpe7jPFaMgxgkhVPHkh5gOSVIEJB2np1uLhy6T5mn1smo2zkq1q1kHeXSEjlEZWegc1dANqqMmougFfaBv9GM8G2/Gp/GVRXPGbOYQzcH4/QOCYKqD</latexit>

t f

Teorema di derivazione e integrazione:

dx(t)

dt
() i2⇡f ·X(f)

<latexit sha1_base64="iJrczyRSu427WSFYcmM1s/x0hhc="></latexit><latexit sha1_base64="iJrczyRSu427WSFYcmM1s/x0hhc="></latexit><latexit sha1_base64="iJrczyRSu427WSFYcmM1s/x0hhc="></latexit>

tZ

�1

x(↵) d↵ () X(f)

i2⇡f
<latexit sha1_base64="rDyBIzQWJ0qJUrdVJWn0wDY+DbE="></latexit><latexit sha1_base64="rDyBIzQWJ0qJUrdVJWn0wDY+DbE="></latexit><latexit sha1_base64="rDyBIzQWJ0qJUrdVJWn0wDY+DbE="></latexit>

Derivazione = soppressione basse freq. Integrazione = soppressione alte freq.



z(t) = x(t)⌦ y(t) , Z(f) = X(f)Y (f)

z(t) = x(t)y(t) , Z(f) = X(f)⌦ Y (f)

a(t)⌦ b(t) =

Z 1

�1
a(⌧)b(t� ⌧) d⌧

Teoremi e proprietà della trasformata di Fourier

Teorema del prodotto e convoluzione:



Dal tempo continuo al tempo discreto

fc =
1

T
<latexit sha1_base64="31CzQtFAv8Q/cPDkKWRG8XxKf6k=">AAAB73icbVDLSsNAFL2pr1pfrS7dDBbBVUlEUBdCwY3LCo0ttCVMppN26OTBzI1SQv7DjeJK8U/8Bf/GaZtNWw8MHM45w73n+okUGm371yptbG5t75R3K3v7B4dH1drxk45TxbjLYhmrrk81lyLiLgqUvJsoTkNf8o4/uZ/5nWeutIijNk4TPgjpKBKBYBSN5FVrgcfIHekHirLMybN27lXrdsOeg6wTpyB1KNDyqj/9YczSkEfIJNW659gJDjKqUDDJ80o/1TyhbEJHPJsvnJNzIw1JECvzIiRzdSlHQ62noW+SIcWxXvVm4n9eL8XgZpCJKEmRR2wxKEglwZjM2pOhUJyhnBpCmRJmQ8LG1HRHc6OKqe6sFl0n7mXjtmE/XtWbzeIGZTiFM7gAB66hCQ/QAhcYvMAbfMKXpaxX6936WERLVvHnBJZgff8Bf0iO4w==</latexit><latexit sha1_base64="31CzQtFAv8Q/cPDkKWRG8XxKf6k=">AAAB73icbVDLSsNAFL2pr1pfrS7dDBbBVUlEUBdCwY3LCo0ttCVMppN26OTBzI1SQv7DjeJK8U/8Bf/GaZtNWw8MHM45w73n+okUGm371yptbG5t75R3K3v7B4dH1drxk45TxbjLYhmrrk81lyLiLgqUvJsoTkNf8o4/uZ/5nWeutIijNk4TPgjpKBKBYBSN5FVrgcfIHekHirLMybN27lXrdsOeg6wTpyB1KNDyqj/9YczSkEfIJNW659gJDjKqUDDJ80o/1TyhbEJHPJsvnJNzIw1JECvzIiRzdSlHQ62noW+SIcWxXvVm4n9eL8XgZpCJKEmRR2wxKEglwZjM2pOhUJyhnBpCmRJmQ8LG1HRHc6OKqe6sFl0n7mXjtmE/XtWbzeIGZTiFM7gAB66hCQ/QAhcYvMAbfMKXpaxX6936WERLVvHnBJZgff8Bf0iO4w==</latexit><latexit sha1_base64="31CzQtFAv8Q/cPDkKWRG8XxKf6k=">AAAB73icbVDLSsNAFL2pr1pfrS7dDBbBVUlEUBdCwY3LCo0ttCVMppN26OTBzI1SQv7DjeJK8U/8Bf/GaZtNWw8MHM45w73n+okUGm371yptbG5t75R3K3v7B4dH1drxk45TxbjLYhmrrk81lyLiLgqUvJsoTkNf8o4/uZ/5nWeutIijNk4TPgjpKBKBYBSN5FVrgcfIHekHirLMybN27lXrdsOeg6wTpyB1KNDyqj/9YczSkEfIJNW659gJDjKqUDDJ80o/1TyhbEJHPJsvnJNzIw1JECvzIiRzdSlHQ62noW+SIcWxXvVm4n9eL8XgZpCJKEmRR2wxKEglwZjM2pOhUJyhnBpCmRJmQ8LG1HRHc6OKqe6sFl0n7mXjtmE/XtWbzeIGZTiFM7gAB66hCQ/QAhcYvMAbfMKXpaxX6936WERLVvHnBJZgff8Bf0iO4w==</latexit>

Frequenza di campionamento

Sistema ADC ideale: estrae il valore x(t) al tempo di campionamento

Sistema ADC reale: estrae il valore x(t) digitalizzato al tempo di campionamento
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1.2 Campionamento mediante impulsi ideali

Un modo molto semplice per campionare un segnale è mediante il prodotto con un treno di
impulsi ideali. Ricordiamo, infatti, che per un impulso ideale vale l’importante proprietà:

x(t) ±(t° t0) = x(t0) ±(t° t0)

che permette di estrarre il valore del segnale in cui è centrato l’impulso. Moltiplicando allora
x(t) per un treno di impulsi, ±̃T (t), periodico di periodo pari proprio al passo di campionamento
T , si ottiene il segnale campionato x±(t):

x±(t) = x(t) ±̃T (t)

= x(t)
+1X

n=°1
±(t° nT ) (1)

=
+1X

n=°1
x(nT ) ±(t° nT ) (2)

il segnale campionato non è altro che un treno di impulsi le cui ampiezze rappresentano i campioni
di x(t) in intervalli equispaziati di T (figura 3).
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Figura 3: Campionamento mediante un treno di impulsi ideali.

a.a. 2010-2011 Dai segnali analogici a quelli numerici

T
<latexit sha1_base64="tV8/pAGTCxapRvMUOQ8zXmGyDuA=">AAAB3XicbVBNS0JBFL2vT7Mvq2WbIQlayXsRVDuhTUsFXwoqNm+8TwfnfTBzXyDitk3Rqugv9Rf6N436NmoHBg7nnOHec4NUSUOu++tsbG5t7+wW9or7B4dHx6WT0yeTZFqgLxKV6FbADSoZo0+SFLZSjTwKFDaD0cPMb76gNjKJGzROsRvxQSxDKThZqd7olcpuxZ2DrRMvJ2XIUeuVfjr9RGQRxiQUN6btuSl1J1yTFAqnxU5mMOVixAc4ma83ZZdW6rMw0fbFxObqUo5HxoyjwCYjTkOz6s3E/7x2RuFddyLjNCOMxWJQmClGCZt1ZX2pUZAaW8KFlnZDJoZcc0H2IkVb3Vstuk7868p9xa3flKvV/AYFOIcLuAIPbqEKj1ADHwQgvMEnfDnPzqvz7nwsohtO/ucMluB8/wEX3YhU</latexit><latexit sha1_base64="tV8/pAGTCxapRvMUOQ8zXmGyDuA=">AAAB3XicbVBNS0JBFL2vT7Mvq2WbIQlayXsRVDuhTUsFXwoqNm+8TwfnfTBzXyDitk3Rqugv9Rf6N436NmoHBg7nnOHec4NUSUOu++tsbG5t7+wW9or7B4dHx6WT0yeTZFqgLxKV6FbADSoZo0+SFLZSjTwKFDaD0cPMb76gNjKJGzROsRvxQSxDKThZqd7olcpuxZ2DrRMvJ2XIUeuVfjr9RGQRxiQUN6btuSl1J1yTFAqnxU5mMOVixAc4ma83ZZdW6rMw0fbFxObqUo5HxoyjwCYjTkOz6s3E/7x2RuFddyLjNCOMxWJQmClGCZt1ZX2pUZAaW8KFlnZDJoZcc0H2IkVb3Vstuk7868p9xa3flKvV/AYFOIcLuAIPbqEKj1ADHwQgvMEnfDnPzqvz7nwsohtO/ucMluB8/wEX3YhU</latexit><latexit sha1_base64="tV8/pAGTCxapRvMUOQ8zXmGyDuA=">AAAB3XicbVBNS0JBFL2vT7Mvq2WbIQlayXsRVDuhTUsFXwoqNm+8TwfnfTBzXyDitk3Rqugv9Rf6N436NmoHBg7nnOHec4NUSUOu++tsbG5t7+wW9or7B4dHx6WT0yeTZFqgLxKV6FbADSoZo0+SFLZSjTwKFDaD0cPMb76gNjKJGzROsRvxQSxDKThZqd7olcpuxZ2DrRMvJ2XIUeuVfjr9RGQRxiQUN6btuSl1J1yTFAqnxU5mMOVixAc4ma83ZZdW6rMw0fbFxObqUo5HxoyjwCYjTkOz6s3E/7x2RuFddyLjNCOMxWJQmClGCZt1ZX2pUZAaW8KFlnZDJoZcc0H2IkVb3Vstuk7868p9xa3flKvV/AYFOIcLuAIPbqEKj1ADHwQgvMEnfDnPzqvz7nwsohtO/ucMluB8/wEX3YhU</latexit>

fC =
1

T
<latexit sha1_base64="EOLwM8EPDdx66WKXsWKv4LM73ZU=">AAAB73icbVDLSsNAFL3xWesr1aWbwSK4KokI6kIodOOyQmMLbQmT6aQdOnkwc6OU0P9wo7hS/BN/wb9x2mbT1gMDh3POcO+5QSqFRsf5tTY2t7Z3dkt75f2Dw6Nju3LypJNMMe6xRCaqE1DNpYi5hwIl76SK0yiQvB2MGzO//cyVFkncwknK+xEdxiIUjKKRfLsS+g1yT3qhoix3p3lr6ttVp+bMQdaJW5AqFGj69k9vkLAs4jEySbXuuk6K/ZwqFEzyabmXaZ5SNqZDns8XnpILIw1ImCjzYiRzdSlHI60nUWCSEcWRXvVm4n9eN8Pwtp+LOM2Qx2wxKMwkwYTM2pOBUJyhnBhCmRJmQ8JG1HRHc6Oyqe6uFl0n3lXtruY8Xlfr9eIGJTiDc7gEF26gDg/QBA8YvMAbfMKXpaxX6936WEQ3rOLPKSzB+v4DTmiOww==</latexit><latexit sha1_base64="EOLwM8EPDdx66WKXsWKv4LM73ZU=">AAAB73icbVDLSsNAFL3xWesr1aWbwSK4KokI6kIodOOyQmMLbQmT6aQdOnkwc6OU0P9wo7hS/BN/wb9x2mbT1gMDh3POcO+5QSqFRsf5tTY2t7Z3dkt75f2Dw6Nju3LypJNMMe6xRCaqE1DNpYi5hwIl76SK0yiQvB2MGzO//cyVFkncwknK+xEdxiIUjKKRfLsS+g1yT3qhoix3p3lr6ttVp+bMQdaJW5AqFGj69k9vkLAs4jEySbXuuk6K/ZwqFEzyabmXaZ5SNqZDns8XnpILIw1ImCjzYiRzdSlHI60nUWCSEcWRXvVm4n9eN8Pwtp+LOM2Qx2wxKMwkwYTM2pOBUJyhnBhCmRJmQ8JG1HRHc6Oyqe6uFl0n3lXtruY8Xlfr9eIGJTiDc7gEF26gDg/QBA8YvMAbfMKXpaxX6936WEQ3rOLPKSzB+v4DTmiOww==</latexit><latexit sha1_base64="EOLwM8EPDdx66WKXsWKv4LM73ZU=">AAAB73icbVDLSsNAFL3xWesr1aWbwSK4KokI6kIodOOyQmMLbQmT6aQdOnkwc6OU0P9wo7hS/BN/wb9x2mbT1gMDh3POcO+5QSqFRsf5tTY2t7Z3dkt75f2Dw6Nju3LypJNMMe6xRCaqE1DNpYi5hwIl76SK0yiQvB2MGzO//cyVFkncwknK+xEdxiIUjKKRfLsS+g1yT3qhoix3p3lr6ttVp+bMQdaJW5AqFGj69k9vkLAs4jEySbXuuk6K/ZwqFEzyabmXaZ5SNqZDns8XnpILIw1ImCjzYiRzdSlHI60nUWCSEcWRXvVm4n9eN8Pwtp+LOM2Qx2wxKMwkwYTM2pOBUJyhnBhCmRJmQ8JG1HRHc6Oyqe6uFl0n3lXtruY8Xlfr9eIGJTiDc7gEF26gDg/QBA8YvMAbfMKXpaxX6936WEQ3rOLPKSzB+v4DTmiOww==</latexit>

periodo di campionamento

frequenza di campionamento

x(t)
<latexit sha1_base64="+qGoXoAT1YtGPgCremJNA5wCw/g=">AAAB4HicbVBdSwJBFL1jX2ZfVo+9DElgL7IbQvUm9NKjQZuCisyOszo4u7PM3I1E/AG9FD0V/aL+Qv+mXd0XtQMDh3POcO+5fqykRcf5JYWNza3tneJuaW//4PCofHzyZHViuPC4Vtq0fWaFkpHwUKIS7dgIFvpKtPzxXea3noWxUkePOIlFL2TDSAaSM8yklype9ssVp+bMQdeJm5MK5Gj2yz/dgeZJKCLkilnbcZ0Ye1NmUHIlZqVuYkXM+JgNxXS+4YxepNKABtqkL0I6V5dyLLR2EvppMmQ4sqteJv7ndRIMbnpTGcUJiogvBgWJoqhpVpcOpBEc1SQljBuZbkj5iBnGMT1KKa3urhZdJ95V7bbmPNQrjUZ+gyKcwTlUwYVraMA9NMEDDiN4g0/4Ipy8knfysYgWSP7nFJZAvv8A38qJWw==</latexit><latexit sha1_base64="+qGoXoAT1YtGPgCremJNA5wCw/g=">AAAB4HicbVBdSwJBFL1jX2ZfVo+9DElgL7IbQvUm9NKjQZuCisyOszo4u7PM3I1E/AG9FD0V/aL+Qv+mXd0XtQMDh3POcO+5fqykRcf5JYWNza3tneJuaW//4PCofHzyZHViuPC4Vtq0fWaFkpHwUKIS7dgIFvpKtPzxXea3noWxUkePOIlFL2TDSAaSM8yklype9ssVp+bMQdeJm5MK5Gj2yz/dgeZJKCLkilnbcZ0Ye1NmUHIlZqVuYkXM+JgNxXS+4YxepNKABtqkL0I6V5dyLLR2EvppMmQ4sqteJv7ndRIMbnpTGcUJiogvBgWJoqhpVpcOpBEc1SQljBuZbkj5iBnGMT1KKa3urhZdJ95V7bbmPNQrjUZ+gyKcwTlUwYVraMA9NMEDDiN4g0/4Ipy8knfysYgWSP7nFJZAvv8A38qJWw==</latexit><latexit sha1_base64="+qGoXoAT1YtGPgCremJNA5wCw/g=">AAAB4HicbVBdSwJBFL1jX2ZfVo+9DElgL7IbQvUm9NKjQZuCisyOszo4u7PM3I1E/AG9FD0V/aL+Qv+mXd0XtQMDh3POcO+5fqykRcf5JYWNza3tneJuaW//4PCofHzyZHViuPC4Vtq0fWaFkpHwUKIS7dgIFvpKtPzxXea3noWxUkePOIlFL2TDSAaSM8yklype9ssVp+bMQdeJm5MK5Gj2yz/dgeZJKCLkilnbcZ0Ye1NmUHIlZqVuYkXM+JgNxXS+4YxepNKABtqkL0I6V5dyLLR2EvppMmQ4sqteJv7ndRIMbnpTGcUJiogvBgWJoqhpVpcOpBEc1SQljBuZbkj5iBnGMT1KKa3urhZdJ95V7bbmPNQrjUZ+gyKcwTlUwYVraMA9NMEDDiN4g0/4Ipy8knfysYgWSP7nFJZAvv8A38qJWw==</latexit>

�̃T (t)
<latexit sha1_base64="aky7NZDXK3gQVvpTv3VDQsWGbjg=">AAAB8XicbVDLSsNAFL2pr1pf0S7dDBahbkoqgroruHFZobGFpoTJZNIOnTyYuRFC6I+4UVwp/oi/4N+Yttm09cDA4Zwz3Huul0ih0bJ+jcrW9s7uXnW/dnB4dHxinp496zhVjNsslrEaeFRzKSJuo0DJB4niNPQk73vTh7nff+FKizjqYZbwUUjHkQgEo1hIrll3UEif547PJdKZ22vilWs2rJa1ANkk7ZI0oETXNX8cP2ZpyCNkkmo9bFsJjnKqUDDJZzUn1TyhbErHPF+sPCOXheSTIFbFi5As1JUcDbXOQq9IhhQnet2bi/95wxSDu1EuoiRFHrHloCCVBGMy7098oThDmRWEMiWKDQmbUEUZFleqFdXb60U3iX3dum9ZTzeNTqe8QRXO4QKa0IZb6MAjdMEGBhm8wSd8GWi8Gu/GxzJaMco/dViB8f0HpLWQKQ==</latexit><latexit sha1_base64="aky7NZDXK3gQVvpTv3VDQsWGbjg=">AAAB8XicbVDLSsNAFL2pr1pf0S7dDBahbkoqgroruHFZobGFpoTJZNIOnTyYuRFC6I+4UVwp/oi/4N+Yttm09cDA4Zwz3Huul0ih0bJ+jcrW9s7uXnW/dnB4dHxinp496zhVjNsslrEaeFRzKSJuo0DJB4niNPQk73vTh7nff+FKizjqYZbwUUjHkQgEo1hIrll3UEif547PJdKZ22vilWs2rJa1ANkk7ZI0oETXNX8cP2ZpyCNkkmo9bFsJjnKqUDDJZzUn1TyhbErHPF+sPCOXheSTIFbFi5As1JUcDbXOQq9IhhQnet2bi/95wxSDu1EuoiRFHrHloCCVBGMy7098oThDmRWEMiWKDQmbUEUZFleqFdXb60U3iX3dum9ZTzeNTqe8QRXO4QKa0IZb6MAjdMEGBhm8wSd8GWi8Gu/GxzJaMco/dViB8f0HpLWQKQ==</latexit><latexit sha1_base64="aky7NZDXK3gQVvpTv3VDQsWGbjg=">AAAB8XicbVDLSsNAFL2pr1pf0S7dDBahbkoqgroruHFZobGFpoTJZNIOnTyYuRFC6I+4UVwp/oi/4N+Yttm09cDA4Zwz3Huul0ih0bJ+jcrW9s7uXnW/dnB4dHxinp496zhVjNsslrEaeFRzKSJuo0DJB4niNPQk73vTh7nff+FKizjqYZbwUUjHkQgEo1hIrll3UEif547PJdKZ22vilWs2rJa1ANkk7ZI0oETXNX8cP2ZpyCNkkmo9bFsJjnKqUDDJZzUn1TyhbErHPF+sPCOXheSTIFbFi5As1JUcDbXOQq9IhhQnet2bi/95wxSDu1EuoiRFHrHloCCVBGMy7098oThDmRWEMiWKDQmbUEUZFleqFdXb60U3iX3dum9ZTzeNTqe8QRXO4QKa0IZb6MAjdMEGBhm8wSd8GWi8Gu/GxzJaMco/dViB8f0HpLWQKQ==</latexit> �̃T (t) =

+1X

n=�1
�(t� nT )

<latexit sha1_base64="eNpVoVoaewXRBrFPh25VTKHxriQ=">AAACHHicbVBPS8MwHE39O+e/qUcvwSFsyEYrgnqYDLx4nLC5wTpLmqZbWJqW5FdhlH0WL34VQRRPiuC3sdt62eaDwOO9F5L33EhwDab5a6ysrq1vbOa28ts7u3v7hYPDBx3GirIWDUWoOi7RTHDJWsBBsE6kGAlcwdru8Hbit5+Y0jyUTRhFrBeQvuQ+pwRSySnc2MCFxxLbYwLI2GmWoIxr2NZx4CSyVrG59GE0fkzOMjYLlgBXsGyWnULRrJpT4GViZaSIMjScwpvthTQOmAQqiNZdy4yglxAFnAo2ztuxZhGhQ9JnybTdGJ+mkof9UKVHAp6qczkSaD0K3DQZEBjoRW8i/ud1Y/CvegmXUQxM0tlDfiwwhHgyFfa4YhTEKCWEKp7+ENMBUYRCOmg+rW4tFl0mrfPqddW8vyjW69kGOXSMTlAJWegS1dEdaqAWougFvaMv9G08G6/Gh/E5i64Y2Z0jNAfj5w/ifKEb</latexit><latexit sha1_base64="eNpVoVoaewXRBrFPh25VTKHxriQ=">AAACHHicbVBPS8MwHE39O+e/qUcvwSFsyEYrgnqYDLx4nLC5wTpLmqZbWJqW5FdhlH0WL34VQRRPiuC3sdt62eaDwOO9F5L33EhwDab5a6ysrq1vbOa28ts7u3v7hYPDBx3GirIWDUWoOi7RTHDJWsBBsE6kGAlcwdru8Hbit5+Y0jyUTRhFrBeQvuQ+pwRSySnc2MCFxxLbYwLI2GmWoIxr2NZx4CSyVrG59GE0fkzOMjYLlgBXsGyWnULRrJpT4GViZaSIMjScwpvthTQOmAQqiNZdy4yglxAFnAo2ztuxZhGhQ9JnybTdGJ+mkof9UKVHAp6qczkSaD0K3DQZEBjoRW8i/ud1Y/CvegmXUQxM0tlDfiwwhHgyFfa4YhTEKCWEKp7+ENMBUYRCOmg+rW4tFl0mrfPqddW8vyjW69kGOXSMTlAJWegS1dEdaqAWougFvaMv9G08G6/Gh/E5i64Y2Z0jNAfj5w/ifKEb</latexit><latexit sha1_base64="eNpVoVoaewXRBrFPh25VTKHxriQ=">AAACHHicbVBPS8MwHE39O+e/qUcvwSFsyEYrgnqYDLx4nLC5wTpLmqZbWJqW5FdhlH0WL34VQRRPiuC3sdt62eaDwOO9F5L33EhwDab5a6ysrq1vbOa28ts7u3v7hYPDBx3GirIWDUWoOi7RTHDJWsBBsE6kGAlcwdru8Hbit5+Y0jyUTRhFrBeQvuQ+pwRSySnc2MCFxxLbYwLI2GmWoIxr2NZx4CSyVrG59GE0fkzOMjYLlgBXsGyWnULRrJpT4GViZaSIMjScwpvthTQOmAQqiNZdy4yglxAFnAo2ztuxZhGhQ9JnybTdGJ+mkof9UKVHAp6qczkSaD0K3DQZEBjoRW8i/ud1Y/CvegmXUQxM0tlDfiwwhHgyFfa4YhTEKCWEKp7+ENMBUYRCOmg+rW4tFl0mrfPqddW8vyjW69kGOXSMTlAJWegS1dEdaqAWougFvaMv9G08G6/Gh/E5i64Y2Z0jNAfj5w/ifKEb</latexit>

xs(t)
<latexit sha1_base64="MtYYlhiWJVLn/riUvmvWdzKhn+E=">AAAB4nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBPUW8OIxgpsEkhBmJ73JmNkHM71iCPkCL4onxQ/yF/wbJ49LogUDRVUN3dVBqqQh1/1xcmvrG5tb+e3Czu7e/kHx8KhukkwL9EWiEt0MuEElY/RJksJmqpFHgcJGMLyd+o0n1EYm8QONUuxEvB/LUApOVqo/d02ZzrvFkltxZ2B/ibcgJVig1i1+t3uJyCKMSShuTMtzU+qMuSYpFE4K7cxgysWQ93E823HCzqzUY2Gi7YuJzdSlHI+MGUWBTUacBmbVm4r/ea2MwuvOWMZpRhiL+aAwU4wSNi3MelKjIDWyhAst7YZMDLjmguxZCra6t1r0L/EvKjcV9/6yVK0ubpCHEziFMnhwBVW4gxr4IOARXuEDPh10Xpw3530ezTmLP8ewBOfrF2KvikE=</latexit><latexit sha1_base64="MtYYlhiWJVLn/riUvmvWdzKhn+E=">AAAB4nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBPUW8OIxgpsEkhBmJ73JmNkHM71iCPkCL4onxQ/yF/wbJ49LogUDRVUN3dVBqqQh1/1xcmvrG5tb+e3Czu7e/kHx8KhukkwL9EWiEt0MuEElY/RJksJmqpFHgcJGMLyd+o0n1EYm8QONUuxEvB/LUApOVqo/d02ZzrvFkltxZ2B/ibcgJVig1i1+t3uJyCKMSShuTMtzU+qMuSYpFE4K7cxgysWQ93E823HCzqzUY2Gi7YuJzdSlHI+MGUWBTUacBmbVm4r/ea2MwuvOWMZpRhiL+aAwU4wSNi3MelKjIDWyhAst7YZMDLjmguxZCra6t1r0L/EvKjcV9/6yVK0ubpCHEziFMnhwBVW4gxr4IOARXuEDPh10Xpw3530ezTmLP8ewBOfrF2KvikE=</latexit><latexit sha1_base64="MtYYlhiWJVLn/riUvmvWdzKhn+E=">AAAB4nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBPUW8OIxgpsEkhBmJ73JmNkHM71iCPkCL4onxQ/yF/wbJ49LogUDRVUN3dVBqqQh1/1xcmvrG5tb+e3Czu7e/kHx8KhukkwL9EWiEt0MuEElY/RJksJmqpFHgcJGMLyd+o0n1EYm8QONUuxEvB/LUApOVqo/d02ZzrvFkltxZ2B/ibcgJVig1i1+t3uJyCKMSShuTMtzU+qMuSYpFE4K7cxgysWQ93E823HCzqzUY2Gi7YuJzdSlHI+MGUWBTUacBmbVm4r/ea2MwuvOWMZpRhiL+aAwU4wSNi3MelKjIDWyhAst7YZMDLjmguxZCra6t1r0L/EvKjcV9/6yVK0ubpCHEziFMnhwBVW4gxr4IOARXuEDPh10Xpw3530ezTmLP8ewBOfrF2KvikE=</latexit> Segnale a tempo discreto xs(t):

sequenza di impulsi le cui 
ampiezze rappresentano il segnale
x(t) agli istanti di campionamento

x(t) · �̃T (t) = xs(t)
<latexit sha1_base64="iryADgMUZLr7Kpa94jRcBTnmvYk=">AAACEXicbZA9SwNBEIb34nf8ilraLAYhacKdCGohiDaWCokGcsextzdJlux9sDsnhiO/wca/YmOhYmtn579xk1yhxoGFh/edYXbeIJVCo21/WaW5+YXFpeWV8ura+sZmZWv7RieZ4tDiiUxUO2AapIihhQIltFMFLAok3AaDi7F/ewdKiyRu4jAFL2K9WHQFZ2gkv1K/r2GdujxMkLooZAi5G4JENvLz5mjsndJ7XxvwK1W7YU+KzoJTQJUUdeVXPt0w4VkEMXLJtO44dopezhQKLmFUdjMNKeMD1oOOwZhFoL18ctKI7hslpN1EmRcjnag/J3IWaT2MAtMZMezrv95Y/M/rZNg99nIRpxlCzKeLupmkmNBxPjQUCjjKoQHGlTB/pbzPFONoUiybEJy/J89C66Bx0nCuD6tn50Uay2SX7JEaccgROSOX5Iq0CCcP5Im8kFfr0Xq23qz3aWvJKmZ2yK+yPr4BpKScZA==</latexit><latexit sha1_base64="iryADgMUZLr7Kpa94jRcBTnmvYk=">AAACEXicbZA9SwNBEIb34nf8ilraLAYhacKdCGohiDaWCokGcsextzdJlux9sDsnhiO/wca/YmOhYmtn579xk1yhxoGFh/edYXbeIJVCo21/WaW5+YXFpeWV8ura+sZmZWv7RieZ4tDiiUxUO2AapIihhQIltFMFLAok3AaDi7F/ewdKiyRu4jAFL2K9WHQFZ2gkv1K/r2GdujxMkLooZAi5G4JENvLz5mjsndJ7XxvwK1W7YU+KzoJTQJUUdeVXPt0w4VkEMXLJtO44dopezhQKLmFUdjMNKeMD1oOOwZhFoL18ctKI7hslpN1EmRcjnag/J3IWaT2MAtMZMezrv95Y/M/rZNg99nIRpxlCzKeLupmkmNBxPjQUCjjKoQHGlTB/pbzPFONoUiybEJy/J89C66Bx0nCuD6tn50Uay2SX7JEaccgROSOX5Iq0CCcP5Im8kFfr0Xq23qz3aWvJKmZ2yK+yPr4BpKScZA==</latexit><latexit sha1_base64="iryADgMUZLr7Kpa94jRcBTnmvYk=">AAACEXicbZA9SwNBEIb34nf8ilraLAYhacKdCGohiDaWCokGcsextzdJlux9sDsnhiO/wca/YmOhYmtn579xk1yhxoGFh/edYXbeIJVCo21/WaW5+YXFpeWV8ura+sZmZWv7RieZ4tDiiUxUO2AapIihhQIltFMFLAok3AaDi7F/ewdKiyRu4jAFL2K9WHQFZ2gkv1K/r2GdujxMkLooZAi5G4JENvLz5mjsndJ7XxvwK1W7YU+KzoJTQJUUdeVXPt0w4VkEMXLJtO44dopezhQKLmFUdjMNKeMD1oOOwZhFoL18ctKI7hslpN1EmRcjnag/J3IWaT2MAtMZMezrv95Y/M/rZNg99nIRpxlCzKeLupmkmNBxPjQUCjjKoQHGlTB/pbzPFONoUiybEJy/J89C66Bx0nCuD6tn50Uay2SX7JEaccgROSOX5Iq0CCcP5Im8kFfr0Xq23qz3aWvJKmZ2yK+yPr4BpKScZA==</latexit><latexit sha1_base64="iryADgMUZLr7Kpa94jRcBTnmvYk=">AAACEXicbZA9SwNBEIb34nf8ilraLAYhacKdCGohiDaWCokGcsextzdJlux9sDsnhiO/wca/YmOhYmtn579xk1yhxoGFh/edYXbeIJVCo21/WaW5+YXFpeWV8ura+sZmZWv7RieZ4tDiiUxUO2AapIihhQIltFMFLAok3AaDi7F/ewdKiyRu4jAFL2K9WHQFZ2gkv1K/r2GdujxMkLooZAi5G4JENvLz5mjsndJ7XxvwK1W7YU+KzoJTQJUUdeVXPt0w4VkEMXLJtO44dopezhQKLmFUdjMNKeMD1oOOwZhFoL18ctKI7hslpN1EmRcjnag/J3IWaT2MAtMZMezrv95Y/M/rZNg99nIRpxlCzKeLupmkmNBxPjQUCjjKoQHGlTB/pbzPFONoUiybEJy/J89C66Bx0nCuD6tn50Uay2SX7JEaccgROSOX5Iq0CCcP5Im8kFfr0Xq23qz3aWvJKmZ2yK+yPr4BpKScZA==</latexit>

“treno di delta”
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1.2 Campionamento mediante impulsi ideali

Un modo molto semplice per campionare un segnale è mediante il prodotto con un treno di
impulsi ideali. Ricordiamo, infatti, che per un impulso ideale vale l’importante proprietà:

x(t) ±(t° t0) = x(t0) ±(t° t0)

che permette di estrarre il valore del segnale in cui è centrato l’impulso. Moltiplicando allora
x(t) per un treno di impulsi, ±̃T (t), periodico di periodo pari proprio al passo di campionamento
T , si ottiene il segnale campionato x±(t):

x±(t) = x(t) ±̃T (t)

= x(t)
+1X

n=°1
±(t° nT ) (1)

=
+1X

n=°1
x(nT ) ±(t° nT ) (2)

il segnale campionato non è altro che un treno di impulsi le cui ampiezze rappresentano i campioni
di x(t) in intervalli equispaziati di T (figura 3).
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Figura 3: Campionamento mediante un treno di impulsi ideali.

a.a. 2010-2011 Dai segnali analogici a quelli numerici

xs(t)
<latexit sha1_base64="MtYYlhiWJVLn/riUvmvWdzKhn+E=">AAAB4nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBPUW8OIxgpsEkhBmJ73JmNkHM71iCPkCL4onxQ/yF/wbJ49LogUDRVUN3dVBqqQh1/1xcmvrG5tb+e3Czu7e/kHx8KhukkwL9EWiEt0MuEElY/RJksJmqpFHgcJGMLyd+o0n1EYm8QONUuxEvB/LUApOVqo/d02ZzrvFkltxZ2B/ibcgJVig1i1+t3uJyCKMSShuTMtzU+qMuSYpFE4K7cxgysWQ93E823HCzqzUY2Gi7YuJzdSlHI+MGUWBTUacBmbVm4r/ea2MwuvOWMZpRhiL+aAwU4wSNi3MelKjIDWyhAst7YZMDLjmguxZCra6t1r0L/EvKjcV9/6yVK0ubpCHEziFMnhwBVW4gxr4IOARXuEDPh10Xpw3530ezTmLP8ewBOfrF2KvikE=</latexit><latexit sha1_base64="MtYYlhiWJVLn/riUvmvWdzKhn+E=">AAAB4nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBPUW8OIxgpsEkhBmJ73JmNkHM71iCPkCL4onxQ/yF/wbJ49LogUDRVUN3dVBqqQh1/1xcmvrG5tb+e3Czu7e/kHx8KhukkwL9EWiEt0MuEElY/RJksJmqpFHgcJGMLyd+o0n1EYm8QONUuxEvB/LUApOVqo/d02ZzrvFkltxZ2B/ibcgJVig1i1+t3uJyCKMSShuTMtzU+qMuSYpFE4K7cxgysWQ93E823HCzqzUY2Gi7YuJzdSlHI+MGUWBTUacBmbVm4r/ea2MwuvOWMZpRhiL+aAwU4wSNi3MelKjIDWyhAst7YZMDLjmguxZCra6t1r0L/EvKjcV9/6yVK0ubpCHEziFMnhwBVW4gxr4IOARXuEDPh10Xpw3530ezTmLP8ewBOfrF2KvikE=</latexit><latexit sha1_base64="MtYYlhiWJVLn/riUvmvWdzKhn+E=">AAAB4nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBPUW8OIxgpsEkhBmJ73JmNkHM71iCPkCL4onxQ/yF/wbJ49LogUDRVUN3dVBqqQh1/1xcmvrG5tb+e3Czu7e/kHx8KhukkwL9EWiEt0MuEElY/RJksJmqpFHgcJGMLyd+o0n1EYm8QONUuxEvB/LUApOVqo/d02ZzrvFkltxZ2B/ibcgJVig1i1+t3uJyCKMSShuTMtzU+qMuSYpFE4K7cxgysWQ93E823HCzqzUY2Gi7YuJzdSlHI+MGUWBTUacBmbVm4r/ea2MwuvOWMZpRhiL+aAwU4wSNi3MelKjIDWyhAst7YZMDLjmguxZCra6t1r0L/EvKjcV9/6yVK0ubpCHEziFMnhwBVW4gxr4IOARXuEDPh10Xpw3530ezTmLP8ewBOfrF2KvikE=</latexit>

xs(t) = x(t)
+1X

n=�1
�(t� nT )

<latexit sha1_base64="iJi9l1wTzGYqPXSlkMiTjyzBEWg=">AAACFnicbVDNSgMxGMz6W+tf1aOXYBFa1LIVwXooFLx4VLBW6NYlm83W0Gx2Sb6VLksfxIuv4kXRi+LVtzFt92L1g5BhZj6SGS8WXINtf1tz8wuLS8uFleLq2vrGZmlr+0ZHiaKsTSMRqVuPaCa4ZG3gINhtrBgJPcE63uB8rHcemNI8kteQxqwXkr7kAacEDOWWGkNXV6CKmxgPze0cOjoJ3Uw2jxwuA0hHd9lBjhyfCSAVwEdYXlfdUtmu2ZPBf0E9B2WUz6Vbenf8iCYhk0AF0bpbt2PoZUQBp4KNik6iWUzogPRZNsk1wvuG8nEQKXMk4An7y0dCrdPQM86QwL2e1cbkf1o3gaDRy7iME2CSTh8KEoEhwuOSsM8VoyBSAwhV3PwQ03uiCAVTZdFEr88G/Qvax7Wzmn11Um618g4KaBftoQqqo1PUQhfoErURRU/oBX2gT+vRerZerbepdc7Kd3bQr7G+fgBk452P</latexit><latexit sha1_base64="iJi9l1wTzGYqPXSlkMiTjyzBEWg=">AAACFnicbVDNSgMxGMz6W+tf1aOXYBFa1LIVwXooFLx4VLBW6NYlm83W0Gx2Sb6VLksfxIuv4kXRi+LVtzFt92L1g5BhZj6SGS8WXINtf1tz8wuLS8uFleLq2vrGZmlr+0ZHiaKsTSMRqVuPaCa4ZG3gINhtrBgJPcE63uB8rHcemNI8kteQxqwXkr7kAacEDOWWGkNXV6CKmxgPze0cOjoJ3Uw2jxwuA0hHd9lBjhyfCSAVwEdYXlfdUtmu2ZPBf0E9B2WUz6Vbenf8iCYhk0AF0bpbt2PoZUQBp4KNik6iWUzogPRZNsk1wvuG8nEQKXMk4An7y0dCrdPQM86QwL2e1cbkf1o3gaDRy7iME2CSTh8KEoEhwuOSsM8VoyBSAwhV3PwQ03uiCAVTZdFEr88G/Qvax7Wzmn11Um618g4KaBftoQqqo1PUQhfoErURRU/oBX2gT+vRerZerbepdc7Kd3bQr7G+fgBk452P</latexit><latexit sha1_base64="iJi9l1wTzGYqPXSlkMiTjyzBEWg=">AAACFnicbVDNSgMxGMz6W+tf1aOXYBFa1LIVwXooFLx4VLBW6NYlm83W0Gx2Sb6VLksfxIuv4kXRi+LVtzFt92L1g5BhZj6SGS8WXINtf1tz8wuLS8uFleLq2vrGZmlr+0ZHiaKsTSMRqVuPaCa4ZG3gINhtrBgJPcE63uB8rHcemNI8kteQxqwXkr7kAacEDOWWGkNXV6CKmxgPze0cOjoJ3Uw2jxwuA0hHd9lBjhyfCSAVwEdYXlfdUtmu2ZPBf0E9B2WUz6Vbenf8iCYhk0AF0bpbt2PoZUQBp4KNik6iWUzogPRZNsk1wvuG8nEQKXMk4An7y0dCrdPQM86QwL2e1cbkf1o3gaDRy7iME2CSTh8KEoEhwuOSsM8VoyBSAwhV3PwQ03uiCAVTZdFEr88G/Qvax7Wzmn11Um618g4KaBftoQqqo1PUQhfoErURRU/oBX2gT+vRerZerbepdc7Kd3bQr7G+fgBk452P</latexit>

“Delta” di Dirac �(x) ⌘
+1Z

�1

�(x) f(x) dx = f(0)

<latexit sha1_base64="gLz2QEDqpj3Hb52DtTEvhXXNndI="></latexit><latexit sha1_base64="gLz2QEDqpj3Hb52DtTEvhXXNndI="></latexit><latexit sha1_base64="gLz2QEDqpj3Hb52DtTEvhXXNndI="></latexit>

Proprietà utile: f(t)�(t� t0) = f(t0)�(t� t0)
<latexit sha1_base64="PBjT7hYUtQl5sfGO6nzrRknrwHQ=">AAACBXicbVBLSwMxGPy2vmp9VT16CRaxPVi2IqgHoeDFYwXXFtqyZLPZNjT7IPlWKKV3L/4VL4onxat/wX9j2u6lrQOBYWZCMuMlUmi07V8rt7K6tr6R3yxsbe/s7hX3Dx51nCrGHRbLWLU8qrkUEXdQoOStRHEaepI3vcHtxG8+caVFHD3gMOHdkPYiEQhG0Uhu8TQoY6Xjc4m0jGfo2hVyQ4xmyJzqFkt21Z6CLJNaRkqQoeEWfzp+zNKQR8gk1bpdsxPsjqhCwSQfFzqp5gllA9rjo2mNMTkxkk+CWJkTIZmqczkaaj0MPZMMKfb1ojcR//PaKQZX3ZGIkhR5xGYPBakkGJPJJsQXijOUQ0MoU8L8kLA+VZShWa5gqtcWiy4T57x6XbXvL0r1erZBHo7gGMpQg0uowx00wAEGL/AGn/BlPVuv1rv1MYvmrOzOIczB+v4DTVKVxQ==</latexit><latexit sha1_base64="PBjT7hYUtQl5sfGO6nzrRknrwHQ=">AAACBXicbVBLSwMxGPy2vmp9VT16CRaxPVi2IqgHoeDFYwXXFtqyZLPZNjT7IPlWKKV3L/4VL4onxat/wX9j2u6lrQOBYWZCMuMlUmi07V8rt7K6tr6R3yxsbe/s7hX3Dx51nCrGHRbLWLU8qrkUEXdQoOStRHEaepI3vcHtxG8+caVFHD3gMOHdkPYiEQhG0Uhu8TQoY6Xjc4m0jGfo2hVyQ4xmyJzqFkt21Z6CLJNaRkqQoeEWfzp+zNKQR8gk1bpdsxPsjqhCwSQfFzqp5gllA9rjo2mNMTkxkk+CWJkTIZmqczkaaj0MPZMMKfb1ojcR//PaKQZX3ZGIkhR5xGYPBakkGJPJJsQXijOUQ0MoU8L8kLA+VZShWa5gqtcWiy4T57x6XbXvL0r1erZBHo7gGMpQg0uowx00wAEGL/AGn/BlPVuv1rv1MYvmrOzOIczB+v4DTVKVxQ==</latexit><latexit sha1_base64="PBjT7hYUtQl5sfGO6nzrRknrwHQ=">AAACBXicbVBLSwMxGPy2vmp9VT16CRaxPVi2IqgHoeDFYwXXFtqyZLPZNjT7IPlWKKV3L/4VL4onxat/wX9j2u6lrQOBYWZCMuMlUmi07V8rt7K6tr6R3yxsbe/s7hX3Dx51nCrGHRbLWLU8qrkUEXdQoOStRHEaepI3vcHtxG8+caVFHD3gMOHdkPYiEQhG0Uhu8TQoY6Xjc4m0jGfo2hVyQ4xmyJzqFkt21Z6CLJNaRkqQoeEWfzp+zNKQR8gk1bpdsxPsjqhCwSQfFzqp5gllA9rjo2mNMTkxkk+CWJkTIZmqczkaaj0MPZMMKfb1ojcR//PaKQZX3ZGIkhR5xGYPBakkGJPJJsQXijOUQ0MoU8L8kLA+VZShWa5gqtcWiy4T57x6XbXvL0r1erZBHo7gGMpQg0uowx00wAEGL/AGn/BlPVuv1rv1MYvmrOzOIczB+v4DTVKVxQ==</latexit>

F [f(t)�(t� t0)] = f(t0)F [�(t� t0)]
<latexit sha1_base64="5rF9E87L2rEPdkJI0OEmOcYToaU=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VoF5ZEBHUhVARxWcHYQhPCZDJph04ezNwIpfRn3Pgr3SiulP6N0zYL23pg4HDOGe49108FV2CaE6Owtr6xuVXcLu3s7u0flA+PXlSSScpsmohEtn2imOAxs4GDYO1UMhL5grX8/v3Ub70yqXgSP8MgZW5EujEPOSWgJa9850QEepSI4cOoE1ah5gRMAKnCOXhmzcW3WIua/Y0tRrxyxaybM+BVYuWkgnI0vfLYCRKaRSwGKohSHctMwR0SCZwKNio5mWIpoX3SZcNZwRE+01KAw0TqFwOeqQs5Eik1iHydnO6plr2p+J/XySC8doc8TjNgMZ0PCjOBIcHTa+GAS0ZBDDQhVHK9IaY9IgkFfdOSrm4tF10l9kX9pm49XVYajfwGRXSCTlEVWegKNdAjaiIbUfSOPtA3+jHejLHxaXzNowUj/3OMFmBMfgFIN6Ei</latexit><latexit sha1_base64="5rF9E87L2rEPdkJI0OEmOcYToaU=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VoF5ZEBHUhVARxWcHYQhPCZDJph04ezNwIpfRn3Pgr3SiulP6N0zYL23pg4HDOGe49108FV2CaE6Owtr6xuVXcLu3s7u0flA+PXlSSScpsmohEtn2imOAxs4GDYO1UMhL5grX8/v3Ub70yqXgSP8MgZW5EujEPOSWgJa9850QEepSI4cOoE1ah5gRMAKnCOXhmzcW3WIua/Y0tRrxyxaybM+BVYuWkgnI0vfLYCRKaRSwGKohSHctMwR0SCZwKNio5mWIpoX3SZcNZwRE+01KAw0TqFwOeqQs5Eik1iHydnO6plr2p+J/XySC8doc8TjNgMZ0PCjOBIcHTa+GAS0ZBDDQhVHK9IaY9IgkFfdOSrm4tF10l9kX9pm49XVYajfwGRXSCTlEVWegKNdAjaiIbUfSOPtA3+jHejLHxaXzNowUj/3OMFmBMfgFIN6Ei</latexit><latexit sha1_base64="5rF9E87L2rEPdkJI0OEmOcYToaU=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VoF5ZEBHUhVARxWcHYQhPCZDJph04ezNwIpfRn3Pgr3SiulP6N0zYL23pg4HDOGe49108FV2CaE6Owtr6xuVXcLu3s7u0flA+PXlSSScpsmohEtn2imOAxs4GDYO1UMhL5grX8/v3Ub70yqXgSP8MgZW5EujEPOSWgJa9850QEepSI4cOoE1ah5gRMAKnCOXhmzcW3WIua/Y0tRrxyxaybM+BVYuWkgnI0vfLYCRKaRSwGKohSHctMwR0SCZwKNio5mWIpoX3SZcNZwRE+01KAw0TqFwOeqQs5Eik1iHydnO6plr2p+J/XySC8doc8TjNgMZ0PCjOBIcHTa+GAS0ZBDDQhVHK9IaY9IgkFfdOSrm4tF10l9kX9pm49XVYajfwGRXSCTlEVWegKNdAjaiIbUfSOPtA3+jHejLHxaXzNowUj/3OMFmBMfgFIN6Ei</latexit><latexit sha1_base64="5rF9E87L2rEPdkJI0OEmOcYToaU=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VoF5ZEBHUhVARxWcHYQhPCZDJph04ezNwIpfRn3Pgr3SiulP6N0zYL23pg4HDOGe49108FV2CaE6Owtr6xuVXcLu3s7u0flA+PXlSSScpsmohEtn2imOAxs4GDYO1UMhL5grX8/v3Ub70yqXgSP8MgZW5EujEPOSWgJa9850QEepSI4cOoE1ah5gRMAKnCOXhmzcW3WIua/Y0tRrxyxaybM+BVYuWkgnI0vfLYCRKaRSwGKohSHctMwR0SCZwKNio5mWIpoX3SZcNZwRE+01KAw0TqFwOeqQs5Eik1iHydnO6plr2p+J/XySC8doc8TjNgMZ0PCjOBIcHTa+GAS0ZBDDQhVHK9IaY9IgkFfdOSrm4tF10l9kX9pm49XVYajfwGRXSCTlEVWegKNdAjaiIbUfSOPtA3+jHejLHxaXzNowUj/3OMFmBMfgFIN6Ei</latexit>

xs(t) =
+1X

n=�1
x(t) �(t� nT )

<latexit sha1_base64="ohxkeo0G85bnLuX/SllewsoJiXM=">AAACF3icbVDNSgMxGMz6W+tf1aOXYBFatGVXBXspFLx4rGBtoVuXbJptg9nsknwrLUsfxIuv4kWkFwWPvo1p3YvVgcAwMyGZ8WPBNdj2l7W0vLK6tp7byG9ube/sFvb273SUKMpaNBKR6vhEM8ElawEHwTqxYiT0BWv7D1czv/3IlOaRvIVxzHohGUgecErASF6hNvJ0Ccq4jrGrk9BLZb3ichnAeHKfnmRsZBLuqdtnAkgJcAXL27JXKNpVew78lzgZKaIMTa8wdfsRTUImgQqiddexY+ilRAGngk3ybqJZTOgDGbB03muCj43Ux0GkzJGA5+qvHAm1Hoe+SYYEhnrRm4n/ed0Eglov5TJOgEn681CQCAwRno2E+1wxCmJsCKGKmx9iOiSKUDBT5k11Z7HoX3J3VnXOq2c3F8VGIxshhw7RESohB12iBrpGTdRCFD2jV/SOPqwn68V6s6Y/0SUru3OAfsH6/AYXq53A</latexit>

xs(t) =
+1X

n=�1
x(nT ) �(t� nT ) =

+1X

n=�1
x[n] �(t� nT )

<latexit sha1_base64="+7Yu0wB8weVxmJa25HUatPxHmVg=">AAACSHicfVDPS8MwGE3nrzl/VT16CQ5hohutCnoZDLx4nLCpsM6SZukMpmlJvspG2f8nXjz7X3gR8aJmWy9O8UHg5b3vkXwvSATX4DgvVmFufmFxqbhcWlldW9+wN7eudJwqyto0FrG6CYhmgkvWBg6C3SSKkSgQ7Dq4Px/71w9MaR7LFgwT1o1IX/KQUwJG8m0+8HUF9nEdezqN/EzWqx6XIQxHt9lBzgYV2dr3Dr0eE0AqgKvY3P9PdGR3NuDbZafmTIB/EzcnZZSj6duPXi+macQkUEG07rhOAt2MKOBUsFHJSzVLCL0nfZZNihjhPSP1cBgrcyTgifpjjkRaD6PATEYE7vSsNxb/8jophGfdjMskBSbp9KEwFRhiPG4V97hiFMTQEEIVNz/E9I4oQsF0XzKru7OL/iZXRzX3uHZ0eVJuNPISimgH7aIKctEpaqAL1ERtRNEzekOf6Mt6sl6td+tjOlqw8sw2+oFC4RuyBbBD</latexit>



xs(t) =
+1X

n=�1
x(nT ) �(t� nT )

<latexit sha1_base64="uhwoMFaDQTuZVC3EQ8XMIiy0ndo=">AAACF3icbVDNSgMxGMz6W+tf1aOXYBFatGVXBXspFLx4rGBtoVuXbJptg9nsknwrLUsfxIuv4kWkFwWPvo1p3YvVgcBk5vtIZvxYcA22/WUtLa+srq3nNvKbW9s7u4W9/TsdJYqyFo1EpDo+0UxwyVrAQbBOrBgJfcHa/sPVzG8/MqV5JG9hHLNeSAaSB5wSMJJXqI08XYIyrmNXJ6GXynrF5TKA8eQ+PcnYqCRvy+6p22cCSAlwBZu7VyjaVXsO/Jc4GSmiDE2vMHX7EU1CJoEKonXXsWPopUQBp4JN8m6iWUzoAxmwdJ5rgo+N1MdBpMyRgOfqrzkSaj0OfTMZEhjqRW8m/ud1EwhqvZTLOAEm6c9DQSIwRHhWEu5zxSiIsSGEKm5+iOmQKELBVJk30Z3FoH/J3VnVOa+e3VwUG42shBw6REeohBx0iRroGjVRC1H0jF7RO/qwnqwX682a/owuWdnOAfoF6/MbZoCd7g==</latexit>

Trasformata di Fourier di una sequenza

Equazione di analisi per un segnale
aperiodico a tempo discreto

Trasformata di Fourier di una sequenza

è (in generale) un segnale aperiodico à applico il formalismo noto

X(f) =

+1Z

�1

x(t) e�i2⇡ft dt

<latexit sha1_base64="c0heU+GjQurXtMvBjvHrrJlKJaw="></latexit><latexit sha1_base64="c0heU+GjQurXtMvBjvHrrJlKJaw="></latexit><latexit sha1_base64="c0heU+GjQurXtMvBjvHrrJlKJaw="></latexit>

F [�(t)] = 1
<latexit sha1_base64="GR3w+PpxwKOGtlYYpQJYaYezSxU=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBahbkoigroQCoK4rGBsoQllMpm0QycPZm6EEgr+ihvFleJX+Av+jZM2m7YeGDicc4Z77/FTwRVY1q9RWVldW9+obta2tnd298z9gyeVZJIyhyYikV2fKCZ4zBzgIFg3lYxEvmAdf3Rb+J1nJhVP4kcYp8yLyCDmIacEtNQ3j9yIwJASkd9Nem7ABJAGnHn4Btt9s241rSnwMrFLUkcl2n3zxw0SmkUsBiqIUj3bSsHLiQROBZvU3EyxlNARGbB8uvkEn2opwGEi9YsBT9W5HImUGke+ThZ7qkWvEP/zehmEV17O4zQDFtPZoDATGBJc1IADLhkFMdaEUMn1hpgOiSQUdFk1fbq9eOgycc6b103r4aLeapUdVNExOkENZKNL1EL3qI0cRNELekOf6MvIjVfj3fiYRStG+ecQzcH4/gN2n5Iw</latexit><latexit sha1_base64="GR3w+PpxwKOGtlYYpQJYaYezSxU=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBahbkoigroQCoK4rGBsoQllMpm0QycPZm6EEgr+ihvFleJX+Av+jZM2m7YeGDicc4Z77/FTwRVY1q9RWVldW9+obta2tnd298z9gyeVZJIyhyYikV2fKCZ4zBzgIFg3lYxEvmAdf3Rb+J1nJhVP4kcYp8yLyCDmIacEtNQ3j9yIwJASkd9Nem7ABJAGnHn4Btt9s241rSnwMrFLUkcl2n3zxw0SmkUsBiqIUj3bSsHLiQROBZvU3EyxlNARGbB8uvkEn2opwGEi9YsBT9W5HImUGke+ThZ7qkWvEP/zehmEV17O4zQDFtPZoDATGBJc1IADLhkFMdaEUMn1hpgOiSQUdFk1fbq9eOgycc6b103r4aLeapUdVNExOkENZKNL1EL3qI0cRNELekOf6MvIjVfj3fiYRStG+ecQzcH4/gN2n5Iw</latexit><latexit sha1_base64="GR3w+PpxwKOGtlYYpQJYaYezSxU=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBahbkoigroQCoK4rGBsoQllMpm0QycPZm6EEgr+ihvFleJX+Av+jZM2m7YeGDicc4Z77/FTwRVY1q9RWVldW9+obta2tnd298z9gyeVZJIyhyYikV2fKCZ4zBzgIFg3lYxEvmAdf3Rb+J1nJhVP4kcYp8yLyCDmIacEtNQ3j9yIwJASkd9Nem7ABJAGnHn4Btt9s241rSnwMrFLUkcl2n3zxw0SmkUsBiqIUj3bSsHLiQROBZvU3EyxlNARGbB8uvkEn2opwGEi9YsBT9W5HImUGke+ThZ7qkWvEP/zehmEV17O4zQDFtPZoDATGBJc1IADLhkFMdaEUMn1hpgOiSQUdFk1fbq9eOgycc6b103r4aLeapUdVNExOkENZKNL1EL3qI0cRNELekOf6MvIjVfj3fiYRStG+ecQzcH4/gN2n5Iw</latexit>

F [x(t� t0)] = X(f)e�i2⇡ft0
<latexit sha1_base64="MvJpeKeyTQ+Jur26UmQ/jKFLl/k=">AAACDnicbVDLSsNAFJ3UV62vqks3g0VoFy1JEdSFUBDEZQVrC00Mk+mkHTp5MHMjlpCPcOOvuFFcKf0F/8akzaatFwYO55zh3nOcUHAFuv6rFdbWNza3itulnd29/YPy4dGjCiJJWYcGIpA9hygmuM86wEGwXigZ8RzBus74JtO7z0wqHvgPMAmZ5ZGhz11OCaSUXdZNj8CIEhHfJv2XKuA6BluvWfga96pujT3FdY6b2Aw5djMlscsVvaHPBq8CIwcVlE/bLk/NQUAjj/lABVGqb+ghWDGRwKlgScmMFAsJHZMhi2d5EnyWUgPsBjJ9PuAZu+AjnlITz0md2fVqWcvI/7R+BO6lFXM/jID5dL7IjQSGAGfl4AGXjIKYpIBQydMLMR0RSSikFZbS6MZy0FXQaTauGvr9eaXVyjsoohN0iqrIQBeohe5QG3UQRW/oA32jH+1Ve9c+ta+5taDlf47RwmjTP3dYmQ0=</latexit><latexit sha1_base64="MvJpeKeyTQ+Jur26UmQ/jKFLl/k=">AAACDnicbVDLSsNAFJ3UV62vqks3g0VoFy1JEdSFUBDEZQVrC00Mk+mkHTp5MHMjlpCPcOOvuFFcKf0F/8akzaatFwYO55zh3nOcUHAFuv6rFdbWNza3itulnd29/YPy4dGjCiJJWYcGIpA9hygmuM86wEGwXigZ8RzBus74JtO7z0wqHvgPMAmZ5ZGhz11OCaSUXdZNj8CIEhHfJv2XKuA6BluvWfga96pujT3FdY6b2Aw5djMlscsVvaHPBq8CIwcVlE/bLk/NQUAjj/lABVGqb+ghWDGRwKlgScmMFAsJHZMhi2d5EnyWUgPsBjJ9PuAZu+AjnlITz0md2fVqWcvI/7R+BO6lFXM/jID5dL7IjQSGAGfl4AGXjIKYpIBQydMLMR0RSSikFZbS6MZy0FXQaTauGvr9eaXVyjsoohN0iqrIQBeohe5QG3UQRW/oA32jH+1Ve9c+ta+5taDlf47RwmjTP3dYmQ0=</latexit><latexit sha1_base64="MvJpeKeyTQ+Jur26UmQ/jKFLl/k=">AAACDnicbVDLSsNAFJ3UV62vqks3g0VoFy1JEdSFUBDEZQVrC00Mk+mkHTp5MHMjlpCPcOOvuFFcKf0F/8akzaatFwYO55zh3nOcUHAFuv6rFdbWNza3itulnd29/YPy4dGjCiJJWYcGIpA9hygmuM86wEGwXigZ8RzBus74JtO7z0wqHvgPMAmZ5ZGhz11OCaSUXdZNj8CIEhHfJv2XKuA6BluvWfga96pujT3FdY6b2Aw5djMlscsVvaHPBq8CIwcVlE/bLk/NQUAjj/lABVGqb+ghWDGRwKlgScmMFAsJHZMhi2d5EnyWUgPsBjJ9PuAZu+AjnlITz0md2fVqWcvI/7R+BO6lFXM/jID5dL7IjQSGAGfl4AGXjIKYpIBQydMLMR0RSSikFZbS6MZy0FXQaTauGvr9eaXVyjsoohN0iqrIQBeohe5QG3UQRW/oA32jH+1Ve9c+ta+5taDlf47RwmjTP3dYmQ0=</latexit>

F [�(t� nT )] = 1 · e�i2⇡nfT
<latexit sha1_base64="QTL0jcFautsBorvcipPsBqWRUa4=">AAACFXicbVBLS8NAGNz4tr6qHr18WIR6aEmKUD0IBUE8KjQqNLFsNhtd3GzC7hehhP4PL/4VL4p4UDz7b0wfl7YOLAwzs+zOBKkUBm3715qbX1hcWl5ZLa2tb2xulbd3rk2SacZdlshE3wbUcCkUd1Gg5Lep5jQOJL8JHs8G/s0T10Ykqo29lPsxvVciEoxiIXXLTS+m+MCozM/7HS/kEmkVoQaqfejDKTgeCxMEfpfXBDTASwUoiKDd75Yrdt0eAmaJMyYVMsZlt/zphQnLYq6QSWpMx7FT9HOqUTDJ+yUvMzyl7JHe83xYqw8HhRRClOjiKIShOpGjsTG9OCiSgxJm2huI/3mdDKNjPxcqzZArNnooyiRgAoONIBSaM5S9glCmRfFDYA9UU4bFkqWiujNddJa4jfpJ3b46qrRa4w1WyB7ZJ1XikCZpkQtySVzCyAt5I1/k23q2Xq1362MUnbPGd3bJBKyfPzLfnCc=</latexit><latexit sha1_base64="QTL0jcFautsBorvcipPsBqWRUa4=">AAACFXicbVBLS8NAGNz4tr6qHr18WIR6aEmKUD0IBUE8KjQqNLFsNhtd3GzC7hehhP4PL/4VL4p4UDz7b0wfl7YOLAwzs+zOBKkUBm3715qbX1hcWl5ZLa2tb2xulbd3rk2SacZdlshE3wbUcCkUd1Gg5Lep5jQOJL8JHs8G/s0T10Ykqo29lPsxvVciEoxiIXXLTS+m+MCozM/7HS/kEmkVoQaqfejDKTgeCxMEfpfXBDTASwUoiKDd75Yrdt0eAmaJMyYVMsZlt/zphQnLYq6QSWpMx7FT9HOqUTDJ+yUvMzyl7JHe83xYqw8HhRRClOjiKIShOpGjsTG9OCiSgxJm2huI/3mdDKNjPxcqzZArNnooyiRgAoONIBSaM5S9glCmRfFDYA9UU4bFkqWiujNddJa4jfpJ3b46qrRa4w1WyB7ZJ1XikCZpkQtySVzCyAt5I1/k23q2Xq1362MUnbPGd3bJBKyfPzLfnCc=</latexit><latexit sha1_base64="QTL0jcFautsBorvcipPsBqWRUa4=">AAACFXicbVBLS8NAGNz4tr6qHr18WIR6aEmKUD0IBUE8KjQqNLFsNhtd3GzC7hehhP4PL/4VL4p4UDz7b0wfl7YOLAwzs+zOBKkUBm3715qbX1hcWl5ZLa2tb2xulbd3rk2SacZdlshE3wbUcCkUd1Gg5Lep5jQOJL8JHs8G/s0T10Ykqo29lPsxvVciEoxiIXXLTS+m+MCozM/7HS/kEmkVoQaqfejDKTgeCxMEfpfXBDTASwUoiKDd75Yrdt0eAmaJMyYVMsZlt/zphQnLYq6QSWpMx7FT9HOqUTDJ+yUvMzyl7JHe83xYqw8HhRRClOjiKIShOpGjsTG9OCiSgxJm2huI/3mdDKNjPxcqzZArNnooyiRgAoONIBSaM5S9glCmRfFDYA9UU4bFkqWiujNddJa4jfpJ3b46qrRa4w1WyB7ZJ1XikCZpkQtySVzCyAt5I1/k23q2Xq1362MUnbPGd3bJBKyfPzLfnCc=</latexit>

Xs(f) =
+1X

n=�1
x[n] e�i2⇡nfT

<latexit sha1_base64="mdorfsLsopgtXeJeTSkqC2QtjjI=">AAACHHicbVBPSwJBHJ21f2b/rI5dfiSBUcoqQXUwhC4dDTQFV5fZcVYHZ2eXmdlIFj9Ll75KEEWnIujbtOpe1B4MPN57w8x7TsCZ0qb5a6RWVtfWN9Kbma3tnd297P7Bg/JDSWiD+NyXLQcrypmgDc00p61AUuw5nDad4e3Ebz5SqZgv6noU0I6H+4K5jGAdS3b2pmWrvHsKFbBU6NmRqBQsJlw9Gnejs4TBU1t0wDoH2o0KDMpgBQwEuFAf29mcWTSngGVSSkgOJajZ2Ter55PQo0ITjpVql8xAdyIsNSOcjjNWqGiAyRD3aTRtN4aTWOqB68v4CA1TdS6HPaVGnhMnPawHatGbiP957VC7V52IiSDUVJDZQ27IQfswmQp6TFKi+SgmmEgW/xDIAEtMdDxoJq5eWiy6TBrl4nXRvL/IVavJBml0hI5RHpXQJaqiO1RDDUTQC3pHX+jbeDZejQ/jcxZNGcmdQzQH4+cPIrafZA==</latexit><latexit sha1_base64="mdorfsLsopgtXeJeTSkqC2QtjjI=">AAACHHicbVBPSwJBHJ21f2b/rI5dfiSBUcoqQXUwhC4dDTQFV5fZcVYHZ2eXmdlIFj9Ll75KEEWnIujbtOpe1B4MPN57w8x7TsCZ0qb5a6RWVtfWN9Kbma3tnd297P7Bg/JDSWiD+NyXLQcrypmgDc00p61AUuw5nDad4e3Ebz5SqZgv6noU0I6H+4K5jGAdS3b2pmWrvHsKFbBU6NmRqBQsJlw9Gnejs4TBU1t0wDoH2o0KDMpgBQwEuFAf29mcWTSngGVSSkgOJajZ2Ter55PQo0ITjpVql8xAdyIsNSOcjjNWqGiAyRD3aTRtN4aTWOqB68v4CA1TdS6HPaVGnhMnPawHatGbiP957VC7V52IiSDUVJDZQ27IQfswmQp6TFKi+SgmmEgW/xDIAEtMdDxoJq5eWiy6TBrl4nXRvL/IVavJBml0hI5RHpXQJaqiO1RDDUTQC3pHX+jbeDZejQ/jcxZNGcmdQzQH4+cPIrafZA==</latexit><latexit sha1_base64="mdorfsLsopgtXeJeTSkqC2QtjjI=">AAACHHicbVBPSwJBHJ21f2b/rI5dfiSBUcoqQXUwhC4dDTQFV5fZcVYHZ2eXmdlIFj9Ll75KEEWnIujbtOpe1B4MPN57w8x7TsCZ0qb5a6RWVtfWN9Kbma3tnd297P7Bg/JDSWiD+NyXLQcrypmgDc00p61AUuw5nDad4e3Ebz5SqZgv6noU0I6H+4K5jGAdS3b2pmWrvHsKFbBU6NmRqBQsJlw9Gnejs4TBU1t0wDoH2o0KDMpgBQwEuFAf29mcWTSngGVSSkgOJajZ2Ter55PQo0ITjpVql8xAdyIsNSOcjjNWqGiAyRD3aTRtN4aTWOqB68v4CA1TdS6HPaVGnhMnPawHatGbiP957VC7V52IiSDUVJDZQ27IQfswmQp6TFKi+SgmmEgW/xDIAEtMdDxoJq5eWiy6TBrl4nXRvL/IVavJBml0hI5RHpXQJaqiO1RDDUTQC3pHX+jbeDZejQ/jcxZNGcmdQzQH4+cPIrafZA==</latexit>

xs(t)
<latexit sha1_base64="vxdeq0c9L/6dYSqrpvsVIChDA5Y=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrTNQb0YtHTFwggQ3pli5Uuu2m7RrJhv/gxYMar/4gb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91iNVmklxb8YJDWI8ECxiBBsrNZ96umpOe+WKW3NnQMvEy0kFcjR65a9uX5I0psIQjrXueG5iggwrwwink1I31TTBZIQHtGOpwDHVQTa7doJOrNJHkVS2hEEz9fdEhmOtx3FoO2NshnrRm4r/eZ3URJdBxkSSGirIfFGUcmQkmr6O+kxRYvjYEkwUs7ciMsQKE2MDKtkQvMWXl4l/VruqeXfnlfp1nkYRjuAYquDBBdThFhrgA4EHeIZXeHOk8+K8Ox/z1oKTzxzCHzifP3qFjpk=</latexit><latexit sha1_base64="vxdeq0c9L/6dYSqrpvsVIChDA5Y=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrTNQb0YtHTFwggQ3pli5Uuu2m7RrJhv/gxYMar/4gb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91iNVmklxb8YJDWI8ECxiBBsrNZ96umpOe+WKW3NnQMvEy0kFcjR65a9uX5I0psIQjrXueG5iggwrwwink1I31TTBZIQHtGOpwDHVQTa7doJOrNJHkVS2hEEz9fdEhmOtx3FoO2NshnrRm4r/eZ3URJdBxkSSGirIfFGUcmQkmr6O+kxRYvjYEkwUs7ciMsQKE2MDKtkQvMWXl4l/VruqeXfnlfp1nkYRjuAYquDBBdThFhrgA4EHeIZXeHOk8+K8Ox/z1oKTzxzCHzifP3qFjpk=</latexit><latexit sha1_base64="vxdeq0c9L/6dYSqrpvsVIChDA5Y=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrTNQb0YtHTFwggQ3pli5Uuu2m7RrJhv/gxYMar/4gb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91iNVmklxb8YJDWI8ECxiBBsrNZ96umpOe+WKW3NnQMvEy0kFcjR65a9uX5I0psIQjrXueG5iggwrwwink1I31TTBZIQHtGOpwDHVQTa7doJOrNJHkVS2hEEz9fdEhmOtx3FoO2NshnrRm4r/eZ3URJdBxkSSGirIfFGUcmQkmr6O+kxRYvjYEkwUs7ciMsQKE2MDKtkQvMWXl4l/VruqeXfnlfp1nkYRjuAYquDBBdThFhrgA4EHeIZXeHOk8+K8Ox/z1oKTzxzCHzifP3qFjpk=</latexit><latexit sha1_base64="vxdeq0c9L/6dYSqrpvsVIChDA5Y=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrTNQb0YtHTFwggQ3pli5Uuu2m7RrJhv/gxYMar/4gb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91iNVmklxb8YJDWI8ECxiBBsrNZ96umpOe+WKW3NnQMvEy0kFcjR65a9uX5I0psIQjrXueG5iggwrwwink1I31TTBZIQHtGOpwDHVQTa7doJOrNJHkVS2hEEz9fdEhmOtx3FoO2NshnrRm4r/eZ3URJdBxkSSGirIfFGUcmQkmr6O+kxRYvjYEkwUs7ciMsQKE2MDKtkQvMWXl4l/VruqeXfnlfp1nkYRjuAYquDBBdThFhrgA4EHeIZXeHOk8+K8Ox/z1oKTzxzCHzifP3qFjpk=</latexit>

(Trasformata di Fourier di un segnale aperiodico)

+1Z

�1

�(t) e�i2⇡ft dt = e�i2⇡ft|t=0 = 1

<latexit sha1_base64="bHqowp6/Vpd0SIOvhKviEPMCYns="></latexit><latexit sha1_base64="bHqowp6/Vpd0SIOvhKviEPMCYns="></latexit><latexit sha1_base64="bHqowp6/Vpd0SIOvhKviEPMCYns="></latexit><latexit sha1_base64="bHqowp6/Vpd0SIOvhKviEPMCYns="></latexit>

Teorema
del ritardo

Xs(f) = F [
+1X

n=�1
x(nT ) �(t� nT )] =

+1X

n=�1
x(nT )F [�(t� nT )]

<latexit sha1_base64="nNx678aCBTW2VXT7Itx5xe654rw="></latexit>



Trasformata di Fourier di una sequenza

Trasformata di Fourier di una sequenza

Proprietà: periodicità con periodo

Xs(f +
1

T
) =

+1X

n=�1
x[n] e�i2⇡nfT e�i2⇡n =

+1X

n=�1
x[n] e�i2⇡nfT = Xs(f)

<latexit sha1_base64="+5XBmTMGfA4RwJ6zW7YfKe85AaM="></latexit><latexit sha1_base64="+5XBmTMGfA4RwJ6zW7YfKe85AaM="></latexit><latexit sha1_base64="+5XBmTMGfA4RwJ6zW7YfKe85AaM="></latexit>

completamente definita dal suo comportamento in Xs(f)
<latexit sha1_base64="met+vrVNuHeem4EsaMvMv7VcTSM=">AAAB4nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBPUW8OIxgpsEkhBmJ73JmNkHM71CCPkCL4onxQ/yF/wbJ49LEgsGiqoauquDVElDrvvr5DY2t7Z38ruFvf2Dw6Pi8UndJJkW6ItEJboZcINKxuiTJIXNVCOPAoWNYHg/9RsvqI1M4icapdiJeD+WoRScrFRvdk05vOwWS27FnYGtE29BSrBArVv8afcSkUUYk1DcmJbnptQZc01SKJwU2pnBlIsh7+N4tuOEXVipx8JE2xcTm6lLOR4ZM4oCm4w4DcyqNxX/81oZhbedsYzTjDAW80FhphglbFqY9aRGQWpkCRda2g2ZGHDNBdmzFGx1b7XoOvGvKncV9/G6VK0ubpCHMziHMnhwA1V4gBr4IOAZ3uATvhx0Xp1352MezTmLP6ewBOf7Dx5DihM=</latexit><latexit sha1_base64="met+vrVNuHeem4EsaMvMv7VcTSM=">AAAB4nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBPUW8OIxgpsEkhBmJ73JmNkHM71CCPkCL4onxQ/yF/wbJ49LEgsGiqoauquDVElDrvvr5DY2t7Z38ruFvf2Dw6Pi8UndJJkW6ItEJboZcINKxuiTJIXNVCOPAoWNYHg/9RsvqI1M4icapdiJeD+WoRScrFRvdk05vOwWS27FnYGtE29BSrBArVv8afcSkUUYk1DcmJbnptQZc01SKJwU2pnBlIsh7+N4tuOEXVipx8JE2xcTm6lLOR4ZM4oCm4w4DcyqNxX/81oZhbedsYzTjDAW80FhphglbFqY9aRGQWpkCRda2g2ZGHDNBdmzFGx1b7XoOvGvKncV9/G6VK0ubpCHMziHMnhwA1V4gBr4IOAZ3uATvhx0Xp1352MezTmLP6ewBOf7Dx5DihM=</latexit><latexit sha1_base64="met+vrVNuHeem4EsaMvMv7VcTSM=">AAAB4nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBPUW8OIxgpsEkhBmJ73JmNkHM71CCPkCL4onxQ/yF/wbJ49LEgsGiqoauquDVElDrvvr5DY2t7Z38ruFvf2Dw6Pi8UndJJkW6ItEJboZcINKxuiTJIXNVCOPAoWNYHg/9RsvqI1M4icapdiJeD+WoRScrFRvdk05vOwWS27FnYGtE29BSrBArVv8afcSkUUYk1DcmJbnptQZc01SKJwU2pnBlIsh7+N4tuOEXVipx8JE2xcTm6lLOR4ZM4oCm4w4DcyqNxX/81oZhbedsYzTjDAW80FhphglbFqY9aRGQWpkCRda2g2ZGHDNBdmzFGx1b7XoOvGvKncV9/G6VK0ubpCHMziHMnhwA1V4gBr4IOAZ3uATvhx0Xp1352MezTmLP6ewBOf7Dx5DihM=</latexit>

[�fC
2
,
fC
2
] = [� 1

2T
,
1

2T
]

<latexit sha1_base64="a5EpTJRJ979tn23OGEw85M85Gow=">AAACG3icbVDLSgMxFL3js9bXqEs3wSK40DJTBHVRKHTjskLHFtphyKSZNjTzIMkIZeivuPFXXKi4Ulz4N6btdNHWA4FzzzkhOddPOJPKsn6NtfWNza3twk5xd2//4NA8On6UcSoIdUjMY9H2saScRdRRTHHaTgTFoc9pyx/WJ37riQrJ4qipRgl1Q9yPWMAIVlryzGrnqhsITLLAq4+zyvhyYXJRFc0Dthaac382uJ5ZssrWFGiV2DkpQY6GZ751ezFJQxopwrGUHdtKlJthoRjhdFzsppImmAxxn2bTcmN0rqUeCmKhT6TQVF3I4VDKUejrZIjVQC57E/E/r5Oq4NbNWJSkikZk9lCQcqRiNNkU6jFBieIjTTARTP8QkQHW7ZXeZ1FXt5eLrhKnUr4rWw/XpVot30EBTuEMLsCGG6jBPTTAAQIv8A5f8G08G6/Gh/E5i64Z+Z0TWIDx8wf5+qCq</latexit><latexit sha1_base64="a5EpTJRJ979tn23OGEw85M85Gow=">AAACG3icbVDLSgMxFL3js9bXqEs3wSK40DJTBHVRKHTjskLHFtphyKSZNjTzIMkIZeivuPFXXKi4Ulz4N6btdNHWA4FzzzkhOddPOJPKsn6NtfWNza3twk5xd2//4NA8On6UcSoIdUjMY9H2saScRdRRTHHaTgTFoc9pyx/WJ37riQrJ4qipRgl1Q9yPWMAIVlryzGrnqhsITLLAq4+zyvhyYXJRFc0Dthaac382uJ5ZssrWFGiV2DkpQY6GZ751ezFJQxopwrGUHdtKlJthoRjhdFzsppImmAxxn2bTcmN0rqUeCmKhT6TQVF3I4VDKUejrZIjVQC57E/E/r5Oq4NbNWJSkikZk9lCQcqRiNNkU6jFBieIjTTARTP8QkQHW7ZXeZ1FXt5eLrhKnUr4rWw/XpVot30EBTuEMLsCGG6jBPTTAAQIv8A5f8G08G6/Gh/E5i64Z+Z0TWIDx8wf5+qCq</latexit><latexit sha1_base64="a5EpTJRJ979tn23OGEw85M85Gow=">AAACG3icbVDLSgMxFL3js9bXqEs3wSK40DJTBHVRKHTjskLHFtphyKSZNjTzIMkIZeivuPFXXKi4Ulz4N6btdNHWA4FzzzkhOddPOJPKsn6NtfWNza3twk5xd2//4NA8On6UcSoIdUjMY9H2saScRdRRTHHaTgTFoc9pyx/WJ37riQrJ4qipRgl1Q9yPWMAIVlryzGrnqhsITLLAq4+zyvhyYXJRFc0Dthaac382uJ5ZssrWFGiV2DkpQY6GZ751ezFJQxopwrGUHdtKlJthoRjhdFzsppImmAxxn2bTcmN0rqUeCmKhT6TQVF3I4VDKUejrZIjVQC57E/E/r5Oq4NbNWJSkikZk9lCQcqRiNNkU6jFBieIjTTARTP8QkQHW7ZXeZ1FXt5eLrhKnUr4rWw/XpVot30EBTuEMLsCGG6jBPTTAAQIv8A5f8G08G6/Gh/E5i64Z+Z0TWIDx8wf5+qCq</latexit>

Infatti, per segnali a tempo discreto, non si può distinguere tra due segnali sinusoidali

di frequenza f0 e f0+k/T

Xs(f) =
+1X

n=�1
x[n] e�i2⇡nfT

<latexit sha1_base64="mdorfsLsopgtXeJeTSkqC2QtjjI=">AAACHHicbVBPSwJBHJ21f2b/rI5dfiSBUcoqQXUwhC4dDTQFV5fZcVYHZ2eXmdlIFj9Ll75KEEWnIujbtOpe1B4MPN57w8x7TsCZ0qb5a6RWVtfWN9Kbma3tnd297P7Bg/JDSWiD+NyXLQcrypmgDc00p61AUuw5nDad4e3Ebz5SqZgv6noU0I6H+4K5jGAdS3b2pmWrvHsKFbBU6NmRqBQsJlw9Gnejs4TBU1t0wDoH2o0KDMpgBQwEuFAf29mcWTSngGVSSkgOJajZ2Ter55PQo0ITjpVql8xAdyIsNSOcjjNWqGiAyRD3aTRtN4aTWOqB68v4CA1TdS6HPaVGnhMnPawHatGbiP957VC7V52IiSDUVJDZQ27IQfswmQp6TFKi+SgmmEgW/xDIAEtMdDxoJq5eWiy6TBrl4nXRvL/IVavJBml0hI5RHpXQJaqiO1RDDUTQC3pHX+jbeDZejQ/jcxZNGcmdQzQH4+cPIrafZA==</latexit><latexit sha1_base64="mdorfsLsopgtXeJeTSkqC2QtjjI=">AAACHHicbVBPSwJBHJ21f2b/rI5dfiSBUcoqQXUwhC4dDTQFV5fZcVYHZ2eXmdlIFj9Ll75KEEWnIujbtOpe1B4MPN57w8x7TsCZ0qb5a6RWVtfWN9Kbma3tnd297P7Bg/JDSWiD+NyXLQcrypmgDc00p61AUuw5nDad4e3Ebz5SqZgv6noU0I6H+4K5jGAdS3b2pmWrvHsKFbBU6NmRqBQsJlw9Gnejs4TBU1t0wDoH2o0KDMpgBQwEuFAf29mcWTSngGVSSkgOJajZ2Ter55PQo0ITjpVql8xAdyIsNSOcjjNWqGiAyRD3aTRtN4aTWOqB68v4CA1TdS6HPaVGnhMnPawHatGbiP957VC7V52IiSDUVJDZQ27IQfswmQp6TFKi+SgmmEgW/xDIAEtMdDxoJq5eWiy6TBrl4nXRvL/IVavJBml0hI5RHpXQJaqiO1RDDUTQC3pHX+jbeDZejQ/jcxZNGcmdQzQH4+cPIrafZA==</latexit><latexit sha1_base64="mdorfsLsopgtXeJeTSkqC2QtjjI=">AAACHHicbVBPSwJBHJ21f2b/rI5dfiSBUcoqQXUwhC4dDTQFV5fZcVYHZ2eXmdlIFj9Ll75KEEWnIujbtOpe1B4MPN57w8x7TsCZ0qb5a6RWVtfWN9Kbma3tnd297P7Bg/JDSWiD+NyXLQcrypmgDc00p61AUuw5nDad4e3Ebz5SqZgv6noU0I6H+4K5jGAdS3b2pmWrvHsKFbBU6NmRqBQsJlw9Gnejs4TBU1t0wDoH2o0KDMpgBQwEuFAf29mcWTSngGVSSkgOJajZ2Ter55PQo0ITjpVql8xAdyIsNSOcjjNWqGiAyRD3aTRtN4aTWOqB68v4CA1TdS6HPaVGnhMnPawHatGbiP957VC7V52IiSDUVJDZQ27IQfswmQp6TFKi+SgmmEgW/xDIAEtMdDxoJq5eWiy6TBrl4nXRvL/IVavJBml0hI5RHpXQJaqiO1RDDUTQC3pHX+jbeDZejQ/jcxZNGcmdQzQH4+cPIrafZA==</latexit>

ei2⇡(f0+m/T )nT = ei2⇡(f0nT )ei2⇡mn = ei2⇡(f0nT )
<latexit sha1_base64="dw98o+Vz5GK5mNVf+ox0GFLMImI=">AAACL3icbZDLSgMxFIYz9VbrrerSTbAILUKdKYK6EIoudFmhtYV2HDJppg1NMkOSEcrQR3Ljo+hGQcWtb2F6QWrbA4Gf7z+Hk/P7EaNK2/a7lVpaXlldS69nNja3tneyu3v3KowlJjUcslA2fKQIo4LUNNWMNCJJEPcZqfu966FffyRS0VBUdT8iLkcdQQOKkTbIy96Qh4SWWhHNB559zE+qBVEdwEs4jUW1MPgDkItFvpfN2UV7VHBeOBORA5OqeNmXVjvEMSdCY4aUajp2pN0ESU0xI4NMK1YkQriHOqRppECcKDcZHTyAR4a0YRBK84SGIzo9kSCuVJ/7ppMj3VWz3hAu8pqxDs7dhIoo1kTg8aIgZlCHcJgebFNJsGZ9IxCW1PwV4i6SCGuTccaE4MyePC9qpeJF0bk7zZWvJmmkwQE4BHnggDNQBregAmoAgyfwCj7Ap/VsvVlf1ve4NWVNZvbBv7J+fgHvv6a5</latexit><latexit sha1_base64="dw98o+Vz5GK5mNVf+ox0GFLMImI=">AAACL3icbZDLSgMxFIYz9VbrrerSTbAILUKdKYK6EIoudFmhtYV2HDJppg1NMkOSEcrQR3Ljo+hGQcWtb2F6QWrbA4Gf7z+Hk/P7EaNK2/a7lVpaXlldS69nNja3tneyu3v3KowlJjUcslA2fKQIo4LUNNWMNCJJEPcZqfu966FffyRS0VBUdT8iLkcdQQOKkTbIy96Qh4SWWhHNB559zE+qBVEdwEs4jUW1MPgDkItFvpfN2UV7VHBeOBORA5OqeNmXVjvEMSdCY4aUajp2pN0ESU0xI4NMK1YkQriHOqRppECcKDcZHTyAR4a0YRBK84SGIzo9kSCuVJ/7ppMj3VWz3hAu8pqxDs7dhIoo1kTg8aIgZlCHcJgebFNJsGZ9IxCW1PwV4i6SCGuTccaE4MyePC9qpeJF0bk7zZWvJmmkwQE4BHnggDNQBregAmoAgyfwCj7Ap/VsvVlf1ve4NWVNZvbBv7J+fgHvv6a5</latexit><latexit sha1_base64="dw98o+Vz5GK5mNVf+ox0GFLMImI=">AAACL3icbZDLSgMxFIYz9VbrrerSTbAILUKdKYK6EIoudFmhtYV2HDJppg1NMkOSEcrQR3Ljo+hGQcWtb2F6QWrbA4Gf7z+Hk/P7EaNK2/a7lVpaXlldS69nNja3tneyu3v3KowlJjUcslA2fKQIo4LUNNWMNCJJEPcZqfu966FffyRS0VBUdT8iLkcdQQOKkTbIy96Qh4SWWhHNB559zE+qBVEdwEs4jUW1MPgDkItFvpfN2UV7VHBeOBORA5OqeNmXVjvEMSdCY4aUajp2pN0ESU0xI4NMK1YkQriHOqRppECcKDcZHTyAR4a0YRBK84SGIzo9kSCuVJ/7ppMj3VWz3hAu8pqxDs7dhIoo1kTg8aIgZlCHcJgebFNJsGZ9IxCW1PwV4i6SCGuTccaE4MyePC9qpeJF0bk7zZWvJmmkwQE4BHnggDNQBregAmoAgyfwCj7Ap/VsvVlf1ve4NWVNZvbBv7J+fgHvv6a5</latexit><latexit sha1_base64="dw98o+Vz5GK5mNVf+ox0GFLMImI=">AAACL3icbZDLSgMxFIYz9VbrrerSTbAILUKdKYK6EIoudFmhtYV2HDJppg1NMkOSEcrQR3Ljo+hGQcWtb2F6QWrbA4Gf7z+Hk/P7EaNK2/a7lVpaXlldS69nNja3tneyu3v3KowlJjUcslA2fKQIo4LUNNWMNCJJEPcZqfu966FffyRS0VBUdT8iLkcdQQOKkTbIy96Qh4SWWhHNB559zE+qBVEdwEs4jUW1MPgDkItFvpfN2UV7VHBeOBORA5OqeNmXVjvEMSdCY4aUajp2pN0ESU0xI4NMK1YkQriHOqRppECcKDcZHTyAR4a0YRBK84SGIzo9kSCuVJ/7ppMj3VWz3hAu8pqxDs7dhIoo1kTg8aIgZlCHcJgebFNJsGZ9IxCW1PwV4i6SCGuTccaE4MyePC9qpeJF0bk7zZWvJmmkwQE4BHnggDNQBregAmoAgyfwCj7Ap/VsvVlf1ve4NWVNZvbBv7J+fgHvv6a5</latexit>

fC =
1

T
<latexit sha1_base64="xcILa6fD9lm/RJkAtJqLh/RvCyI=">AAAB8HicdVDJSgNBFHwTtxi3iR69NAbBU5gRQS9CIBePEbJBEoaeTk/SpGeh+40ShvkPLyJeFPwSf8G/sbMIxqWgoaiq5r16fiKFRsf5sApr6xubW8Xt0s7u3v6BXT5s6zhVjLdYLGPV9anmUkS8hQIl7yaK09CXvONP6jO/c8eVFnHUxGnCByEdRSIQjKKRPLsceHVyTfqBoixz86yZe3bFrTpzEOcX+bIqsETDs9/7w5ilIY+QSap1z3USHGRUoWCS56V+qnlC2YSOeDZfOCenRhqSIFbmRUjm6kqOhlpPQ98kQ4pj/dObiX95vRSDq0EmoiRFHrHFoCCVBGMya0+GQnGGcmoIZUqYDQkbU9MdzY1K36v/T9rnVdepurcXlVpteYQiHMMJnIELl1CDG2hACxjcwyO8wKulrAfryXpeRAvW8s8RrMB6+wTjUI7x</latexit><latexit sha1_base64="xcILa6fD9lm/RJkAtJqLh/RvCyI=">AAAB8HicdVDJSgNBFHwTtxi3iR69NAbBU5gRQS9CIBePEbJBEoaeTk/SpGeh+40ShvkPLyJeFPwSf8G/sbMIxqWgoaiq5r16fiKFRsf5sApr6xubW8Xt0s7u3v6BXT5s6zhVjLdYLGPV9anmUkS8hQIl7yaK09CXvONP6jO/c8eVFnHUxGnCByEdRSIQjKKRPLsceHVyTfqBoixz86yZe3bFrTpzEOcX+bIqsETDs9/7w5ilIY+QSap1z3USHGRUoWCS56V+qnlC2YSOeDZfOCenRhqSIFbmRUjm6kqOhlpPQ98kQ4pj/dObiX95vRSDq0EmoiRFHrHFoCCVBGMya0+GQnGGcmoIZUqYDQkbU9MdzY1K36v/T9rnVdepurcXlVpteYQiHMMJnIELl1CDG2hACxjcwyO8wKulrAfryXpeRAvW8s8RrMB6+wTjUI7x</latexit><latexit sha1_base64="xcILa6fD9lm/RJkAtJqLh/RvCyI=">AAAB8HicdVDJSgNBFHwTtxi3iR69NAbBU5gRQS9CIBePEbJBEoaeTk/SpGeh+40ShvkPLyJeFPwSf8G/sbMIxqWgoaiq5r16fiKFRsf5sApr6xubW8Xt0s7u3v6BXT5s6zhVjLdYLGPV9anmUkS8hQIl7yaK09CXvONP6jO/c8eVFnHUxGnCByEdRSIQjKKRPLsceHVyTfqBoixz86yZe3bFrTpzEOcX+bIqsETDs9/7w5ilIY+QSap1z3USHGRUoWCS56V+qnlC2YSOeDZfOCenRhqSIFbmRUjm6kqOhlpPQ98kQ4pj/dObiX95vRSDq0EmoiRFHrHFoCCVBGMya0+GQnGGcmoIZUqYDQkbU9MdzY1K36v/T9rnVdepurcXlVpteYQiHMMJnIELl1CDG2hACxjcwyO8wKulrAfryXpeRAvW8s8RrMB6+wTjUI7x</latexit><latexit sha1_base64="xcILa6fD9lm/RJkAtJqLh/RvCyI=">AAAB8HicdVDJSgNBFHwTtxi3iR69NAbBU5gRQS9CIBePEbJBEoaeTk/SpGeh+40ShvkPLyJeFPwSf8G/sbMIxqWgoaiq5r16fiKFRsf5sApr6xubW8Xt0s7u3v6BXT5s6zhVjLdYLGPV9anmUkS8hQIl7yaK09CXvONP6jO/c8eVFnHUxGnCByEdRSIQjKKRPLsceHVyTfqBoixz86yZe3bFrTpzEOcX+bIqsETDs9/7w5ilIY+QSap1z3USHGRUoWCS56V+qnlC2YSOeDZfOCenRhqSIFbmRUjm6kqOhlpPQ98kQ4pj/dObiX95vRSDq0EmoiRFHrHFoCCVBGMya0+GQnGGcmoIZUqYDQkbU9MdzY1K36v/T9rnVdepurcXlVpteYQiHMMJnIELl1CDG2hACxjcwyO8wKulrAfryXpeRAvW8s8RrMB6+wTjUI7x</latexit>



Trasformata di Fourier di una sequenza

Trasformata inversa: moltiplico per un fattore di fase e integro nel periodo di base

1
2TZ

� 1
2T

Xs(f) e
i2⇡fnT df =

1
2TZ

� 1
2T

+1X

k=�1
x(kT ) e�i2⇡fkT ei2⇡fnT df =

+1X

k=�1
x(kT )

1
2TZ

� 1
2T

ei2⇡f(n�k)T df

<latexit sha1_base64="ry2/c1KCX9vf138M7QJj/Hnziyk="></latexit><latexit sha1_base64="ry2/c1KCX9vf138M7QJj/Hnziyk="></latexit><latexit sha1_base64="ry2/c1KCX9vf138M7QJj/Hnziyk="></latexit><latexit sha1_base64="bc7eh2/3vltQbBGUTaMbC6iE2Xw=">AAAB43icbVBNS8NAEJ34WeNX9eplsQieSuJFvQlePFYwttCGstls2qWb3bA7EUroH/DgRfHqf/Lmv3H7AWrrg4HHezPMzEsKKSwGwZe3tr6xubVd2/F39/z9g8P60aPVpWE8Ylpq00mo5VIoHqFAyTuF4TRPJG8no9up337ixgqtHnBc8DinAyUywSg6qdWvN4JmMANZJeGCNGCBfv2zl2pW5lwhk9TabhgUGFfUoGCST/xeaXlB2YgOeNdRRXNu42p25oScOSUlmTauFJKZ+nuiorm14zxxnTnFoV32puJ/XrfE7CquhCpK5IrNF2WlJKjJ9GeSCsMZyrEjlBnhbiVsSA1l6JLxXQbh8serJLpoXjeD+58soAYncArnEMIl3MAdtCACBik8w6s39F68N+993rjmLSaO4Q+8j2+HZIrV</latexit><latexit sha1_base64="NtaRkSMhY16ruMP27QSvfKdYrEs="></latexit><latexit sha1_base64="NtaRkSMhY16ruMP27QSvfKdYrEs="></latexit><latexit sha1_base64="8U+2kYYHJIQZWJQnnoE/wE7hTPs="></latexit><latexit sha1_base64="ry2/c1KCX9vf138M7QJj/Hnziyk="></latexit><latexit sha1_base64="ry2/c1KCX9vf138M7QJj/Hnziyk="></latexit><latexit sha1_base64="ry2/c1KCX9vf138M7QJj/Hnziyk="></latexit><latexit sha1_base64="ry2/c1KCX9vf138M7QJj/Hnziyk="></latexit><latexit sha1_base64="ry2/c1KCX9vf138M7QJj/Hnziyk="></latexit>

1
2TZ

� 1
2T

ei2⇡f(n�k)T df =
sin(⇡(n� k))

⇡(n� k)T
=

<latexit sha1_base64="PE4ihEaygyckpxlAi4DsBBBGIa4="></latexit><latexit sha1_base64="PE4ihEaygyckpxlAi4DsBBBGIa4="></latexit><latexit sha1_base64="PE4ihEaygyckpxlAi4DsBBBGIa4="></latexit>

sin[⇡(k � n)]

⇡(k � n)f0
=

(
0, k 6= n
1
T k = n

<latexit sha1_base64="dW6B9GmiMWg42WEFVGrHNTzvAIY="></latexit><latexit sha1_base64="dW6B9GmiMWg42WEFVGrHNTzvAIY="></latexit><latexit sha1_base64="dW6B9GmiMWg42WEFVGrHNTzvAIY="></latexit>

+1X

k=�1
x(kT )

1
2TZ

� 1
2T

ei2⇡f(n�k)T df = x(nT ) · 1
T

<latexit sha1_base64="ZxB3RgVg+UjoWcj3vP9b9kGuahs="></latexit><latexit sha1_base64="ZxB3RgVg+UjoWcj3vP9b9kGuahs="></latexit><latexit sha1_base64="ZxB3RgVg+UjoWcj3vP9b9kGuahs="></latexit>

x(nT ) = T

1
2TZ

� 1
2T

Xs(f) e
i2⇡fnT df

<latexit sha1_base64="9UJ7xaChBWNYlOSQFZXPZGb3nhM="></latexit><latexit sha1_base64="9UJ7xaChBWNYlOSQFZXPZGb3nhM="></latexit><latexit sha1_base64="9UJ7xaChBWNYlOSQFZXPZGb3nhM="></latexit>

Antitrasformata di Fourier di una
sequenza

Equazione di sintesi per un segnale
aperiodico a tempo discreto

Per esprimere una sequenza campionata con frequenza fc=1/T sono necessarie
solamente le frequenze nell’intervallo [0,1/T]



Segnali aperiodici a tempo discreto e continuo

x(nT ) = T

1
2TZ

� 1
2T

Xs(f) e
i2⇡fnT df

<latexit sha1_base64="9UJ7xaChBWNYlOSQFZXPZGb3nhM="></latexit><latexit sha1_base64="9UJ7xaChBWNYlOSQFZXPZGb3nhM="></latexit><latexit sha1_base64="9UJ7xaChBWNYlOSQFZXPZGb3nhM="></latexit>

Xs(f) =
+1X

n=�1
x[n] e�i2⇡nfT
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Segnale aperiodico a tempo discreto à spettro in frequenza periodico



Segnali aperiodici a tempo discreto e continuo

x(t) =

+1Z

�1

X(f) ei2⇡ft df
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Segnale aperiodico a tempo continuo à spettro in frequenza aperiodico

X(f) =

+1Z

�1

x(t) e�i2⇡ft dt
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Trasformata discreta di Fourier (DFT)

Finora abbiamo trattato sequenze con numero infinito di termini.

I sistemi di acquisizione ADC acquisiscono un numero limitato di campioni.

• sequenza infinita à intervallo di campionamento infinito à df à 0

• sequenza finita à interfallo di campionamento finito, T0   à Δf = 1/T0

Nel caso di un segnale campionato con N0 campioni con frequenza fc=1/T,
identifichiamo la sequenza periodica, con periodo N0,

con un insieme di N0 numeri reali [x0, x1, .. xN-1]

x[n] =
N0�1X

k=0

Xs,k e
i2⇡nk/N0
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equazione di ANALISI:
studio del contenuto in frequenza
del segnale

equazione di SINTESI: 
ricostruzione del segnale a partire
dalle sue armoniche

x[n] = x[n+N0]
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Xs,k =
1

N0

N0�1X

n=0

x[n] e�i2⇡nk/N0
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Nel caso di sequenze periodiche la rappresentazione mediante antitrasformata
discreta consiste in una somma con un numero finito di addendi



Trasformata discreta di Fourier (DFT)

Nel caso di sequenze periodiche la rappresentazione mediante antitrasformata
discreta consiste in una somma con un numero finito di addendi

Infatti la trasformata di una sequenza periodica di periodo N0 è essa stessa periodica 

con il medesimo periodo:

Xs,k+N0 =
1

N0

N0�1X

n=0

x[n] e�i2⇡n(k+N0)/N0 =
1

N0

N0�1X

n=0

x[n] e�i2⇡nk/N0 e�i2⇡n =
1

N0

N0�1X

n=0

x[n] e�i2⇡nk/N0 = Xs,k
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Xs,k+N0 =
1

N0

N0�1X

n=0

x[n] e�i2⇡n(k+N0)/N0 =
1

N0

N0�1X

n=0

x[n] e�i2⇡nk/N0 e�i2⇡n =
1

N0

N0�1X

n=0

x[n] e�i2⇡nk/N0 = Xs,k
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x[n] =
N0�1X

k=0

Xs,k e
i2⇡nk/N0
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equazione di ANALISI:
studio del contenuto in frequenza
del segnale

equazione di SINTESI: 
ricostruzione del segnale a partire
dalle sue armoniche

Xs,k =
1

N0

N0�1X

n=0

x[n] e�i2⇡nk/N0
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Trasformata discreta di Fourier (DFT)

x[n] può essere espressa come somma finita di N0 termini esponenziali
complessi che oscillano con frequenze fk = (k / N0T), dette armoniche, 
multiple della frequenza fondamentale f0 = 1 / N0T

Conversione A/D 3

1.2 Campionamento mediante impulsi ideali

Un modo molto semplice per campionare un segnale è mediante il prodotto con un treno di
impulsi ideali. Ricordiamo, infatti, che per un impulso ideale vale l’importante proprietà:

x(t) ±(t° t0) = x(t0) ±(t° t0)

che permette di estrarre il valore del segnale in cui è centrato l’impulso. Moltiplicando allora
x(t) per un treno di impulsi, ±̃T (t), periodico di periodo pari proprio al passo di campionamento
T , si ottiene il segnale campionato x±(t):

x±(t) = x(t) ±̃T (t)

= x(t)
+1X

n=°1
±(t° nT ) (1)

=
+1X

n=°1
x(nT ) ±(t° nT ) (2)

il segnale campionato non è altro che un treno di impulsi le cui ampiezze rappresentano i campioni
di x(t) in intervalli equispaziati di T (figura 3).

-

-

-

6 6 6 6666

t

t

t

±̃T (t)æ -
T

6

6 6 6

6

66
x±(t)

x(t)

x(0)

x(T )

0

Figura 3: Campionamento mediante un treno di impulsi ideali.

a.a. 2010-2011 Dai segnali analogici a quelli numerici

T

T0

0 N0-1

N0T = T0
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f0 =
1

T0
=

1

N0T
<latexit sha1_base64="K2VQCVOTId7+TKQ+sCu5cQAh6GE=">AAACAnicbVDLSgMxFL3js9bXqEs3wSq4KhkR1IVQcONKKnRsoS1DJs20oZkHSUYowyzd+CtuFFeKH+Av+Dem7Sxs64HAyTn3kpzjJ4IrjfGPtbS8srq2Xtoob25t7+zae/sPKk4lZS6NRSxbPlFM8Ii5mmvBWolkJPQFa/rDm7HffGRS8Thq6FHCuiHpRzzglGgjefZx4GF0jTqBJDRz8qzh4fzv/c7DjdyzK7iKJ0CLxClIBQrUPfu704tpGrJIU0GUajs40d2MSM2pYHm5kyqWEDokfZZNMuToxEg9FMTSnEijiTozR0KlRqFvJkOiB2reG4v/ee1UB5fdjEdJqllEpw8FqUA6RuNCUI9LRrUYGUKo5OaHiA6Iia9NbWUT3ZkPukjcs+pVFd+fV2q1ooMSHMIRnIIDF1CDW6iDCxSe4RU+4NN6sl6sN+t9OrpkFTsHMAPr6xfsWpXE</latexit><latexit sha1_base64="K2VQCVOTId7+TKQ+sCu5cQAh6GE=">AAACAnicbVDLSgMxFL3js9bXqEs3wSq4KhkR1IVQcONKKnRsoS1DJs20oZkHSUYowyzd+CtuFFeKH+Av+Dem7Sxs64HAyTn3kpzjJ4IrjfGPtbS8srq2Xtoob25t7+zae/sPKk4lZS6NRSxbPlFM8Ii5mmvBWolkJPQFa/rDm7HffGRS8Thq6FHCuiHpRzzglGgjefZx4GF0jTqBJDRz8qzh4fzv/c7DjdyzK7iKJ0CLxClIBQrUPfu704tpGrJIU0GUajs40d2MSM2pYHm5kyqWEDokfZZNMuToxEg9FMTSnEijiTozR0KlRqFvJkOiB2reG4v/ee1UB5fdjEdJqllEpw8FqUA6RuNCUI9LRrUYGUKo5OaHiA6Iia9NbWUT3ZkPukjcs+pVFd+fV2q1ooMSHMIRnIIDF1CDW6iDCxSe4RU+4NN6sl6sN+t9OrpkFTsHMAPr6xfsWpXE</latexit><latexit sha1_base64="K2VQCVOTId7+TKQ+sCu5cQAh6GE=">AAACAnicbVDLSgMxFL3js9bXqEs3wSq4KhkR1IVQcONKKnRsoS1DJs20oZkHSUYowyzd+CtuFFeKH+Av+Dem7Sxs64HAyTn3kpzjJ4IrjfGPtbS8srq2Xtoob25t7+zae/sPKk4lZS6NRSxbPlFM8Ii5mmvBWolkJPQFa/rDm7HffGRS8Thq6FHCuiHpRzzglGgjefZx4GF0jTqBJDRz8qzh4fzv/c7DjdyzK7iKJ0CLxClIBQrUPfu704tpGrJIU0GUajs40d2MSM2pYHm5kyqWEDokfZZNMuToxEg9FMTSnEijiTozR0KlRqFvJkOiB2reG4v/ee1UB5fdjEdJqllEpw8FqUA6RuNCUI9LRrUYGUKo5OaHiA6Iia9NbWUT3ZkPukjcs+pVFd+fV2q1ooMSHMIRnIIDF1CDW6iDCxSe4RU+4NN6sl6sN+t9OrpkFTsHMAPr6xfsWpXE</latexit>

frequenza
fondamentale

fmax =
1

T
<latexit sha1_base64="9XfKvT/48cARayUsOW7WL+Kr+8I=">AAAB+nicbVDLSsNAFL2pr1pfUZe6GCyCq5KIoC6EghuXFRpbaEqYTCft0EkmzEykJWTjr7hRXCl+hL/g3zh9bNp6YOBwzhnuPTdMOVPacX6t0tr6xuZWebuys7u3f2AfHj0pkUlCPSK4kO0QK8pZQj3NNKftVFIch5y2wuH9xG89U6mYSJp6nNJujPsJixjB2kiBfRoFuR+HYpTHeFQU6A75kcQkd4u8WQR21ak5U6BV4s5JFeZoBPaP3xMki2miCcdKdVwn1d0cS80Ip0XFzxRNMRniPs2nuxfo3Eg9FAlpXqLRVF3I4VipcRyaZIz1QC17E/E/r5Pp6KabsyTNNE3IbFCUcaQFmhwC9ZikRPOxIZhIZjZEZIBNd23OVTHV3eWiq8S7rN3WnMerar0+v0EZTuAMLsCFa6jDAzTAAwIv8Aaf8GUV1qv1bn3MoiVr/ucYFmB9/wG2yZQ2</latexit><latexit sha1_base64="9XfKvT/48cARayUsOW7WL+Kr+8I=">AAAB+nicbVDLSsNAFL2pr1pfUZe6GCyCq5KIoC6EghuXFRpbaEqYTCft0EkmzEykJWTjr7hRXCl+hL/g3zh9bNp6YOBwzhnuPTdMOVPacX6t0tr6xuZWebuys7u3f2AfHj0pkUlCPSK4kO0QK8pZQj3NNKftVFIch5y2wuH9xG89U6mYSJp6nNJujPsJixjB2kiBfRoFuR+HYpTHeFQU6A75kcQkd4u8WQR21ak5U6BV4s5JFeZoBPaP3xMki2miCcdKdVwn1d0cS80Ip0XFzxRNMRniPs2nuxfo3Eg9FAlpXqLRVF3I4VipcRyaZIz1QC17E/E/r5Pp6KabsyTNNE3IbFCUcaQFmhwC9ZikRPOxIZhIZjZEZIBNd23OVTHV3eWiq8S7rN3WnMerar0+v0EZTuAMLsCFa6jDAzTAAwIv8Aaf8GUV1qv1bn3MoiVr/ucYFmB9/wG2yZQ2</latexit><latexit sha1_base64="9XfKvT/48cARayUsOW7WL+Kr+8I=">AAAB+nicbVDLSsNAFL2pr1pfUZe6GCyCq5KIoC6EghuXFRpbaEqYTCft0EkmzEykJWTjr7hRXCl+hL/g3zh9bNp6YOBwzhnuPTdMOVPacX6t0tr6xuZWebuys7u3f2AfHj0pkUlCPSK4kO0QK8pZQj3NNKftVFIch5y2wuH9xG89U6mYSJp6nNJujPsJixjB2kiBfRoFuR+HYpTHeFQU6A75kcQkd4u8WQR21ak5U6BV4s5JFeZoBPaP3xMki2miCcdKdVwn1d0cS80Ip0XFzxRNMRniPs2nuxfo3Eg9FAlpXqLRVF3I4VipcRyaZIz1QC17E/E/r5Pp6KabsyTNNE3IbFCUcaQFmhwC9ZikRPOxIZhIZjZEZIBNd23OVTHV3eWiq8S7rN3WnMerar0+v0EZTuAMLsCFa6jDAzTAAwIv8Aaf8GUV1qv1bn3MoiVr/ucYFmB9/wG2yZQ2</latexit>

frequenza
massima

x(nT ) =
N0�1X

k=0

Xs,k e
i2⇡nk/N0 =

N0�1X

k=0

Xs,k e
i2⇡ k

N0T nT

<latexit sha1_base64="uomi6pMussDOZxtUeCG7SWyCfVk="></latexit><latexit sha1_base64="uomi6pMussDOZxtUeCG7SWyCfVk="></latexit><latexit sha1_base64="uomi6pMussDOZxtUeCG7SWyCfVk="></latexit>



Campionamento di un segnale periodico

Campionamento di segnale analogico periodico ;
<latexit sha1_base64="8toqtSQqFtB/VlWmLxpvzOgIFTQ=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO4KblxWcWyhU0omzbShmWRI7iil9CPcKK4Uv8Zf8G9MH5u2Hggczjnh3nPjTAqLvv/rFdbWNza3itulnd29/YPy4dGT1blhPGRaatOMqeVSKB6iQMmbmeE0jSVvxIPbid945sYKrR5xmPF2SntKJIJRdFIUqQfR6yM1Rr90yhW/6k9BVkkwJxWYo94p/0RdzfKUK2SSWtsK/AzbI2pQMMnHpSi3PKNsQHt8NN10TM6c1CWJNu4pJFN1IUdTa4dp7JIpxb5d9ibif14rx+S6PRIqy5ErNhuU5JKgJpPapCsMZyiHjlBmhNuQsD41lKE7TslVD5aLrpLwonpT9e8vK7Xa/AZFOIFTOIcArqAGd1CHEBhk8Aaf8OUNvFfv3fuYRQve/M8xLMD7/gOWWY1h</latexit><latexit sha1_base64="8toqtSQqFtB/VlWmLxpvzOgIFTQ=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO4KblxWcWyhU0omzbShmWRI7iil9CPcKK4Uv8Zf8G9MH5u2Hggczjnh3nPjTAqLvv/rFdbWNza3itulnd29/YPy4dGT1blhPGRaatOMqeVSKB6iQMmbmeE0jSVvxIPbid945sYKrR5xmPF2SntKJIJRdFIUqQfR6yM1Rr90yhW/6k9BVkkwJxWYo94p/0RdzfKUK2SSWtsK/AzbI2pQMMnHpSi3PKNsQHt8NN10TM6c1CWJNu4pJFN1IUdTa4dp7JIpxb5d9ibif14rx+S6PRIqy5ErNhuU5JKgJpPapCsMZyiHjlBmhNuQsD41lKE7TslVD5aLrpLwonpT9e8vK7Xa/AZFOIFTOIcArqAGd1CHEBhk8Aaf8OUNvFfv3fuYRQve/M8xLMD7/gOWWY1h</latexit><latexit sha1_base64="8toqtSQqFtB/VlWmLxpvzOgIFTQ=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO4KblxWcWyhU0omzbShmWRI7iil9CPcKK4Uv8Zf8G9MH5u2Hggczjnh3nPjTAqLvv/rFdbWNza3itulnd29/YPy4dGT1blhPGRaatOMqeVSKB6iQMmbmeE0jSVvxIPbid945sYKrR5xmPF2SntKJIJRdFIUqQfR6yM1Rr90yhW/6k9BVkkwJxWYo94p/0RdzfKUK2SSWtsK/AzbI2pQMMnHpSi3PKNsQHt8NN10TM6c1CWJNu4pJFN1IUdTa4dp7JIpxb5d9ibif14rx+S6PRIqy5ErNhuU5JKgJpPapCsMZyiHjlBmhNuQsD41lKE7TslVD5aLrpLwonpT9e8vK7Xa/AZFOIFTOIcArqAGd1CHEBhk8Aaf8OUNvFfv3fuYRQve/M8xLMD7/gOWWY1h</latexit><latexit sha1_base64="I0sgva1OtOsL9YKAn9BDCr67lQA=">AAAB2XicbVBNSwMxFHypX3X9ql69BIvgqex6UW+CF48VXFtoa8lms21oNrskb4VSevNUvIn/yb/gvzHdFqStA4FhZsJ786JcSYu+/0MqW9s7u3vVfe/g0Ds6PqmdvtisMFyEPFOZaUfMCiW1CFGiEu3cCJZGSrSi0cPcb70JY2Wmn3Gci17KBlomkjN0UrNfq/sNvwTdJMGS1GGJfu27G2e8SIVGrpi1ncDPsTdhBiVXYup1CytyxkdsICblclN66aSYJplxTyMt1ZUcS60dp5FLpgyHdt2bi/95nQKT295E6rxAofliUFIoihmdN6WxNIKjGjvCuJFuQ8qHzDCO7h6eax6s99wk4XXjruE//V0AqnAOF3AFAdzAPTxCE0LgEMMMPskreScz8rEIVsjyxxmsgHz9ApEChoA=</latexit><latexit sha1_base64="30MzV/GZIpWaitI73BI6wJPOuQA=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsy4se4ENy6rOLbQKSWTZtrQTDIkd5RS+hFuFFeKX+Mv+DemD5C2Hggczjnh3nPjTAqLvv/jFdbWNza3itulnd29/YPy4dGj1blhPGRaatOMqeVSKB6iQMmbmeE0jSVvxIObid944sYKrR5wmPF2SntKJIJRdFIUqXvR6yM1Rj93yhW/6k9BVkkwJxWYo94pf0ddzfKUK2SSWtsK/AzbI2pQMMnHpSi3PKNsQHt8NN10TM6c1CWJNu4pJFN1IUdTa4dp7JIpxb5d9ibif14rx6TWHgmV5cgVmw1KcklQk0lt0hWGM5RDRygzwm1IWJ8aytAdp+SqB8tFV0l4Ub2q+nd/J4AinMApnEMAl3ANt1CHEBhk8Aof8OkNvBfvzXufRQve/M8xLMD7+gVuWYzd</latexit><latexit sha1_base64="30MzV/GZIpWaitI73BI6wJPOuQA=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsy4se4ENy6rOLbQKSWTZtrQTDIkd5RS+hFuFFeKX+Mv+DemD5C2Hggczjnh3nPjTAqLvv/jFdbWNza3itulnd29/YPy4dGj1blhPGRaatOMqeVSKB6iQMmbmeE0jSVvxIObid944sYKrR5wmPF2SntKJIJRdFIUqXvR6yM1Rj93yhW/6k9BVkkwJxWYo94pf0ddzfKUK2SSWtsK/AzbI2pQMMnHpSi3PKNsQHt8NN10TM6c1CWJNu4pJFN1IUdTa4dp7JIpxb5d9ibif14rx6TWHgmV5cgVmw1KcklQk0lt0hWGM5RDRygzwm1IWJ8aytAdp+SqB8tFV0l4Ub2q+nd/J4AinMApnEMAl3ANt1CHEBhk8Aof8OkNvBfvzXufRQve/M8xLMD7+gVuWYzd</latexit><latexit sha1_base64="Lw7ZMjfJ80eRgWsPbMrBSw6AzgM=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclRk36q7gxmUVxxY6pWTSTBuaSYbkjlJKP8KN4krxa/wF/8a0nU1bDwQO55xw77lxJoVF3//11tY3Nre2Szvl3b39g8PK0fGT1blhPGRaatOKqeVSKB6iQMlbmeE0jSVvxsPbqd985sYKrR5xlPFOSvtKJIJRdFIUqQfRHyA1Rr90K1W/5s9AVklQkCoUaHQrP1FPszzlCpmk1rYDP8POmBoUTPJJOcotzygb0j4fzzadkHMn9UiijXsKyUxdyNHU2lEau2RKcWCXvan4n9fOMbnujIXKcuSKzQcluSSoybQ26QnDGcqRI5QZ4TYkbEANZeiOU3bVg+WiqyS8rN3U/Hu/Wq8XNyjBKZzBBQRwBXW4gwaEwCCDN/iEL2/ovXrv3sc8uuYVf05gAd73H5UZjV0=</latexit><latexit sha1_base64="8toqtSQqFtB/VlWmLxpvzOgIFTQ=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO4KblxWcWyhU0omzbShmWRI7iil9CPcKK4Uv8Zf8G9MH5u2Hggczjnh3nPjTAqLvv/rFdbWNza3itulnd29/YPy4dGT1blhPGRaatOMqeVSKB6iQMmbmeE0jSVvxIPbid945sYKrR5xmPF2SntKJIJRdFIUqQfR6yM1Rr90yhW/6k9BVkkwJxWYo94p/0RdzfKUK2SSWtsK/AzbI2pQMMnHpSi3PKNsQHt8NN10TM6c1CWJNu4pJFN1IUdTa4dp7JIpxb5d9ibif14rx+S6PRIqy5ErNhuU5JKgJpPapCsMZyiHjlBmhNuQsD41lKE7TslVD5aLrpLwonpT9e8vK7Xa/AZFOIFTOIcArqAGd1CHEBhk8Aaf8OUNvFfv3fuYRQve/M8xLMD7/gOWWY1h</latexit><latexit sha1_base64="8toqtSQqFtB/VlWmLxpvzOgIFTQ=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO4KblxWcWyhU0omzbShmWRI7iil9CPcKK4Uv8Zf8G9MH5u2Hggczjnh3nPjTAqLvv/rFdbWNza3itulnd29/YPy4dGT1blhPGRaatOMqeVSKB6iQMmbmeE0jSVvxIPbid945sYKrR5xmPF2SntKJIJRdFIUqQfR6yM1Rr90yhW/6k9BVkkwJxWYo94p/0RdzfKUK2SSWtsK/AzbI2pQMMnHpSi3PKNsQHt8NN10TM6c1CWJNu4pJFN1IUdTa4dp7JIpxb5d9ibif14rx+S6PRIqy5ErNhuU5JKgJpPapCsMZyiHjlBmhNuQsD41lKE7TslVD5aLrpLwonpT9e8vK7Xa/AZFOIFTOIcArqAGd1CHEBhk8Aaf8OUNvFfv3fuYRQve/M8xLMD7/gOWWY1h</latexit><latexit sha1_base64="8toqtSQqFtB/VlWmLxpvzOgIFTQ=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO4KblxWcWyhU0omzbShmWRI7iil9CPcKK4Uv8Zf8G9MH5u2Hggczjnh3nPjTAqLvv/rFdbWNza3itulnd29/YPy4dGT1blhPGRaatOMqeVSKB6iQMmbmeE0jSVvxIPbid945sYKrR5xmPF2SntKJIJRdFIUqQfR6yM1Rr90yhW/6k9BVkkwJxWYo94p/0RdzfKUK2SSWtsK/AzbI2pQMMnHpSi3PKNsQHt8NN10TM6c1CWJNu4pJFN1IUdTa4dp7JIpxb5d9ibif14rx+S6PRIqy5ErNhuU5JKgJpPapCsMZyiHjlBmhNuQsD41lKE7TslVD5aLrpLwonpT9e8vK7Xa/AZFOIFTOIcArqAGd1CHEBhk8Aaf8OUNvFfv3fuYRQve/M8xLMD7/gOWWY1h</latexit><latexit sha1_base64="8toqtSQqFtB/VlWmLxpvzOgIFTQ=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO4KblxWcWyhU0omzbShmWRI7iil9CPcKK4Uv8Zf8G9MH5u2Hggczjnh3nPjTAqLvv/rFdbWNza3itulnd29/YPy4dGT1blhPGRaatOMqeVSKB6iQMmbmeE0jSVvxIPbid945sYKrR5xmPF2SntKJIJRdFIUqQfR6yM1Rr90yhW/6k9BVkkwJxWYo94p/0RdzfKUK2SSWtsK/AzbI2pQMMnHpSi3PKNsQHt8NN10TM6c1CWJNu4pJFN1IUdTa4dp7JIpxb5d9ibif14rx+S6PRIqy5ErNhuU5JKgJpPapCsMZyiHjlBmhNuQsD41lKE7TslVD5aLrpLwonpT9e8vK7Xa/AZFOIFTOIcArqAGd1CHEBhk8Aaf8OUNvFfv3fuYRQve/M8xLMD7/gOWWY1h</latexit><latexit sha1_base64="8toqtSQqFtB/VlWmLxpvzOgIFTQ=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO4KblxWcWyhU0omzbShmWRI7iil9CPcKK4Uv8Zf8G9MH5u2Hggczjnh3nPjTAqLvv/rFdbWNza3itulnd29/YPy4dGT1blhPGRaatOMqeVSKB6iQMmbmeE0jSVvxIPbid945sYKrR5xmPF2SntKJIJRdFIUqQfR6yM1Rr90yhW/6k9BVkkwJxWYo94p/0RdzfKUK2SSWtsK/AzbI2pQMMnHpSi3PKNsQHt8NN10TM6c1CWJNu4pJFN1IUdTa4dp7JIpxb5d9ibif14rx+S6PRIqy5ErNhuU5JKgJpPapCsMZyiHjlBmhNuQsD41lKE7TslVD5aLrpLwonpT9e8vK7Xa/AZFOIFTOIcArqAGd1CHEBhk8Aaf8OUNvFfv3fuYRQve/M8xLMD7/gOWWY1h</latexit>

Sequenza periodica

Affinché si abbia una sequenza periodica è necessario che un numero intero N0 di 

intervalli di campionamento sia esattamente pari a un qualche numero intero m di 

periodi di ripetizione T0 del segnale originario: N0T=mT0

Per fare questo, l’ADC deve essere “sincronizzato” con il segnale da acquisire



Teorema del campionamento

x[n] = x(nT )
<latexit sha1_base64="mhwUmFz5+GVFbgyE0RIQznbe7ik=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfUgFL14rNDYQhrKZrtpl242YXcjLaF/w4sHFa/+Gm/+G7dtDtr6YODx3gwz84KEM6Vt+9sqrK1vbG4Vt0s7u3v7B+XDo0cVp5JQl8Q8lp0AK8qZoK5mmtNOIimOAk7bwehu5refqFQsFi09Sagf4YFgISNYG6k79oSPbtC4KlrnvXLFrtlzoFXi5KQCOZq98le3H5M0okITjpXyHDvRfoalZoTTaambKppgMsID6hkqcESVn81vnqIzo/RRGEtTQqO5+nsiw5FSkygwnRHWQ7XszcT/PC/V4ZWfMZGkmgqyWBSmHOkYzQJAfSYp0XxiCCaSmVsRGWKJiTYxlUwIzvLLq8S9qF3X7Id6pXGbp1GEEziFKjhwCQ24hya4QCCBZ3iFNyu1Xqx362PRWrDymWP4A+vzB89SkGs=</latexit><latexit sha1_base64="mhwUmFz5+GVFbgyE0RIQznbe7ik=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfUgFL14rNDYQhrKZrtpl242YXcjLaF/w4sHFa/+Gm/+G7dtDtr6YODx3gwz84KEM6Vt+9sqrK1vbG4Vt0s7u3v7B+XDo0cVp5JQl8Q8lp0AK8qZoK5mmtNOIimOAk7bwehu5refqFQsFi09Sagf4YFgISNYG6k79oSPbtC4KlrnvXLFrtlzoFXi5KQCOZq98le3H5M0okITjpXyHDvRfoalZoTTaambKppgMsID6hkqcESVn81vnqIzo/RRGEtTQqO5+nsiw5FSkygwnRHWQ7XszcT/PC/V4ZWfMZGkmgqyWBSmHOkYzQJAfSYp0XxiCCaSmVsRGWKJiTYxlUwIzvLLq8S9qF3X7Id6pXGbp1GEEziFKjhwCQ24hya4QCCBZ3iFNyu1Xqx362PRWrDymWP4A+vzB89SkGs=</latexit><latexit sha1_base64="mhwUmFz5+GVFbgyE0RIQznbe7ik=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfUgFL14rNDYQhrKZrtpl242YXcjLaF/w4sHFa/+Gm/+G7dtDtr6YODx3gwz84KEM6Vt+9sqrK1vbG4Vt0s7u3v7B+XDo0cVp5JQl8Q8lp0AK8qZoK5mmtNOIimOAk7bwehu5refqFQsFi09Sagf4YFgISNYG6k79oSPbtC4KlrnvXLFrtlzoFXi5KQCOZq98le3H5M0okITjpXyHDvRfoalZoTTaambKppgMsID6hkqcESVn81vnqIzo/RRGEtTQqO5+nsiw5FSkygwnRHWQ7XszcT/PC/V4ZWfMZGkmgqyWBSmHOkYzQJAfSYp0XxiCCaSmVsRGWKJiTYxlUwIzvLLq8S9qF3X7Id6pXGbp1GEEziFKjhwCQ24hya4QCCBZ3iFNyu1Xqx362PRWrDymWP4A+vzB89SkGs=</latexit>
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Segnale campionato

Trasformata del segnale continuo x(t) 
associato al segnale campionato x[n]

Xs(f) =
+1X

n=�1

2

4
1Z

�1

X(⌫) ei2⇡⌫nT d⌫

3

5 e�i2⇡nfT =

1Z

�1

X(⌫)
+1X

n=�1
e�i2⇡(f�⌫)nT d⌫
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+1X

n=�1
1 · e�i2⇡nfT = fC

+1X
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�(f � kfC)
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Applico la trasformata di Fourier al “treno di delta”

Xs(f) =
1

T
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k=�1
X(f � kfC) con fC =

1

T
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ei2⇡ktf
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Sostituisco la serie di esponenziali
complessi con la serie di delta di DiracTransformo



Teorema del campionamento

Xs(f) =
1

T

+1X

k=�1
X(f � kfC) con fC =

1

T
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La trasformata di Fourier di una sequenza x[n] ottenuta per campionamento del 
segnale continuo x(t) si ricava dalla periodicizzazione della trasformata di x(t) 

con periodo di ripetizione in frequenza pari alla frequenza di campionamento fC

Conversione A/D 4

Per comprendere in quali condizioni questa operazione non causa una perdita di informazione
sul segnale è necessario operare nel dominio della frequenza. Trasformando la (1):

X±(f) = X(f) § 1
T

+1X

k=°1
±

µ
f ° k

T

∂
(3)

=
1
T

+1X

k=°1
X

µ
f ° k

T

∂
= fc

+1X

k=°1
X(f ° kfc) (4)

Nella (3) si è sfruttato il fatto che la trasformata di Fourier di un treno di impulsi è ancora un
treno di impulsi (cap.4, pag.21), mentre nella (4) si è usata la proprietà: X(f) § ±(f ° f0) =
X(f°f0) (cap.2, pag.36). Lo spettro del segnale campionato è dato dunque dalla sovrapposizione
di repliche di X(f) centrate in 1/T = fc e scalate della stessa quantità. Nell’ipotesi in cui il
segnale abbia spettro X(f) = §(f/B), la trasformata di Fourier del segnale campionato è
mostrata in figura 4 nei casi in cui a) fc > 2B, b) fc = 2B, c) fc < 2B.
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Figura 4: Analisi del campionamento nel dominio della frequenza.

a.a. 2010-2011 Dai segnali analogici a quelli numerici

trasformata di Fourier di un segnale a 
banda rigorosamente limitata

trasformata di Fourier di un segnale a 
banda rigorosamente limitata campionato



Densità spettrale di energia e di potenza

Segnale a energia finita Ex =

1Z

�1

|x(t)|2 dt < 1
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Ex =

1Z

�1

|x(t)|2 dt =
1Z

�1

|X(f)|2 df
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Teorema di Parseval

|X(f)|2
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Densità spettrale di energia: indica quali frequenze contribuiscono a 

definire l’energia totale del segnale (si misura in [u]2/Hz)

Lo spettro in ampiezza determina l’energia di un segnale x(t), lo spettro in fase è
ininfluente
Se vogliamo che l’energia si conservi durante un filtraggio, è necessario
conservare le frequenze che contribuiscono maggiormente all’energia

1Z

�1

|x(t)|2 dt =
1Z

�1

x(t)x⇤(t) dt =

1Z

t=�1

x(t)

2

64
1Z

f=�1

X⇤(f)e�i2⇡ft df

3

75 dt
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=
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X⇤(f)
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4
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x(t)e�i2⇡ft dt
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5 df =
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f=�1

X⇤(t)X(f) df =
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|X(f)|2 df
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x(t) =

+1Z

�1

X(f) ei2⇡ft df
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Banda e durata di un segnale
L’analogo del concetto di durata temporale nel dominio del tempo è il concetto di 

banda 

Si definiscono:

• Segnali a banda rigorosamente limitata (solo i seni…)

• Segnali a banda illimitata

• Segnali a banda praticamente limitata

BUZ

�BL

|X(f)|2df = ↵Ex
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con 0<α<1 (es. 0.9: “banda al 90% 

dell’energia”)



Teorema del campionamento

Xs(f) =
1

T

+1X

k=�1
X(f � kfC) con fC =

1

T
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La trasformata di Fourier di una sequenza x[n] ottenuta per campionamento del 
segnale continuo x(t) si ricava dalla periodicizzazione della trasformata di x(t) 

con periodo di ripetizione in frequenza pari alla frequenza di campionamento fC

X(f)
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“Banda”: intervallo di frequenze

in cui lo spettro è non nullo

Xs(f), fC = 2.5B
<latexit sha1_base64="XgyyyZDntMQ0uKI5kKqA8A3bgGg=">AAAB83icbVDLSsNAFL3xWesrKq7cBItQoYSkKCpFKHbjsoKxhaaEyXTSDp08mJkUSuifuFFcKf6Hv+DfOG2zaeuBgcM5Z7j3Hj9hVEjL+tXW1jc2t7YLO8Xdvf2DQ/3o+EXEKcfEwTGLedtHgjAaEUdSyUg74QSFPiMtf9iY+q0R4YLG0bMcJ6Qbon5EA4qRVJKnn7Y9UQ4uK27NrQVe475qXruVB08vWaY1g7FK7JyUIEfT03/cXozTkEQSMyREx7YS2c0QlxQzMim6qSAJwkPUJ9ls6YlxoaSeEcRcvUgaM3Uhh0IhxqGvkiGSA7HsTcX/vE4qg9tuRqMklSTC80FBygwZG9MGjB7lBEs2VgRhTtWGBh4gjrBUPRXV6fbyoavEqZp3pvV0VarX8w4KcAbnUAYbbqAOj9AEBzBk8Aaf8KWNtFftXfuYR9e0/M8JLED7/gPaUY7Y</latexit><latexit sha1_base64="XgyyyZDntMQ0uKI5kKqA8A3bgGg=">AAAB83icbVDLSsNAFL3xWesrKq7cBItQoYSkKCpFKHbjsoKxhaaEyXTSDp08mJkUSuifuFFcKf6Hv+DfOG2zaeuBgcM5Z7j3Hj9hVEjL+tXW1jc2t7YLO8Xdvf2DQ/3o+EXEKcfEwTGLedtHgjAaEUdSyUg74QSFPiMtf9iY+q0R4YLG0bMcJ6Qbon5EA4qRVJKnn7Y9UQ4uK27NrQVe475qXruVB08vWaY1g7FK7JyUIEfT03/cXozTkEQSMyREx7YS2c0QlxQzMim6qSAJwkPUJ9ls6YlxoaSeEcRcvUgaM3Uhh0IhxqGvkiGSA7HsTcX/vE4qg9tuRqMklSTC80FBygwZG9MGjB7lBEs2VgRhTtWGBh4gjrBUPRXV6fbyoavEqZp3pvV0VarX8w4KcAbnUAYbbqAOj9AEBzBk8Aaf8KWNtFftXfuYR9e0/M8JLED7/gPaUY7Y</latexit><latexit sha1_base64="XgyyyZDntMQ0uKI5kKqA8A3bgGg=">AAAB83icbVDLSsNAFL3xWesrKq7cBItQoYSkKCpFKHbjsoKxhaaEyXTSDp08mJkUSuifuFFcKf6Hv+DfOG2zaeuBgcM5Z7j3Hj9hVEjL+tXW1jc2t7YLO8Xdvf2DQ/3o+EXEKcfEwTGLedtHgjAaEUdSyUg74QSFPiMtf9iY+q0R4YLG0bMcJ6Qbon5EA4qRVJKnn7Y9UQ4uK27NrQVe475qXruVB08vWaY1g7FK7JyUIEfT03/cXozTkEQSMyREx7YS2c0QlxQzMim6qSAJwkPUJ9ls6YlxoaSeEcRcvUgaM3Uhh0IhxqGvkiGSA7HsTcX/vE4qg9tuRqMklSTC80FBygwZG9MGjB7lBEs2VgRhTtWGBh4gjrBUPRXV6fbyoavEqZp3pvV0VarX8w4KcAbnUAYbbqAOj9AEBzBk8Aaf8KWNtFftXfuYR9e0/M8JLED7/gPaUY7Y</latexit>

Per frequenze di campionamento “alte”, il periodo

frequenziale base contiene una copia non distorta

della trasformata del segnale originario

Campionamento



Teorema del campionamento

Xs(f) =
1

T

+1X

k=�1
X(f � kfC) con fC =

1

T
<latexit sha1_base64="bbJ4028MB44XjrAa8zp46RkcWH8="></latexit><latexit sha1_base64="bbJ4028MB44XjrAa8zp46RkcWH8="></latexit><latexit sha1_base64="bbJ4028MB44XjrAa8zp46RkcWH8="></latexit>

La trasformata di Fourier di una sequenza x[n] ottenuta per campionamento del 
segnale continuo x(t) si ricava dalla periodicizzazione della trasformata di x(t) 

con periodo di ripetizione in frequenza pari alla frequenza di campionamento fC

X(f)
<latexit sha1_base64="/faj90FrS5dCdhm+r5L94Z2PpEg=">AAAB4HicbVDLSsNAFL1TX7W+oi7dDBahbkoigroruHFZwdhCW8pkOmmHTiZh5kYopR/gRnGl+EX+gn9j0mbT1gMDh3POcO+5QaKkRdf9JaWNza3tnfJuZW//4PDIOT55tnFquPB5rGLTDpgVSmrho0Ql2okRLAqUaAXj+9xvvQhjZayfcJKIXsSGWoaSM8yldi287DtVt+7OQdeJV5AqFGj2nZ/uIOZpJDRyxazteG6CvSkzKLkSs0o3tSJhfMyGYjrfcEYvMmlAw9hkTyOdq0s5Flk7iYIsGTEc2VUvF//zOimGt72p1EmKQvPFoDBVFGOa16UDaQRHNckI40ZmG1I+YoZxzI5Syap7q0XXiX9Vv6u7j9fVRqO4QRnO4Bxq4MENNOABmuADhxG8wSd8EU5eyTv5WERLpPhzCksg33+bnokt</latexit><latexit sha1_base64="/faj90FrS5dCdhm+r5L94Z2PpEg=">AAAB4HicbVDLSsNAFL1TX7W+oi7dDBahbkoigroruHFZwdhCW8pkOmmHTiZh5kYopR/gRnGl+EX+gn9j0mbT1gMDh3POcO+5QaKkRdf9JaWNza3tnfJuZW//4PDIOT55tnFquPB5rGLTDpgVSmrho0Ql2okRLAqUaAXj+9xvvQhjZayfcJKIXsSGWoaSM8yldi287DtVt+7OQdeJV5AqFGj2nZ/uIOZpJDRyxazteG6CvSkzKLkSs0o3tSJhfMyGYjrfcEYvMmlAw9hkTyOdq0s5Flk7iYIsGTEc2VUvF//zOimGt72p1EmKQvPFoDBVFGOa16UDaQRHNckI40ZmG1I+YoZxzI5Syap7q0XXiX9Vv6u7j9fVRqO4QRnO4Bxq4MENNOABmuADhxG8wSd8EU5eyTv5WERLpPhzCksg33+bnokt</latexit><latexit sha1_base64="/faj90FrS5dCdhm+r5L94Z2PpEg=">AAAB4HicbVDLSsNAFL1TX7W+oi7dDBahbkoigroruHFZwdhCW8pkOmmHTiZh5kYopR/gRnGl+EX+gn9j0mbT1gMDh3POcO+5QaKkRdf9JaWNza3tnfJuZW//4PDIOT55tnFquPB5rGLTDpgVSmrho0Ql2okRLAqUaAXj+9xvvQhjZayfcJKIXsSGWoaSM8yldi287DtVt+7OQdeJV5AqFGj2nZ/uIOZpJDRyxazteG6CvSkzKLkSs0o3tSJhfMyGYjrfcEYvMmlAw9hkTyOdq0s5Flk7iYIsGTEc2VUvF//zOimGt72p1EmKQvPFoDBVFGOa16UDaQRHNckI40ZmG1I+YoZxzI5Syap7q0XXiX9Vv6u7j9fVRqO4QRnO4Bxq4MENNOABmuADhxG8wSd8EU5eyTv5WERLpPhzCksg33+bnokt</latexit>

Xs(f), fC = 1.25B
<latexit sha1_base64="pC+2qrfUB4Owg9AGSPOqeE5fXzg=">AAAB9HicbVDLSsNAFL2pr1pfUcGNm2ARKpSQFEWlCMVuXFYwttCUMJlO2qGTBzMTpdR+ihvFleJ3+Av+jdM2m7YeGDicc4Z77/ETRoW0rF8tt7K6tr6R3yxsbe/s7un7B48iTjkmDo5ZzFs+EoTRiDiSSkZaCSco9Blp+oP6xG8+ES5oHD3IYUI6IepFNKAYSSV5+lHLE6XgrOxW3Wrg1W9ss3Lhlm89vWiZ1hTGMrEzUoQMDU//cbsxTkMSScyQEG3bSmRnhLikmJFxwU0FSRAeoB4ZTbceG6dK6hpBzNWLpDFV53IoFGIY+ioZItkXi95E/M9rpzK46oxolKSSRHg2KEiZIWNjUoHRpZxgyYaKIMyp2tDAfcQRlqqogjrdXjx0mTgV89q07s+LtVrWQR6O4QRKYMMl1OAOGuAAhhd4g0/40p61V+1d+5hFc1r25xDmoH3/AU1LjxM=</latexit><latexit sha1_base64="pC+2qrfUB4Owg9AGSPOqeE5fXzg=">AAAB9HicbVDLSsNAFL2pr1pfUcGNm2ARKpSQFEWlCMVuXFYwttCUMJlO2qGTBzMTpdR+ihvFleJ3+Av+jdM2m7YeGDicc4Z77/ETRoW0rF8tt7K6tr6R3yxsbe/s7un7B48iTjkmDo5ZzFs+EoTRiDiSSkZaCSco9Blp+oP6xG8+ES5oHD3IYUI6IepFNKAYSSV5+lHLE6XgrOxW3Wrg1W9ss3Lhlm89vWiZ1hTGMrEzUoQMDU//cbsxTkMSScyQEG3bSmRnhLikmJFxwU0FSRAeoB4ZTbceG6dK6hpBzNWLpDFV53IoFGIY+ioZItkXi95E/M9rpzK46oxolKSSRHg2KEiZIWNjUoHRpZxgyYaKIMyp2tDAfcQRlqqogjrdXjx0mTgV89q07s+LtVrWQR6O4QRKYMMl1OAOGuAAhhd4g0/40p61V+1d+5hFc1r25xDmoH3/AU1LjxM=</latexit><latexit sha1_base64="pC+2qrfUB4Owg9AGSPOqeE5fXzg=">AAAB9HicbVDLSsNAFL2pr1pfUcGNm2ARKpSQFEWlCMVuXFYwttCUMJlO2qGTBzMTpdR+ihvFleJ3+Av+jdM2m7YeGDicc4Z77/ETRoW0rF8tt7K6tr6R3yxsbe/s7un7B48iTjkmDo5ZzFs+EoTRiDiSSkZaCSco9Blp+oP6xG8+ES5oHD3IYUI6IepFNKAYSSV5+lHLE6XgrOxW3Wrg1W9ss3Lhlm89vWiZ1hTGMrEzUoQMDU//cbsxTkMSScyQEG3bSmRnhLikmJFxwU0FSRAeoB4ZTbceG6dK6hpBzNWLpDFV53IoFGIY+ioZItkXi95E/M9rpzK46oxolKSSRHg2KEiZIWNjUoHRpZxgyYaKIMyp2tDAfcQRlqqogjrdXjx0mTgV89q07s+LtVrWQR6O4QRKYMMl1OAOGuAAhhd4g0/40p61V+1d+5hFc1r25xDmoH3/AU1LjxM=</latexit>

Per frequenze di campionamento “basse”, il periodo

frequenziale base contiene una copia DISTORTA 

della trasformata del segnale originario

Campionamento



Teorema del campionamento

Conversione A/D 4

Per comprendere in quali condizioni questa operazione non causa una perdita di informazione
sul segnale è necessario operare nel dominio della frequenza. Trasformando la (1):

X±(f) = X(f) § 1
T

+1X

k=°1
±

µ
f ° k

T

∂
(3)

=
1
T

+1X

k=°1
X

µ
f ° k

T

∂
= fc

+1X

k=°1
X(f ° kfc) (4)

Nella (3) si è sfruttato il fatto che la trasformata di Fourier di un treno di impulsi è ancora un
treno di impulsi (cap.4, pag.21), mentre nella (4) si è usata la proprietà: X(f) § ±(f ° f0) =
X(f°f0) (cap.2, pag.36). Lo spettro del segnale campionato è dato dunque dalla sovrapposizione
di repliche di X(f) centrate in 1/T = fc e scalate della stessa quantità. Nell’ipotesi in cui il
segnale abbia spettro X(f) = §(f/B), la trasformata di Fourier del segnale campionato è
mostrata in figura 4 nei casi in cui a) fc > 2B, b) fc = 2B, c) fc < 2B.

-

6

6

-

6

-
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-

X(f)
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1
T
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1
T

X±(f)
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c)

fc

1
T

X±(f)

f
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Figura 4: Analisi del campionamento nel dominio della frequenza.

a.a. 2010-2011 Dai segnali analogici a quelli numerici

fC > 2B
<latexit sha1_base64="VrWg5WOMiezORaI4I+N96rYqtKo=">AAAB5HicbVBdSwJBFL1rX2ZfVo+9DEnQk+xKUL2E5EuPBm0KKjI7zurg7OwyczdYxJ/QS9FT0e/pL/RvGnVf1A4MHM45w73nBokUBl331ylsbG5t7xR3S3v7B4dH5eOTZxOnmnGfxTLW7YAaLoXiPgqUvJ1oTqNA8lYwbsz81gvXRsTqCbOE9yI6VCIUjKKV2mG/Qe5I7b5frrhVdw6yTrycVCBHs1/+6Q5ilkZcIZPUmI7nJtibUI2CST4tdVPDE8rGdMgn8y2n5MJKAxLG2j6FZK4u5WhkTBYFNhlRHJlVbyb+53VSDG96E6GSFLlii0FhKgnGZFaZDITmDGVmCWVa2A0JG1FNGdrDlGx1b7XoOvFr1duq+3hVqdfzGxThDM7hEjy4hjo8QBN8YCDhDT7hyxk6r86787GIFpz8zykswfn+A4+YikA=</latexit><latexit sha1_base64="VrWg5WOMiezORaI4I+N96rYqtKo=">AAAB5HicbVBdSwJBFL1rX2ZfVo+9DEnQk+xKUL2E5EuPBm0KKjI7zurg7OwyczdYxJ/QS9FT0e/pL/RvGnVf1A4MHM45w73nBokUBl331ylsbG5t7xR3S3v7B4dH5eOTZxOnmnGfxTLW7YAaLoXiPgqUvJ1oTqNA8lYwbsz81gvXRsTqCbOE9yI6VCIUjKKV2mG/Qe5I7b5frrhVdw6yTrycVCBHs1/+6Q5ilkZcIZPUmI7nJtibUI2CST4tdVPDE8rGdMgn8y2n5MJKAxLG2j6FZK4u5WhkTBYFNhlRHJlVbyb+53VSDG96E6GSFLlii0FhKgnGZFaZDITmDGVmCWVa2A0JG1FNGdrDlGx1b7XoOvFr1duq+3hVqdfzGxThDM7hEjy4hjo8QBN8YCDhDT7hyxk6r86787GIFpz8zykswfn+A4+YikA=</latexit><latexit sha1_base64="VrWg5WOMiezORaI4I+N96rYqtKo=">AAAB5HicbVBdSwJBFL1rX2ZfVo+9DEnQk+xKUL2E5EuPBm0KKjI7zurg7OwyczdYxJ/QS9FT0e/pL/RvGnVf1A4MHM45w73nBokUBl331ylsbG5t7xR3S3v7B4dH5eOTZxOnmnGfxTLW7YAaLoXiPgqUvJ1oTqNA8lYwbsz81gvXRsTqCbOE9yI6VCIUjKKV2mG/Qe5I7b5frrhVdw6yTrycVCBHs1/+6Q5ilkZcIZPUmI7nJtibUI2CST4tdVPDE8rGdMgn8y2n5MJKAxLG2j6FZK4u5WhkTBYFNhlRHJlVbyb+53VSDG96E6GSFLlii0FhKgnGZFaZDITmDGVmCWVa2A0JG1FNGdrDlGx1b7XoOvFr1duq+3hVqdfzGxThDM7hEjy4hjo8QBN8YCDhDT7hyxk6r86787GIFpz8zykswfn+A4+YikA=</latexit>

fC = 2B
<latexit sha1_base64="K7ctAnmyfDnSvZ1QZq4nT682hk8=">AAAB5HicbVBdSwJBFL1rX2ZfVo+9DEnQk+xKUD0Eki89GrQpqMjsOKuDs7PLzN1gEX9CL0VPRb+nv9C/adR9UTswcDjnDPeeGyRSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2casZ9FstYtwNquBSK+yhQ8naiOY0CyVvBuDHzWy9cGxGrJ8wS3ovoUIlQMIpWaof9Brkjtft+ueJW3TnIOvFyUoEczX75pzuIWRpxhUxSYzqem2BvQjUKJvm01E0NTygb0yGfzLeckgsrDUgYa/sUkrm6lKORMVkU2GREcWRWvZn4n9dJMbzpTYRKUuSKLQaFqSQYk1llMhCaM5SZJZRpYTckbEQ1ZWgPU7LVvdWi68SvVW+r7uNVpV7Pb1CEMziHS/DgGurwAE3wgYGEN/iEL2fovDrvzsciWnDyP6ewBOf7D44cij8=</latexit><latexit sha1_base64="K7ctAnmyfDnSvZ1QZq4nT682hk8=">AAAB5HicbVBdSwJBFL1rX2ZfVo+9DEnQk+xKUD0Eki89GrQpqMjsOKuDs7PLzN1gEX9CL0VPRb+nv9C/adR9UTswcDjnDPeeGyRSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2casZ9FstYtwNquBSK+yhQ8naiOY0CyVvBuDHzWy9cGxGrJ8wS3ovoUIlQMIpWaof9Brkjtft+ueJW3TnIOvFyUoEczX75pzuIWRpxhUxSYzqem2BvQjUKJvm01E0NTygb0yGfzLeckgsrDUgYa/sUkrm6lKORMVkU2GREcWRWvZn4n9dJMbzpTYRKUuSKLQaFqSQYk1llMhCaM5SZJZRpYTckbEQ1ZWgPU7LVvdWi68SvVW+r7uNVpV7Pb1CEMziHS/DgGurwAE3wgYGEN/iEL2fovDrvzsciWnDyP6ewBOf7D44cij8=</latexit><latexit sha1_base64="K7ctAnmyfDnSvZ1QZq4nT682hk8=">AAAB5HicbVBdSwJBFL1rX2ZfVo+9DEnQk+xKUD0Eki89GrQpqMjsOKuDs7PLzN1gEX9CL0VPRb+nv9C/adR9UTswcDjnDPeeGyRSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2casZ9FstYtwNquBSK+yhQ8naiOY0CyVvBuDHzWy9cGxGrJ8wS3ovoUIlQMIpWaof9Brkjtft+ueJW3TnIOvFyUoEczX75pzuIWRpxhUxSYzqem2BvQjUKJvm01E0NTygb0yGfzLeckgsrDUgYa/sUkrm6lKORMVkU2GREcWRWvZn4n9dJMbzpTYRKUuSKLQaFqSQYk1llMhCaM5SZJZRpYTckbEQ1ZWgPU7LVvdWi68SvVW+r7uNVpV7Pb1CEMziHS/DgGurwAE3wgYGEN/iEL2fovDrvzsciWnDyP6ewBOf7D44cij8=</latexit>

fC < 2B
<latexit sha1_base64="jMPkMggNHmX8eCSasolGZYwJ+eM=">AAAB5HicbVBdSwJBFL1rX2ZfVo+9DEnQk+xKUEEPki89GrQpqMjsOKuDs7PLzN1gEX9CL0VPRb+nv9C/adR9UTswcDjnDPeeGyRSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2casZ9FstYtwNquBSK+yhQ8naiOY0CyVvBuDHzWy9cGxGrJ8wS3ovoUIlQMIpWaof9Brkjtft+ueJW3TnIOvFyUoEczX75pzuIWRpxhUxSYzqem2BvQjUKJvm01E0NTygb0yGfzLeckgsrDUgYa/sUkrm6lKORMVkU2GREcWRWvZn4n9dJMbzpTYRKUuSKLQaFqSQYk1llMhCaM5SZJZRpYTckbEQ1ZWgPU7LVvdWi68SvVW+r7uNVpV7Pb1CEMziHS/DgGurwAE3wgYGEN/iEL2fovDrvzsciWnDyP6ewBOf7D4ygij4=</latexit><latexit sha1_base64="jMPkMggNHmX8eCSasolGZYwJ+eM=">AAAB5HicbVBdSwJBFL1rX2ZfVo+9DEnQk+xKUEEPki89GrQpqMjsOKuDs7PLzN1gEX9CL0VPRb+nv9C/adR9UTswcDjnDPeeGyRSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2casZ9FstYtwNquBSK+yhQ8naiOY0CyVvBuDHzWy9cGxGrJ8wS3ovoUIlQMIpWaof9Brkjtft+ueJW3TnIOvFyUoEczX75pzuIWRpxhUxSYzqem2BvQjUKJvm01E0NTygb0yGfzLeckgsrDUgYa/sUkrm6lKORMVkU2GREcWRWvZn4n9dJMbzpTYRKUuSKLQaFqSQYk1llMhCaM5SZJZRpYTckbEQ1ZWgPU7LVvdWi68SvVW+r7uNVpV7Pb1CEMziHS/DgGurwAE3wgYGEN/iEL2fovDrvzsciWnDyP6ewBOf7D4ygij4=</latexit><latexit sha1_base64="jMPkMggNHmX8eCSasolGZYwJ+eM=">AAAB5HicbVBdSwJBFL1rX2ZfVo+9DEnQk+xKUEEPki89GrQpqMjsOKuDs7PLzN1gEX9CL0VPRb+nv9C/adR9UTswcDjnDPeeGyRSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2casZ9FstYtwNquBSK+yhQ8naiOY0CyVvBuDHzWy9cGxGrJ8wS3ovoUIlQMIpWaof9Brkjtft+ueJW3TnIOvFyUoEczX75pzuIWRpxhUxSYzqem2BvQjUKJvm01E0NTygb0yGfzLeckgsrDUgYa/sUkrm6lKORMVkU2GREcWRWvZn4n9dJMbzpTYRKUuSKLQaFqSQYk1llMhCaM5SZJZRpYTckbEQ1ZWgPU7LVvdWi68SvVW+r7uNVpV7Pb1CEMziHS/DgGurwAE3wgYGEN/iEL2fovDrvzsciWnDyP6ewBOf7D4ygij4=</latexit>



Teorema del campionamento

Teorema di Nyquist-Shannon: dato un segnale x(t) a banda limitata, la 
minima frequenza necessaria per campionare il segnale x(t) evitando aliasing 
e quindi ricostruire il segnale originale senza perdita di informazione è data 

dal doppio della banda del segnale.

Alta rapidità di variazione à larga banda.

Segnale sottocampionato
Segnale campionato correttamente

fC =
1

T
� 2B

<latexit sha1_base64="vIlrkit0cZpfEFkzGbzdMfqJh+U=">AAAB9nicdVDLSsNAFL2pr1pfUTeCm8EiuCpJEVRQKHbjskJjC6aEyXTSDp08mJkIIcRfcaO4UvwMf8G/cfoQrI8DFw7nnMvcOX7CmVSW9WGUFhaXllfKq5W19Y3NLXN750bGqSDUITGPRdfHknIWUUcxxWk3ERSHPqcdf9Qc+507KiSLo7bKEtoL8SBiASNYackz9wKviS6QGwhMcrvI2wVyBxTVLz2zatesCZD1i3xZVZih5Znvbj8maUgjRTiW8ta2EtXLsVCMcFpU3FTSBJMRHtB8cneBDrXUR0Es9EQKTdS5HA6lzEJfJ0OshvKnNxb/8m5TFZz2chYlqaIRmT4UpBypGI1LQH0mKFE80wQTwfSFiAyxrkDpqirfv/4/ceq1s5p9fVxtnM86KMM+HMAR2HACDbiCFjhA4B4e4QVejcx4MJ6M52m0ZMx2dmEOxtsnP2yQ4w==</latexit><latexit sha1_base64="vIlrkit0cZpfEFkzGbzdMfqJh+U=">AAAB9nicdVDLSsNAFL2pr1pfUTeCm8EiuCpJEVRQKHbjskJjC6aEyXTSDp08mJkIIcRfcaO4UvwMf8G/cfoQrI8DFw7nnMvcOX7CmVSW9WGUFhaXllfKq5W19Y3NLXN750bGqSDUITGPRdfHknIWUUcxxWk3ERSHPqcdf9Qc+507KiSLo7bKEtoL8SBiASNYackz9wKviS6QGwhMcrvI2wVyBxTVLz2zatesCZD1i3xZVZih5Znvbj8maUgjRTiW8ta2EtXLsVCMcFpU3FTSBJMRHtB8cneBDrXUR0Es9EQKTdS5HA6lzEJfJ0OshvKnNxb/8m5TFZz2chYlqaIRmT4UpBypGI1LQH0mKFE80wQTwfSFiAyxrkDpqirfv/4/ceq1s5p9fVxtnM86KMM+HMAR2HACDbiCFjhA4B4e4QVejcx4MJ6M52m0ZMx2dmEOxtsnP2yQ4w==</latexit><latexit sha1_base64="vIlrkit0cZpfEFkzGbzdMfqJh+U=">AAAB9nicdVDLSsNAFL2pr1pfUTeCm8EiuCpJEVRQKHbjskJjC6aEyXTSDp08mJkIIcRfcaO4UvwMf8G/cfoQrI8DFw7nnMvcOX7CmVSW9WGUFhaXllfKq5W19Y3NLXN750bGqSDUITGPRdfHknIWUUcxxWk3ERSHPqcdf9Qc+507KiSLo7bKEtoL8SBiASNYackz9wKviS6QGwhMcrvI2wVyBxTVLz2zatesCZD1i3xZVZih5Znvbj8maUgjRTiW8ta2EtXLsVCMcFpU3FTSBJMRHtB8cneBDrXUR0Es9EQKTdS5HA6lzEJfJ0OshvKnNxb/8m5TFZz2chYlqaIRmT4UpBypGI1LQH0mKFE80wQTwfSFiAyxrkDpqirfv/4/ceq1s5p9fVxtnM86KMM+HMAR2HACDbiCFjhA4B4e4QVejcx4MJ6M52m0ZMx2dmEOxtsnP2yQ4w==</latexit><latexit sha1_base64="vIlrkit0cZpfEFkzGbzdMfqJh+U=">AAAB9nicdVDLSsNAFL2pr1pfUTeCm8EiuCpJEVRQKHbjskJjC6aEyXTSDp08mJkIIcRfcaO4UvwMf8G/cfoQrI8DFw7nnMvcOX7CmVSW9WGUFhaXllfKq5W19Y3NLXN750bGqSDUITGPRdfHknIWUUcxxWk3ERSHPqcdf9Qc+507KiSLo7bKEtoL8SBiASNYackz9wKviS6QGwhMcrvI2wVyBxTVLz2zatesCZD1i3xZVZih5Znvbj8maUgjRTiW8ta2EtXLsVCMcFpU3FTSBJMRHtB8cneBDrXUR0Es9EQKTdS5HA6lzEJfJ0OshvKnNxb/8m5TFZz2chYlqaIRmT4UpBypGI1LQH0mKFE80wQTwfSFiAyxrkDpqirfv/4/ceq1s5p9fVxtnM86KMM+HMAR2HACDbiCFjhA4B4e4QVejcx4MJ6M52m0ZMx2dmEOxtsnP2yQ4w==</latexit>



Teorema del campionamento

Alta rapidità di variazione à larga banda.

Segnale sottocampionato

Segnale campionato correttamente

Il periodo di campionamento deve essere scelto in funzione della banda del 
segnale analogico x(t). 



Teorema del campionamento
Esempio: campionamento di un segnale sinusoidale

Spettro del segnale 
x(t) = sin(2⇡f0t)

<latexit sha1_base64="IVfkgvPnEcYhwE0jv5jhrLze4wA=">AAACBXicbVBNS8NAEN34WetX1KMIi0VoLyUpgnoQil48VrC20JSy2W7apZtN2J1IS+jJi3/FiwcVr/4Hb/4bt20O2vpg4PHeDDPz/FhwDY7zbS0tr6yurec28ptb2zu79t7+vY4SRVmdRiJSTZ9oJrhkdeAgWDNWjIS+YA1/cD3xGw9MaR7JOxjFrB2SnuQBpwSM1LGPhkUo4UvshX40TDWX42LFizkOOg6GUscuOGVnCrxI3IwUUIZax/7yuhFNQiaBCqJ1y3ViaKdEAaeCjfNeollM6ID0WMtQSUKm2+n0jTE+MUoXB5EyJQFP1d8TKQm1HoW+6QwJ9PW8NxH/81oJBOftlMs4ASbpbFGQCAwRnmSCu1wxCmJkCKGKm1sx7RNFKJjk8iYEd/7lRVKvlC/K7u1poXqVpZFDh+gYFZGLzlAV3aAaqiOKHtEzekVv1pP1Yr1bH7PWJSubOUB/YH3+AO38lxA=</latexit><latexit sha1_base64="IVfkgvPnEcYhwE0jv5jhrLze4wA=">AAACBXicbVBNS8NAEN34WetX1KMIi0VoLyUpgnoQil48VrC20JSy2W7apZtN2J1IS+jJi3/FiwcVr/4Hb/4bt20O2vpg4PHeDDPz/FhwDY7zbS0tr6yurec28ptb2zu79t7+vY4SRVmdRiJSTZ9oJrhkdeAgWDNWjIS+YA1/cD3xGw9MaR7JOxjFrB2SnuQBpwSM1LGPhkUo4UvshX40TDWX42LFizkOOg6GUscuOGVnCrxI3IwUUIZax/7yuhFNQiaBCqJ1y3ViaKdEAaeCjfNeollM6ID0WMtQSUKm2+n0jTE+MUoXB5EyJQFP1d8TKQm1HoW+6QwJ9PW8NxH/81oJBOftlMs4ASbpbFGQCAwRnmSCu1wxCmJkCKGKm1sx7RNFKJjk8iYEd/7lRVKvlC/K7u1poXqVpZFDh+gYFZGLzlAV3aAaqiOKHtEzekVv1pP1Yr1bH7PWJSubOUB/YH3+AO38lxA=</latexit><latexit sha1_base64="IVfkgvPnEcYhwE0jv5jhrLze4wA=">AAACBXicbVBNS8NAEN34WetX1KMIi0VoLyUpgnoQil48VrC20JSy2W7apZtN2J1IS+jJi3/FiwcVr/4Hb/4bt20O2vpg4PHeDDPz/FhwDY7zbS0tr6yurec28ptb2zu79t7+vY4SRVmdRiJSTZ9oJrhkdeAgWDNWjIS+YA1/cD3xGw9MaR7JOxjFrB2SnuQBpwSM1LGPhkUo4UvshX40TDWX42LFizkOOg6GUscuOGVnCrxI3IwUUIZax/7yuhFNQiaBCqJ1y3ViaKdEAaeCjfNeollM6ID0WMtQSUKm2+n0jTE+MUoXB5EyJQFP1d8TKQm1HoW+6QwJ9PW8NxH/81oJBOftlMs4ASbpbFGQCAwRnmSCu1wxCmJkCKGKm1sx7RNFKJjk8iYEd/7lRVKvlC/K7u1poXqVpZFDh+gYFZGLzlAV3aAaqiOKHtEzekVv1pP1Yr1bH7PWJSubOUB/YH3+AO38lxA=</latexit><latexit sha1_base64="IVfkgvPnEcYhwE0jv5jhrLze4wA=">AAACBXicbVBNS8NAEN34WetX1KMIi0VoLyUpgnoQil48VrC20JSy2W7apZtN2J1IS+jJi3/FiwcVr/4Hb/4bt20O2vpg4PHeDDPz/FhwDY7zbS0tr6yurec28ptb2zu79t7+vY4SRVmdRiJSTZ9oJrhkdeAgWDNWjIS+YA1/cD3xGw9MaR7JOxjFrB2SnuQBpwSM1LGPhkUo4UvshX40TDWX42LFizkOOg6GUscuOGVnCrxI3IwUUIZax/7yuhFNQiaBCqJ1y3ViaKdEAaeCjfNeollM6ID0WMtQSUKm2+n0jTE+MUoXB5EyJQFP1d8TKQm1HoW+6QwJ9PW8NxH/81oJBOftlMs4ASbpbFGQCAwRnmSCu1wxCmJkCKGKm1sx7RNFKJjk8iYEd/7lRVKvlC/K7u1poXqVpZFDh+gYFZGLzlAV3aAaqiOKHtEzekVv1pP1Yr1bH7PWJSubOUB/YH3+AO38lxA=</latexit>

Spettro del segnale
campionato con  fC > 2f0

<latexit sha1_base64="x721YJz4UvqwdUxuokEdx58P5c4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1IsUe/FYwdhCG8Jmu2mXbnbj7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzopQzbVz321lZXVvf2Cxtlbd3dvf2KweHD1pmilCfSC5VJ8Kaciaob5jhtJMqipOI03Y0ak799hNVmklxb8YpDRI8ECxmBBsrdeKweV2PQzesVN2aOwNaJl5BqlCgFVa+en1JsoQKQzjWuuu5qQlyrAwjnE7KvUzTFJMRHtCupQInVAf57N4JOrVKH8VS2RIGzdTfEzlOtB4nke1MsBnqRW8q/ud1MxNfBjkTaWaoIPNFccaRkWj6POozRYnhY0swUczeisgQK0yMjahsQ/AWX14mfr12VfPuzquNmyKNEhzDCZyBBxfQgFtogQ8EODzDK7w5j86L8+58zFtXnGLmCP7A+fwBVaWPCw==</latexit><latexit sha1_base64="x721YJz4UvqwdUxuokEdx58P5c4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1IsUe/FYwdhCG8Jmu2mXbnbj7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzopQzbVz321lZXVvf2Cxtlbd3dvf2KweHD1pmilCfSC5VJ8Kaciaob5jhtJMqipOI03Y0ak799hNVmklxb8YpDRI8ECxmBBsrdeKweV2PQzesVN2aOwNaJl5BqlCgFVa+en1JsoQKQzjWuuu5qQlyrAwjnE7KvUzTFJMRHtCupQInVAf57N4JOrVKH8VS2RIGzdTfEzlOtB4nke1MsBnqRW8q/ud1MxNfBjkTaWaoIPNFccaRkWj6POozRYnhY0swUczeisgQK0yMjahsQ/AWX14mfr12VfPuzquNmyKNEhzDCZyBBxfQgFtogQ8EODzDK7w5j86L8+58zFtXnGLmCP7A+fwBVaWPCw==</latexit><latexit sha1_base64="x721YJz4UvqwdUxuokEdx58P5c4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1IsUe/FYwdhCG8Jmu2mXbnbj7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzopQzbVz321lZXVvf2Cxtlbd3dvf2KweHD1pmilCfSC5VJ8Kaciaob5jhtJMqipOI03Y0ak799hNVmklxb8YpDRI8ECxmBBsrdeKweV2PQzesVN2aOwNaJl5BqlCgFVa+en1JsoQKQzjWuuu5qQlyrAwjnE7KvUzTFJMRHtCupQInVAf57N4JOrVKH8VS2RIGzdTfEzlOtB4nke1MsBnqRW8q/ud1MxNfBjkTaWaoIPNFccaRkWj6POozRYnhY0swUczeisgQK0yMjahsQ/AWX14mfr12VfPuzquNmyKNEhzDCZyBBxfQgFtogQ8EODzDK7w5j86L8+58zFtXnGLmCP7A+fwBVaWPCw==</latexit><latexit sha1_base64="x721YJz4UvqwdUxuokEdx58P5c4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1IsUe/FYwdhCG8Jmu2mXbnbj7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzopQzbVz321lZXVvf2Cxtlbd3dvf2KweHD1pmilCfSC5VJ8Kaciaob5jhtJMqipOI03Y0ak799hNVmklxb8YpDRI8ECxmBBsrdeKweV2PQzesVN2aOwNaJl5BqlCgFVa+en1JsoQKQzjWuuu5qQlyrAwjnE7KvUzTFJMRHtCupQInVAf57N4JOrVKH8VS2RIGzdTfEzlOtB4nke1MsBnqRW8q/ud1MxNfBjkTaWaoIPNFccaRkWj6POozRYnhY0swUczeisgQK0yMjahsQ/AWX14mfr12VfPuzquNmyKNEhzDCZyBBxfQgFtogQ8EODzDK7w5j86L8+58zFtXnGLmCP7A+fwBVaWPCw==</latexit>

Spettro del segnale
campionato con  fC < 2f0

<latexit sha1_base64="5lqsH7OtD7seHjGtHua0Ob2rYsU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQ7MVjBWMLbQib7aZdutmNuxuhhP4JLx5UvPp7vPlv3LY5aOuDgcd7M8zMi1LOtHHdb2dldW19Y7O0Vd7e2d3brxwcPmiZKUJ9IrlUnQhrypmgvmGG006qKE4iTtvRqDn1209UaSbFvRmnNEjwQLCYEWys1InD5nU9Dt2wUnVr7gxomXgFqUKBVlj56vUlyRIqDOFY667npibIsTKMcDop9zJNU0xGeEC7lgqcUB3ks3sn6NQqfRRLZUsYNFN/T+Q40XqcRLYzwWaoF72p+J/XzUx8GeRMpJmhgswXxRlHRqLp86jPFCWGjy3BRDF7KyJDrDAxNqKyDcFbfHmZ+PXaVc27O682boo0SnAMJ3AGHlxAA26hBT4Q4PAMr/DmPDovzrvzMW9dcYqZI/gD5/MHUpePCQ==</latexit><latexit sha1_base64="5lqsH7OtD7seHjGtHua0Ob2rYsU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQ7MVjBWMLbQib7aZdutmNuxuhhP4JLx5UvPp7vPlv3LY5aOuDgcd7M8zMi1LOtHHdb2dldW19Y7O0Vd7e2d3brxwcPmiZKUJ9IrlUnQhrypmgvmGG006qKE4iTtvRqDn1209UaSbFvRmnNEjwQLCYEWys1InD5nU9Dt2wUnVr7gxomXgFqUKBVlj56vUlyRIqDOFY667npibIsTKMcDop9zJNU0xGeEC7lgqcUB3ks3sn6NQqfRRLZUsYNFN/T+Q40XqcRLYzwWaoF72p+J/XzUx8GeRMpJmhgswXxRlHRqLp86jPFCWGjy3BRDF7KyJDrDAxNqKyDcFbfHmZ+PXaVc27O682boo0SnAMJ3AGHlxAA26hBT4Q4PAMr/DmPDovzrvzMW9dcYqZI/gD5/MHUpePCQ==</latexit><latexit sha1_base64="5lqsH7OtD7seHjGtHua0Ob2rYsU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQ7MVjBWMLbQib7aZdutmNuxuhhP4JLx5UvPp7vPlv3LY5aOuDgcd7M8zMi1LOtHHdb2dldW19Y7O0Vd7e2d3brxwcPmiZKUJ9IrlUnQhrypmgvmGG006qKE4iTtvRqDn1209UaSbFvRmnNEjwQLCYEWys1InD5nU9Dt2wUnVr7gxomXgFqUKBVlj56vUlyRIqDOFY667npibIsTKMcDop9zJNU0xGeEC7lgqcUB3ks3sn6NQqfRRLZUsYNFN/T+Q40XqcRLYzwWaoF72p+J/XzUx8GeRMpJmhgswXxRlHRqLp86jPFCWGjy3BRDF7KyJDrDAxNqKyDcFbfHmZ+PXaVc27O682boo0SnAMJ3AGHlxAA26hBT4Q4PAMr/DmPDovzrvzMW9dcYqZI/gD5/MHUpePCQ==</latexit><latexit sha1_base64="5lqsH7OtD7seHjGtHua0Ob2rYsU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQ7MVjBWMLbQib7aZdutmNuxuhhP4JLx5UvPp7vPlv3LY5aOuDgcd7M8zMi1LOtHHdb2dldW19Y7O0Vd7e2d3brxwcPmiZKUJ9IrlUnQhrypmgvmGG006qKE4iTtvRqDn1209UaSbFvRmnNEjwQLCYEWys1InD5nU9Dt2wUnVr7gxomXgFqUKBVlj56vUlyRIqDOFY667npibIsTKMcDop9zJNU0xGeEC7lgqcUB3ks3sn6NQqfRRLZUsYNFN/T+Q40XqcRLYzwWaoF72p+J/XzUx8GeRMpJmhgswXxRlHRqLp86jPFCWGjy3BRDF7KyJDrDAxNqKyDcFbfHmZ+PXaVc27O682boo0SnAMJ3AGHlxAA26hBT4Q4PAMr/DmPDovzrvzMW9dcYqZI/gD5/MHUpePCQ==</latexit>



Teorema del campionamento
Esempio: campionamento di un segnale sinusoidale

Nel caso di sottocampionamento di un segnale sinusoidale, viene ricostruita 
ancora una sinusoide, ma a frequenza diversa da quella originale e senza 

evidente effetto di distorsione nel segnale: ALIASING



Aliasing

Wagon wheel effect

https://upload.wikimedia.org/wikipedia/commons/e/ef/The_wagon-wheel_effect.ogv



Aliasing

Segnale

f0 = 7 kHz

Campionamento

fC = 10 kHz < 14 kHz

Segnale ricostruito

f1 = 3 kHz

Segnale ricostruito

f2 = 13 kHz


