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SEGNALE: Grandezza fisica variabile nel tempo a cui è associata una 
informazione 

RUMORE: Variazione di una grandezza fisica non associata a una 
informazione

SISTEMA DAQ: Sistema per rivelare/acquisire e meorizzare la variazione 
di una grandezza fisica

Segnale Rumore Sistema DAQ
Suono di un strumento Brusio del pubblico Sala di incisione

Trasmissione radiofonica Segnale del cellulare Registratore
Movimenti di un vigile Persone a passeggio Occhio e cervello 

guidatore
Voce del professore Chiacchere degli studenti Occhio e cervello degli 

studenti

Segnali e Sistemi di Acquisizione



Classificazione dei segnali

Segnali a:
• tempo continuo: x(t), t reale
• tempo discreto: x[t], t intero

Segnali a:
• ampiezza continua
• ampiezza discreta

T continuo T discreto

A continua Analogico Campionato

A discreta Digitale



Classificazione dei segnali

Segnali periodici:
x(t) = x(t+ T0)

<latexit sha1_base64="9VCp0rchD/YeiKXJvis7rJpzwi4= ">AAAB93icbVDLSsNAFL2pr1ofjbp0M1iEFqEkIqgLoejGZYXGFtoQJtNJO3TyYGYi1tAvceNCxa2/4s6/cdpmoa0HLvdwzr3Mne MnnEllWd9GYWV1bX2juFna2t7ZLZt7+/cyTgWhDol5LDo+lpSziDqKKU47iaA49Dlt+6Obqd9+oEKyOGqpcULdEA8iFjCClZY8s/xYVTV0hXQ7aXlWzTMrVt2aAS0TOycVyNH0zK9ePyZpSCNFOJaya1uJcjMsFCOcTkq9VNIEkxEe0K6mEQ6pdLPZ4RN0rJU+CmKhK1Jopv7eyHAo5Tj09WSI1VAuelPxP6+bquDCzViUpIpGZP5QkHKkYjRNAfWZoETxsSaYCKZvRWSIBSZKZ1XSIdiLX14mzmn9sm7fnVUa13kaRTiEI6iCDefQgFtoggMEUniGV3gznowX4934mI8WjHznAP7A+PwBTTaRGg==</latexit><latexit sha1_base64="9VCp0rchD/YeiKXJvis7rJpzwi4= ">AAAB93icbVDLSsNAFL2pr1ofjbp0M1iEFqEkIqgLoejGZYXGFtoQJtNJO3TyYGYi1tAvceNCxa2/4s6/cdpmoa0HLvdwzr3Mne MnnEllWd9GYWV1bX2juFna2t7ZLZt7+/cyTgWhDol5LDo+lpSziDqKKU47iaA49Dlt+6Obqd9+oEKyOGqpcULdEA8iFjCClZY8s/xYVTV0hXQ7aXlWzTMrVt2aAS0TOycVyNH0zK9ePyZpSCNFOJaya1uJcjMsFCOcTkq9VNIEkxEe0K6mEQ6pdLPZ4RN0rJU+CmKhK1Jopv7eyHAo5Tj09WSI1VAuelPxP6+bquDCzViUpIpGZP5QkHKkYjRNAfWZoETxsSaYCKZvRWSIBSZKZ1XSIdiLX14mzmn9sm7fnVUa13kaRTiEI6iCDefQgFtoggMEUniGV3gznowX4934mI8WjHznAP7A+PwBTTaRGg==</latexit><latexit sha1_base64="9VCp0rchD/YeiKXJvis7rJpzwi4= ">AAAB93icbVDLSsNAFL2pr1ofjbp0M1iEFqEkIqgLoejGZYXGFtoQJtNJO3TyYGYi1tAvceNCxa2/4s6/cdpmoa0HLvdwzr3Mne MnnEllWd9GYWV1bX2juFna2t7ZLZt7+/cyTgWhDol5LDo+lpSziDqKKU47iaA49Dlt+6Obqd9+oEKyOGqpcULdEA8iFjCClZY8s/xYVTV0hXQ7aXlWzTMrVt2aAS0TOycVyNH0zK9ePyZpSCNFOJaya1uJcjMsFCOcTkq9VNIEkxEe0K6mEQ6pdLPZ4RN0rJU+CmKhK1Jopv7eyHAo5Tj09WSI1VAuelPxP6+bquDCzViUpIpGZP5QkHKkYjRNAfWZoETxsSaYCKZvRWSIBSZKZ1XSIdiLX14mzmn9sm7fnVUa13kaRTiEI6iCDefQgFtoggMEUniGV3gznowX4934mI8WjHznAP7A+PwBTTaRGg==</latexit><latexit sha1_base64="9VCp0rchD/YeiKXJvis7rJpzwi4= ">AAAB93icbVDLSsNAFL2pr1ofjbp0M1iEFqEkIqgLoejGZYXGFtoQJtNJO3TyYGYi1tAvceNCxa2/4s6/cdpmoa0HLvdwzr3Mne MnnEllWd9GYWV1bX2juFna2t7ZLZt7+/cyTgWhDol5LDo+lpSziDqKKU47iaA49Dlt+6Obqd9+oEKyOGqpcULdEA8iFjCClZY8s/xYVTV0hXQ7aXlWzTMrVt2aAS0TOycVyNH0zK9ePyZpSCNFOJaya1uJcjMsFCOcTkq9VNIEkxEe0K6mEQ6pdLPZ4RN0rJU+CmKhK1Jopv7eyHAo5Tj09WSI1VAuelPxP6+bquDCzViUpIpGZP5QkHKkYjRNAfWZoETxsSaYCKZvRWSIBSZKZ1XSIdiLX14mzmn9sm7fnVUa13kaRTiEI6iCDefQgFtoggMEUniGV3gznowX4934mI8WjHznAP7A+PwBTTaRGg==</latexit>

T0
<latexit sha1_base64="f77q8BAinuZuDRiGeuJfEYQz3hQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWPFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPzZ7bq1TdmjsDWSZeQapQoNGrfHX7CctilIYJqnXHc1MT5FQZzgROyt1MY0rZiA6wY6mkMeogn506IadW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEV0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZsemUbQje4svLxD+vXde8+4tq/aZIowTHcAJn4MEl1OEOGuADgwE8wyu8OcJ5cd6dj3nrilPMHMEfOJ8/QT6NTw==</latexit><latexit sha1_base64="f77q8BAinuZuDRiGeuJfEYQz3hQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWPFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPzZ7bq1TdmjsDWSZeQapQoNGrfHX7CctilIYJqnXHc1MT5FQZzgROyt1MY0rZiA6wY6mkMeogn506IadW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEV0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZsemUbQje4svLxD+vXde8+4tq/aZIowTHcAJn4MEl1OEOGuADgwE8wyu8OcJ5cd6dj3nrilPMHMEfOJ8/QT6NTw==</latexit><latexit sha1_base64="f77q8BAinuZuDRiGeuJfEYQz3hQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWPFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPzZ7bq1TdmjsDWSZeQapQoNGrfHX7CctilIYJqnXHc1MT5FQZzgROyt1MY0rZiA6wY6mkMeogn506IadW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEV0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZsemUbQje4svLxD+vXde8+4tq/aZIowTHcAJn4MEl1OEOGuADgwE8wyu8OcJ5cd6dj3nrilPMHMEfOJ8/QT6NTw==</latexit><latexit sha1_base64="f77q8BAinuZuDRiGeuJfEYQz3hQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWPFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPzZ7bq1TdmjsDWSZeQapQoNGrfHX7CctilIYJqnXHc1MT5FQZzgROyt1MY0rZiA6wY6mkMeogn506IadW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEV0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZsemUbQje4svLxD+vXde8+4tq/aZIowTHcAJn4MEl1OEOGuADgwE8wyu8OcJ5cd6dj3nrilPMHMEfOJ8/QT6NTw==</latexit>

Segnali deterministici:
• univocamente determinabile se 

noti i valori delle variabili 
indipendenti (tempo):

Segnali aleatori:
• “imprevedibili” conoscibili 

solamente a posteriori, 
misurandoli. A priori sono note solo 
proprietà generali del sistema;

f0 = 1/T0
<latexit sha1_base64="xVUZc3IWtz3vAx6HvwykpJtdOw0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUA9C0YvHCo0tpKFstpt26WY37G6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL0o508Z1v53Syura+kZ5s7K1vbO7V90/eNQyU4T6RHKpOhHWlDNBfcMMp51UUZxEnLaj0d3Ubz9RpZkULTNOaZjggWAxI9hYKYh7LrpB3lmr5/aqNbfuzoCWiVeQGhRo9qpf3b4kWUKFIRxrHXhuasIcK8MIp5NKN9M0xWSEBzSwVOCE6jCfnTxBJ1bpo1gqW8Kgmfp7IseJ1uMksp0JNkO96E3F/7wgM/FVmDORZoYKMl8UZxwZiab/oz5TlBg+tgQTxeytiAyxwsTYlCo2BG/x5WXin9ev697DRa1xW6RRhiM4hlPw4BIacA9N8IGAhGd4hTfHOC/Ou/Mxby05xcwh/IHz+QM2co9x</latexit><latexit sha1_base64="xVUZc3IWtz3vAx6HvwykpJtdOw0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUA9C0YvHCo0tpKFstpt26WY37G6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL0o508Z1v53Syura+kZ5s7K1vbO7V90/eNQyU4T6RHKpOhHWlDNBfcMMp51UUZxEnLaj0d3Ubz9RpZkULTNOaZjggWAxI9hYKYh7LrpB3lmr5/aqNbfuzoCWiVeQGhRo9qpf3b4kWUKFIRxrHXhuasIcK8MIp5NKN9M0xWSEBzSwVOCE6jCfnTxBJ1bpo1gqW8Kgmfp7IseJ1uMksp0JNkO96E3F/7wgM/FVmDORZoYKMl8UZxwZiab/oz5TlBg+tgQTxeytiAyxwsTYlCo2BG/x5WXin9ev697DRa1xW6RRhiM4hlPw4BIacA9N8IGAhGd4hTfHOC/Ou/Mxby05xcwh/IHz+QM2co9x</latexit><latexit sha1_base64="xVUZc3IWtz3vAx6HvwykpJtdOw0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUA9C0YvHCo0tpKFstpt26WY37G6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL0o508Z1v53Syura+kZ5s7K1vbO7V90/eNQyU4T6RHKpOhHWlDNBfcMMp51UUZxEnLaj0d3Ubz9RpZkULTNOaZjggWAxI9hYKYh7LrpB3lmr5/aqNbfuzoCWiVeQGhRo9qpf3b4kWUKFIRxrHXhuasIcK8MIp5NKN9M0xWSEBzSwVOCE6jCfnTxBJ1bpo1gqW8Kgmfp7IseJ1uMksp0JNkO96E3F/7wgM/FVmDORZoYKMl8UZxwZiab/oz5TlBg+tgQTxeytiAyxwsTYlCo2BG/x5WXin9ev697DRa1xW6RRhiM4hlPw4BIacA9N8IGAhGd4hTfHOC/Ou/Mxby05xcwh/IHz+QM2co9x</latexit><latexit sha1_base64="xVUZc3IWtz3vAx6HvwykpJtdOw0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUA9C0YvHCo0tpKFstpt26WY37G6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL0o508Z1v53Syura+kZ5s7K1vbO7V90/eNQyU4T6RHKpOhHWlDNBfcMMp51UUZxEnLaj0d3Ubz9RpZkULTNOaZjggWAxI9hYKYh7LrpB3lmr5/aqNbfuzoCWiVeQGhRo9qpf3b4kWUKFIRxrHXhuasIcK8MIp5NKN9M0xWSEBzSwVOCE6jCfnTxBJ1bpo1gqW8Kgmfp7IseJ1uMksp0JNkO96E3F/7wgM/FVmDORZoYKMl8UZxwZiab/oz5TlBg+tgQTxeytiAyxwsTYlCo2BG/x5WXin9ev697DRa1xW6RRhiM4hlPw4BIacA9N8IGAhGd4hTfHOC/Ou/Mxby05xcwh/IHz+QM2co9x</latexit>

periodo

frequenza portante

x(t)

T0 2 T0 n T0



Potenza di un segnale

Potenza elettrica: p(t) = R i2(t)
<latexit sha1_base64="cxrgv5OPtRlhPZZck/Vv4/+zw8w=">AAAB8HicbVDLSgMxFL3js9bXWJdugkWoIGVaBHUhFNy4rOLYQltLJs20oZkHyR2xDP0QN4orxS/xF/wb03Y2bT0QODnnhNxzvVgKjY7za62srq1vbOa28ts7u3v79kHhUUeJYtxlkYxU06OaSxFyFwVK3owVp4EnecMb3kz8xjNXWkThA45i3gloPxS+YBSN1LULcQlPyTW5b5+Jp7Q6NreuXXTKzhRkmVQyUoQM9a790+5FLAl4iExSrVsVJ8ZOShUKJvk43040jykb0j5PpxOPyYmResSPlDkhkqk6l6OB1qPAM8mA4kAvehPxP6+VoH/ZSUUYJ8hDNvvITyTBiEzqk55QnKEcGUKZEmZCwgZUUYZmSXlTvbJYdJm41fJV2bk7L9Zq2Q5ycATHUIIKXEANbqEOLjB4gTf4hC9LW6/Wu/Uxi65Y2ZtDmIP1/QdwSo4d</latexit><latexit sha1_base64="cxrgv5OPtRlhPZZck/Vv4/+zw8w=">AAAB8HicbVDLSgMxFL3js9bXWJdugkWoIGVaBHUhFNy4rOLYQltLJs20oZkHyR2xDP0QN4orxS/xF/wb03Y2bT0QODnnhNxzvVgKjY7za62srq1vbOa28ts7u3v79kHhUUeJYtxlkYxU06OaSxFyFwVK3owVp4EnecMb3kz8xjNXWkThA45i3gloPxS+YBSN1LULcQlPyTW5b5+Jp7Q6NreuXXTKzhRkmVQyUoQM9a790+5FLAl4iExSrVsVJ8ZOShUKJvk43040jykb0j5PpxOPyYmResSPlDkhkqk6l6OB1qPAM8mA4kAvehPxP6+VoH/ZSUUYJ8hDNvvITyTBiEzqk55QnKEcGUKZEmZCwgZUUYZmSXlTvbJYdJm41fJV2bk7L9Zq2Q5ycATHUIIKXEANbqEOLjB4gTf4hC9LW6/Wu/Uxi65Y2ZtDmIP1/QdwSo4d</latexit><latexit sha1_base64="cxrgv5OPtRlhPZZck/Vv4/+zw8w=">AAAB8HicbVDLSgMxFL3js9bXWJdugkWoIGVaBHUhFNy4rOLYQltLJs20oZkHyR2xDP0QN4orxS/xF/wb03Y2bT0QODnnhNxzvVgKjY7za62srq1vbOa28ts7u3v79kHhUUeJYtxlkYxU06OaSxFyFwVK3owVp4EnecMb3kz8xjNXWkThA45i3gloPxS+YBSN1LULcQlPyTW5b5+Jp7Q6NreuXXTKzhRkmVQyUoQM9a790+5FLAl4iExSrVsVJ8ZOShUKJvk43040jykb0j5PpxOPyYmResSPlDkhkqk6l6OB1qPAM8mA4kAvehPxP6+VoH/ZSUUYJ8hDNvvITyTBiEzqk55QnKEcGUKZEmZCwgZUUYZmSXlTvbJYdJm41fJV2bk7L9Zq2Q5ycATHUIIKXEANbqEOLjB4gTf4hC9LW6/Wu/Uxi65Y2ZtDmIP1/QdwSo4d</latexit>

Energia elettrica: E =

Z +1

�1
R i2(t) dt

<latexit sha1_base64="Dl1HfvKQXoWfmYZarJE70AERm/E=">AAACEXicbVDdSgJBGJ21P7M/q8tuhiQwMlktqC4CIYIuLTIFV2V2nNXB2R9mvo1k2bfoplfppujK6Al6m0bdG7UPhjmccz5mzrEDwRWY5q+RWlpeWV1Lr2c2Nre2d7K7e0/KDyVlNeoLXzZsopjgHqsBB8EagWTEtQWr24ObsV5/ZlJx33uEYcBaLul53OGUgKY62bNbfI0t7kEnOtWXA8O4HZ0kCD9YBd6OynEejq2C5dr+S9SNoZPNmUVzMngRlBKQQ8lUO9mR1fVp6DIPqCBKNUtmAK2ISOBUsDhjhYoFhA5Ij0WTSDE+0lQXO77UxwM8YWd8xFVq6Nra6RLoq3ltTP6nNUNwLlsR94IQmEenDzmhwODjcT+4yyWjIIYaECq5/iGmfSIJBd1iRkcvzQddBLVy8apo3p/nKpWkgzQ6QIcoj0roAlXQHaqiGqLoDX2gEfo2Xo1349P4mlpTRrKzj2bG+PkDcyWcuQ==</latexit><latexit sha1_base64="Dl1HfvKQXoWfmYZarJE70AERm/E=">AAACEXicbVDdSgJBGJ21P7M/q8tuhiQwMlktqC4CIYIuLTIFV2V2nNXB2R9mvo1k2bfoplfppujK6Al6m0bdG7UPhjmccz5mzrEDwRWY5q+RWlpeWV1Lr2c2Nre2d7K7e0/KDyVlNeoLXzZsopjgHqsBB8EagWTEtQWr24ObsV5/ZlJx33uEYcBaLul53OGUgKY62bNbfI0t7kEnOtWXA8O4HZ0kCD9YBd6OynEejq2C5dr+S9SNoZPNmUVzMngRlBKQQ8lUO9mR1fVp6DIPqCBKNUtmAK2ISOBUsDhjhYoFhA5Ij0WTSDE+0lQXO77UxwM8YWd8xFVq6Nra6RLoq3ltTP6nNUNwLlsR94IQmEenDzmhwODjcT+4yyWjIIYaECq5/iGmfSIJBd1iRkcvzQddBLVy8apo3p/nKpWkgzQ6QIcoj0roAlXQHaqiGqLoDX2gEfo2Xo1349P4mlpTRrKzj2bG+PkDcyWcuQ==</latexit><latexit sha1_base64="Dl1HfvKQXoWfmYZarJE70AERm/E=">AAACEXicbVDdSgJBGJ21P7M/q8tuhiQwMlktqC4CIYIuLTIFV2V2nNXB2R9mvo1k2bfoplfppujK6Al6m0bdG7UPhjmccz5mzrEDwRWY5q+RWlpeWV1Lr2c2Nre2d7K7e0/KDyVlNeoLXzZsopjgHqsBB8EagWTEtQWr24ObsV5/ZlJx33uEYcBaLul53OGUgKY62bNbfI0t7kEnOtWXA8O4HZ0kCD9YBd6OynEejq2C5dr+S9SNoZPNmUVzMngRlBKQQ8lUO9mR1fVp6DIPqCBKNUtmAK2ISOBUsDhjhYoFhA5Ij0WTSDE+0lQXO77UxwM8YWd8xFVq6Nra6RLoq3ltTP6nNUNwLlsR94IQmEenDzmhwODjcT+4yyWjIIYaECq5/iGmfSIJBd1iRkcvzQddBLVy8apo3p/nKpWkgzQ6QIcoj0roAlXQHaqiGqLoDX2gEfo2Xo1349P4mlpTRrKzj2bG+PkDcyWcuQ==</latexit>

Al segnale “corrente”          è associata una potenza
Estendiamo il concetto di potenza ed energia a un segnale generico 

/ i2(t)
<latexit sha1_base64="eLR/49vUCwXtlQqdv+AJxVGVYb4=">AAAB9HicbVBNTwIxEO3iF+IX6tFLIzHBC9klJuqN6MUjJq6YwEK6pQsN3W7TzmrIhv/hxYMar/4Yb/4bC+xBwZdM8vLeTGbmhUpwA6777RRWVtfWN4qbpa3tnd298v7BvUlSTZlPE5Hoh5AYJrhkPnAQ7EFpRuJQsFY4up76rUemDU/kHYwVC2IykDzilICVuh2lEwUJ5t16FU575Ypbc2fAy8TLSQXlaPbKX51+QtOYSaCCGNP2XAVBRjRwKtik1EkNU4SOyIC1LZUkZibIZldP8IlV+jhKtC0JeKb+nshIbMw4Dm1nTGBoFr2p+J/XTiG6CDIuVQpM0vmiKBXY/jmNAPe5ZhTE2BJCNbe3YjokmlCwQZVsCN7iy8vEr9cua97tWaVxladRREfoGFWRh85RA92gJvIRRRo9o1f05jw5L8678zFvLTj5zCH6A+fzB/7Mkbg=</latexit><latexit sha1_base64="eLR/49vUCwXtlQqdv+AJxVGVYb4=">AAAB9HicbVBNTwIxEO3iF+IX6tFLIzHBC9klJuqN6MUjJq6YwEK6pQsN3W7TzmrIhv/hxYMar/4Yb/4bC+xBwZdM8vLeTGbmhUpwA6777RRWVtfWN4qbpa3tnd298v7BvUlSTZlPE5Hoh5AYJrhkPnAQ7EFpRuJQsFY4up76rUemDU/kHYwVC2IykDzilICVuh2lEwUJ5t16FU575Ypbc2fAy8TLSQXlaPbKX51+QtOYSaCCGNP2XAVBRjRwKtik1EkNU4SOyIC1LZUkZibIZldP8IlV+jhKtC0JeKb+nshIbMw4Dm1nTGBoFr2p+J/XTiG6CDIuVQpM0vmiKBXY/jmNAPe5ZhTE2BJCNbe3YjokmlCwQZVsCN7iy8vEr9cua97tWaVxladRREfoGFWRh85RA92gJvIRRRo9o1f05jw5L8678zFvLTj5zCH6A+fzB/7Mkbg=</latexit><latexit sha1_base64="eLR/49vUCwXtlQqdv+AJxVGVYb4=">AAAB9HicbVBNTwIxEO3iF+IX6tFLIzHBC9klJuqN6MUjJq6YwEK6pQsN3W7TzmrIhv/hxYMar/4Yb/4bC+xBwZdM8vLeTGbmhUpwA6777RRWVtfWN4qbpa3tnd298v7BvUlSTZlPE5Hoh5AYJrhkPnAQ7EFpRuJQsFY4up76rUemDU/kHYwVC2IykDzilICVuh2lEwUJ5t16FU575Ypbc2fAy8TLSQXlaPbKX51+QtOYSaCCGNP2XAVBRjRwKtik1EkNU4SOyIC1LZUkZibIZldP8IlV+jhKtC0JeKb+nshIbMw4Dm1nTGBoFr2p+J/XTiG6CDIuVQpM0vmiKBXY/jmNAPe5ZhTE2BJCNbe3YjokmlCwQZVsCN7iy8vEr9cua97tWaVxladRREfoGFWRh85RA92gJvIRRRo9o1f05jw5L8678zFvLTj5zCH6A+fzB/7Mkbg=</latexit><latexit sha1_base64="eLR/49vUCwXtlQqdv+AJxVGVYb4=">AAAB9HicbVBNTwIxEO3iF+IX6tFLIzHBC9klJuqN6MUjJq6YwEK6pQsN3W7TzmrIhv/hxYMar/4Yb/4bC+xBwZdM8vLeTGbmhUpwA6777RRWVtfWN4qbpa3tnd298v7BvUlSTZlPE5Hoh5AYJrhkPnAQ7EFpRuJQsFY4up76rUemDU/kHYwVC2IykDzilICVuh2lEwUJ5t16FU575Ypbc2fAy8TLSQXlaPbKX51+QtOYSaCCGNP2XAVBRjRwKtik1EkNU4SOyIC1LZUkZibIZldP8IlV+jhKtC0JeKb+nshIbMw4Dm1nTGBoFr2p+J/XTiG6CDIuVQpM0vmiKBXY/jmNAPe5ZhTE2BJCNbe3YjokmlCwQZVsCN7iy8vEr9cua97tWaVxladRREfoGFWRh85RA92gJvIRRRo9o1f05jw5L8678zFvLTj5zCH6A+fzB/7Mkbg=</latexit>

i(t)
<latexit sha1_base64="CVJ1y+lvFawlpehUOq4b71iRzBY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcwlUcOzXqXq1t0ZyDLxClKFAs1e5avbT1imeIxMUmM6nptiMKEaBZN8Wu5mhqeUjeiAdyyNqeImmMxunZJTq/RJlGhbMZKZ+ntiQpUxYxXaTkVxaBa9XPzP62QYXQUTEacZ8pjNF0WZJJiQ/HHSF5ozlGNLKNPC3krYkGrK0MZTtiF4iy8vE/+8fl337i+qjZsijRIcwwnUwINLaMAdNMEHBkN4hld4c5Tz4rw7H/PWFaeYOYI/cD5/ANh+jaQ=</latexit><latexit sha1_base64="CVJ1y+lvFawlpehUOq4b71iRzBY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcwlUcOzXqXq1t0ZyDLxClKFAs1e5avbT1imeIxMUmM6nptiMKEaBZN8Wu5mhqeUjeiAdyyNqeImmMxunZJTq/RJlGhbMZKZ+ntiQpUxYxXaTkVxaBa9XPzP62QYXQUTEacZ8pjNF0WZJJiQ/HHSF5ozlGNLKNPC3krYkGrK0MZTtiF4iy8vE/+8fl337i+qjZsijRIcwwnUwINLaMAdNMEHBkN4hld4c5Tz4rw7H/PWFaeYOYI/cD5/ANh+jaQ=</latexit><latexit sha1_base64="CVJ1y+lvFawlpehUOq4b71iRzBY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcwlUcOzXqXq1t0ZyDLxClKFAs1e5avbT1imeIxMUmM6nptiMKEaBZN8Wu5mhqeUjeiAdyyNqeImmMxunZJTq/RJlGhbMZKZ+ntiQpUxYxXaTkVxaBa9XPzP62QYXQUTEacZ8pjNF0WZJJiQ/HHSF5ozlGNLKNPC3krYkGrK0MZTtiF4iy8vE/+8fl337i+qjZsijRIcwwnUwINLaMAdNMEHBkN4hld4c5Tz4rw7H/PWFaeYOYI/cD5/ANh+jaQ=</latexit><latexit sha1_base64="CVJ1y+lvFawlpehUOq4b71iRzBY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcwlUcOzXqXq1t0ZyDLxClKFAs1e5avbT1imeIxMUmM6nptiMKEaBZN8Wu5mhqeUjeiAdyyNqeImmMxunZJTq/RJlGhbMZKZ+ntiQpUxYxXaTkVxaBa9XPzP62QYXQUTEacZ8pjNF0WZJJiQ/HHSF5ozlGNLKNPC3krYkGrK0MZTtiF4iy8vE/+8fl337i+qjZsijRIcwwnUwINLaMAdNMEHBkN4hld4c5Tz4rw7H/PWFaeYOYI/cD5/ANh+jaQ=</latexit>



Potenza di un segnale

Potenza elettrica: p(t) = R i2(t)
<latexit sha1_base64="cxrgv5OPtRlhPZZck/Vv4/+zw8w=">AAAB8HicbVDLSgMxFL3js9bXWJdugkWoIGVaBHUhFNy4rOLYQltLJs20oZkHyR2xDP0QN4orxS/xF/wb03Y2bT0QODnnhNxzvVgKjY7za62srq1vbOa28ts7u3v79kHhUUeJYtxlkYxU06OaSxFyFwVK3owVp4EnecMb3kz8xjNXWkThA45i3gloPxS+YBSN1LULcQlPyTW5b5+Jp7Q6NreuXXTKzhRkmVQyUoQM9a790+5FLAl4iExSrVsVJ8ZOShUKJvk43040jykb0j5PpxOPyYmResSPlDkhkqk6l6OB1qPAM8mA4kAvehPxP6+VoH/ZSUUYJ8hDNvvITyTBiEzqk55QnKEcGUKZEmZCwgZUUYZmSXlTvbJYdJm41fJV2bk7L9Zq2Q5ycATHUIIKXEANbqEOLjB4gTf4hC9LW6/Wu/Uxi65Y2ZtDmIP1/QdwSo4d</latexit><latexit sha1_base64="cxrgv5OPtRlhPZZck/Vv4/+zw8w=">AAAB8HicbVDLSgMxFL3js9bXWJdugkWoIGVaBHUhFNy4rOLYQltLJs20oZkHyR2xDP0QN4orxS/xF/wb03Y2bT0QODnnhNxzvVgKjY7za62srq1vbOa28ts7u3v79kHhUUeJYtxlkYxU06OaSxFyFwVK3owVp4EnecMb3kz8xjNXWkThA45i3gloPxS+YBSN1LULcQlPyTW5b5+Jp7Q6NreuXXTKzhRkmVQyUoQM9a790+5FLAl4iExSrVsVJ8ZOShUKJvk43040jykb0j5PpxOPyYmResSPlDkhkqk6l6OB1qPAM8mA4kAvehPxP6+VoH/ZSUUYJ8hDNvvITyTBiEzqk55QnKEcGUKZEmZCwgZUUYZmSXlTvbJYdJm41fJV2bk7L9Zq2Q5ycATHUIIKXEANbqEOLjB4gTf4hC9LW6/Wu/Uxi65Y2ZtDmIP1/QdwSo4d</latexit><latexit sha1_base64="cxrgv5OPtRlhPZZck/Vv4/+zw8w=">AAAB8HicbVDLSgMxFL3js9bXWJdugkWoIGVaBHUhFNy4rOLYQltLJs20oZkHyR2xDP0QN4orxS/xF/wb03Y2bT0QODnnhNxzvVgKjY7za62srq1vbOa28ts7u3v79kHhUUeJYtxlkYxU06OaSxFyFwVK3owVp4EnecMb3kz8xjNXWkThA45i3gloPxS+YBSN1LULcQlPyTW5b5+Jp7Q6NreuXXTKzhRkmVQyUoQM9a790+5FLAl4iExSrVsVJ8ZOShUKJvk43040jykb0j5PpxOPyYmResSPlDkhkqk6l6OB1qPAM8mA4kAvehPxP6+VoH/ZSUUYJ8hDNvvITyTBiEzqk55QnKEcGUKZEmZCwgZUUYZmSXlTvbJYdJm41fJV2bk7L9Zq2Q5ycATHUIIKXEANbqEOLjB4gTf4hC9LW6/Wu/Uxi65Y2ZtDmIP1/QdwSo4d</latexit>

Energia elettrica: E =

Z +1

�1
R i2(t) dt

<latexit sha1_base64="Dl1HfvKQXoWfmYZarJE70AERm/E=">AAACEXicbVDdSgJBGJ21P7M/q8tuhiQwMlktqC4CIYIuLTIFV2V2nNXB2R9mvo1k2bfoplfppujK6Al6m0bdG7UPhjmccz5mzrEDwRWY5q+RWlpeWV1Lr2c2Nre2d7K7e0/KDyVlNeoLXzZsopjgHqsBB8EagWTEtQWr24ObsV5/ZlJx33uEYcBaLul53OGUgKY62bNbfI0t7kEnOtWXA8O4HZ0kCD9YBd6OynEejq2C5dr+S9SNoZPNmUVzMngRlBKQQ8lUO9mR1fVp6DIPqCBKNUtmAK2ISOBUsDhjhYoFhA5Ij0WTSDE+0lQXO77UxwM8YWd8xFVq6Nra6RLoq3ltTP6nNUNwLlsR94IQmEenDzmhwODjcT+4yyWjIIYaECq5/iGmfSIJBd1iRkcvzQddBLVy8apo3p/nKpWkgzQ6QIcoj0roAlXQHaqiGqLoDX2gEfo2Xo1349P4mlpTRrKzj2bG+PkDcyWcuQ==</latexit><latexit sha1_base64="Dl1HfvKQXoWfmYZarJE70AERm/E=">AAACEXicbVDdSgJBGJ21P7M/q8tuhiQwMlktqC4CIYIuLTIFV2V2nNXB2R9mvo1k2bfoplfppujK6Al6m0bdG7UPhjmccz5mzrEDwRWY5q+RWlpeWV1Lr2c2Nre2d7K7e0/KDyVlNeoLXzZsopjgHqsBB8EagWTEtQWr24ObsV5/ZlJx33uEYcBaLul53OGUgKY62bNbfI0t7kEnOtWXA8O4HZ0kCD9YBd6OynEejq2C5dr+S9SNoZPNmUVzMngRlBKQQ8lUO9mR1fVp6DIPqCBKNUtmAK2ISOBUsDhjhYoFhA5Ij0WTSDE+0lQXO77UxwM8YWd8xFVq6Nra6RLoq3ltTP6nNUNwLlsR94IQmEenDzmhwODjcT+4yyWjIIYaECq5/iGmfSIJBd1iRkcvzQddBLVy8apo3p/nKpWkgzQ6QIcoj0roAlXQHaqiGqLoDX2gEfo2Xo1349P4mlpTRrKzj2bG+PkDcyWcuQ==</latexit><latexit sha1_base64="Dl1HfvKQXoWfmYZarJE70AERm/E=">AAACEXicbVDdSgJBGJ21P7M/q8tuhiQwMlktqC4CIYIuLTIFV2V2nNXB2R9mvo1k2bfoplfppujK6Al6m0bdG7UPhjmccz5mzrEDwRWY5q+RWlpeWV1Lr2c2Nre2d7K7e0/KDyVlNeoLXzZsopjgHqsBB8EagWTEtQWr24ObsV5/ZlJx33uEYcBaLul53OGUgKY62bNbfI0t7kEnOtWXA8O4HZ0kCD9YBd6OynEejq2C5dr+S9SNoZPNmUVzMngRlBKQQ8lUO9mR1fVp6DIPqCBKNUtmAK2ISOBUsDhjhYoFhA5Ij0WTSDE+0lQXO77UxwM8YWd8xFVq6Nra6RLoq3ltTP6nNUNwLlsR94IQmEenDzmhwODjcT+4yyWjIIYaECq5/iGmfSIJBd1iRkcvzQddBLVy8apo3p/nKpWkgzQ6QIcoj0roAlXQHaqiGqLoDX2gEfo2Xo1349P4mlpTRrKzj2bG+PkDcyWcuQ==</latexit>

x(t)

t

px(t) = x⇤(t) x(t) = |x(t)|2Potenza istantanea:

Energia del segnale: Ex =

Z +1

�1
|x(t)2| dt

<latexit sha1_base64="ulMvsLdmuDcFwWTzwDY+Bdmqdn0=">AAACFHicbVDLSgMxFM3Ud31VXboJFqGilhkRHwuhIILLCo4KTjtkMhkbmnmQ3JGW6XyHG3/FjSIIinv/xrTORuuFkMM555Kc4yWCKzDNL6M0MTk1PTM7V55fWFxarqysXqk4lZTZNBaxvPGIYoJHzAYOgt0kkpHQE+za654O9et7JhWPo0voJ6wVkruIB5wS0JRbOThzs16OT7DDI3CzXX0F0M/b2XaB8KBXg612tpcPnB0n9OJe5ufgVqpm3RwNHgdWAaqomKZbeXP8mKYhi4AKotStZSbQyogETgXLy06qWEJol9yxbJQqx5ua8nEQS30iwCP2l4+ESvVDTztDAh31VxuS/2m3KQRHrYxHSQosoj8PBanAEONhRdjnklEQfQ0IlVz/ENMOkYSCLrKso1t/g44De69+XDcv9quNRtHBLFpHG6iGLHSIGugcNZGNKHpEz+gdfRgPxpPxYrz+WEtGsbOGfo3x+Q0hYJ7T</latexit><latexit sha1_base64="ulMvsLdmuDcFwWTzwDY+Bdmqdn0=">AAACFHicbVDLSgMxFM3Ud31VXboJFqGilhkRHwuhIILLCo4KTjtkMhkbmnmQ3JGW6XyHG3/FjSIIinv/xrTORuuFkMM555Kc4yWCKzDNL6M0MTk1PTM7V55fWFxarqysXqk4lZTZNBaxvPGIYoJHzAYOgt0kkpHQE+za654O9et7JhWPo0voJ6wVkruIB5wS0JRbOThzs16OT7DDI3CzXX0F0M/b2XaB8KBXg612tpcPnB0n9OJe5ufgVqpm3RwNHgdWAaqomKZbeXP8mKYhi4AKotStZSbQyogETgXLy06qWEJol9yxbJQqx5ua8nEQS30iwCP2l4+ESvVDTztDAh31VxuS/2m3KQRHrYxHSQosoj8PBanAEONhRdjnklEQfQ0IlVz/ENMOkYSCLrKso1t/g44De69+XDcv9quNRtHBLFpHG6iGLHSIGugcNZGNKHpEz+gdfRgPxpPxYrz+WEtGsbOGfo3x+Q0hYJ7T</latexit><latexit sha1_base64="ulMvsLdmuDcFwWTzwDY+Bdmqdn0=">AAACFHicbVDLSgMxFM3Ud31VXboJFqGilhkRHwuhIILLCo4KTjtkMhkbmnmQ3JGW6XyHG3/FjSIIinv/xrTORuuFkMM555Kc4yWCKzDNL6M0MTk1PTM7V55fWFxarqysXqk4lZTZNBaxvPGIYoJHzAYOgt0kkpHQE+za654O9et7JhWPo0voJ6wVkruIB5wS0JRbOThzs16OT7DDI3CzXX0F0M/b2XaB8KBXg612tpcPnB0n9OJe5ufgVqpm3RwNHgdWAaqomKZbeXP8mKYhi4AKotStZSbQyogETgXLy06qWEJol9yxbJQqx5ua8nEQS30iwCP2l4+ESvVDTztDAh31VxuS/2m3KQRHrYxHSQosoj8PBanAEONhRdjnklEQfQ0IlVz/ENMOkYSCLrKso1t/g44De69+XDcv9quNRtHBLFpHG6iGLHSIGugcNZGNKHpEz+gdfRgPxpPxYrz+WEtGsbOGfo3x+Q0hYJ7T</latexit>

Tutti i segnali fisici portano energia finita.

Definizione generale di potenza (per segnali “troncati)

px(t) = lim
T!1

Ex

T
= lim

T!1

Z +T/2

�T/2
|x(t)2| dt

<latexit sha1_base64="GBf5yUWKd11ydsQ7zTPraY2WTC8="></latexit><latexit sha1_base64="GBf5yUWKd11ydsQ7zTPraY2WTC8="></latexit><latexit sha1_base64="GBf5yUWKd11ydsQ7zTPraY2WTC8="></latexit>

(La normalizzazione si ricava dal contesto fisico)

t

x(t)

-T/2 T/2

x  (t)T

xT (t) =

(
x(t) |t|  T/2

0 altrimenti
<latexit sha1_base64="wHgu5b3fhFOrqIy+/JQ9LQgxFpI="></latexit><latexit sha1_base64="wHgu5b3fhFOrqIy+/JQ9LQgxFpI="></latexit><latexit sha1_base64="wHgu5b3fhFOrqIy+/JQ9LQgxFpI="></latexit><latexit sha1_base64="wHgu5b3fhFOrqIy+/JQ9LQgxFpI="></latexit>



Valori notevoli di un segnale

Valore medio

Valore medio: (componente “continua”)

Valore efficace: xeff =
p

(Px)
<latexit sha1_base64="2lkIIq8cSVVragwbgT6bd2uP3gQ=">AAAB9nicbVDLSsNAFJ3UV62vqBvBzWAR6qYkIqgLoeDGZQVjC20Jk+mkHTp5OHMjDSH+ihvFleJn+Av+jdM2m7YeGDicc4Z77/FiwRVY1q9RWlldW98ob1a2tnd298z9g0cVJZIyh0Yikm2PKCZ4yBzgIFg7lowEnmAtb3Q78VvPTCoehQ+QxqwXkEHIfU4JaMk1j8Zuxnw/xze4q54kZLWmm43zs9w1q1bdmgIvE7sgVVSg6Zo/3X5Ek4CFQAVRqmNbMfQyIoFTwfJKN1EsJnREBiyb7p3jUy31sR9J/ULAU3UuRwKl0sDTyYDAUC16E/E/r5OAf9XLeBgnwEI6G+QnAkOEJyXgPpeMgkg1IVRyvSGmQyIJBV1VRZ9uLx66TJzz+nXdur+oNhpFB2V0jE5QDdnoEjXQHWoiB1H0gt7QJ/oyUuPVeDc+ZtGSUfw5RHMwvv8AHyuSIg==</latexit><latexit sha1_base64="2lkIIq8cSVVragwbgT6bd2uP3gQ=">AAAB9nicbVDLSsNAFJ3UV62vqBvBzWAR6qYkIqgLoeDGZQVjC20Jk+mkHTp5OHMjDSH+ihvFleJn+Av+jdM2m7YeGDicc4Z77/FiwRVY1q9RWlldW98ob1a2tnd298z9g0cVJZIyh0Yikm2PKCZ4yBzgIFg7lowEnmAtb3Q78VvPTCoehQ+QxqwXkEHIfU4JaMk1j8Zuxnw/xze4q54kZLWmm43zs9w1q1bdmgIvE7sgVVSg6Zo/3X5Ek4CFQAVRqmNbMfQyIoFTwfJKN1EsJnREBiyb7p3jUy31sR9J/ULAU3UuRwKl0sDTyYDAUC16E/E/r5OAf9XLeBgnwEI6G+QnAkOEJyXgPpeMgkg1IVRyvSGmQyIJBV1VRZ9uLx66TJzz+nXdur+oNhpFB2V0jE5QDdnoEjXQHWoiB1H0gt7QJ/oyUuPVeDc+ZtGSUfw5RHMwvv8AHyuSIg==</latexit><latexit sha1_base64="2lkIIq8cSVVragwbgT6bd2uP3gQ=">AAAB9nicbVDLSsNAFJ3UV62vqBvBzWAR6qYkIqgLoeDGZQVjC20Jk+mkHTp5OHMjDSH+ihvFleJn+Av+jdM2m7YeGDicc4Z77/FiwRVY1q9RWlldW98ob1a2tnd298z9g0cVJZIyh0Yikm2PKCZ4yBzgIFg7lowEnmAtb3Q78VvPTCoehQ+QxqwXkEHIfU4JaMk1j8Zuxnw/xze4q54kZLWmm43zs9w1q1bdmgIvE7sgVVSg6Zo/3X5Ek4CFQAVRqmNbMfQyIoFTwfJKN1EsJnREBiyb7p3jUy31sR9J/ULAU3UuRwKl0sDTyYDAUC16E/E/r5OAf9XLeBgnwEI6G+QnAkOEJyXgPpeMgkg1IVRyvSGmQyIJBV1VRZ9uLx66TJzz+nXdur+oNhpFB2V0jE5QDdnoEjXQHWoiB1H0gt7QJ/oyUuPVeDc+ZtGSUfw5RHMwvv8AHyuSIg==</latexit>

(“RMS” – Root mean square)
Valore efficace = Valore medio che dovrebbe assumere un segnale costante per 
avere la stessa potenza del segnale dato

x = lim
T!1

1

T

Z +T/2

�T/2
x(t) dt

<latexit sha1_base64="RMh92676pXVkPtr17MUq5kWbMbg="></latexit><latexit sha1_base64="RMh92676pXVkPtr17MUq5kWbMbg="></latexit><latexit sha1_base64="RMh92676pXVkPtr17MUq5kWbMbg="></latexit><latexit sha1_base64="RMh92676pXVkPtr17MUq5kWbMbg="></latexit>

x = A sin(t) ! x = 0; xeff = A/
p
2

<latexit sha1_base64="44CtIDs5YIe63RXMyzSzHCLU6Wc="></latexit><latexit sha1_base64="44CtIDs5YIe63RXMyzSzHCLU6Wc="></latexit><latexit sha1_base64="44CtIDs5YIe63RXMyzSzHCLU6Wc="></latexit><latexit sha1_base64="44CtIDs5YIe63RXMyzSzHCLU6Wc="></latexit>



Segnali Periodici

x̄ =
1

T0

Z +
T0
2

�T0
2

x(t) dt Px =
1

T0

Z +
T0
2

�T0
2

|x(t)|2 dt

x(t) = x(t+ T0); f0 =
1

T0

SVILUPPO IN SERIE DI FOURIER: ogni segnale reale e periodico può essere 
espresso come sommatoria di oscillazioni sinusoidali di ampiezza, fase e 

frequenza determinate
x(t) = a0 + a1 cos(!1t+ �1) + a2 cos(!2t+ �2) + ...

<latexit sha1_base64="u/9fZ7BK2Yu8LX5EriTlinAxFtY=">AAACLXicbZDNSgMxFIUz9a/Wv6pLN8EitAjDTBHUhVBw484K1hY6ZcikaRuamQzJHbGUvpMb38EnEERxpfgaZtqCtvVCwsn5TkjuDWLBNTjOq5VZWl5ZXcuu5zY2t7Z38rt7d1omirIalUKqRkA0EzxiNeAgWCNWjISBYPWgf5ny+j1TmsvoFgYxa4WkG/EOpwSM5eevH4pQwheY+A4+NruLPSp10ZMh66YnMK4X97jvlsa8/BeXf3E5xbZt+/mCYzvjwovCnYoCmlbVzz97bUmTkEVABdG66ToxtIZEAaeCjXJeollMaJ902XDc7ggfGauNO1KZFQEeuzM5Emo9CAOTDAn09DxLzf9YM4HOWWvIozgBFtHJQ51EYJA4nR1uc8UoiIERhCpufohpjyhCwUw4Z1p35xtdFLWyfW47NyeFSmU6gyw6QIeoiFx0iiroClVRDVH0hN7QJ/qyHq0X6936mEQz1vTOPpop6/sHPtmh3Q==</latexit><latexit sha1_base64="u/9fZ7BK2Yu8LX5EriTlinAxFtY=">AAACLXicbZDNSgMxFIUz9a/Wv6pLN8EitAjDTBHUhVBw484K1hY6ZcikaRuamQzJHbGUvpMb38EnEERxpfgaZtqCtvVCwsn5TkjuDWLBNTjOq5VZWl5ZXcuu5zY2t7Z38rt7d1omirIalUKqRkA0EzxiNeAgWCNWjISBYPWgf5ny+j1TmsvoFgYxa4WkG/EOpwSM5eevH4pQwheY+A4+NruLPSp10ZMh66YnMK4X97jvlsa8/BeXf3E5xbZt+/mCYzvjwovCnYoCmlbVzz97bUmTkEVABdG66ToxtIZEAaeCjXJeollMaJ902XDc7ggfGauNO1KZFQEeuzM5Emo9CAOTDAn09DxLzf9YM4HOWWvIozgBFtHJQ51EYJA4nR1uc8UoiIERhCpufohpjyhCwUw4Z1p35xtdFLWyfW47NyeFSmU6gyw6QIeoiFx0iiroClVRDVH0hN7QJ/qyHq0X6936mEQz1vTOPpop6/sHPtmh3Q==</latexit><latexit sha1_base64="u/9fZ7BK2Yu8LX5EriTlinAxFtY=">AAACLXicbZDNSgMxFIUz9a/Wv6pLN8EitAjDTBHUhVBw484K1hY6ZcikaRuamQzJHbGUvpMb38EnEERxpfgaZtqCtvVCwsn5TkjuDWLBNTjOq5VZWl5ZXcuu5zY2t7Z38rt7d1omirIalUKqRkA0EzxiNeAgWCNWjISBYPWgf5ny+j1TmsvoFgYxa4WkG/EOpwSM5eevH4pQwheY+A4+NruLPSp10ZMh66YnMK4X97jvlsa8/BeXf3E5xbZt+/mCYzvjwovCnYoCmlbVzz97bUmTkEVABdG66ToxtIZEAaeCjXJeollMaJ902XDc7ggfGauNO1KZFQEeuzM5Emo9CAOTDAn09DxLzf9YM4HOWWvIozgBFtHJQ51EYJA4nR1uc8UoiIERhCpufohpjyhCwUw4Z1p35xtdFLWyfW47NyeFSmU6gyw6QIeoiFx0iiroClVRDVH0hN7QJ/qyHq0X6936mEQz1vTOPpop6/sHPtmh3Q==</latexit>

!k = 2⇡kf0
<latexit sha1_base64="Svxq1nbvBLzVVagIKmensQd7pJ4=">AAAB+HicbVDLSsNAFL3xWesr6k43g0VwVdIiqKBQcOOygrGFpoTJdNIOmWTCzEQoIeCvuFFcKX6Fv+DfOG2zaeuBgcM5Z7j3niDlTGnH+bVWVtfWNzYrW9Xtnd29ffvg8EmJTBLqEsGF7AZYUc4S6mqmOe2mkuI44LQTRHcTv/NMpWIiedTjlPZjPExYyAjWRvLtY0/EdIj9PCrQLWoiL2UoQqGfO4Vv15y6MwVaJo2S1KBE27d/vIEgWUwTTThWqtdwUt3PsdSMcFpUvUzRFJMID2k+3bxAZ0YaoFBI8xKNpupcDsdKjePAJGOsR2rRm4j/eb1Mh1f9nCVppmlCZoPCjCMt0KQGNGCSEs3HhmAimdkQkRGWmGhTVtWc3lg8dJm4zfp13Xm4qLVuyg4qcAKncA4NuIQW3EMbXCDwAm/wCV9Wbr1a79bHLLpilX+OYA7W9x8IGpHq</latexit><latexit sha1_base64="Svxq1nbvBLzVVagIKmensQd7pJ4=">AAAB+HicbVDLSsNAFL3xWesr6k43g0VwVdIiqKBQcOOygrGFpoTJdNIOmWTCzEQoIeCvuFFcKX6Fv+DfOG2zaeuBgcM5Z7j3niDlTGnH+bVWVtfWNzYrW9Xtnd29ffvg8EmJTBLqEsGF7AZYUc4S6mqmOe2mkuI44LQTRHcTv/NMpWIiedTjlPZjPExYyAjWRvLtY0/EdIj9PCrQLWoiL2UoQqGfO4Vv15y6MwVaJo2S1KBE27d/vIEgWUwTTThWqtdwUt3PsdSMcFpUvUzRFJMID2k+3bxAZ0YaoFBI8xKNpupcDsdKjePAJGOsR2rRm4j/eb1Mh1f9nCVppmlCZoPCjCMt0KQGNGCSEs3HhmAimdkQkRGWmGhTVtWc3lg8dJm4zfp13Xm4qLVuyg4qcAKncA4NuIQW3EMbXCDwAm/wCV9Wbr1a79bHLLpilX+OYA7W9x8IGpHq</latexit><latexit sha1_base64="Svxq1nbvBLzVVagIKmensQd7pJ4=">AAAB+HicbVDLSsNAFL3xWesr6k43g0VwVdIiqKBQcOOygrGFpoTJdNIOmWTCzEQoIeCvuFFcKX6Fv+DfOG2zaeuBgcM5Z7j3niDlTGnH+bVWVtfWNzYrW9Xtnd29ffvg8EmJTBLqEsGF7AZYUc4S6mqmOe2mkuI44LQTRHcTv/NMpWIiedTjlPZjPExYyAjWRvLtY0/EdIj9PCrQLWoiL2UoQqGfO4Vv15y6MwVaJo2S1KBE27d/vIEgWUwTTThWqtdwUt3PsdSMcFpUvUzRFJMID2k+3bxAZ0YaoFBI8xKNpupcDsdKjePAJGOsR2rRm4j/eb1Mh1f9nCVppmlCZoPCjCMt0KQGNGCSEs3HhmAimdkQkRGWmGhTVtWc3lg8dJm4zfp13Xm4qLVuyg4qcAKncA4NuIQW3EMbXCDwAm/wCV9Wbr1a79bHLLpilX+OYA7W9x8IGpHq</latexit>

Frequenze: multipli interi della frequenza portante o 
fondamentale

Segnali periodici:
x(t) = x(t+ T0)

<latexit sha1_base64="9VCp0rchD/YeiKXJvis7rJpzwi4= ">AAAB93icbVDLSsNAFL2pr1ofjbp0M1iEFqEkIqgLoejGZYXGFtoQJtNJO3TyYGYi1tAvceNCxa2/4s6/cdpmoa0HLvdwzr3Mne MnnEllWd9GYWV1bX2juFna2t7ZLZt7+/cyTgWhDol5LDo+lpSziDqKKU47iaA49Dlt+6Obqd9+oEKyOGqpcULdEA8iFjCClZY8s/xYVTV0hXQ7aXlWzTMrVt2aAS0TOycVyNH0zK9ePyZpSCNFOJaya1uJcjMsFCOcTkq9VNIEkxEe0K6mEQ6pdLPZ4RN0rJU+CmKhK1Jopv7eyHAo5Tj09WSI1VAuelPxP6+bquDCzViUpIpGZP5QkHKkYjRNAfWZoETxsSaYCKZvRWSIBSZKZ1XSIdiLX14mzmn9sm7fnVUa13kaRTiEI6iCDefQgFtoggMEUniGV3gznowX4934mI8WjHznAP7A+PwBTTaRGg==</latexit><latexit sha1_base64="9VCp0rchD/YeiKXJvis7rJpzwi4= ">AAAB93icbVDLSsNAFL2pr1ofjbp0M1iEFqEkIqgLoejGZYXGFtoQJtNJO3TyYGYi1tAvceNCxa2/4s6/cdpmoa0HLvdwzr3Mne MnnEllWd9GYWV1bX2juFna2t7ZLZt7+/cyTgWhDol5LDo+lpSziDqKKU47iaA49Dlt+6Obqd9+oEKyOGqpcULdEA8iFjCClZY8s/xYVTV0hXQ7aXlWzTMrVt2aAS0TOycVyNH0zK9ePyZpSCNFOJaya1uJcjMsFCOcTkq9VNIEkxEe0K6mEQ6pdLPZ4RN0rJU+CmKhK1Jopv7eyHAo5Tj09WSI1VAuelPxP6+bquDCzViUpIpGZP5QkHKkYjRNAfWZoETxsSaYCKZvRWSIBSZKZ1XSIdiLX14mzmn9sm7fnVUa13kaRTiEI6iCDefQgFtoggMEUniGV3gznowX4934mI8WjHznAP7A+PwBTTaRGg==</latexit><latexit sha1_base64="9VCp0rchD/YeiKXJvis7rJpzwi4= ">AAAB93icbVDLSsNAFL2pr1ofjbp0M1iEFqEkIqgLoejGZYXGFtoQJtNJO3TyYGYi1tAvceNCxa2/4s6/cdpmoa0HLvdwzr3Mne MnnEllWd9GYWV1bX2juFna2t7ZLZt7+/cyTgWhDol5LDo+lpSziDqKKU47iaA49Dlt+6Obqd9+oEKyOGqpcULdEA8iFjCClZY8s/xYVTV0hXQ7aXlWzTMrVt2aAS0TOycVyNH0zK9ePyZpSCNFOJaya1uJcjMsFCOcTkq9VNIEkxEe0K6mEQ6pdLPZ4RN0rJU+CmKhK1Jopv7eyHAo5Tj09WSI1VAuelPxP6+bquDCzViUpIpGZP5QkHKkYjRNAfWZoETxsSaYCKZvRWSIBSZKZ1XSIdiLX14mzmn9sm7fnVUa13kaRTiEI6iCDefQgFtoggMEUniGV3gznowX4934mI8WjHznAP7A+PwBTTaRGg==</latexit><latexit sha1_base64="9VCp0rchD/YeiKXJvis7rJpzwi4= ">AAAB93icbVDLSsNAFL2pr1ofjbp0M1iEFqEkIqgLoejGZYXGFtoQJtNJO3TyYGYi1tAvceNCxa2/4s6/cdpmoa0HLvdwzr3Mne MnnEllWd9GYWV1bX2juFna2t7ZLZt7+/cyTgWhDol5LDo+lpSziDqKKU47iaA49Dlt+6Obqd9+oEKyOGqpcULdEA8iFjCClZY8s/xYVTV0hXQ7aXlWzTMrVt2aAS0TOycVyNH0zK9ePyZpSCNFOJaya1uJcjMsFCOcTkq9VNIEkxEe0K6mEQ6pdLPZ4RN0rJU+CmKhK1Jopv7eyHAo5Tj09WSI1VAuelPxP6+bquDCzViUpIpGZP5QkHKkYjRNAfWZoETxsSaYCKZvRWSIBSZKZ1XSIdiLX14mzmn9sm7fnVUa13kaRTiEI6iCDefQgFtoggMEUniGV3gznowX4934mI8WjHznAP7A+PwBTTaRGg==</latexit>

T0
<latexit sha1_base64="f77q8BAinuZuDRiGeuJfEYQz3hQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWPFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPzZ7bq1TdmjsDWSZeQapQoNGrfHX7CctilIYJqnXHc1MT5FQZzgROyt1MY0rZiA6wY6mkMeogn506IadW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEV0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZsemUbQje4svLxD+vXde8+4tq/aZIowTHcAJn4MEl1OEOGuADgwE8wyu8OcJ5cd6dj3nrilPMHMEfOJ8/QT6NTw==</latexit><latexit sha1_base64="f77q8BAinuZuDRiGeuJfEYQz3hQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWPFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPzZ7bq1TdmjsDWSZeQapQoNGrfHX7CctilIYJqnXHc1MT5FQZzgROyt1MY0rZiA6wY6mkMeogn506IadW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEV0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZsemUbQje4svLxD+vXde8+4tq/aZIowTHcAJn4MEl1OEOGuADgwE8wyu8OcJ5cd6dj3nrilPMHMEfOJ8/QT6NTw==</latexit><latexit sha1_base64="f77q8BAinuZuDRiGeuJfEYQz3hQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWPFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPzZ7bq1TdmjsDWSZeQapQoNGrfHX7CctilIYJqnXHc1MT5FQZzgROyt1MY0rZiA6wY6mkMeogn506IadW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEV0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZsemUbQje4svLxD+vXde8+4tq/aZIowTHcAJn4MEl1OEOGuADgwE8wyu8OcJ5cd6dj3nrilPMHMEfOJ8/QT6NTw==</latexit><latexit sha1_base64="f77q8BAinuZuDRiGeuJfEYQz3hQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWPFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPzZ7bq1TdmjsDWSZeQapQoNGrfHX7CctilIYJqnXHc1MT5FQZzgROyt1MY0rZiA6wY6mkMeogn506IadW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEV0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZsemUbQje4svLxD+vXde8+4tq/aZIowTHcAJn4MEl1OEOGuADgwE8wyu8OcJ5cd6dj3nrilPMHMEfOJ8/QT6NTw==</latexit>

f0 = 1/T0
<latexit sha1_base64="xVUZc3IWtz3vAx6HvwykpJtdOw0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUA9C0YvHCo0tpKFstpt26WY37G6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL0o508Z1v53Syura+kZ5s7K1vbO7V90/eNQyU4T6RHKpOhHWlDNBfcMMp51UUZxEnLaj0d3Ubz9RpZkULTNOaZjggWAxI9hYKYh7LrpB3lmr5/aqNbfuzoCWiVeQGhRo9qpf3b4kWUKFIRxrHXhuasIcK8MIp5NKN9M0xWSEBzSwVOCE6jCfnTxBJ1bpo1gqW8Kgmfp7IseJ1uMksp0JNkO96E3F/7wgM/FVmDORZoYKMl8UZxwZiab/oz5TlBg+tgQTxeytiAyxwsTYlCo2BG/x5WXin9ev697DRa1xW6RRhiM4hlPw4BIacA9N8IGAhGd4hTfHOC/Ou/Mxby05xcwh/IHz+QM2co9x</latexit><latexit sha1_base64="xVUZc3IWtz3vAx6HvwykpJtdOw0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUA9C0YvHCo0tpKFstpt26WY37G6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL0o508Z1v53Syura+kZ5s7K1vbO7V90/eNQyU4T6RHKpOhHWlDNBfcMMp51UUZxEnLaj0d3Ubz9RpZkULTNOaZjggWAxI9hYKYh7LrpB3lmr5/aqNbfuzoCWiVeQGhRo9qpf3b4kWUKFIRxrHXhuasIcK8MIp5NKN9M0xWSEBzSwVOCE6jCfnTxBJ1bpo1gqW8Kgmfp7IseJ1uMksp0JNkO96E3F/7wgM/FVmDORZoYKMl8UZxwZiab/oz5TlBg+tgQTxeytiAyxwsTYlCo2BG/x5WXin9ev697DRa1xW6RRhiM4hlPw4BIacA9N8IGAhGd4hTfHOC/Ou/Mxby05xcwh/IHz+QM2co9x</latexit><latexit sha1_base64="xVUZc3IWtz3vAx6HvwykpJtdOw0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUA9C0YvHCo0tpKFstpt26WY37G6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL0o508Z1v53Syura+kZ5s7K1vbO7V90/eNQyU4T6RHKpOhHWlDNBfcMMp51UUZxEnLaj0d3Ubz9RpZkULTNOaZjggWAxI9hYKYh7LrpB3lmr5/aqNbfuzoCWiVeQGhRo9qpf3b4kWUKFIRxrHXhuasIcK8MIp5NKN9M0xWSEBzSwVOCE6jCfnTxBJ1bpo1gqW8Kgmfp7IseJ1uMksp0JNkO96E3F/7wgM/FVmDORZoYKMl8UZxwZiab/oz5TlBg+tgQTxeytiAyxwsTYlCo2BG/x5WXin9ev697DRa1xW6RRhiM4hlPw4BIacA9N8IGAhGd4hTfHOC/Ou/Mxby05xcwh/IHz+QM2co9x</latexit><latexit sha1_base64="xVUZc3IWtz3vAx6HvwykpJtdOw0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUA9C0YvHCo0tpKFstpt26WY37G6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL0o508Z1v53Syura+kZ5s7K1vbO7V90/eNQyU4T6RHKpOhHWlDNBfcMMp51UUZxEnLaj0d3Ubz9RpZkULTNOaZjggWAxI9hYKYh7LrpB3lmr5/aqNbfuzoCWiVeQGhRo9qpf3b4kWUKFIRxrHXhuasIcK8MIp5NKN9M0xWSEBzSwVOCE6jCfnTxBJ1bpo1gqW8Kgmfp7IseJ1uMksp0JNkO96E3F/7wgM/FVmDORZoYKMl8UZxwZiab/oz5TlBg+tgQTxeytiAyxwsTYlCo2BG/x5WXin9ev697DRa1xW6RRhiM4hlPw4BIacA9N8IGAhGd4hTfHOC/Ou/Mxby05xcwh/IHz+QM2co9x</latexit>

periodo

frequenza portante

x(t)

T0 2 T0 n T0

(NB: segnali periodici generici e non fisici possono avere energia infinita ma potenza finita)



Sviluppo in Serie di Fourier per Segnali Periodici

x(t) = A0 + 2
1X

k=1

Ak cos(2⇡kf0t+ �k)
<latexit sha1_base64="v3mBVa5GlgVS9qPy3H+pxDNr1mU="></latexit><latexit sha1_base64="v3mBVa5GlgVS9qPy3H+pxDNr1mU="></latexit><latexit sha1_base64="v3mBVa5GlgVS9qPy3H+pxDNr1mU="></latexit>

k-esima oscillazione armonica (o “armonica”)termine “continuo”

x(t) = lim
N!1

SN (t)
<latexit sha1_base64="3+upw4ycx0lkzJgDMpQcnG+3tL4=">AAACB3icbVA9SwNBEN3zM8avU0sLF4MQm3AngloIQRurENGYQC4ce5u9ZMne3rE7J4YjpY1/xcZCxda/YOe/cfNRaOKDgcd7M8zMCxLBNTjOtzU3v7C4tJxbya+urW9s2lvbdzpOFWU1GotYNQKimeCS1YCDYI1EMRIFgtWD3uXQr98zpXksb6GfsFZEOpKHnBIwkm/vPRThEJ9jT/DIzyoexB6XIfQH+MavGMu3C07JGQHPEndCCmiCqm9/ee2YphGTQAXRuuk6CbQyooBTwQZ5L9UsIbRHOqxpqCQR061s9MgAHxiljcNYmZKAR+rviYxEWvejwHRGBLp62huK/3nNFMLTVsZlkgKTdLwoTAWGGA9TwW2uGAXRN4RQxc2tmHaJIhRMdnkTgjv98iypHZXOSu71caF8MUkjh3bRPioiF52gMrpCVVRDFD2iZ/SK3qwn68V6tz7GrXPWZGYH/YH1+QMnh5hc</latexit><latexit sha1_base64="3+upw4ycx0lkzJgDMpQcnG+3tL4=">AAACB3icbVA9SwNBEN3zM8avU0sLF4MQm3AngloIQRurENGYQC4ce5u9ZMne3rE7J4YjpY1/xcZCxda/YOe/cfNRaOKDgcd7M8zMCxLBNTjOtzU3v7C4tJxbya+urW9s2lvbdzpOFWU1GotYNQKimeCS1YCDYI1EMRIFgtWD3uXQr98zpXksb6GfsFZEOpKHnBIwkm/vPRThEJ9jT/DIzyoexB6XIfQH+MavGMu3C07JGQHPEndCCmiCqm9/ee2YphGTQAXRuuk6CbQyooBTwQZ5L9UsIbRHOqxpqCQR061s9MgAHxiljcNYmZKAR+rviYxEWvejwHRGBLp62huK/3nNFMLTVsZlkgKTdLwoTAWGGA9TwW2uGAXRN4RQxc2tmHaJIhRMdnkTgjv98iypHZXOSu71caF8MUkjh3bRPioiF52gMrpCVVRDFD2iZ/SK3qwn68V6tz7GrXPWZGYH/YH1+QMnh5hc</latexit><latexit sha1_base64="3+upw4ycx0lkzJgDMpQcnG+3tL4=">AAACB3icbVA9SwNBEN3zM8avU0sLF4MQm3AngloIQRurENGYQC4ce5u9ZMne3rE7J4YjpY1/xcZCxda/YOe/cfNRaOKDgcd7M8zMCxLBNTjOtzU3v7C4tJxbya+urW9s2lvbdzpOFWU1GotYNQKimeCS1YCDYI1EMRIFgtWD3uXQr98zpXksb6GfsFZEOpKHnBIwkm/vPRThEJ9jT/DIzyoexB6XIfQH+MavGMu3C07JGQHPEndCCmiCqm9/ee2YphGTQAXRuuk6CbQyooBTwQZ5L9UsIbRHOqxpqCQR061s9MgAHxiljcNYmZKAR+rviYxEWvejwHRGBLp62huK/3nNFMLTVsZlkgKTdLwoTAWGGA9TwW2uGAXRN4RQxc2tmHaJIhRMdnkTgjv98iypHZXOSu71caF8MUkjh3bRPioiF52gMrpCVVRDFD2iZ/SK3qwn68V6tz7GrXPWZGYH/YH1+QMnh5hc</latexit><latexit sha1_base64="3+upw4ycx0lkzJgDMpQcnG+3tL4=">AAACB3icbVA9SwNBEN3zM8avU0sLF4MQm3AngloIQRurENGYQC4ce5u9ZMne3rE7J4YjpY1/xcZCxda/YOe/cfNRaOKDgcd7M8zMCxLBNTjOtzU3v7C4tJxbya+urW9s2lvbdzpOFWU1GotYNQKimeCS1YCDYI1EMRIFgtWD3uXQr98zpXksb6GfsFZEOpKHnBIwkm/vPRThEJ9jT/DIzyoexB6XIfQH+MavGMu3C07JGQHPEndCCmiCqm9/ee2YphGTQAXRuuk6CbQyooBTwQZ5L9UsIbRHOqxpqCQR061s9MgAHxiljcNYmZKAR+rviYxEWvejwHRGBLp62huK/3nNFMLTVsZlkgKTdLwoTAWGGA9TwW2uGAXRN4RQxc2tmHaJIhRMdnkTgjv98iypHZXOSu71caF8MUkjh3bRPioiF52gMrpCVVRDFD2iZ/SK3qwn68V6tz7GrXPWZGYH/YH1+QMnh5hc</latexit>

SN (t)
<latexit sha1_base64="ZcDq1+2ZzM0Jm1P339Q7aOJvIoI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqt6MWTVHTbQruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97da2qZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Grqtx6p0kyKezNOaBDjgWARI9hYqXnXu6ma41654tbcGdBf4uWkAjkavfJnty9JGlNhCMdadzw3MUGGlWGE00mpm2qaYDLCA9qxVOCY6iCbXTtBR1bpo0gqW8KgmfpzIsOx1uM4tJ0xNkO96E3F/7xOaqLzIGMiSQ0VZL4oSjkyEk1fR32mKDF8bAkmitlbERlihYmxAZVsCN7iy3+Jf1K7qHm3p5X6ZZ5GEQ7gEKrgwRnU4Roa4AOBB3iCF3h1pPPsvDnv89aCk8/swy84H98Jf45P</latexit><latexit sha1_base64="ZcDq1+2ZzM0Jm1P339Q7aOJvIoI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqt6MWTVHTbQruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97da2qZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Grqtx6p0kyKezNOaBDjgWARI9hYqXnXu6ma41654tbcGdBf4uWkAjkavfJnty9JGlNhCMdadzw3MUGGlWGE00mpm2qaYDLCA9qxVOCY6iCbXTtBR1bpo0gqW8KgmfpzIsOx1uM4tJ0xNkO96E3F/7xOaqLzIGMiSQ0VZL4oSjkyEk1fR32mKDF8bAkmitlbERlihYmxAZVsCN7iy3+Jf1K7qHm3p5X6ZZ5GEQ7gEKrgwRnU4Roa4AOBB3iCF3h1pPPsvDnv89aCk8/swy84H98Jf45P</latexit><latexit sha1_base64="ZcDq1+2ZzM0Jm1P339Q7aOJvIoI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqt6MWTVHTbQruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97da2qZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Grqtx6p0kyKezNOaBDjgWARI9hYqXnXu6ma41654tbcGdBf4uWkAjkavfJnty9JGlNhCMdadzw3MUGGlWGE00mpm2qaYDLCA9qxVOCY6iCbXTtBR1bpo0gqW8KgmfpzIsOx1uM4tJ0xNkO96E3F/7xOaqLzIGMiSQ0VZL4oSjkyEk1fR32mKDF8bAkmitlbERlihYmxAZVsCN7iy3+Jf1K7qHm3p5X6ZZ5GEQ7gEKrgwRnU4Roa4AOBB3iCF3h1pPPsvDnv89aCk8/swy84H98Jf45P</latexit><latexit sha1_base64="ZcDq1+2ZzM0Jm1P339Q7aOJvIoI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqt6MWTVHTbQruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97da2qZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Grqtx6p0kyKezNOaBDjgWARI9hYqXnXu6ma41654tbcGdBf4uWkAjkavfJnty9JGlNhCMdadzw3MUGGlWGE00mpm2qaYDLCA9qxVOCY6iCbXTtBR1bpo0gqW8KgmfpzIsOx1uM4tJ0xNkO96E3F/7xOaqLzIGMiSQ0VZL4oSjkyEk1fR32mKDF8bAkmitlbERlihYmxAZVsCN7iy3+Jf1K7qHm3p5X6ZZ5GEQ7gEKrgwRnU4Roa4AOBB3iCF3h1pPPsvDnv89aCk8/swy84H98Jf45P</latexit>

“Serie” di Fourier 
troncata all’ N-esima 
armonica

t (u.a.)
A 

(u
.a

.)

1a armonica

2a armonica

3a armonica

4a armonica

somma di N 
armoniche



Sviluppo in Serie di Fourier per Segnali Periodici

x(t) = A0 + 2
1X

k=1

Ak cos(2⇡kf0t+ �k)
<latexit sha1_base64="v3mBVa5GlgVS9qPy3H+pxDNr1mU="></latexit><latexit sha1_base64="v3mBVa5GlgVS9qPy3H+pxDNr1mU="></latexit><latexit sha1_base64="v3mBVa5GlgVS9qPy3H+pxDNr1mU="></latexit>

Forma “polare” della serie di Fourier

x(t) = A0 + 2
1X

k=1

Ak cos(⇣k + �k)
<latexit sha1_base64="rX7c+HPG6mVj61I2ThZZuaUF8gU="></latexit><latexit sha1_base64="rX7c+HPG6mVj61I2ThZZuaUF8gU="></latexit><latexit sha1_base64="rX7c+HPG6mVj61I2ThZZuaUF8gU="></latexit>

x(t) = A0 + 2
1X

k=1

Ak cos(⇣k + �k) = A0 + 2
1X

k=1

Ak
ei(⇣k+�k) + e�i(⇣k+�k)

2
<latexit sha1_base64="8Nyi5cZrCKb1tDCE01u005eqdO4="></latexit><latexit sha1_base64="8Nyi5cZrCKb1tDCE01u005eqdO4="></latexit><latexit sha1_base64="8Nyi5cZrCKb1tDCE01u005eqdO4="></latexit>

⇣k ⌘ 2⇡kf0t
<latexit sha1_base64="rJXLdYGZebTxFwJpEN9lGSntM8s=">AAACA3icbVA9TwJBEN3DL8Qv1JJmIzGxIgcxUTuijSUmIiQcuewtc7Bh78PdORK8UNj4V2ws1Nj6J+z8Ny5whYIvmeTlvZnMzPNiKTTa9reVW1ldW9/Ibxa2tnd294r7B3c6ShSHJo9kpNoe0yBFCE0UKKEdK2CBJ6HlDa+mfmsESosovMVxDN2A9UPhC87QSG6x5DwAMndIHbhPxIjWnFjQIfVdm6JbLNsVewa6TKoZKZMMDbf45fQingQQIpdM607VjrGbMoWCS5gUnERDzPiQ9aFjaMgC0N109sSEHhulR/1ImQqRztTfEykLtB4HnukMGA70ojcV//M6Cfrn3VSEcYIQ8vkiP5EUIzpNhPaEAo5ybAjjSphbKR8wxTia3AomhOriy8ukWatcVOyb03L9MksjT0rkiJyQKjkjdXJNGqRJOHkkz+SVvFlP1ov1bn3MW3NWNnNI/sD6/AFPSpbH</latexit><latexit sha1_base64="rJXLdYGZebTxFwJpEN9lGSntM8s=">AAACA3icbVA9TwJBEN3DL8Qv1JJmIzGxIgcxUTuijSUmIiQcuewtc7Bh78PdORK8UNj4V2ws1Nj6J+z8Ny5whYIvmeTlvZnMzPNiKTTa9reVW1ldW9/Ibxa2tnd294r7B3c6ShSHJo9kpNoe0yBFCE0UKKEdK2CBJ6HlDa+mfmsESosovMVxDN2A9UPhC87QSG6x5DwAMndIHbhPxIjWnFjQIfVdm6JbLNsVewa6TKoZKZMMDbf45fQingQQIpdM607VjrGbMoWCS5gUnERDzPiQ9aFjaMgC0N109sSEHhulR/1ImQqRztTfEykLtB4HnukMGA70ojcV//M6Cfrn3VSEcYIQ8vkiP5EUIzpNhPaEAo5ybAjjSphbKR8wxTia3AomhOriy8ukWatcVOyb03L9MksjT0rkiJyQKjkjdXJNGqRJOHkkz+SVvFlP1ov1bn3MW3NWNnNI/sD6/AFPSpbH</latexit><latexit sha1_base64="rJXLdYGZebTxFwJpEN9lGSntM8s=">AAACA3icbVA9TwJBEN3DL8Qv1JJmIzGxIgcxUTuijSUmIiQcuewtc7Bh78PdORK8UNj4V2ws1Nj6J+z8Ny5whYIvmeTlvZnMzPNiKTTa9reVW1ldW9/Ibxa2tnd294r7B3c6ShSHJo9kpNoe0yBFCE0UKKEdK2CBJ6HlDa+mfmsESosovMVxDN2A9UPhC87QSG6x5DwAMndIHbhPxIjWnFjQIfVdm6JbLNsVewa6TKoZKZMMDbf45fQingQQIpdM607VjrGbMoWCS5gUnERDzPiQ9aFjaMgC0N109sSEHhulR/1ImQqRztTfEykLtB4HnukMGA70ojcV//M6Cfrn3VSEcYIQ8vkiP5EUIzpNhPaEAo5ybAjjSphbKR8wxTia3AomhOriy8ukWatcVOyb03L9MksjT0rkiJyQKjkjdXJNGqRJOHkkz+SVvFlP1ov1bn3MW3NWNnNI/sD6/AFPSpbH</latexit>

x(t) = A0 +
1X

k=1

Ak e
i⇣kei�k +

1X

k=1

Ak e
�i⇣ke�i�k = A0 +

1X

k=1

Ak e
i⇣kei�k +

�1X

k=�1
A�k e

�⇣ke�i��k

<latexit sha1_base64="bnYzUz7lRYklg/DIQa0CDiSzxtM="></latexit><latexit sha1_base64="bnYzUz7lRYklg/DIQa0CDiSzxtM="></latexit><latexit sha1_base64="bnYzUz7lRYklg/DIQa0CDiSzxtM="></latexit>

Xk = Ak e
i�k k = 1, 2, ...,+1

<latexit sha1_base64="A7Qe6t+xDZsCUDvpN5gd5BUml38=">AAACDHicbVDNSsNAGNzUv1r/oh69LBZBMISkCCpaqHjxWMHYQlPDZrtpl2x+2N0IIfQZvPgqXhRPivgKvo1Jm0tbv2VhmJmP3Rk3ZlRIw/hVKkvLK6tr1fXaxubW9o66u/cgooRjYuGIRbzrIkEYDYklqWSkG3OCApeRjuvfFHrniXBBo/BepjHpB2gYUo9iJHPKUfWu48MmvHZ8WyOPGbXjEXX8sX1ZHOg3Ta2h6bqundg09GTqqHVDNyYDF4FZgjoop+2oP/YgwklAQokZEqJnGrHsZ4hLihkZ1+xEkBhhHw1JNkkzhkc5NYBexPMbSjhhZ3woECIN3NwZIDkS81pB/qf1Eumd9zMaxokkIZ4+5CUMyggW1cAB5QRLluYAYU7zH0I8QhxhmRdYy6Ob80EXgdXQL3Tj7rTeuio7qIIDcAiOgQnOQAvcgjawAAYv4A18gi/lWXlV3pWPqbWilDv7YGaU7z8gUphb</latexit><latexit sha1_base64="A7Qe6t+xDZsCUDvpN5gd5BUml38=">AAACDHicbVDNSsNAGNzUv1r/oh69LBZBMISkCCpaqHjxWMHYQlPDZrtpl2x+2N0IIfQZvPgqXhRPivgKvo1Jm0tbv2VhmJmP3Rk3ZlRIw/hVKkvLK6tr1fXaxubW9o66u/cgooRjYuGIRbzrIkEYDYklqWSkG3OCApeRjuvfFHrniXBBo/BepjHpB2gYUo9iJHPKUfWu48MmvHZ8WyOPGbXjEXX8sX1ZHOg3Ta2h6bqundg09GTqqHVDNyYDF4FZgjoop+2oP/YgwklAQokZEqJnGrHsZ4hLihkZ1+xEkBhhHw1JNkkzhkc5NYBexPMbSjhhZ3woECIN3NwZIDkS81pB/qf1Eumd9zMaxokkIZ4+5CUMyggW1cAB5QRLluYAYU7zH0I8QhxhmRdYy6Ob80EXgdXQL3Tj7rTeuio7qIIDcAiOgQnOQAvcgjawAAYv4A18gi/lWXlV3pWPqbWilDv7YGaU7z8gUphb</latexit><latexit sha1_base64="A7Qe6t+xDZsCUDvpN5gd5BUml38=">AAACDHicbVDNSsNAGNzUv1r/oh69LBZBMISkCCpaqHjxWMHYQlPDZrtpl2x+2N0IIfQZvPgqXhRPivgKvo1Jm0tbv2VhmJmP3Rk3ZlRIw/hVKkvLK6tr1fXaxubW9o66u/cgooRjYuGIRbzrIkEYDYklqWSkG3OCApeRjuvfFHrniXBBo/BepjHpB2gYUo9iJHPKUfWu48MmvHZ8WyOPGbXjEXX8sX1ZHOg3Ta2h6bqundg09GTqqHVDNyYDF4FZgjoop+2oP/YgwklAQokZEqJnGrHsZ4hLihkZ1+xEkBhhHw1JNkkzhkc5NYBexPMbSjhhZ3woECIN3NwZIDkS81pB/qf1Eumd9zMaxokkIZ4+5CUMyggW1cAB5QRLluYAYU7zH0I8QhxhmRdYy6Ob80EXgdXQL3Tj7rTeuio7qIIDcAiOgQnOQAvcgjawAAYv4A18gi/lWXlV3pWPqbWilDv7YGaU7z8gUphb</latexit>

x(t) = X0 +
1X

k=1

Xk e
i⇣k +

�1X

k=�1
Xk e

i⇣k =
+1X

k=�1
Xk e

i2⇡kfot

<latexit sha1_base64="mkE9OFaPUfVPKYZcEoSXfXF5RVA=">AAACc3icbVFdS8MwFE3r15xfUx/1IToFdW60Q1DBwcAXHxWcDuxW0izV0PSD5FacpT/D/+Rf8I/44ovZVhCdBwKHc05ucu/1EsEVWNaHYc7Mzs0vlBbLS8srq2uV9Y07FaeSsg6NRSy7HlFM8Ih1gINg3UQyEnqC3XvB5ci/f2ZS8Ti6hWHCeiF5jLjPKQEtuZW3lwM4xC3cdTMrxzXsqDR0s6Bl5/3M4ZEPw1xbQe4cs37GnVcGxA3yn1y9CPWzuv1fUpeejtamK+Omk3AcYN+NMeRupWo1rDHwNLELUkUFrt3KuzOIaRqyCKggSj3YVgK9jEjgVLC87KSKJYQG5JFl46HleF9LA+zHUp8I8Fj9lSOhUsPQ08mQwJP6643E/7yHFPyzXsajJAUW0clDfiow6M 70BvCAS0ZBDDUhVHL9Q0yfiCQU9J7KunX7b6PTpNNsnDesm5Nq+6KYQQltoV10gGx0itroCl2jDqLoy9gxjoya8Wlum7vm3iRqGsWdTfQLZv0bp+2+Bg==</latexit><latexit sha1_base64="mkE9OFaPUfVPKYZcEoSXfXF5RVA=">AAACc3icbVFdS8MwFE3r15xfUx/1IToFdW60Q1DBwcAXHxWcDuxW0izV0PSD5FacpT/D/+Rf8I/44ovZVhCdBwKHc05ucu/1EsEVWNaHYc7Mzs0vlBbLS8srq2uV9Y07FaeSsg6NRSy7HlFM8Ih1gINg3UQyEnqC3XvB5ci/f2ZS8Ti6hWHCeiF5jLjPKQEtuZW3lwM4xC3cdTMrxzXsqDR0s6Bl5/3M4ZEPw1xbQe4cs37GnVcGxA3yn1y9CPWzuv1fUpeejtamK+Omk3AcYN+NMeRupWo1rDHwNLELUkUFrt3KuzOIaRqyCKggSj3YVgK9jEjgVLC87KSKJYQG5JFl46HleF9LA+zHUp8I8Fj9lSOhUsPQ08mQwJP6643E/7yHFPyzXsajJAUW0clDfiow6M 70BvCAS0ZBDDUhVHL9Q0yfiCQU9J7KunX7b6PTpNNsnDesm5Nq+6KYQQltoV10gGx0itroCl2jDqLoy9gxjoya8Wlum7vm3iRqGsWdTfQLZv0bp+2+Bg==</latexit><latexit sha1_base64="mkE9OFaPUfVPKYZcEoSXfXF5RVA=">AAACc3icbVFdS8MwFE3r15xfUx/1IToFdW60Q1DBwcAXHxWcDuxW0izV0PSD5FacpT/D/+Rf8I/44ovZVhCdBwKHc05ucu/1EsEVWNaHYc7Mzs0vlBbLS8srq2uV9Y07FaeSsg6NRSy7HlFM8Ih1gINg3UQyEnqC3XvB5ci/f2ZS8Ti6hWHCeiF5jLjPKQEtuZW3lwM4xC3cdTMrxzXsqDR0s6Bl5/3M4ZEPw1xbQe4cs37GnVcGxA3yn1y9CPWzuv1fUpeejtamK+Omk3AcYN+NMeRupWo1rDHwNLELUkUFrt3KuzOIaRqyCKggSj3YVgK9jEjgVLC87KSKJYQG5JFl46HleF9LA+zHUp8I8Fj9lSOhUsPQ08mQwJP6643E/7yHFPyzXsajJAUW0clDfiow6M 70BvCAS0ZBDDUhVHL9Q0yfiCQU9J7KunX7b6PTpNNsnDesm5Nq+6KYQQltoV10gGx0itroCl2jDqLoy9gxjoya8Wlum7vm3iRqGsWdTfQLZv0bp+2+Bg==</latexit>

Forma “complessa” della serie di Fourier

cos(x) =
eix + e�ix

2
<latexit sha1_base64="O6MPZS6B3mC3sLhDdoUoFdUDQp4=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFqIolKYK6EIpuXFYwttDEMplO6tBJJsxMpCXkHdz4Km5cqLh15c63cdpmoa0HBj7OvZc79/gxo1JZ1rdRmJtfWFwqLpdWVtfWN8zNrVvJE4GJgznjouUjSRiNiKOoYqQVC4JCn5Gm378c1ZsPREjKoxs1jIkXol5EA4qR0lbHPHBDnw9SzGVWGezDc+gGAuGU3KV0kMFDqOFIU5bWso5ZtqrWWHAW7BzKIFejY365XY6TkEQKMyRl27Zi5aVIKIoZyUpuIkmMcB/1SFtjhEIivXR8Uwb3tNOFARf6RQqO3d8TKQqlHIa+7gyRupfTtZH5X62dqODUS2kUJ4pEeLIoSBhUHI4Cgl0qCFZsqAFhQfVfIb5HOhSlYyzpEOzpk2fBqVXPqvb1cbl+kadRBDtgF1SADU5AHVyBBnAABo/gGbyCN+PJeDHejY9Ja8HIZ7bBHxmfP7UhnaI=</latexit><latexit sha1_base64="O6MPZS6B3mC3sLhDdoUoFdUDQp4=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFqIolKYK6EIpuXFYwttDEMplO6tBJJsxMpCXkHdz4Km5cqLh15c63cdpmoa0HBj7OvZc79/gxo1JZ1rdRmJtfWFwqLpdWVtfWN8zNrVvJE4GJgznjouUjSRiNiKOoYqQVC4JCn5Gm378c1ZsPREjKoxs1jIkXol5EA4qR0lbHPHBDnw9SzGVWGezDc+gGAuGU3KV0kMFDqOFIU5bWso5ZtqrWWHAW7BzKIFejY365XY6TkEQKMyRl27Zi5aVIKIoZyUpuIkmMcB/1SFtjhEIivXR8Uwb3tNOFARf6RQqO3d8TKQqlHIa+7gyRupfTtZH5X62dqODUS2kUJ4pEeLIoSBhUHI4Cgl0qCFZsqAFhQfVfIb5HOhSlYyzpEOzpk2fBqVXPqvb1cbl+kadRBDtgF1SADU5AHVyBBnAABo/gGbyCN+PJeDHejY9Ja8HIZ7bBHxmfP7UhnaI=</latexit><latexit sha1_base64="O6MPZS6B3mC3sLhDdoUoFdUDQp4=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFqIolKYK6EIpuXFYwttDEMplO6tBJJsxMpCXkHdz4Km5cqLh15c63cdpmoa0HBj7OvZc79/gxo1JZ1rdRmJtfWFwqLpdWVtfWN8zNrVvJE4GJgznjouUjSRiNiKOoYqQVC4JCn5Gm378c1ZsPREjKoxs1jIkXol5EA4qR0lbHPHBDnw9SzGVWGezDc+gGAuGU3KV0kMFDqOFIU5bWso5ZtqrWWHAW7BzKIFejY365XY6TkEQKMyRl27Zi5aVIKIoZyUpuIkmMcB/1SFtjhEIivXR8Uwb3tNOFARf6RQqO3d8TKQqlHIa+7gyRupfTtZH5X62dqODUS2kUJ4pEeLIoSBhUHI4Cgl0qCFZsqAFhQfVfIb5HOhSlYyzpEOzpk2fBqVXPqvb1cbl+kadRBDtgF1SADU5AHVyBBnAABo/gGbyCN+PJeDHejY9Ja8HIZ7bBHxmfP7UhnaI=</latexit><latexit sha1_base64="O6MPZS6B3mC3sLhDdoUoFdUDQp4=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFqIolKYK6EIpuXFYwttDEMplO6tBJJsxMpCXkHdz4Km5cqLh15c63cdpmoa0HBj7OvZc79/gxo1JZ1rdRmJtfWFwqLpdWVtfWN8zNrVvJE4GJgznjouUjSRiNiKOoYqQVC4JCn5Gm378c1ZsPREjKoxs1jIkXol5EA4qR0lbHPHBDnw9SzGVWGezDc+gGAuGU3KV0kMFDqOFIU5bWso5ZtqrWWHAW7BzKIFejY365XY6TkEQKMyRl27Zi5aVIKIoZyUpuIkmMcB/1SFtjhEIivXR8Uwb3tNOFARf6RQqO3d8TKQqlHIa+7gyRupfTtZH5X62dqODUS2kUJ4pEeLIoSBhUHI4Cgl0qCFZsqAFhQfVfIb5HOhSlYyzpEOzpk2fBqVXPqvb1cbl+kadRBDtgF1SADU5AHVyBBnAABo/gGbyCN+PJeDHejY9Ja8HIZ7bBHxmfP7UhnaI=</latexit>

x(t) = A0 +
1X

k=1

Ak e
i⇣kei�k +

1X

k=1

Ak e
�i⇣ke�i�k = A0 +

1X

k=1

Ak e
i⇣kei�k +

�1X

k=�1
A�k e

+i⇣ke�i��k

<latexit sha1_base64="hTxBtXdKN+RhWql7/juEa+eflGM="></latexit><latexit sha1_base64="hTxBtXdKN+RhWql7/juEa+eflGM="></latexit><latexit sha1_base64="hTxBtXdKN+RhWql7/juEa+eflGM="></latexit><latexit sha1_base64="hTxBtXdKN+RhWql7/juEa+eflGM="></latexit>

k ! �k
<latexit sha1_base64="wz2nWRlBjYge0QzRy5JSWnzVA8k=">AAAB93icbVBNS8NAEN34WetHox69LBbBiyURQb0VvXisYGyhDWWz3bRLN7thd6LU0F/ixYOKV/+KN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dpaWV1bX1ksb5c2t7Z2Ku7t3b1SmKQuoEkq3ImKY4JIFwEGwVqoZSSLBmtHweuI3H5g2XMk7GKUsTEhf8phTAlbqupVhR/P+AIjW6hGfDLtu1at5U+BF4hekigo0uu5Xp6doljAJVBBj2r6XQpgTDZwKNi53MsNSQoekz9qWSpIwE+bTw8f4yCo9HCttSwKeqr8ncpIYM0oi25kQGJh5byL+57UziC/CnMs0AybpbFGcCQwKT1LAPa4ZBTGyhFDN7a2YDogmFGxWZRuCP//yIglOa5c1//asWr8q0iihA3SIjpGPzlEd3aAGChBFGXpGr+jNeXJenHfnY9a65BQz++gPnM8fBLSS3Q==</latexit><latexit sha1_base64="wz2nWRlBjYge0QzRy5JSWnzVA8k=">AAAB93icbVBNS8NAEN34WetHox69LBbBiyURQb0VvXisYGyhDWWz3bRLN7thd6LU0F/ixYOKV/+KN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dpaWV1bX1ksb5c2t7Z2Ku7t3b1SmKQuoEkq3ImKY4JIFwEGwVqoZSSLBmtHweuI3H5g2XMk7GKUsTEhf8phTAlbqupVhR/P+AIjW6hGfDLtu1at5U+BF4hekigo0uu5Xp6doljAJVBBj2r6XQpgTDZwKNi53MsNSQoekz9qWSpIwE+bTw8f4yCo9HCttSwKeqr8ncpIYM0oi25kQGJh5byL+57UziC/CnMs0AybpbFGcCQwKT1LAPa4ZBTGyhFDN7a2YDogmFGxWZRuCP//yIglOa5c1//asWr8q0iihA3SIjpGPzlEd3aAGChBFGXpGr+jNeXJenHfnY9a65BQz++gPnM8fBLSS3Q==</latexit><latexit sha1_base64="wz2nWRlBjYge0QzRy5JSWnzVA8k=">AAAB93icbVBNS8NAEN34WetHox69LBbBiyURQb0VvXisYGyhDWWz3bRLN7thd6LU0F/ixYOKV/+KN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dpaWV1bX1ksb5c2t7Z2Ku7t3b1SmKQuoEkq3ImKY4JIFwEGwVqoZSSLBmtHweuI3H5g2XMk7GKUsTEhf8phTAlbqupVhR/P+AIjW6hGfDLtu1at5U+BF4hekigo0uu5Xp6doljAJVBBj2r6XQpgTDZwKNi53MsNSQoekz9qWSpIwE+bTw8f4yCo9HCttSwKeqr8ncpIYM0oi25kQGJh5byL+57UziC/CnMs0AybpbFGcCQwKT1LAPa4ZBTGyhFDN7a2YDogmFGxWZRuCP//yIglOa5c1//asWr8q0iihA3SIjpGPzlEd3aAGChBFGXpGr+jNeXJenHfnY9a65BQz++gPnM8fBLSS3Q==</latexit><latexit sha1_base64="wz2nWRlBjYge0QzRy5JSWnzVA8k=">AAAB93icbVBNS8NAEN34WetHox69LBbBiyURQb0VvXisYGyhDWWz3bRLN7thd6LU0F/ixYOKV/+KN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dpaWV1bX1ksb5c2t7Z2Ku7t3b1SmKQuoEkq3ImKY4JIFwEGwVqoZSSLBmtHweuI3H5g2XMk7GKUsTEhf8phTAlbqupVhR/P+AIjW6hGfDLtu1at5U+BF4hekigo0uu5Xp6doljAJVBBj2r6XQpgTDZwKNi53MsNSQoekz9qWSpIwE+bTw8f4yCo9HCttSwKeqr8ncpIYM0oi25kQGJh5byL+57UziC/CnMs0AybpbFGcCQwKT1LAPa4ZBTGyhFDN7a2YDogmFGxWZRuCP//yIglOa5c1//asWr8q0iihA3SIjpGPzlEd3aAGChBFGXpGr+jNeXJenHfnY9a65BQz++gPnM8fBLSS3Q==</latexit>

Xk = A�k e
�i��k k = �1, ...,�2,�1

<latexit sha1_base64="XPkh8ZvD48aela5+Lg4jQHwhrWQ=">AAACFXicbVDNS8MwHE3n15xfVY9egkPwsJZ2CFN0MPHicYJzg3WWNEu30PSDJBVG2f/hxX/FiyIeFM/+N7ZdL9v8hcDLey8k7zkRo0Iaxq9SWlldW98ob1a2tnd299T9gwcRxhyTDg5ZyHsOEoTRgHQklYz0Ik6Q7zDSdbybTO8+ES5oGNzLSUQGPhoF1KUYyZSy1UbP9mATXtuJ5k2tGnlMNGpFY5qfp9ZltqDX1CwauHJS03W9ptVrmmmrVUM38oHLwCxAFRTTttVPaxji2CeBxAwJ0TeNSA4SxCXFjEwrVixIhLCHRiTJY03hSUoNoRvydAcS5uycD/lCTHwndfpIjsWilpH/af1YuueDhAZRLEmAZw+5MYMyhFlHcEg5wZJNUoAwp+kPIR4jjrBMm6yk0c3FoMugU9cvdPPurNq6KjoogyNwDE6BCRqgBW5BG3QABi/gDXyBb+VZeVXelY+ZtaQUdw7B3Cg/fz0Bm4k=</latexit><latexit sha1_base64="XPkh8ZvD48aela5+Lg4jQHwhrWQ=">AAACFXicbVDNS8MwHE3n15xfVY9egkPwsJZ2CFN0MPHicYJzg3WWNEu30PSDJBVG2f/hxX/FiyIeFM/+N7ZdL9v8hcDLey8k7zkRo0Iaxq9SWlldW98ob1a2tnd299T9gwcRxhyTDg5ZyHsOEoTRgHQklYz0Ik6Q7zDSdbybTO8+ES5oGNzLSUQGPhoF1KUYyZSy1UbP9mATXtuJ5k2tGnlMNGpFY5qfp9ZltqDX1CwauHJS03W9ptVrmmmrVUM38oHLwCxAFRTTttVPaxji2CeBxAwJ0TeNSA4SxCXFjEwrVixIhLCHRiTJY03hSUoNoRvydAcS5uycD/lCTHwndfpIjsWilpH/af1YuueDhAZRLEmAZw+5MYMyhFlHcEg5wZJNUoAwp+kPIR4jjrBMm6yk0c3FoMugU9cvdPPurNq6KjoogyNwDE6BCRqgBW5BG3QABi/gDXyBb+VZeVXelY+ZtaQUdw7B3Cg/fz0Bm4k=</latexit><latexit sha1_base64="XPkh8ZvD48aela5+Lg4jQHwhrWQ=">AAACFXicbVDNS8MwHE3n15xfVY9egkPwsJZ2CFN0MPHicYJzg3WWNEu30PSDJBVG2f/hxX/FiyIeFM/+N7ZdL9v8hcDLey8k7zkRo0Iaxq9SWlldW98ob1a2tnd299T9gwcRxhyTDg5ZyHsOEoTRgHQklYz0Ik6Q7zDSdbybTO8+ES5oGNzLSUQGPhoF1KUYyZSy1UbP9mATXtuJ5k2tGnlMNGpFY5qfp9ZltqDX1CwauHJS03W9ptVrmmmrVUM38oHLwCxAFRTTttVPaxji2CeBxAwJ0TeNSA4SxCXFjEwrVixIhLCHRiTJY03hSUoNoRvydAcS5uycD/lCTHwndfpIjsWilpH/af1YuueDhAZRLEmAZw+5MYMyhFlHcEg5wZJNUoAwp+kPIR4jjrBMm6yk0c3FoMugU9cvdPPurNq6KjoogyNwDE6BCRqgBW5BG3QABi/gDXyBb+VZeVXelY+ZtaQUdw7B3Cg/fz0Bm4k=</latexit><latexit sha1_base64="XPkh8ZvD48aela5+Lg4jQHwhrWQ=">AAACFXicbVDNS8MwHE3n15xfVY9egkPwsJZ2CFN0MPHicYJzg3WWNEu30PSDJBVG2f/hxX/FiyIeFM/+N7ZdL9v8hcDLey8k7zkRo0Iaxq9SWlldW98ob1a2tnd299T9gwcRxhyTDg5ZyHsOEoTRgHQklYz0Ik6Q7zDSdbybTO8+ES5oGNzLSUQGPhoF1KUYyZSy1UbP9mATXtuJ5k2tGnlMNGpFY5qfp9ZltqDX1CwauHJS03W9ptVrmmmrVUM38oHLwCxAFRTTttVPaxji2CeBxAwJ0TeNSA4SxCXFjEwrVixIhLCHRiTJY03hSUoNoRvydAcS5uycD/lCTHwndfpIjsWilpH/af1YuueDhAZRLEmAZw+5MYMyhFlHcEg5wZJNUoAwp+kPIR4jjrBMm6yk0c3FoMugU9cvdPPurNq6KjoogyNwDE6BCRqgBW5BG3QABi/gDXyBb+VZeVXelY+ZtaQUdw7B3Cg/fz0Bm4k=</latexit>



Sviluppo in Serie di Fourier per Segnali Periodici (2)

x(t) = A0 + 2
1X

k=1

Ak cos(2⇡kf0t+ �k)
<latexit sha1_base64="v3mBVa5GlgVS9qPy3H+pxDNr1mU="></latexit><latexit sha1_base64="v3mBVa5GlgVS9qPy3H+pxDNr1mU="></latexit><latexit sha1_base64="v3mBVa5GlgVS9qPy3H+pxDNr1mU="></latexit>

Forma “polare” della serie di Fourier

<latexit sha1_base64="KXgpaEA8qcniOnZa+HnLN+8U+i4="></latexit>

x(t) = A0 + 2
1X

k=1

Ak [cos (2⇡kf0t) cos�k � sin (2⇡kf0t) sin�k]

à il termine di fase, Φk, di fatto può essere assorbito in un termine di sviluppo con 
il sin

Forma “rettangolare” della serie di Fourier



Sviluppo in Serie di Fourier per Segnali Periodici
Determiniamo ora una espressione per il calcolo del coefficiente      , andando 
ad anti-trasformare:

+T0/2Z

�T0/2

x(t) e�i2⇡nf0t dt =

+T0/2Z

�T0/2

+1X

k=�1
Xk e

i2⇡kf0t e�i2⇡nf0t dt =
+1X

k=�1
Xk

+T0/2Z

�T0/2

ei2⇡(k�n)f0t dt

<latexit sha1_base64="4SzOpw1Jg9P7cXZMuVQ3UDiiuHc="></latexit><latexit sha1_base64="4SzOpw1Jg9P7cXZMuVQ3UDiiuHc="></latexit><latexit sha1_base64="4SzOpw1Jg9P7cXZMuVQ3UDiiuHc="></latexit>

+T0/2Z

�T0/2

ei2⇡(k�n)f0t dt =
exp[i2⇡(k � n)f0t]

i2⇡(k � n)f0

����
+T0/2

�T0/2

=
sin[⇡(k � n)]

⇡(k � n)f0
<latexit sha1_base64="1DZ8vveSpFeA5iGkYM+jVKmSQ2Q="></latexit><latexit sha1_base64="1DZ8vveSpFeA5iGkYM+jVKmSQ2Q="></latexit><latexit sha1_base64="1DZ8vveSpFeA5iGkYM+jVKmSQ2Q="></latexit>

sin(↵) =
ei↵ � e�i↵

2i
f0T0 = 1

<latexit sha1_base64="+eBNvhme7gO5baso29kB1V3k2qo="></latexit><latexit sha1_base64="+eBNvhme7gO5baso29kB1V3k2qo="></latexit><latexit sha1_base64="+eBNvhme7gO5baso29kB1V3k2qo="></latexit>

sin[⇡(k � n)]

⇡(k � n)f0
=

(
0, k 6= n

T0 k = n
<latexit sha1_base64="FvReYJZBDtfr7fjqc02ZQwyXNuE="></latexit><latexit sha1_base64="FvReYJZBDtfr7fjqc02ZQwyXNuE="></latexit><latexit sha1_base64="FvReYJZBDtfr7fjqc02ZQwyXNuE="></latexit>

sin(↵) =
ei↵ � e�i↵

2i
f0T0 = 1

<latexit sha1_base64="+eBNvhme7gO5baso29kB1V3k2qo="></latexit><latexit sha1_base64="+eBNvhme7gO5baso29kB1V3k2qo="></latexit><latexit sha1_base64="+eBNvhme7gO5baso29kB1V3k2qo="></latexit>

Xn
<latexit sha1_base64="kzIs2sTEQ5B/0i0I2NVTchKJELM=">AAAB33icbVBNSwMxFHxbv2r9qnr0EiyCp7IrQvVW8OKxomsLbSnZNNuGZpMleSuU0rsXxZPiP/Iv+G9M2720dSAwzEx4b16USmHR93+9wsbm1vZOcbe0t39weFQ+Pnm2OjOMh0xLbVoRtVwKxUMUKHkrNZwmkeTNaHQ385sv3Fih1ROOU95N6ECJWDCKTnps9VSvXPGr/hxknQQ5qUCORq/80+lrliVcIZPU2nbgp9idUIOCST4tdTLLU8pGdMAn8wWn5MJJfRJr455CMleXcjSxdpxELplQHNpVbyb+57UzjG+6E6HSDLlii0FxJglqMmtL+sJwhnLsCGVGuA0JG1JDGbqblFz1YLXoOgmvqrdV/+G6Uq/nNyjCGZzDJQRQgzrcQwNCYDCAN/iELy/yXr1372MRLXj5n1NYgvf9B5Z4iTk=</latexit><latexit sha1_base64="kzIs2sTEQ5B/0i0I2NVTchKJELM=">AAAB33icbVBNSwMxFHxbv2r9qnr0EiyCp7IrQvVW8OKxomsLbSnZNNuGZpMleSuU0rsXxZPiP/Iv+G9M2720dSAwzEx4b16USmHR93+9wsbm1vZOcbe0t39weFQ+Pnm2OjOMh0xLbVoRtVwKxUMUKHkrNZwmkeTNaHQ385sv3Fih1ROOU95N6ECJWDCKTnps9VSvXPGr/hxknQQ5qUCORq/80+lrliVcIZPU2nbgp9idUIOCST4tdTLLU8pGdMAn8wWn5MJJfRJr455CMleXcjSxdpxELplQHNpVbyb+57UzjG+6E6HSDLlii0FxJglqMmtL+sJwhnLsCGVGuA0JG1JDGbqblFz1YLXoOgmvqrdV/+G6Uq/nNyjCGZzDJQRQgzrcQwNCYDCAN/iELy/yXr1372MRLXj5n1NYgvf9B5Z4iTk=</latexit><latexit sha1_base64="kzIs2sTEQ5B/0i0I2NVTchKJELM=">AAAB33icbVBNSwMxFHxbv2r9qnr0EiyCp7IrQvVW8OKxomsLbSnZNNuGZpMleSuU0rsXxZPiP/Iv+G9M2720dSAwzEx4b16USmHR93+9wsbm1vZOcbe0t39weFQ+Pnm2OjOMh0xLbVoRtVwKxUMUKHkrNZwmkeTNaHQ385sv3Fih1ROOU95N6ECJWDCKTnps9VSvXPGr/hxknQQ5qUCORq/80+lrliVcIZPU2nbgp9idUIOCST4tdTLLU8pGdMAn8wWn5MJJfRJr455CMleXcjSxdpxELplQHNpVbyb+57UzjG+6E6HSDLlii0FxJglqMmtL+sJwhnLsCGVGuA0JG1JDGbqblFz1YLXoOgmvqrdV/+G6Uq/nNyjCGZzDJQRQgzrcQwNCYDCAN/iELy/yXr1372MRLXj5n1NYgvf9B5Z4iTk=</latexit>

si
n
(⇡
↵
)

⇡
↵

<latexit sha1_base64="m0IndrAJMs6An+mqaGEQ5JksXjc=">AAACBXicbVBNS8MwAE3n15xfVY9egkOcl9GKoN4GXjxOsE5Yx0izdAtLk5Ck4ii9e/GveFE8KV79C/4bs60I23wQeLz3QvJeJBnVxvN+nNLS8srqWnm9srG5tb3j7u7daZEqTAIsmFD3EdKEUU4CQw0j91IRlESMtKLh1dhvPRClqeC3ZiRJJ0F9TmOKkbFS1z0OY4VwFiaReMw05XktlDRETA7QSZ798bzrVr26NwFcJH5BqqBAs+t+hz2B04RwgxnSuu170nQypAzFjOSVMNVEIjxEfZJNauTwyEo9GAtlDzdwos7kUKL1KIlsMkFmoOe9sfif105NfNHJKJepIRxPH4pTBo2A401gjyqCDRtZgrCi9ocQD5DdxdjlKra6P190kQSn9cu6f3NWbTSKDcrgAByCGvDBOWiAa9AEAcDgGbyCD/DpPDkvzpvzPo2WnOLOPpiB8/UL6uOZaQ==</latexit><latexit sha1_base64="m0IndrAJMs6An+mqaGEQ5JksXjc=">AAACBXicbVBNS8MwAE3n15xfVY9egkOcl9GKoN4GXjxOsE5Yx0izdAtLk5Ck4ii9e/GveFE8KV79C/4bs60I23wQeLz3QvJeJBnVxvN+nNLS8srqWnm9srG5tb3j7u7daZEqTAIsmFD3EdKEUU4CQw0j91IRlESMtKLh1dhvPRClqeC3ZiRJJ0F9TmOKkbFS1z0OY4VwFiaReMw05XktlDRETA7QSZ798bzrVr26NwFcJH5BqqBAs+t+hz2B04RwgxnSuu170nQypAzFjOSVMNVEIjxEfZJNauTwyEo9GAtlDzdwos7kUKL1KIlsMkFmoOe9sfif105NfNHJKJepIRxPH4pTBo2A401gjyqCDRtZgrCi9ocQD5DdxdjlKra6P190kQSn9cu6f3NWbTSKDcrgAByCGvDBOWiAa9AEAcDgGbyCD/DpPDkvzpvzPo2WnOLOPpiB8/UL6uOZaQ==</latexit><latexit sha1_base64="m0IndrAJMs6An+mqaGEQ5JksXjc=">AAACBXicbVBNS8MwAE3n15xfVY9egkOcl9GKoN4GXjxOsE5Yx0izdAtLk5Ck4ii9e/GveFE8KV79C/4bs60I23wQeLz3QvJeJBnVxvN+nNLS8srqWnm9srG5tb3j7u7daZEqTAIsmFD3EdKEUU4CQw0j91IRlESMtKLh1dhvPRClqeC3ZiRJJ0F9TmOKkbFS1z0OY4VwFiaReMw05XktlDRETA7QSZ798bzrVr26NwFcJH5BqqBAs+t+hz2B04RwgxnSuu170nQypAzFjOSVMNVEIjxEfZJNauTwyEo9GAtlDzdwos7kUKL1KIlsMkFmoOe9sfif105NfNHJKJepIRxPH4pTBo2A401gjyqCDRtZgrCi9ocQD5DdxdjlKra6P190kQSn9cu6f3NWbTSKDcrgAByCGvDBOWiAa9AEAcDgGbyCD/DpPDkvzpvzPo2WnOLOPpiB8/UL6uOZaQ==</latexit><latexit sha1_base64="m0IndrAJMs6An+mqaGEQ5JksXjc=">AAACBXicbVBNS8MwAE3n15xfVY9egkOcl9GKoN4GXjxOsE5Yx0izdAtLk5Ck4ii9e/GveFE8KV79C/4bs60I23wQeLz3QvJeJBnVxvN+nNLS8srqWnm9srG5tb3j7u7daZEqTAIsmFD3EdKEUU4CQw0j91IRlESMtKLh1dhvPRClqeC3ZiRJJ0F9TmOKkbFS1z0OY4VwFiaReMw05XktlDRETA7QSZ798bzrVr26NwFcJH5BqqBAs+t+hz2B04RwgxnSuu170nQypAzFjOSVMNVEIjxEfZJNauTwyEo9GAtlDzdwos7kUKL1KIlsMkFmoOe9sfif105NfNHJKJepIRxPH4pTBo2A401gjyqCDRtZgrCi9ocQD5DdxdjlKra6P190kQSn9cu6f3NWbTSKDcrgAByCGvDBOWiAa9AEAcDgGbyCD/DpPDkvzpvzPo2WnOLOPpiB8/UL6uOZaQ==</latexit>

=

sinc = cardinal sine 



Sviluppo in Serie di Fourier per Segnali Periodici
Determiniamo ora una espressione per il calcolo del coefficiente      , andando 
ad anti-trasformare:

+T0/2Z

�T0/2

x(t) e�i2⇡nf0t dt =

+T0/2Z

�T0/2

+1X

k=�1
Xk e

i2⇡kf0t e�i2⇡nf0t dt =
+1X

k=�1
Xk

+T0/2Z

�T0/2

ei2⇡(k�n)f0t dt

<latexit sha1_base64="4SzOpw1Jg9P7cXZMuVQ3UDiiuHc="></latexit><latexit sha1_base64="4SzOpw1Jg9P7cXZMuVQ3UDiiuHc="></latexit><latexit sha1_base64="4SzOpw1Jg9P7cXZMuVQ3UDiiuHc="></latexit>

+T0/2Z

�T0/2

ei2⇡(k�n)f0t dt =
exp[i2⇡(k � n)f0t]

i2⇡(k � n)f0

����
+T0/2

�T0/2

=
sin[⇡(k � n)]

⇡(k � n)f0
<latexit sha1_base64="1DZ8vveSpFeA5iGkYM+jVKmSQ2Q="></latexit><latexit sha1_base64="1DZ8vveSpFeA5iGkYM+jVKmSQ2Q="></latexit><latexit sha1_base64="1DZ8vveSpFeA5iGkYM+jVKmSQ2Q="></latexit>

sin(↵) =
ei↵ � e�i↵

2i
f0T0 = 1

<latexit sha1_base64="+eBNvhme7gO5baso29kB1V3k2qo="></latexit><latexit sha1_base64="+eBNvhme7gO5baso29kB1V3k2qo="></latexit><latexit sha1_base64="+eBNvhme7gO5baso29kB1V3k2qo="></latexit>

sin[⇡(k � n)]

⇡(k � n)f0
=

(
0, k 6= n

T0 k = n
<latexit sha1_base64="FvReYJZBDtfr7fjqc02ZQwyXNuE="></latexit><latexit sha1_base64="FvReYJZBDtfr7fjqc02ZQwyXNuE="></latexit><latexit sha1_base64="FvReYJZBDtfr7fjqc02ZQwyXNuE="></latexit>

sin(↵) =
ei↵ � e�i↵

2i
f0T0 = 1

<latexit sha1_base64="+eBNvhme7gO5baso29kB1V3k2qo="></latexit><latexit sha1_base64="+eBNvhme7gO5baso29kB1V3k2qo="></latexit><latexit sha1_base64="+eBNvhme7gO5baso29kB1V3k2qo="></latexit>

+T0/2Z

�T0/2

x(t) e�i2⇡nf0t dt =
+1X

k=�1
Xk

+T0/2Z

�T0/2

ei2⇡(k�n)f0t dt = XnT0

<latexit sha1_base64="t6V/cVNZgoUqAybizcT6ptZT3h8="></latexit><latexit sha1_base64="t6V/cVNZgoUqAybizcT6ptZT3h8="></latexit><latexit sha1_base64="t6V/cVNZgoUqAybizcT6ptZT3h8="></latexit>

Xn =
1

T0

+T0/2Z

�T0/2

x(t) e�i2⇡nf0t dt

<latexit sha1_base64="+KOzAGJPyLxtMBCDcjDFoaAeI4Y="></latexit><latexit sha1_base64="+KOzAGJPyLxtMBCDcjDFoaAeI4Y="></latexit><latexit sha1_base64="+KOzAGJPyLxtMBCDcjDFoaAeI4Y="></latexit>

Xn
<latexit sha1_base64="kzIs2sTEQ5B/0i0I2NVTchKJELM=">AAAB33icbVBNSwMxFHxbv2r9qnr0EiyCp7IrQvVW8OKxomsLbSnZNNuGZpMleSuU0rsXxZPiP/Iv+G9M2720dSAwzEx4b16USmHR93+9wsbm1vZOcbe0t39weFQ+Pnm2OjOMh0xLbVoRtVwKxUMUKHkrNZwmkeTNaHQ385sv3Fih1ROOU95N6ECJWDCKTnps9VSvXPGr/hxknQQ5qUCORq/80+lrliVcIZPU2nbgp9idUIOCST4tdTLLU8pGdMAn8wWn5MJJfRJr455CMleXcjSxdpxELplQHNpVbyb+57UzjG+6E6HSDLlii0FxJglqMmtL+sJwhnLsCGVGuA0JG1JDGbqblFz1YLXoOgmvqrdV/+G6Uq/nNyjCGZzDJQRQgzrcQwNCYDCAN/iELy/yXr1372MRLXj5n1NYgvf9B5Z4iTk=</latexit><latexit sha1_base64="kzIs2sTEQ5B/0i0I2NVTchKJELM=">AAAB33icbVBNSwMxFHxbv2r9qnr0EiyCp7IrQvVW8OKxomsLbSnZNNuGZpMleSuU0rsXxZPiP/Iv+G9M2720dSAwzEx4b16USmHR93+9wsbm1vZOcbe0t39weFQ+Pnm2OjOMh0xLbVoRtVwKxUMUKHkrNZwmkeTNaHQ385sv3Fih1ROOU95N6ECJWDCKTnps9VSvXPGr/hxknQQ5qUCORq/80+lrliVcIZPU2nbgp9idUIOCST4tdTLLU8pGdMAn8wWn5MJJfRJr455CMleXcjSxdpxELplQHNpVbyb+57UzjG+6E6HSDLlii0FxJglqMmtL+sJwhnLsCGVGuA0JG1JDGbqblFz1YLXoOgmvqrdV/+G6Uq/nNyjCGZzDJQRQgzrcQwNCYDCAN/iELy/yXr1372MRLXj5n1NYgvf9B5Z4iTk=</latexit><latexit sha1_base64="kzIs2sTEQ5B/0i0I2NVTchKJELM=">AAAB33icbVBNSwMxFHxbv2r9qnr0EiyCp7IrQvVW8OKxomsLbSnZNNuGZpMleSuU0rsXxZPiP/Iv+G9M2720dSAwzEx4b16USmHR93+9wsbm1vZOcbe0t39weFQ+Pnm2OjOMh0xLbVoRtVwKxUMUKHkrNZwmkeTNaHQ385sv3Fih1ROOU95N6ECJWDCKTnps9VSvXPGr/hxknQQ5qUCORq/80+lrliVcIZPU2nbgp9idUIOCST4tdTLLU8pGdMAn8wWn5MJJfRJr455CMleXcjSxdpxELplQHNpVbyb+57UzjG+6E6HSDLlii0FxJglqMmtL+sJwhnLsCGVGuA0JG1JDGbqblFz1YLXoOgmvqrdV/+G6Uq/nNyjCGZzDJQRQgzrcQwNCYDCAN/iELy/yXr1372MRLXj5n1NYgvf9B5Z4iTk=</latexit>



Sviluppo in Serie di Fourier per Segnali Periodici

Forma complessa della trasformata di Fourier

x(t) =
1X

k=�1
Xk e

j2⇡kf0t

<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>

equazione di ANALISI: studio del 
contenuto in frequenza del segnale

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

x(t) () Xk
<latexit sha1_base64="vVC7DJDLeEtWlzhw1jcVuEarTIQ=">AAAB+nicbVDLSsNAFJ3UV62vqEtdDBahbkoiggouCm5cuKhgbKEtYTKdpEMnmTBzo5bSjb/iRnGl+BH+gn/jtM2mrQcGDuec4d57glRwDY7zaxWWlldW14rrpY3Nre0de3fvQctMUeZRKaRqBkQzwRPmAQfBmqliJA4EawT967HfeGRKc5ncwyBlnZhECQ85JWAk3z58rsAJbt/KJBIsBMWjHhCl5BNu+n3fLjtVZwK8SNyclFGOum//tLuSZjFLgAqidct1UugMiQJOBRuV2plmKaF9ErHhZPcRPjZSF4dSmZcAnqgzORJrPYgDk4wJ9PS8Nxb/81oZhBedIU/SDFhCp4PCTGCQeFwE7nLFKIiBIYQqbjbEtEcUoWDqKpnT3flDF4l3Wr2sOndn5dpV3kERHaAjVEEuOkc1dIPqyEMUvaA39Im+rJH1ar1bH9Nowcr/7KMZWN9/9waTug==</latexit><latexit sha1_base64="vVC7DJDLeEtWlzhw1jcVuEarTIQ=">AAAB+nicbVDLSsNAFJ3UV62vqEtdDBahbkoiggouCm5cuKhgbKEtYTKdpEMnmTBzo5bSjb/iRnGl+BH+gn/jtM2mrQcGDuec4d57glRwDY7zaxWWlldW14rrpY3Nre0de3fvQctMUeZRKaRqBkQzwRPmAQfBmqliJA4EawT967HfeGRKc5ncwyBlnZhECQ85JWAk3z58rsAJbt/KJBIsBMWjHhCl5BNu+n3fLjtVZwK8SNyclFGOum//tLuSZjFLgAqidct1UugMiQJOBRuV2plmKaF9ErHhZPcRPjZSF4dSmZcAnqgzORJrPYgDk4wJ9PS8Nxb/81oZhBedIU/SDFhCp4PCTGCQeFwE7nLFKIiBIYQqbjbEtEcUoWDqKpnT3flDF4l3Wr2sOndn5dpV3kERHaAjVEEuOkc1dIPqyEMUvaA39Im+rJH1ar1bH9Nowcr/7KMZWN9/9waTug==</latexit><latexit sha1_base64="vVC7DJDLeEtWlzhw1jcVuEarTIQ=">AAAB+nicbVDLSsNAFJ3UV62vqEtdDBahbkoiggouCm5cuKhgbKEtYTKdpEMnmTBzo5bSjb/iRnGl+BH+gn/jtM2mrQcGDuec4d57glRwDY7zaxWWlldW14rrpY3Nre0de3fvQctMUeZRKaRqBkQzwRPmAQfBmqliJA4EawT967HfeGRKc5ncwyBlnZhECQ85JWAk3z58rsAJbt/KJBIsBMWjHhCl5BNu+n3fLjtVZwK8SNyclFGOum//tLuSZjFLgAqidct1UugMiQJOBRuV2plmKaF9ErHhZPcRPjZSF4dSmZcAnqgzORJrPYgDk4wJ9PS8Nxb/81oZhBedIU/SDFhCp4PCTGCQeFwE7nLFKIiBIYQqbjbEtEcUoWDqKpnT3flDF4l3Wr2sOndn5dpV3kERHaAjVEEuOkc1dIPqyEMUvaA39Im+rJH1ar1bH9Nowcr/7KMZWN9/9waTug==</latexit>

La conoscenza del segnale x(t) nel dominio temporale è equivalente alla 
conoscenza della successione dei termini di Fourier nel dominio delle frequenze



Sviluppo in Serie di Fourier per Segnali Periodici

x(t) =
1X

k=�1
Xk e

j2⇡kf0t

<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>

Che dimensioni fisiche ha Xk?

- l'argomento dell'esponenziale (chiamiamola A) deve essere adimensionale! à ok!

- 1/T0 per integral in dt:

                                             A
  

à stesse dimensioni di x(t)

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>

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>



Equazione di sintesi per segnali periodici

x(t) =
1X

k=�1
Xk e

j2⇡kf0t

<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>

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

Prevede l’uso di infinte armoniche per ricostruire il segnale (non fisico).

In generale possiamo ricostruire segnali a partire da un numero FINITO di armoniche.

Dal criterio di convergenza delle serie sappiamo però che

cioè l’ampiezza delle armoniche con frequenze “alte” deve risultare trascurabile rispetto 
all’ampiezza delle armoniche a frequenze “basse”.

1X

k=�1
Xk e

j2⇡kf0t < 1 =) lim
k!1

|Xk| = 0
<latexit sha1_base64="/8LaNk+a/yatiS1MWs1RIkhbNuM="></latexit><latexit sha1_base64="/8LaNk+a/yatiS1MWs1RIkhbNuM="></latexit><latexit sha1_base64="/8LaNk+a/yatiS1MWs1RIkhbNuM="></latexit><latexit sha1_base64="/8LaNk+a/yatiS1MWs1RIkhbNuM="></latexit>



Segnali fisici e segnali ideali

Un segnale x(t) può essere sviluppato in serie di Fourier se valgono

• x(t) è assolutamente integrabile nel suo periodo

• x(t) è continua o presenta un numero finito di discontinuità di primo tipo

• x(t) è derivabile rispetto a t escluso al più un numero finito di punti

    x(t) presenta un numero finito di massimi e minimi

+T0/2Z

�T0/2

|x(t)|dt < 1

<latexit sha1_base64="HRP2ApqpAexYW/7eT8Hi7rtYa3A=">AAACHHicbVDLSgMxFM3UV62vqks3wSIoYp0pggoiBTcuK7S20KlDJpOxoZkHyR3pMO23uPFXBFFcKYJ/Y/rYVD0QOJxzLjf3uLHgCkzz28jNzS8sLuWXCyura+sbxc2tWxUlkrIGjUQkWy5RTPCQNYCDYK1YMhK4gjXd3tXIbz4wqXgU1iGNWScg9yH3OSWgJad4afMQbI+rWJBU8ICDcrKjumMeV4Z32eGE4EF/Hw4G2A7cqJ95Q8AXWM/5kDrFklk2x8B/iTUlJTRFzSm+2F5Ek4CFQAVRqm2ZMXQyIoFTwYYFO1EsJrRH7lk2vm6I97TkYT+S+oWAx+pMjgRKpYGrkwGBrvrtjcT/vHYC/lkn42GcAAvpZJGfCAwRHlWFPS4ZBZFqQqjk+oeYdokkFHShBX269fvQv6RRKZ+XzZuTUrU67SCPdtAu2kcWOkVVdI1qqIEoekKv6AN9Go/Gs/FmvE+iOWM6s41mYHz9ALjxoQQ=</latexit><latexit sha1_base64="HRP2ApqpAexYW/7eT8Hi7rtYa3A=">AAACHHicbVDLSgMxFM3UV62vqks3wSIoYp0pggoiBTcuK7S20KlDJpOxoZkHyR3pMO23uPFXBFFcKYJ/Y/rYVD0QOJxzLjf3uLHgCkzz28jNzS8sLuWXCyura+sbxc2tWxUlkrIGjUQkWy5RTPCQNYCDYK1YMhK4gjXd3tXIbz4wqXgU1iGNWScg9yH3OSWgJad4afMQbI+rWJBU8ICDcrKjumMeV4Z32eGE4EF/Hw4G2A7cqJ95Q8AXWM/5kDrFklk2x8B/iTUlJTRFzSm+2F5Ek4CFQAVRqm2ZMXQyIoFTwYYFO1EsJrRH7lk2vm6I97TkYT+S+oWAx+pMjgRKpYGrkwGBrvrtjcT/vHYC/lkn42GcAAvpZJGfCAwRHlWFPS4ZBZFqQqjk+oeYdokkFHShBX269fvQv6RRKZ+XzZuTUrU67SCPdtAu2kcWOkVVdI1qqIEoekKv6AN9Go/Gs/FmvE+iOWM6s41mYHz9ALjxoQQ=</latexit><latexit sha1_base64="HRP2ApqpAexYW/7eT8Hi7rtYa3A=">AAACHHicbVDLSgMxFM3UV62vqks3wSIoYp0pggoiBTcuK7S20KlDJpOxoZkHyR3pMO23uPFXBFFcKYJ/Y/rYVD0QOJxzLjf3uLHgCkzz28jNzS8sLuWXCyura+sbxc2tWxUlkrIGjUQkWy5RTPCQNYCDYK1YMhK4gjXd3tXIbz4wqXgU1iGNWScg9yH3OSWgJad4afMQbI+rWJBU8ICDcrKjumMeV4Z32eGE4EF/Hw4G2A7cqJ95Q8AXWM/5kDrFklk2x8B/iTUlJTRFzSm+2F5Ek4CFQAVRqm2ZMXQyIoFTwYYFO1EsJrRH7lk2vm6I97TkYT+S+oWAx+pMjgRKpYGrkwGBrvrtjcT/vHYC/lkn42GcAAvpZJGfCAwRHlWFPS4ZBZFqQqjk+oeYdokkFHShBX269fvQv6RRKZ+XzZuTUrU67SCPdtAu2kcWOkVVdI1qqIEoekKv6AN9Go/Gs/FmvE+iOWM6s41mYHz9ALjxoQQ=</latexit>

()
<latexit sha1_base64="lbTs332hVT6WT50nrf9qJQ1kRSU=">AAAB8XicbVDLSgMxFM3UV62v0S7dBIvgqsyIoIKLghsXLio4ttCWkkkz09BMMiR3lKH0R9worhR/xF/wb0zb2bT1QOBwzgn3nhumghvwvF+ntLa+sblV3q7s7O7tH7iHR09GZZqygCqhdDskhgkuWQAcBGunmpEkFKwVjm6nfuuZacOVfIQ8Zb2ExJJHnBKwUt+tdu+VjAWLQPN4CERr9dJ3a17dmwGvEr8gNVSg2Xd/ugNFs4RJoIIY0/G9FHpjooFTwSaVbmZYSuiIxGw8W3mCT600wJHS9knAM3UhRxJj8iS0yYTA0Cx7U/E/r5NBdNUbc5lmwCSdD4oygUHhaX884JpRELklhGpuN8R0SDShYK9UsdX95aKrJDivX9e9h4ta46a4QRkdoxN0hnx0iRroDjVRgCjK0Rv6RF8OOK/Ou/Mxj5ac4k8VLcD5/gOInZDB</latexit><latexit sha1_base64="lbTs332hVT6WT50nrf9qJQ1kRSU=">AAAB8XicbVDLSgMxFM3UV62v0S7dBIvgqsyIoIKLghsXLio4ttCWkkkz09BMMiR3lKH0R9worhR/xF/wb0zb2bT1QOBwzgn3nhumghvwvF+ntLa+sblV3q7s7O7tH7iHR09GZZqygCqhdDskhgkuWQAcBGunmpEkFKwVjm6nfuuZacOVfIQ8Zb2ExJJHnBKwUt+tdu+VjAWLQPN4CERr9dJ3a17dmwGvEr8gNVSg2Xd/ugNFs4RJoIIY0/G9FHpjooFTwSaVbmZYSuiIxGw8W3mCT600wJHS9knAM3UhRxJj8iS0yYTA0Cx7U/E/r5NBdNUbc5lmwCSdD4oygUHhaX884JpRELklhGpuN8R0SDShYK9UsdX95aKrJDivX9e9h4ta46a4QRkdoxN0hnx0iRroDjVRgCjK0Rv6RF8OOK/Ou/Mxj5ac4k8VLcD5/gOInZDB</latexit><latexit sha1_base64="lbTs332hVT6WT50nrf9qJQ1kRSU=">AAAB8XicbVDLSgMxFM3UV62v0S7dBIvgqsyIoIKLghsXLio4ttCWkkkz09BMMiR3lKH0R9worhR/xF/wb0zb2bT1QOBwzgn3nhumghvwvF+ntLa+sblV3q7s7O7tH7iHR09GZZqygCqhdDskhgkuWQAcBGunmpEkFKwVjm6nfuuZacOVfIQ8Zb2ExJJHnBKwUt+tdu+VjAWLQPN4CERr9dJ3a17dmwGvEr8gNVSg2Xd/ugNFs4RJoIIY0/G9FHpjooFTwSaVbmZYSuiIxGw8W3mCT600wJHS9knAM3UhRxJj8iS0yYTA0Cx7U/E/r5NBdNUbc5lmwCSdD4oygUHhaX884JpRELklhGpuN8R0SDShYK9UsdX95aKrJDivX9e9h4ta46a4QRkdoxN0hnx0iRroDjVRgCjK0Rv6RF8OOK/Ou/Mxj5ac4k8VLcD5/gOInZDB</latexit>

Segnale idealeSegnale fisico

Segnali fisici spesso approssimati da segnali ideali (più semplici, ma non fisici). 
Chi ne garantisce la possibilità dello sviluppo in frequenza?

Criterio di Dirichlet:



Proprietà

Linearità:
x(t) () Xk

<latexit sha1_base64="sdFa0gihUE8TLKTsTO5UeMNoTDE=">AAAB/XicbVDLSsNAFJ34rPEVdenCwSLUTUlEUMFFwY0LFxWMLTQlTKaTdOgkE2Zu1FIKbvwVN4orxV/wF/wb0zabth4YOJxzhnvvCVLBNdj2r7GwuLS8slpaM9c3Nre2rZ3dey0zRZlLpZCqGRDNBE+YCxwEa6aKkTgQrBH0rkZ+44EpzWVyB/2UtWMSJTzklEAu+daB+VSBY+zdyCQSLATFoy4QpeQjbvo9z/Otsl21x8DzxClIGRWo+9aP15E0i1kCVBCtW46dQntAFHAq2ND0Ms1SQnskYoPx+kN8lEsdHEqVvwTwWJ3KkVjrfhzkyZhAV896I/E/r5VBeN4e8CTNgCV0MijMBAaJR13gDleMgujnhFDF8w0x7RJFKOSNmfnpzuyh88Q9qV5U7dvTcu2y6KCE9tEhqiAHnaEaukZ15CKKXtAb+kRfxrPxarwbH5PoglH82UNTML7/AJrslJo=</latexit><latexit sha1_base64="sdFa0gihUE8TLKTsTO5UeMNoTDE=">AAAB/XicbVDLSsNAFJ34rPEVdenCwSLUTUlEUMFFwY0LFxWMLTQlTKaTdOgkE2Zu1FIKbvwVN4orxV/wF/wb0zabth4YOJxzhnvvCVLBNdj2r7GwuLS8slpaM9c3Nre2rZ3dey0zRZlLpZCqGRDNBE+YCxwEa6aKkTgQrBH0rkZ+44EpzWVyB/2UtWMSJTzklEAu+daB+VSBY+zdyCQSLATFoy4QpeQjbvo9z/Otsl21x8DzxClIGRWo+9aP15E0i1kCVBCtW46dQntAFHAq2ND0Ms1SQnskYoPx+kN8lEsdHEqVvwTwWJ3KkVjrfhzkyZhAV896I/E/r5VBeN4e8CTNgCV0MijMBAaJR13gDleMgujnhFDF8w0x7RJFKOSNmfnpzuyh88Q9qV5U7dvTcu2y6KCE9tEhqiAHnaEaukZ15CKKXtAb+kRfxrPxarwbH5PoglH82UNTML7/AJrslJo=</latexit><latexit sha1_base64="sdFa0gihUE8TLKTsTO5UeMNoTDE=">AAAB/XicbVDLSsNAFJ34rPEVdenCwSLUTUlEUMFFwY0LFxWMLTQlTKaTdOgkE2Zu1FIKbvwVN4orxV/wF/wb0zabth4YOJxzhnvvCVLBNdj2r7GwuLS8slpaM9c3Nre2rZ3dey0zRZlLpZCqGRDNBE+YCxwEa6aKkTgQrBH0rkZ+44EpzWVyB/2UtWMSJTzklEAu+daB+VSBY+zdyCQSLATFoy4QpeQjbvo9z/Otsl21x8DzxClIGRWo+9aP15E0i1kCVBCtW46dQntAFHAq2ND0Ms1SQnskYoPx+kN8lEsdHEqVvwTwWJ3KkVjrfhzkyZhAV896I/E/r5VBeN4e8CTNgCV0MijMBAaJR13gDleMgujnhFDF8w0x7RJFKOSNmfnpzuyh88Q9qV5U7dvTcu2y6KCE9tEhqiAHnaEaukZ15CKKXtAb+kRfxrPxarwbH5PoglH82UNTML7/AJrslJo=</latexit>

y(t) () Yk
<latexit sha1_base64="ID3OfCIhjjtp1c+rD98PTBuqjdU=">AAAB/nicbVDLSsNAFJ3UV62vqEs3g0Wom5KKoIKLghsXLioYW2lKmEwn6dBJJszcKKF04cZfcaO4UvwEf8G/MWmzaeuBgcM5Z7j3Hi8WXINl/RqlpeWV1bXyemVjc2t7x9zdu9cyUZTZVAqpOh7RTPCI2cBBsE6sGAk9wdre8Cr3249MaS6jO0hj1gtJEHGfUwKZ5Jo4rcExdm5kFAjmg+LBAIhS8gk/uEPsOBXXrFp1awK8SBoFqaICLdf8cfqSJiGLgAqidbdhxdAbEQWcCjauOIlmMaFDErDRZP8xPsqkPvalyl4EeKLO5EiodRp6WTIkMNDzXi7+53UT8M97Ix7FCbCITgf5icAgcV4G7nPFKIg0I4Qqnm2I6YAoQiGrLD+9MX/oIrFP6hd16/a02rwsOiijA3SIaqiBzlATXaMWshFFL+gNfaIv49l4Nd6Nj2m0ZBR/9tEMjO8/B1CUxg==</latexit><latexit sha1_base64="ID3OfCIhjjtp1c+rD98PTBuqjdU=">AAAB/nicbVDLSsNAFJ3UV62vqEs3g0Wom5KKoIKLghsXLioYW2lKmEwn6dBJJszcKKF04cZfcaO4UvwEf8G/MWmzaeuBgcM5Z7j3Hi8WXINl/RqlpeWV1bXyemVjc2t7x9zdu9cyUZTZVAqpOh7RTPCI2cBBsE6sGAk9wdre8Cr3249MaS6jO0hj1gtJEHGfUwKZ5Jo4rcExdm5kFAjmg+LBAIhS8gk/uEPsOBXXrFp1awK8SBoFqaICLdf8cfqSJiGLgAqidbdhxdAbEQWcCjauOIlmMaFDErDRZP8xPsqkPvalyl4EeKLO5EiodRp6WTIkMNDzXi7+53UT8M97Ix7FCbCITgf5icAgcV4G7nPFKIg0I4Qqnm2I6YAoQiGrLD+9MX/oIrFP6hd16/a02rwsOiijA3SIaqiBzlATXaMWshFFL+gNfaIv49l4Nd6Nj2m0ZBR/9tEMjO8/B1CUxg==</latexit><latexit sha1_base64="ID3OfCIhjjtp1c+rD98PTBuqjdU=">AAAB/nicbVDLSsNAFJ3UV62vqEs3g0Wom5KKoIKLghsXLioYW2lKmEwn6dBJJszcKKF04cZfcaO4UvwEf8G/MWmzaeuBgcM5Z7j3Hi8WXINl/RqlpeWV1bXyemVjc2t7x9zdu9cyUZTZVAqpOh7RTPCI2cBBsE6sGAk9wdre8Cr3249MaS6jO0hj1gtJEHGfUwKZ5Jo4rcExdm5kFAjmg+LBAIhS8gk/uEPsOBXXrFp1awK8SBoFqaICLdf8cfqSJiGLgAqidbdhxdAbEQWcCjauOIlmMaFDErDRZP8xPsqkPvalyl4EeKLO5EiodRp6WTIkMNDzXi7+53UT8M97Ix7FCbCITgf5icAgcV4G7nPFKIg0I4Qqnm2I6YAoQiGrLD+9MX/oIrFP6hd16/a02rwsOiijA3SIaqiBzlATXaMWshFFL+gNfaIv49l4Nd6Nj2m0ZBR/9tEMjO8/B1CUxg==</latexit>

z(t) = a x(t) + b y(t)
<latexit sha1_base64="9l2Z1WrjpGvvemKSWAt/PU4OarI=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBItQUcqMCCooFNy4rGBtoS0lk2ba0MyD5I5YSxdu/BU3iivFT/AX/Bsz7WzaeuAmh3NPyL3HjaTQaNu/VmZhcWl5JbuaW1vf2NzKb+/c6zBWjFdZKENVd6nmUgS8igIlr0eKU9+VvOb2r5N+7YErLcLgDgcRb/m0GwhPMIpGaufJUxEPyRWhzWPymFBzHyWHa2pghHa+YJfsMcg8cVJSgBSVdv6n2QlZ7PMAmaRaNxw7wtaQKhRM8lGuGWseUdanXT4czz8iB0bqEC9UpgIkY3XKR32tB75rnD7Fnp7tJeJ/vUaM3nlrKIIoRh6wyUdeLAmGJAmDdITiDOXAEMqUMBMS1qOKMjSR5czqzuyi86R6Uroo2benhfJlmkEW9mAfiuDAGZThBipQBQYv8Aaf8GU9W6/Wu/UxsWas9M0uTMH6/gPbtJFo</latexit><latexit sha1_base64="9l2Z1WrjpGvvemKSWAt/PU4OarI=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBItQUcqMCCooFNy4rGBtoS0lk2ba0MyD5I5YSxdu/BU3iivFT/AX/Bsz7WzaeuAmh3NPyL3HjaTQaNu/VmZhcWl5JbuaW1vf2NzKb+/c6zBWjFdZKENVd6nmUgS8igIlr0eKU9+VvOb2r5N+7YErLcLgDgcRb/m0GwhPMIpGaufJUxEPyRWhzWPymFBzHyWHa2pghHa+YJfsMcg8cVJSgBSVdv6n2QlZ7PMAmaRaNxw7wtaQKhRM8lGuGWseUdanXT4czz8iB0bqEC9UpgIkY3XKR32tB75rnD7Fnp7tJeJ/vUaM3nlrKIIoRh6wyUdeLAmGJAmDdITiDOXAEMqUMBMS1qOKMjSR5czqzuyi86R6Uroo2benhfJlmkEW9mAfiuDAGZThBipQBQYv8Aaf8GU9W6/Wu/UxsWas9M0uTMH6/gPbtJFo</latexit><latexit sha1_base64="9l2Z1WrjpGvvemKSWAt/PU4OarI=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBItQUcqMCCooFNy4rGBtoS0lk2ba0MyD5I5YSxdu/BU3iivFT/AX/Bsz7WzaeuAmh3NPyL3HjaTQaNu/VmZhcWl5JbuaW1vf2NzKb+/c6zBWjFdZKENVd6nmUgS8igIlr0eKU9+VvOb2r5N+7YErLcLgDgcRb/m0GwhPMIpGaufJUxEPyRWhzWPymFBzHyWHa2pghHa+YJfsMcg8cVJSgBSVdv6n2QlZ7PMAmaRaNxw7wtaQKhRM8lGuGWseUdanXT4czz8iB0bqEC9UpgIkY3XKR32tB75rnD7Fnp7tJeJ/vUaM3nlrKIIoRh6wyUdeLAmGJAmDdITiDOXAEMqUMBMS1qOKMjSR5czqzuyi86R6Uroo2benhfJlmkEW9mAfiuDAGZThBipQBQYv8Aaf8GU9W6/Wu/UxsWas9M0uTMH6/gPbtJFo</latexit>

Zk = aXk + b Yk
<latexit sha1_base64="WnVtuN//dv9xVj9zCvsOAB4EouM=">AAAB+3icbVDLSgMxFL1TX7W+Rl2KECyCoJSZIqigUHDjsoJjq20ZMmmmDZN5kGSEUurGX3GjuFL8B3/BvzHTzqatB25yOPeE3Hu8hDOpLOvXKCwsLi2vFFdLa+sbm1vm9s69jFNBqENiHoumhyXlLKKOYorTZiIoDj1OG15wnfUbT1RIFkd3apDQToh7EfMZwUpLrrn/6AboCuH2CWpqpq/j7PB0PbiBa5atijUGmid2TsqQo+6aP+1uTNKQRopwLGXLthLVGWKhGOF0VGqnkiaYBLhHh+PhR+hQS13kx0JXpNBYnfLhUMpB6GlniFVfzvYy8b9eK1X+eWfIoiRVNCKTj/yUIxWjLAnUZYISxQeaYCKYnhCRPhaYKJ1XSa9uzy46T5xq5aJi3Z6Wa5d5BkXYgwM4AhvOoAY3UAcHCLzAG3zCl/FsvBrvxsfEWjDyN7swBeP7D+NykPk=</latexit><latexit sha1_base64="WnVtuN//dv9xVj9zCvsOAB4EouM=">AAAB+3icbVDLSgMxFL1TX7W+Rl2KECyCoJSZIqigUHDjsoJjq20ZMmmmDZN5kGSEUurGX3GjuFL8B3/BvzHTzqatB25yOPeE3Hu8hDOpLOvXKCwsLi2vFFdLa+sbm1vm9s69jFNBqENiHoumhyXlLKKOYorTZiIoDj1OG15wnfUbT1RIFkd3apDQToh7EfMZwUpLrrn/6AboCuH2CWpqpq/j7PB0PbiBa5atijUGmid2TsqQo+6aP+1uTNKQRopwLGXLthLVGWKhGOF0VGqnkiaYBLhHh+PhR+hQS13kx0JXpNBYnfLhUMpB6GlniFVfzvYy8b9eK1X+eWfIoiRVNCKTj/yUIxWjLAnUZYISxQeaYCKYnhCRPhaYKJ1XSa9uzy46T5xq5aJi3Z6Wa5d5BkXYgwM4AhvOoAY3UAcHCLzAG3zCl/FsvBrvxsfEWjDyN7swBeP7D+NykPk=</latexit><latexit sha1_base64="WnVtuN//dv9xVj9zCvsOAB4EouM=">AAAB+3icbVDLSgMxFL1TX7W+Rl2KECyCoJSZIqigUHDjsoJjq20ZMmmmDZN5kGSEUurGX3GjuFL8B3/BvzHTzqatB25yOPeE3Hu8hDOpLOvXKCwsLi2vFFdLa+sbm1vm9s69jFNBqENiHoumhyXlLKKOYorTZiIoDj1OG15wnfUbT1RIFkd3apDQToh7EfMZwUpLrrn/6AboCuH2CWpqpq/j7PB0PbiBa5atijUGmid2TsqQo+6aP+1uTNKQRopwLGXLthLVGWKhGOF0VGqnkiaYBLhHh+PhR+hQS13kx0JXpNBYnfLhUMpB6GlniFVfzvYy8b9eK1X+eWfIoiRVNCKTj/yUIxWjLAnUZYISxQeaYCKYnhCRPhaYKJ1XSa9uzy46T5xq5aJi3Z6Wa5d5BkXYgwM4AhvOoAY3UAcHCLzAG3zCl/FsvBrvxsfEWjDyN7swBeP7D+NykPk=</latexit>

Simmetria Hermitiana:
X�k = X⇤

k () |Xk| = |X�k|
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• Definisce la simmetria degli spettri in ampiezza e fase

X�k = X⇤
k () arg(Xk) = �arg(X�k)
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Spettri di segnali notevoli
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x(t) =
1X

k=�1
Xk e

j2⇡kf0t

<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>

Serie di Fourier per segnali tempo continuo 3

6

-

-

f

f

f0

f0

°f0

A
2

'

°'

Figura 1: Rappresentazione in frequenza di una sinusoide, spettro di ampiezza e di fase

A questo punto possiamo esprimere il segnale sinusoidale mediante l’esponenziale complesso nel

seguente modo:

A cos(2ºf0t + ') = Re[Aej(2ºf0t+')
] (4)

che esprime il fatto che, istante per istante, il segnale sinusoidale è descritto dalla proiezione del

vettore sull’asse reale; d’altra parte, usando le formule di Eulero
1
, si può anche esprimere come:

A cos(2ºf0t + ') =
A

2
ej(2ºf0t+')

+
A

2
e°j(2ºf0t+')

(5)

cioè come la somma di due vettori di uguale ampiezza che ruotano in senso opposto alla stessa

velocità angolare. D’ora in avanti utizzeremo quest’ultima relazione come rappresentazione

alternativa di un segnale sinusoidale. Questa relazione ci permette di ottenere facilmente la

rappresentazione in frequenza di un segnale, cioè la rappresentazione dello spettro di ampiezza

e di quello di fase. Infatti riscrivendo la (5) nel seguente modo:

A cos(2ºf0t + ') =
A

2
ej' ej2ºf0t

+
A

2
e°j' e°j2ºf0t

si nota che il segnale sinusoidale è costituito da du fasori a frequenza ±f0, con ampiezza A/2 e

fase ±'. Graficamente queste informazioni possono essere rappresentate disegnando spettro di

ampiezza e di fase del segnale come mostrato in figura 1.

Analogamente se si considera il segnale

x(t) = A sin(2ºf0t)

si ottiene la seguente rappresentazione mediante fasori:

x(t) =
A

2
e°jº/2 ej2ºf0t

+
A

2
ejº/2 e°j2ºf0t

I relativi spettri di ampiezza e fase sono presentati in figura 2.

1cos µ = ejµ+e°jµ

2 , sin µ = ejµ°e°jµ

2j
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Figura 1: Rappresentazione in frequenza di una sinusoide, spettro di ampiezza e di fase

A questo punto possiamo esprimere il segnale sinusoidale mediante l’esponenziale complesso nel

seguente modo:

A cos(2ºf0t + ') = Re[Aej(2ºf0t+')
] (4)

che esprime il fatto che, istante per istante, il segnale sinusoidale è descritto dalla proiezione del

vettore sull’asse reale; d’altra parte, usando le formule di Eulero
1
, si può anche esprimere come:

A cos(2ºf0t + ') =
A

2
ej(2ºf0t+')

+
A

2
e°j(2ºf0t+')

(5)

cioè come la somma di due vettori di uguale ampiezza che ruotano in senso opposto alla stessa

velocità angolare. D’ora in avanti utizzeremo quest’ultima relazione come rappresentazione

alternativa di un segnale sinusoidale. Questa relazione ci permette di ottenere facilmente la

rappresentazione in frequenza di un segnale, cioè la rappresentazione dello spettro di ampiezza

e di quello di fase. Infatti riscrivendo la (5) nel seguente modo:

A cos(2ºf0t + ') =
A

2
ej' ej2ºf0t

+
A

2
e°j' e°j2ºf0t

si nota che il segnale sinusoidale è costituito da du fasori a frequenza ±f0, con ampiezza A/2 e

fase ±'. Graficamente queste informazioni possono essere rappresentate disegnando spettro di

ampiezza e di fase del segnale come mostrato in figura 1.

Analogamente se si considera il segnale

x(t) = A sin(2ºf0t)

si ottiene la seguente rappresentazione mediante fasori:

x(t) =
A

2
e°jº/2 ej2ºf0t

+
A

2
ejº/2 e°j2ºf0t

I relativi spettri di ampiezza e fase sono presentati in figura 2.

1cos µ = ejµ+e°jµ

2 , sin µ = ejµ°e°jµ

2j
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Figura 2: Spettro di ampiezza e di fase di x(t) = A sin(2ºf0t)

Si consideri, infine, il seguente segnale sinusoidale:

x(t) = A cos
2
(2ºf0t)

Per ottenere la rappresentazione in frequenza è necessario riscriverlo nel seguente modo:

x(t) =
A

2
+

A

2
cos(4ºf0t) =

A

2
+

A

4
ej2º(2f0)t

+
A

4
e°j2º(2f0)t

dove si evidenzia che il segnale è costituito da una costante e una componente sinusoidale a

frequenza 2f0. Lo spettro di ampiezza sarà quindi costituito da tre righe spettrali: una a

frequenza nulla di ampiezza A/2, e due alle frequenze ±2f0 di ampiezza A/4. Lo spettro di fase,

invece, è nullo. Osservate come in tutti gli esempi lo spettro di ampiezza risulta essere pari,

mentre lo spettro di fase è dispari.

1.1.1 Media, potenza e ortogonalità

Per completezza calcoliamo le caratteristiche sintetiche di un fasore. La media temporale di un

fasore è nulla, essendo nulla la media di una sinusoide, risulta quindi:

< x(t) >=< Aej2ºf0t >= A < cos(2ºf0t) > +jA < sin(2ºf0t) >= 0

La potenza, invece, è data dal quadrato della sua ampiezza, infatti si ha:

Px =< |x(t)|2 >=< A2| ej2ºf0t|2 >= A2
(6)

Consideriamo adesso l’insieme degli esponenziali complessi relazionati armonicamente tra loro:

xk(t) = ej2ºkf0t k = 0,±1,±2, . . .

anche questi segnali sono periodici di periodo T0 essendo la frequenza fondamentale per ognuno

di essi multipla di f0 = 1/T0. I termini per k = ±1 hanno frequenza pari a f0 e vengono chiamate
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Figura 2: Spettro di ampiezza e di fase di x(t) = A sin(2ºf0t)

Si consideri, infine, il seguente segnale sinusoidale:

x(t) = A cos
2
(2ºf0t)

Per ottenere la rappresentazione in frequenza è necessario riscriverlo nel seguente modo:

x(t) =
A

2
+

A

2
cos(4ºf0t) =

A

2
+

A

4
ej2º(2f0)t

+
A

4
e°j2º(2f0)t

dove si evidenzia che il segnale è costituito da una costante e una componente sinusoidale a

frequenza 2f0. Lo spettro di ampiezza sarà quindi costituito da tre righe spettrali: una a

frequenza nulla di ampiezza A/2, e due alle frequenze ±2f0 di ampiezza A/4. Lo spettro di fase,

invece, è nullo. Osservate come in tutti gli esempi lo spettro di ampiezza risulta essere pari,

mentre lo spettro di fase è dispari.

1.1.1 Media, potenza e ortogonalità

Per completezza calcoliamo le caratteristiche sintetiche di un fasore. La media temporale di un

fasore è nulla, essendo nulla la media di una sinusoide, risulta quindi:

< x(t) >=< Aej2ºf0t >= A < cos(2ºf0t) > +jA < sin(2ºf0t) >= 0

La potenza, invece, è data dal quadrato della sua ampiezza, infatti si ha:

Px =< |x(t)|2 >=< A2| ej2ºf0t|2 >= A2
(6)

Consideriamo adesso l’insieme degli esponenziali complessi relazionati armonicamente tra loro:

xk(t) = ej2ºkf0t k = 0,±1,±2, . . .

anche questi segnali sono periodici di periodo T0 essendo la frequenza fondamentale per ognuno

di essi multipla di f0 = 1/T0. I termini per k = ±1 hanno frequenza pari a f0 e vengono chiamate
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<latexit sha1_base64="UlIEferwf9Wee/h66T3tF9AHS6o=">AAAB7XicbVDLSgMxFL3js9ZHR126CRahbspUBBVcFNy4rODYQluGTJppQzOTIbkjltLfcKO4UvwVf8G/MW1n09YDgcM5J8k9N0ylMOh5v87a+sbm1nZhp7i7t39Qcg+PnozKNOM+U1LpVkgNlyLhPgqUvJVqTuNQ8mY4vJv6zWeujVDJI45S3o1pPxGRYBStFLilThyqlzHV/UmlFQzPA7fsVb0ZyCqp5aQMORqB+9PpKZbFPEEmqTHtmpdi1z6Igkk+KXYyw1PKhrTPx7NxJ+TMSj0SKW1PgmSmLuRobMwoDm0ypjgwy95U/M9rZxhdd8ciSTPkCZt/FGWSoCLT7qQnNGcoR5ZQpoWdkLAB1ZSh3VDRVq8tF10l/kX1puo9XJbrt/kOCnACp1CBGlxBHe6hAT4wyOANPuHLSZ1X5935mEfXnPzOMSzA+f4Dq8GOcA==</latexit><latexit sha1_base64="UlIEferwf9Wee/h66T3tF9AHS6o=">AAAB7XicbVDLSgMxFL3js9ZHR126CRahbspUBBVcFNy4rODYQluGTJppQzOTIbkjltLfcKO4UvwVf8G/MW1n09YDgcM5J8k9N0ylMOh5v87a+sbm1nZhp7i7t39Qcg+PnozKNOM+U1LpVkgNlyLhPgqUvJVqTuNQ8mY4vJv6zWeujVDJI45S3o1pPxGRYBStFLilThyqlzHV/UmlFQzPA7fsVb0ZyCqp5aQMORqB+9PpKZbFPEEmqTHtmpdi1z6Igkk+KXYyw1PKhrTPx7NxJ+TMSj0SKW1PgmSmLuRobMwoDm0ypjgwy95U/M9rZxhdd8ciSTPkCZt/FGWSoCLT7qQnNGcoR5ZQpoWdkLAB1ZSh3VDRVq8tF10l/kX1puo9XJbrt/kOCnACp1CBGlxBHe6hAT4wyOANPuHLSZ1X5935mEfXnPzOMSzA+f4Dq8GOcA==</latexit><latexit sha1_base64="UlIEferwf9Wee/h66T3tF9AHS6o=">AAAB7XicbVDLSgMxFL3js9ZHR126CRahbspUBBVcFNy4rODYQluGTJppQzOTIbkjltLfcKO4UvwVf8G/MW1n09YDgcM5J8k9N0ylMOh5v87a+sbm1nZhp7i7t39Qcg+PnozKNOM+U1LpVkgNlyLhPgqUvJVqTuNQ8mY4vJv6zWeujVDJI45S3o1pPxGRYBStFLilThyqlzHV/UmlFQzPA7fsVb0ZyCqp5aQMORqB+9PpKZbFPEEmqTHtmpdi1z6Igkk+KXYyw1PKhrTPx7NxJ+TMSj0SKW1PgmSmLuRobMwoDm0ypjgwy95U/M9rZxhdd8ciSTPkCZt/FGWSoCLT7qQnNGcoR5ZQpoWdkLAB1ZSh3VDRVq8tF10l/kX1puo9XJbrt/kOCnACp1CBGlxBHe6hAT4wyOANPuHLSZ1X5935mEfXnPzOMSzA+f4Dq8GOcA==</latexit>

Xk = Ak e
i�k k = 1, 2, ...,+1

<latexit sha1_base64="A7Qe6t+xDZsCUDvpN5gd5BUml38=">AAACDHicbVDNSsNAGNzUv1r/oh69LBZBMISkCCpaqHjxWMHYQlPDZrtpl2x+2N0IIfQZvPgqXhRPivgKvo1Jm0tbv2VhmJmP3Rk3ZlRIw/hVKkvLK6tr1fXaxubW9o66u/cgooRjYuGIRbzrIkEYDYklqWSkG3OCApeRjuvfFHrniXBBo/BepjHpB2gYUo9iJHPKUfWu48MmvHZ8WyOPGbXjEXX8sX1ZHOg3Ta2h6bqundg09GTqqHVDNyYDF4FZgjoop+2oP/YgwklAQokZEqJnGrHsZ4hLihkZ1+xEkBhhHw1JNkkzhkc5NYBexPMbSjhhZ3woECIN3NwZIDkS81pB/qf1Eumd9zMaxokkIZ4+5CUMyggW1cAB5QRLluYAYU7zH0I8QhxhmRdYy6Ob80EXgdXQL3Tj7rTeuio7qIIDcAiOgQnOQAvcgjawAAYv4A18gi/lWXlV3pWPqbWilDv7YGaU7z8gUphb</latexit><latexit sha1_base64="A7Qe6t+xDZsCUDvpN5gd5BUml38=">AAACDHicbVDNSsNAGNzUv1r/oh69LBZBMISkCCpaqHjxWMHYQlPDZrtpl2x+2N0IIfQZvPgqXhRPivgKvo1Jm0tbv2VhmJmP3Rk3ZlRIw/hVKkvLK6tr1fXaxubW9o66u/cgooRjYuGIRbzrIkEYDYklqWSkG3OCApeRjuvfFHrniXBBo/BepjHpB2gYUo9iJHPKUfWu48MmvHZ8WyOPGbXjEXX8sX1ZHOg3Ta2h6bqundg09GTqqHVDNyYDF4FZgjoop+2oP/YgwklAQokZEqJnGrHsZ4hLihkZ1+xEkBhhHw1JNkkzhkc5NYBexPMbSjhhZ3woECIN3NwZIDkS81pB/qf1Eumd9zMaxokkIZ4+5CUMyggW1cAB5QRLluYAYU7zH0I8QhxhmRdYy6Ob80EXgdXQL3Tj7rTeuio7qIIDcAiOgQnOQAvcgjawAAYv4A18gi/lWXlV3pWPqbWilDv7YGaU7z8gUphb</latexit><latexit sha1_base64="A7Qe6t+xDZsCUDvpN5gd5BUml38=">AAACDHicbVDNSsNAGNzUv1r/oh69LBZBMISkCCpaqHjxWMHYQlPDZrtpl2x+2N0IIfQZvPgqXhRPivgKvo1Jm0tbv2VhmJmP3Rk3ZlRIw/hVKkvLK6tr1fXaxubW9o66u/cgooRjYuGIRbzrIkEYDYklqWSkG3OCApeRjuvfFHrniXBBo/BepjHpB2gYUo9iJHPKUfWu48MmvHZ8WyOPGbXjEXX8sX1ZHOg3Ta2h6bqundg09GTqqHVDNyYDF4FZgjoop+2oP/YgwklAQokZEqJnGrHsZ4hLihkZ1+xEkBhhHw1JNkkzhkc5NYBexPMbSjhhZ3woECIN3NwZIDkS81pB/qf1Eumd9zMaxokkIZ4+5CUMyggW1cAB5QRLluYAYU7zH0I8QhxhmRdYy6Ob80EXgdXQL3Tj7rTeuio7qIIDcAiOgQnOQAvcgjawAAYv4A18gi/lWXlV3pWPqbWilDv7YGaU7z8gUphb</latexit>
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Figura 1: Rappresentazione in frequenza di una sinusoide, spettro di ampiezza e di fase

A questo punto possiamo esprimere il segnale sinusoidale mediante l’esponenziale complesso nel

seguente modo:

A cos(2ºf0t + ') = Re[Aej(2ºf0t+')
] (4)

che esprime il fatto che, istante per istante, il segnale sinusoidale è descritto dalla proiezione del

vettore sull’asse reale; d’altra parte, usando le formule di Eulero
1
, si può anche esprimere come:

A cos(2ºf0t + ') =
A

2
ej(2ºf0t+')

+
A

2
e°j(2ºf0t+')

(5)

cioè come la somma di due vettori di uguale ampiezza che ruotano in senso opposto alla stessa

velocità angolare. D’ora in avanti utizzeremo quest’ultima relazione come rappresentazione

alternativa di un segnale sinusoidale. Questa relazione ci permette di ottenere facilmente la

rappresentazione in frequenza di un segnale, cioè la rappresentazione dello spettro di ampiezza

e di quello di fase. Infatti riscrivendo la (5) nel seguente modo:

A cos(2ºf0t + ') =
A

2
ej' ej2ºf0t

+
A

2
e°j' e°j2ºf0t

si nota che il segnale sinusoidale è costituito da du fasori a frequenza ±f0, con ampiezza A/2 e

fase ±'. Graficamente queste informazioni possono essere rappresentate disegnando spettro di

ampiezza e di fase del segnale come mostrato in figura 1.

Analogamente se si considera il segnale

x(t) = A sin(2ºf0t)

si ottiene la seguente rappresentazione mediante fasori:

x(t) =
A

2
e°jº/2 ej2ºf0t

+
A

2
ejº/2 e°j2ºf0t

I relativi spettri di ampiezza e fase sono presentati in figura 2.

1cos µ = ejµ+e°jµ

2 , sin µ = ejµ°e°jµ

2j

a.a. 2010-2011 Sviluppo in serie di Fourier

Xk = A�k e
�i��k k = �1, ...,�2,�1

<latexit sha1_base64="XPkh8ZvD48aela5+Lg4jQHwhrWQ=">AAACFXicbVDNS8MwHE3n15xfVY9egkPwsJZ2CFN0MPHicYJzg3WWNEu30PSDJBVG2f/hxX/FiyIeFM/+N7ZdL9v8hcDLey8k7zkRo0Iaxq9SWlldW98ob1a2tnd299T9gwcRxhyTDg5ZyHsOEoTRgHQklYz0Ik6Q7zDSdbybTO8+ES5oGNzLSUQGPhoF1KUYyZSy1UbP9mATXtuJ5k2tGnlMNGpFY5qfp9ZltqDX1CwauHJS03W9ptVrmmmrVUM38oHLwCxAFRTTttVPaxji2CeBxAwJ0TeNSA4SxCXFjEwrVixIhLCHRiTJY03hSUoNoRvydAcS5uycD/lCTHwndfpIjsWilpH/af1YuueDhAZRLEmAZw+5MYMyhFlHcEg5wZJNUoAwp+kPIR4jjrBMm6yk0c3FoMugU9cvdPPurNq6KjoogyNwDE6BCRqgBW5BG3QABi/gDXyBb+VZeVXelY+ZtaQUdw7B3Cg/fz0Bm4k=</latexit><latexit sha1_base64="XPkh8ZvD48aela5+Lg4jQHwhrWQ=">AAACFXicbVDNS8MwHE3n15xfVY9egkPwsJZ2CFN0MPHicYJzg3WWNEu30PSDJBVG2f/hxX/FiyIeFM/+N7ZdL9v8hcDLey8k7zkRo0Iaxq9SWlldW98ob1a2tnd299T9gwcRxhyTDg5ZyHsOEoTRgHQklYz0Ik6Q7zDSdbybTO8+ES5oGNzLSUQGPhoF1KUYyZSy1UbP9mATXtuJ5k2tGnlMNGpFY5qfp9ZltqDX1CwauHJS03W9ptVrmmmrVUM38oHLwCxAFRTTttVPaxji2CeBxAwJ0TeNSA4SxCXFjEwrVixIhLCHRiTJY03hSUoNoRvydAcS5uycD/lCTHwndfpIjsWilpH/af1YuueDhAZRLEmAZw+5MYMyhFlHcEg5wZJNUoAwp+kPIR4jjrBMm6yk0c3FoMugU9cvdPPurNq6KjoogyNwDE6BCRqgBW5BG3QABi/gDXyBb+VZeVXelY+ZtaQUdw7B3Cg/fz0Bm4k=</latexit><latexit sha1_base64="XPkh8ZvD48aela5+Lg4jQHwhrWQ=">AAACFXicbVDNS8MwHE3n15xfVY9egkPwsJZ2CFN0MPHicYJzg3WWNEu30PSDJBVG2f/hxX/FiyIeFM/+N7ZdL9v8hcDLey8k7zkRo0Iaxq9SWlldW98ob1a2tnd299T9gwcRxhyTDg5ZyHsOEoTRgHQklYz0Ik6Q7zDSdbybTO8+ES5oGNzLSUQGPhoF1KUYyZSy1UbP9mATXtuJ5k2tGnlMNGpFY5qfp9ZltqDX1CwauHJS03W9ptVrmmmrVUM38oHLwCxAFRTTttVPaxji2CeBxAwJ0TeNSA4SxCXFjEwrVixIhLCHRiTJY03hSUoNoRvydAcS5uycD/lCTHwndfpIjsWilpH/af1YuueDhAZRLEmAZw+5MYMyhFlHcEg5wZJNUoAwp+kPIR4jjrBMm6yk0c3FoMugU9cvdPPurNq6KjoogyNwDE6BCRqgBW5BG3QABi/gDXyBb+VZeVXelY+ZtaQUdw7B3Cg/fz0Bm4k=</latexit><latexit sha1_base64="XPkh8ZvD48aela5+Lg4jQHwhrWQ=">AAACFXicbVDNS8MwHE3n15xfVY9egkPwsJZ2CFN0MPHicYJzg3WWNEu30PSDJBVG2f/hxX/FiyIeFM/+N7ZdL9v8hcDLey8k7zkRo0Iaxq9SWlldW98ob1a2tnd299T9gwcRxhyTDg5ZyHsOEoTRgHQklYz0Ik6Q7zDSdbybTO8+ES5oGNzLSUQGPhoF1KUYyZSy1UbP9mATXtuJ5k2tGnlMNGpFY5qfp9ZltqDX1CwauHJS03W9ptVrmmmrVUM38oHLwCxAFRTTttVPaxji2CeBxAwJ0TeNSA4SxCXFjEwrVixIhLCHRiTJY03hSUoNoRvydAcS5uycD/lCTHwndfpIjsWilpH/af1YuueDhAZRLEmAZw+5MYMyhFlHcEg5wZJNUoAwp+kPIR4jjrBMm6yk0c3FoMugU9cvdPPurNq6KjoogyNwDE6BCRqgBW5BG3QABi/gDXyBb+VZeVXelY+ZtaQUdw7B3Cg/fz0Bm4k=</latexit>



X1 = A/2 e�j ⇡
2 , X�1 = A/2 ej

⇡
2 ; Xk, �k = 0 8k 6= 1

<latexit sha1_base64="UWe8vYSouQyB2EQ4QjeCGdP8BKg="></latexit>

A1 = A/2, �1 = �⇡

2
; Ak, �k = 0 8k 6= 1

<latexit sha1_base64="11BLie7+ssC11wMZNZ6iqmxJrHc="></latexit>

x(t) = A sin(2⇡f0t) = A cos(2⇡f0t�
⇡

2
)

<latexit sha1_base64="jVQ+5OoeMEqoq0WMeEYkK6zFuxc=">AAACLnicbVBNS8MwAE3n15xfVY9egkPYQEc7BBUUJl48TrBusI6RZukWljYlSWWj9Ed58Tf4D0RQPCn+DLOtB7f5IPB474XkPS9iVCrLejNyS8srq2v59cLG5tb2jrm79yB5LDBxMGdcND0kCaMhcRRVjDQjQVDgMdLwBjdjv/FIhKQ8vFejiLQD1AupTzFSWuqY9WFJleEVvIbuMXQDjw8TScO0VHUjCv2OBeddzOVfF55A1xcIJ1pJk2pa7phFq2JNABeJnZEiyFDvmC9ul+M4IKHCDEnZsq1ItRMkFMWMpAU3liRCeIB6JJn0TeGRlrrQ50KfUMGJOpNDgZSjwNPJAKm+nPfG4n9eK1b+eTuhYRQrEuLpQ37MoOJwPB7sUkGwYiNNEBZU/xDiPtL1lZ64oKvb80UXiVOtXFSsu9Ni7TLbIA8OwCEoARucgRq4BXXgAAyewTv4At/Gk/FqfBif02jOyO7sgxkYP7/Fe6St</latexit><latexit sha1_base64="jVQ+5OoeMEqoq0WMeEYkK6zFuxc=">AAACLnicbVBNS8MwAE3n15xfVY9egkPYQEc7BBUUJl48TrBusI6RZukWljYlSWWj9Ed58Tf4D0RQPCn+DLOtB7f5IPB474XkPS9iVCrLejNyS8srq2v59cLG5tb2jrm79yB5LDBxMGdcND0kCaMhcRRVjDQjQVDgMdLwBjdjv/FIhKQ8vFejiLQD1AupTzFSWuqY9WFJleEVvIbuMXQDjw8TScO0VHUjCv2OBeddzOVfF55A1xcIJ1pJk2pa7phFq2JNABeJnZEiyFDvmC9ul+M4IKHCDEnZsq1ItRMkFMWMpAU3liRCeIB6JJn0TeGRlrrQ50KfUMGJOpNDgZSjwNPJAKm+nPfG4n9eK1b+eTuhYRQrEuLpQ37MoOJwPB7sUkGwYiNNEBZU/xDiPtL1lZ64oKvb80UXiVOtXFSsu9Ni7TLbIA8OwCEoARucgRq4BXXgAAyewTv4At/Gk/FqfBif02jOyO7sgxkYP7/Fe6St</latexit><latexit sha1_base64="jVQ+5OoeMEqoq0WMeEYkK6zFuxc=">AAACLnicbVBNS8MwAE3n15xfVY9egkPYQEc7BBUUJl48TrBusI6RZukWljYlSWWj9Ed58Tf4D0RQPCn+DLOtB7f5IPB474XkPS9iVCrLejNyS8srq2v59cLG5tb2jrm79yB5LDBxMGdcND0kCaMhcRRVjDQjQVDgMdLwBjdjv/FIhKQ8vFejiLQD1AupTzFSWuqY9WFJleEVvIbuMXQDjw8TScO0VHUjCv2OBeddzOVfF55A1xcIJ1pJk2pa7phFq2JNABeJnZEiyFDvmC9ul+M4IKHCDEnZsq1ItRMkFMWMpAU3liRCeIB6JJn0TeGRlrrQ50KfUMGJOpNDgZSjwNPJAKm+nPfG4n9eK1b+eTuhYRQrEuLpQ37MoOJwPB7sUkGwYiNNEBZU/xDiPtL1lZ64oKvb80UXiVOtXFSsu9Ni7TLbIA8OwCEoARucgRq4BXXgAAyewTv4At/Gk/FqfBif02jOyO7sgxkYP7/Fe6St</latexit>

Spettri di segnali notevoli

x(t) = A0 + 2
1X

k=1

Ak cos(2⇡kf0t+ �k)
<latexit sha1_base64="v3mBVa5GlgVS9qPy3H+pxDNr1mU="></latexit><latexit sha1_base64="v3mBVa5GlgVS9qPy3H+pxDNr1mU="></latexit><latexit sha1_base64="v3mBVa5GlgVS9qPy3H+pxDNr1mU="></latexit>

x(t) =
1X

k=�1
Xk e

j2⇡kf0t

<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>
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Figura 1: Rappresentazione in frequenza di una sinusoide, spettro di ampiezza e di fase

A questo punto possiamo esprimere il segnale sinusoidale mediante l’esponenziale complesso nel

seguente modo:

A cos(2ºf0t + ') = Re[Aej(2ºf0t+')
] (4)

che esprime il fatto che, istante per istante, il segnale sinusoidale è descritto dalla proiezione del

vettore sull’asse reale; d’altra parte, usando le formule di Eulero
1
, si può anche esprimere come:

A cos(2ºf0t + ') =
A

2
ej(2ºf0t+')

+
A

2
e°j(2ºf0t+')

(5)

cioè come la somma di due vettori di uguale ampiezza che ruotano in senso opposto alla stessa

velocità angolare. D’ora in avanti utizzeremo quest’ultima relazione come rappresentazione

alternativa di un segnale sinusoidale. Questa relazione ci permette di ottenere facilmente la

rappresentazione in frequenza di un segnale, cioè la rappresentazione dello spettro di ampiezza

e di quello di fase. Infatti riscrivendo la (5) nel seguente modo:

A cos(2ºf0t + ') =
A

2
ej' ej2ºf0t

+
A

2
e°j' e°j2ºf0t

si nota che il segnale sinusoidale è costituito da du fasori a frequenza ±f0, con ampiezza A/2 e

fase ±'. Graficamente queste informazioni possono essere rappresentate disegnando spettro di

ampiezza e di fase del segnale come mostrato in figura 1.

Analogamente se si considera il segnale

x(t) = A sin(2ºf0t)

si ottiene la seguente rappresentazione mediante fasori:

x(t) =
A

2
e°jº/2 ej2ºf0t

+
A

2
ejº/2 e°j2ºf0t

I relativi spettri di ampiezza e fase sono presentati in figura 2.

1cos µ = ejµ+e°jµ

2 , sin µ = ejµ°e°jµ

2j
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Figura 1: Rappresentazione in frequenza di una sinusoide, spettro di ampiezza e di fase

A questo punto possiamo esprimere il segnale sinusoidale mediante l’esponenziale complesso nel

seguente modo:

A cos(2ºf0t + ') = Re[Aej(2ºf0t+')
] (4)

che esprime il fatto che, istante per istante, il segnale sinusoidale è descritto dalla proiezione del

vettore sull’asse reale; d’altra parte, usando le formule di Eulero
1
, si può anche esprimere come:

A cos(2ºf0t + ') =
A

2
ej(2ºf0t+')

+
A

2
e°j(2ºf0t+')

(5)

cioè come la somma di due vettori di uguale ampiezza che ruotano in senso opposto alla stessa

velocità angolare. D’ora in avanti utizzeremo quest’ultima relazione come rappresentazione

alternativa di un segnale sinusoidale. Questa relazione ci permette di ottenere facilmente la

rappresentazione in frequenza di un segnale, cioè la rappresentazione dello spettro di ampiezza

e di quello di fase. Infatti riscrivendo la (5) nel seguente modo:

A cos(2ºf0t + ') =
A

2
ej' ej2ºf0t

+
A

2
e°j' e°j2ºf0t

si nota che il segnale sinusoidale è costituito da du fasori a frequenza ±f0, con ampiezza A/2 e

fase ±'. Graficamente queste informazioni possono essere rappresentate disegnando spettro di

ampiezza e di fase del segnale come mostrato in figura 1.

Analogamente se si considera il segnale

x(t) = A sin(2ºf0t)

si ottiene la seguente rappresentazione mediante fasori:

x(t) =
A

2
e°jº/2 ej2ºf0t

+
A

2
ejº/2 e°j2ºf0t

I relativi spettri di ampiezza e fase sono presentati in figura 2.

1cos µ = ejµ+e°jµ

2 , sin µ = ejµ°e°jµ

2j
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Figura 2: Spettro di ampiezza e di fase di x(t) = A sin(2ºf0t)

Si consideri, infine, il seguente segnale sinusoidale:

x(t) = A cos
2
(2ºf0t)

Per ottenere la rappresentazione in frequenza è necessario riscriverlo nel seguente modo:

x(t) =
A

2
+

A

2
cos(4ºf0t) =

A

2
+

A

4
ej2º(2f0)t

+
A

4
e°j2º(2f0)t

dove si evidenzia che il segnale è costituito da una costante e una componente sinusoidale a

frequenza 2f0. Lo spettro di ampiezza sarà quindi costituito da tre righe spettrali: una a

frequenza nulla di ampiezza A/2, e due alle frequenze ±2f0 di ampiezza A/4. Lo spettro di fase,

invece, è nullo. Osservate come in tutti gli esempi lo spettro di ampiezza risulta essere pari,

mentre lo spettro di fase è dispari.

1.1.1 Media, potenza e ortogonalità

Per completezza calcoliamo le caratteristiche sintetiche di un fasore. La media temporale di un

fasore è nulla, essendo nulla la media di una sinusoide, risulta quindi:

< x(t) >=< Aej2ºf0t >= A < cos(2ºf0t) > +jA < sin(2ºf0t) >= 0

La potenza, invece, è data dal quadrato della sua ampiezza, infatti si ha:

Px =< |x(t)|2 >=< A2| ej2ºf0t|2 >= A2
(6)

Consideriamo adesso l’insieme degli esponenziali complessi relazionati armonicamente tra loro:

xk(t) = ej2ºkf0t k = 0,±1,±2, . . .

anche questi segnali sono periodici di periodo T0 essendo la frequenza fondamentale per ognuno

di essi multipla di f0 = 1/T0. I termini per k = ±1 hanno frequenza pari a f0 e vengono chiamate
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Figura 2: Spettro di ampiezza e di fase di x(t) = A sin(2ºf0t)

Si consideri, infine, il seguente segnale sinusoidale:

x(t) = A cos
2
(2ºf0t)

Per ottenere la rappresentazione in frequenza è necessario riscriverlo nel seguente modo:

x(t) =
A

2
+

A

2
cos(4ºf0t) =

A

2
+

A

4
ej2º(2f0)t

+
A

4
e°j2º(2f0)t

dove si evidenzia che il segnale è costituito da una costante e una componente sinusoidale a

frequenza 2f0. Lo spettro di ampiezza sarà quindi costituito da tre righe spettrali: una a

frequenza nulla di ampiezza A/2, e due alle frequenze ±2f0 di ampiezza A/4. Lo spettro di fase,

invece, è nullo. Osservate come in tutti gli esempi lo spettro di ampiezza risulta essere pari,

mentre lo spettro di fase è dispari.

1.1.1 Media, potenza e ortogonalità

Per completezza calcoliamo le caratteristiche sintetiche di un fasore. La media temporale di un

fasore è nulla, essendo nulla la media di una sinusoide, risulta quindi:

< x(t) >=< Aej2ºf0t >= A < cos(2ºf0t) > +jA < sin(2ºf0t) >= 0

La potenza, invece, è data dal quadrato della sua ampiezza, infatti si ha:

Px =< |x(t)|2 >=< A2| ej2ºf0t|2 >= A2
(6)

Consideriamo adesso l’insieme degli esponenziali complessi relazionati armonicamente tra loro:

xk(t) = ej2ºkf0t k = 0,±1,±2, . . .

anche questi segnali sono periodici di periodo T0 essendo la frequenza fondamentale per ognuno

di essi multipla di f0 = 1/T0. I termini per k = ±1 hanno frequenza pari a f0 e vengono chiamate
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• Un segnale è pari se        x(t) = x(-t)
–  Xk = X-k

• Un segnale è dispari se   x(t) = -x(-t)
– Xk = - X-k

Segnali pari e dispari



• Un segnale è pari se        x(t) = x(-t)
–  Xk = X-k

esempio: cos

• Un segnale è dispari se   x(t) = -x(-t)
– Xk = - X-k

esempio: sin

Segnali pari e dispari

X1 = X-1 = A/2    (reali)

X1 = A/2 e-iπ/2, X-1 = A/2 eiπ/2 (immaginari puri)



• Un segnale è pari se        x(t) = x(-t)
–  Xk = X-k

siccome Xk è reale:

siccome Xk = - X-k

cioè in soli coseni

Segnali pari e dispari

x(t) =
1X

k=�1
Xk e

j2⇡kf0t

<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>

<latexit sha1_base64="3Y2lq6m7mQ3HYKPgWWk4/y8ho/8="></latexit>

x(t) = X0 +
1X

k=1

Xke
j2⇡kf0t +

�1X

k=�1
Xke

j2⇡kf0t

<latexit sha1_base64="Zk/NfNWydzKsFrsnEHDBoadCfAM="></latexit>

x(t) = X0 +
1X

k=1

Xk

�
ej2⇡kf0t + e�j2⇡kf0t

�
= X0 + 2

1X

k=1

Xk cos (2⇡kf0t)



• Un segnale è pari se        x(t) = x(-t)
–  Xk = X-k

andando a calcolare Xk usiamo la forma rettangolare

nella

otteniamo

Segnali pari e dispari

<latexit sha1_base64="Zk/NfNWydzKsFrsnEHDBoadCfAM="></latexit>

x(t) = X0 +
1X

k=1

Xk

�
ej2⇡kf0t + e�j2⇡kf0t

�
= X0 + 2

1X

k=1

Xk cos (2⇡kf0t)

<latexit sha1_base64="KXgpaEA8qcniOnZa+HnLN+8U+i4="></latexit>

x(t) = A0 + 2
1X

k=1

Ak [cos (2⇡kf0t) cos�k � sin (2⇡kf0t) sin�k]

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>

<latexit sha1_base64="70pugsC7Fd8J2rMQEPjRxFWkEIA="></latexit>

Xk =
1

T0

Z T0/2

�T0/2
x (t) cos (2⇡kf0t)dt�

j

T0

Z T0/2

�T0/2
x (t) sin (2⇡kf0t)dt



• Un segnale è pari se        x(t) = x(-t)
–  Xk = X-k

cioè:

Segnali pari e dispari

<latexit sha1_base64="70pugsC7Fd8J2rMQEPjRxFWkEIA="></latexit>

Xk =
1

T0

Z T0/2

�T0/2
x (t) cos (2⇡kf0t)dt�

j

T0

Z T0/2

�T0/2
x (t) sin (2⇡kf0t)dt



• Un segnale è dispari se        x(t) = - x(-t)
–  Xk = -X-k

cioè:

Segnali pari e dispari

<latexit sha1_base64="70pugsC7Fd8J2rMQEPjRxFWkEIA="></latexit>

Xk =
1

T0

Z T0/2

�T0/2
x (t) cos (2⇡kf0t)dt�

j

T0

Z T0/2

�T0/2
x (t) sin (2⇡kf0t)dt



Proprietà

Parità:

x(t) = xp(t) + xd(t)
<latexit sha1_base64="eBhWEm/kQBFGwyzw+/VrMJgYju0=">AAAB9HicbZDLSsNAFIZP6q3WW1Rw42awCBWhJCKooFBw47KCsYW2hMlk0g6dXJiZaEvto7hRXCk+h6/g2zhps2nrDwMf//mHc/ESzqSyrF+jsLS8srpWXC9tbG5t75i7e48yTgWhDol5LJoelpSziDqKKU6biaA49DhteP3brN54okKyOHpQw4R2QtyNWMAIVtpyzYNBRZ2gGzRwkwxONfgaXLNsVa2J0CLYOZQhV901f9p+TNKQRopwLGXLthLVGWGhGOF0XGqnkiaY9HGXjiZTj9GxtnwUxEK/SKGJO5PDoZTD0NPJEKuenK9l5n+1VqqCy86IRUmqaESmjYKUIxWj7ATIZ4ISxYcaMBFMT4hIDwtMlD5USa9uzy+6CM5Z9apq3Z+Xa9f5DYpwCEdQARsuoAZ3UAcHCLzAG3zCl/FsvBrvxsc0WjDyP/swI+P7D3nHjzA=</latexit><latexit sha1_base64="eBhWEm/kQBFGwyzw+/VrMJgYju0=">AAAB9HicbZDLSsNAFIZP6q3WW1Rw42awCBWhJCKooFBw47KCsYW2hMlk0g6dXJiZaEvto7hRXCk+h6/g2zhps2nrDwMf//mHc/ESzqSyrF+jsLS8srpWXC9tbG5t75i7e48yTgWhDol5LJoelpSziDqKKU6biaA49DhteP3brN54okKyOHpQw4R2QtyNWMAIVtpyzYNBRZ2gGzRwkwxONfgaXLNsVa2J0CLYOZQhV901f9p+TNKQRopwLGXLthLVGWGhGOF0XGqnkiaY9HGXjiZTj9GxtnwUxEK/SKGJO5PDoZTD0NPJEKuenK9l5n+1VqqCy86IRUmqaESmjYKUIxWj7ATIZ4ISxYcaMBFMT4hIDwtMlD5USa9uzy+6CM5Z9apq3Z+Xa9f5DYpwCEdQARsuoAZ3UAcHCLzAG3zCl/FsvBrvxsc0WjDyP/swI+P7D3nHjzA=</latexit><latexit sha1_base64="eBhWEm/kQBFGwyzw+/VrMJgYju0=">AAAB9HicbZDLSsNAFIZP6q3WW1Rw42awCBWhJCKooFBw47KCsYW2hMlk0g6dXJiZaEvto7hRXCk+h6/g2zhps2nrDwMf//mHc/ESzqSyrF+jsLS8srpWXC9tbG5t75i7e48yTgWhDol5LJoelpSziDqKKU6biaA49DhteP3brN54okKyOHpQw4R2QtyNWMAIVtpyzYNBRZ2gGzRwkwxONfgaXLNsVa2J0CLYOZQhV901f9p+TNKQRopwLGXLthLVGWGhGOF0XGqnkiaY9HGXjiZTj9GxtnwUxEK/SKGJO5PDoZTD0NPJEKuenK9l5n+1VqqCy86IRUmqaESmjYKUIxWj7ATIZ4ISxYcaMBFMT4hIDwtMlD5USa9uzy+6CM5Z9apq3Z+Xa9f5DYpwCEdQARsuoAZ3UAcHCLzAG3zCl/FsvBrvxsc0WjDyP/swI+P7D3nHjzA=</latexit>

xp(t) =
x(t) + x(�t)

2
<latexit sha1_base64="Qg4bdbfBQdkbrAHpjpmguS92Qbg=">AAAB/XicbVDLSgMxFM3UV62vUZcuDBahRSwzRVBBoeDGZQVrC20pmTTThmYeJHekZRhw46+4UVwp/oK/4N+YaWfT6oHAyTkn5N7jhIIrsKwfI7e0vLK6ll8vbGxube+Yu3sPKogkZQ0aiEC2HKKY4D5rAAfBWqFkxHMEazqjm9RvPjKpeODfwyRkXY8MfO5ySkBLPfNw3AtLUMbXuONKQuNxejnB49IplJO4mvTMolWxpsB/iZ2RIspQ75nfnX5AI4/5QAVRqm1bIXRjIoFTwZJCJ1IsJHREBiyejp/gYy31sRtIfXzAU3UuRzylJp6jkx6BoVr0UvE/rx2Be9GNuR9GwHw6+8iNBIYAp13gPpeMgphoQqjkekJMh0TXALqxgl7dXlz0L2lUK5cV6+6sWLvKOsijA3SESshG56iGblEdNRBFz+gVfaBP48l4Md6M91k0Z2Rv9tEcjK9fRsSTDg==</latexit><latexit sha1_base64="Qg4bdbfBQdkbrAHpjpmguS92Qbg=">AAAB/XicbVDLSgMxFM3UV62vUZcuDBahRSwzRVBBoeDGZQVrC20pmTTThmYeJHekZRhw46+4UVwp/oK/4N+YaWfT6oHAyTkn5N7jhIIrsKwfI7e0vLK6ll8vbGxube+Yu3sPKogkZQ0aiEC2HKKY4D5rAAfBWqFkxHMEazqjm9RvPjKpeODfwyRkXY8MfO5ySkBLPfNw3AtLUMbXuONKQuNxejnB49IplJO4mvTMolWxpsB/iZ2RIspQ75nfnX5AI4/5QAVRqm1bIXRjIoFTwZJCJ1IsJHREBiyejp/gYy31sRtIfXzAU3UuRzylJp6jkx6BoVr0UvE/rx2Be9GNuR9GwHw6+8iNBIYAp13gPpeMgphoQqjkekJMh0TXALqxgl7dXlz0L2lUK5cV6+6sWLvKOsijA3SESshG56iGblEdNRBFz+gVfaBP48l4Md6M91k0Z2Rv9tEcjK9fRsSTDg==</latexit><latexit sha1_base64="Qg4bdbfBQdkbrAHpjpmguS92Qbg=">AAAB/XicbVDLSgMxFM3UV62vUZcuDBahRSwzRVBBoeDGZQVrC20pmTTThmYeJHekZRhw46+4UVwp/oK/4N+YaWfT6oHAyTkn5N7jhIIrsKwfI7e0vLK6ll8vbGxube+Yu3sPKogkZQ0aiEC2HKKY4D5rAAfBWqFkxHMEazqjm9RvPjKpeODfwyRkXY8MfO5ySkBLPfNw3AtLUMbXuONKQuNxejnB49IplJO4mvTMolWxpsB/iZ2RIspQ75nfnX5AI4/5QAVRqm1bIXRjIoFTwZJCJ1IsJHREBiyejp/gYy31sRtIfXzAU3UuRzylJp6jkx6BoVr0UvE/rx2Be9GNuR9GwHw6+8iNBIYAp13gPpeMgphoQqjkekJMh0TXALqxgl7dXlz0L2lUK5cV6+6sWLvKOsijA3SESshG56iGblEdNRBFz+gVfaBP48l4Md6M91k0Z2Rv9tEcjK9fRsSTDg==</latexit>

Xk = Xpk +Xdk
<latexit sha1_base64="CMiHv1rftD4RSEKgRousDndqY7c=">AAAB83icbVDLSsNAFL3xWesrKq7cDBZBEEoqggoKBTcuKxgbaEuYTCbtkMmDmUmhhPyJG8WV4n/4C/6Nkzabth4YOJxzhnvv8VLOpLKsX2NldW19Y7O2Vd/e2d3bNw8OX2SSCUJtkvBEOB6WlLOY2oopTp1UUBx5nHa98KH0u2MqJEviZzVJ6SDCw5gFjGClJdc8dtwQ3SPHzdOwQBcl8cPCNRtW05oCLZNWRRpQoeOaP30/IVlEY0U4lrLXslI1yLFQjHBa1PuZpCkmIR7SfLp0gc605KMgEfrFCk3VuRyOpJxEnk5GWI3koleK/3m9TAU3g5zFaaZoTGaDgowjlaCyAeQzQYniE00wEUxviMgIC0yU7qmuT28tHrpM7MvmbdN6umq076oOanACp3AOLbiGNjxCB2wgkMMbfMKXMTZejXfjYxZdMao/RzAH4/sPoZaQBw==</latexit><latexit sha1_base64="CMiHv1rftD4RSEKgRousDndqY7c=">AAAB83icbVDLSsNAFL3xWesrKq7cDBZBEEoqggoKBTcuKxgbaEuYTCbtkMmDmUmhhPyJG8WV4n/4C/6Nkzabth4YOJxzhnvv8VLOpLKsX2NldW19Y7O2Vd/e2d3bNw8OX2SSCUJtkvBEOB6WlLOY2oopTp1UUBx5nHa98KH0u2MqJEviZzVJ6SDCw5gFjGClJdc8dtwQ3SPHzdOwQBcl8cPCNRtW05oCLZNWRRpQoeOaP30/IVlEY0U4lrLXslI1yLFQjHBa1PuZpCkmIR7SfLp0gc605KMgEfrFCk3VuRyOpJxEnk5GWI3koleK/3m9TAU3g5zFaaZoTGaDgowjlaCyAeQzQYniE00wEUxviMgIC0yU7qmuT28tHrpM7MvmbdN6umq076oOanACp3AOLbiGNjxCB2wgkMMbfMKXMTZejXfjYxZdMao/RzAH4/sPoZaQBw==</latexit><latexit sha1_base64="CMiHv1rftD4RSEKgRousDndqY7c=">AAAB83icbVDLSsNAFL3xWesrKq7cDBZBEEoqggoKBTcuKxgbaEuYTCbtkMmDmUmhhPyJG8WV4n/4C/6Nkzabth4YOJxzhnvv8VLOpLKsX2NldW19Y7O2Vd/e2d3bNw8OX2SSCUJtkvBEOB6WlLOY2oopTp1UUBx5nHa98KH0u2MqJEviZzVJ6SDCw5gFjGClJdc8dtwQ3SPHzdOwQBcl8cPCNRtW05oCLZNWRRpQoeOaP30/IVlEY0U4lrLXslI1yLFQjHBa1PuZpCkmIR7SfLp0gc605KMgEfrFCk3VuRyOpJxEnk5GWI3koleK/3m9TAU3g5zFaaZoTGaDgowjlaCyAeQzQYniE00wEUxviMgIC0yU7qmuT28tHrpM7MvmbdN6umq076oOanACp3AOLbiGNjxCB2wgkMMbfMKXMTZejXfjYxZdMao/RzAH4/sPoZaQBw==</latexit>

la componente pari ha armoniche puramente reali ed è sviluppabile in serie di 
soli coseni

xd(t) =
x(t)� x(�t)

2
<latexit sha1_base64="UOqf2Y9xRSLpOShUB0C3oaJgarE=">AAAB/XicbVDLSgMxFM3UV62vUZcuDBahXbTMFEEFhYIblxUcK7RlyKSZNjTzILkjLUPBjb/iRnGl+Av+gn9jpu2mrQcCJ+eckHuPFwuuwLJ+jdzK6tr6Rn6zsLW9s7tn7h88qCiRlDk0EpF89IhigofMAQ6CPcaSkcATrOkNbjK/+cSk4lF4D6OYdQLSC7nPKQEtuebx0O2WoIyvcduXhKbD7FLBw1IFyuO0NnbNolW1JsDLxJ6RIpqh4Zo/7W5Ek4CFQAVRqmVbMXRSIoFTwcaFdqJYTOiA9Fg6GX+MT7XUxX4k9QkBT9S5HAmUGgWeTgYE+mrRy8T/vFYC/kUn5WGcAAvp9CM/ERginHWBu1wyCmKkCaGS6wkx7RNdA+jGCnp1e3HRZeLUqpdV6+6sWL+adZBHR+gElZCNzlEd3aIGchBFL+gNfaIv49l4Nd6Nj2k0Z8zeHKI5GN9/Ns6TBA==</latexit><latexit sha1_base64="UOqf2Y9xRSLpOShUB0C3oaJgarE=">AAAB/XicbVDLSgMxFM3UV62vUZcuDBahXbTMFEEFhYIblxUcK7RlyKSZNjTzILkjLUPBjb/iRnGl+Av+gn9jpu2mrQcCJ+eckHuPFwuuwLJ+jdzK6tr6Rn6zsLW9s7tn7h88qCiRlDk0EpF89IhigofMAQ6CPcaSkcATrOkNbjK/+cSk4lF4D6OYdQLSC7nPKQEtuebx0O2WoIyvcduXhKbD7FLBw1IFyuO0NnbNolW1JsDLxJ6RIpqh4Zo/7W5Ek4CFQAVRqmVbMXRSIoFTwcaFdqJYTOiA9Fg6GX+MT7XUxX4k9QkBT9S5HAmUGgWeTgYE+mrRy8T/vFYC/kUn5WGcAAvp9CM/ERginHWBu1wyCmKkCaGS6wkx7RNdA+jGCnp1e3HRZeLUqpdV6+6sWL+adZBHR+gElZCNzlEd3aIGchBFL+gNfaIv49l4Nd6Nj2k0Z8zeHKI5GN9/Ns6TBA==</latexit><latexit sha1_base64="UOqf2Y9xRSLpOShUB0C3oaJgarE=">AAAB/XicbVDLSgMxFM3UV62vUZcuDBahXbTMFEEFhYIblxUcK7RlyKSZNjTzILkjLUPBjb/iRnGl+Av+gn9jpu2mrQcCJ+eckHuPFwuuwLJ+jdzK6tr6Rn6zsLW9s7tn7h88qCiRlDk0EpF89IhigofMAQ6CPcaSkcATrOkNbjK/+cSk4lF4D6OYdQLSC7nPKQEtuebx0O2WoIyvcduXhKbD7FLBw1IFyuO0NnbNolW1JsDLxJ6RIpqh4Zo/7W5Ek4CFQAVRqmVbMXRSIoFTwcaFdqJYTOiA9Fg6GX+MT7XUxX4k9QkBT9S5HAmUGgWeTgYE+mrRy8T/vFYC/kUn5WGcAAvp9CM/ERginHWBu1wyCmKkCaGS6wkx7RNdA+jGCnp1e3HRZeLUqpdV6+6sWL+adZBHR+gElZCNzlEd3aIGchBFL+gNfaIv49l4Nd6Nj2k0Z8zeHKI5GN9/Ns6TBA==</latexit>

Xk =
2

T0

T0
2Z

0

x(t) cos(2⇡kf0t) dt

<latexit sha1_base64="0G7fCkuRZTmC1KM8qrfiqpkrAZo="></latexit><latexit sha1_base64="0G7fCkuRZTmC1KM8qrfiqpkrAZo="></latexit><latexit sha1_base64="0G7fCkuRZTmC1KM8qrfiqpkrAZo="></latexit>

Xk =
�2 j

T0

T0
2Z

0

x(t) sin(2⇡kf0t) dt

<latexit sha1_base64="J6brSZbXgeWkpqoovwSkzH2tok4="></latexit><latexit sha1_base64="J6brSZbXgeWkpqoovwSkzH2tok4="></latexit><latexit sha1_base64="J6brSZbXgeWkpqoovwSkzH2tok4="></latexit>

un qualsiasi segnale reale può essere scomposto nella somma di un termine pari e 
uno dispari

la componente dispari ha armoniche puramente immaginarie ed è sviluppabile 
in serie di soli seni

** xp e xd sono definite andando a "cancellare" la parte dispari o quella pari, lasciando solo l'altra

segnale è pari: x(t) = x(-t)
segnale è dispari: x(t) = -x(-t)



Spettri di ampiezza e di fase

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>

Spettro di ampiezza
simmetrico rispetto a  f = 0 

Spettro di fase
antisimmetrico rispetto a  f = 0 

|Xk|
<latexit sha1_base64="BX99BdISLxuPtGFahmd3msYY4lg=">AAAB4XicdVDLSsNAFL1TX7W+qi7dDBbBVUlEUMFFwY3LCsYW2lImk0k7dJIJMzdCafsDbhRXij/kL/g3pmkF6+PAhcM553IffqKkRcf5IIWl5ZXVteJ6aWNza3unvLt3Z3VquPC4Vto0fWaFkrHwUKISzcQIFvlKNPzB1dRv3AtjpY5vcZiITsR6sQwlZ5hJ3rjZHYy75YpbdXJQ5xf5siowR71bfm8HmqeRiJErZm3LdRLsjJhByZWYlNqpFQnjA9YTo3zFCT3KpICG2mQVI83VhRyLrB1GfpaMGPbtT28q/uW1UgzPOyMZJymKmM8GhamiqOn0XhpIIziqYUYYNzLbkPI+M4xj9pXS99P/J95J9aLq3pxWapfzHxThAA7hGFw4gxpcQx084CDhEV7glQTkgTyR51m0QOY9+7AA8vYJTMSKQA==</latexit><latexit sha1_base64="BX99BdISLxuPtGFahmd3msYY4lg=">AAAB4XicdVDLSsNAFL1TX7W+qi7dDBbBVUlEUMFFwY3LCsYW2lImk0k7dJIJMzdCafsDbhRXij/kL/g3pmkF6+PAhcM553IffqKkRcf5IIWl5ZXVteJ6aWNza3unvLt3Z3VquPC4Vto0fWaFkrHwUKISzcQIFvlKNPzB1dRv3AtjpY5vcZiITsR6sQwlZ5hJ3rjZHYy75YpbdXJQ5xf5siowR71bfm8HmqeRiJErZm3LdRLsjJhByZWYlNqpFQnjA9YTo3zFCT3KpICG2mQVI83VhRyLrB1GfpaMGPbtT28q/uW1UgzPOyMZJymKmM8GhamiqOn0XhpIIziqYUYYNzLbkPI+M4xj9pXS99P/J95J9aLq3pxWapfzHxThAA7hGFw4gxpcQx084CDhEV7glQTkgTyR51m0QOY9+7AA8vYJTMSKQA==</latexit><latexit sha1_base64="BX99BdISLxuPtGFahmd3msYY4lg=">AAAB4XicdVDLSsNAFL1TX7W+qi7dDBbBVUlEUMFFwY3LCsYW2lImk0k7dJIJMzdCafsDbhRXij/kL/g3pmkF6+PAhcM553IffqKkRcf5IIWl5ZXVteJ6aWNza3unvLt3Z3VquPC4Vto0fWaFkrHwUKISzcQIFvlKNPzB1dRv3AtjpY5vcZiITsR6sQwlZ5hJ3rjZHYy75YpbdXJQ5xf5siowR71bfm8HmqeRiJErZm3LdRLsjJhByZWYlNqpFQnjA9YTo3zFCT3KpICG2mQVI83VhRyLrB1GfpaMGPbtT28q/uW1UgzPOyMZJymKmM8GhamiqOn0XhpIIziqYUYYNzLbkPI+M4xj9pXS99P/J95J9aLq3pxWapfzHxThAA7hGFw4gxpcQx084CDhEV7glQTkgTyR51m0QOY9+7AA8vYJTMSKQA==</latexit><latexit sha1_base64="BX99BdISLxuPtGFahmd3msYY4lg=">AAAB4XicdVDLSsNAFL1TX7W+qi7dDBbBVUlEUMFFwY3LCsYW2lImk0k7dJIJMzdCafsDbhRXij/kL/g3pmkF6+PAhcM553IffqKkRcf5IIWl5ZXVteJ6aWNza3unvLt3Z3VquPC4Vto0fWaFkrHwUKISzcQIFvlKNPzB1dRv3AtjpY5vcZiITsR6sQwlZ5hJ3rjZHYy75YpbdXJQ5xf5siowR71bfm8HmqeRiJErZm3LdRLsjJhByZWYlNqpFQnjA9YTo3zFCT3KpICG2mQVI83VhRyLrB1GfpaMGPbtT28q/uW1UgzPOyMZJymKmM8GhamiqOn0XhpIIziqYUYYNzLbkPI+M4xj9pXS99P/J95J9aLq3pxWapfzHxThAA7hGFw4gxpcQx084CDhEV7glQTkgTyR51m0QOY9+7AA8vYJTMSKQA==</latexit>

arg(Xk)
<latexit sha1_base64="DeX4YAFQsOTF3k+8lHM/9wVqZ+8=">AAAB7XicdVDLSgNBEOyNrxgfWfXoZTAI8RI2IqjgIeDFYwTXBJKwzE5mkyGzO8tMrxhCfsOL4knxV/wF/8bJQzA+ChqKquqZ7g5TKQx63oeTW1peWV3Lrxc2Nre2i+7O7q1RmWbcZ0oq3Qyp4VIk3EeBkjdTzWkcSt4IB5cTv3HHtREqucFhyjsx7SUiEoyilQK32I5DdT+iujcuN4PBUeCWqhVvCuL9Il9WCeaoB+57u6tYFvMEmaTGtKpeih37IAom+bjQzgxPKRvQHh9Nxx2TQyt1SaS0rQTJVF3I0diYYRzaZEyxb356E/Evr5VhdNYZiSTNkCds9lGUSYKKTHYnXaE5Qzm0hDIt7ISE9ammDO2FCt9X/5/4x5XzSvX6pFS7mN8gD/twAGWowinU4Arq4AODDB7hBV6d1HlwnpznWTTnzHv2YAHO2yetiI5y</latexit><latexit sha1_base64="DeX4YAFQsOTF3k+8lHM/9wVqZ+8=">AAAB7XicdVDLSgNBEOyNrxgfWfXoZTAI8RI2IqjgIeDFYwTXBJKwzE5mkyGzO8tMrxhCfsOL4knxV/wF/8bJQzA+ChqKquqZ7g5TKQx63oeTW1peWV3Lrxc2Nre2i+7O7q1RmWbcZ0oq3Qyp4VIk3EeBkjdTzWkcSt4IB5cTv3HHtREqucFhyjsx7SUiEoyilQK32I5DdT+iujcuN4PBUeCWqhVvCuL9Il9WCeaoB+57u6tYFvMEmaTGtKpeih37IAom+bjQzgxPKRvQHh9Nxx2TQyt1SaS0rQTJVF3I0diYYRzaZEyxb356E/Evr5VhdNYZiSTNkCds9lGUSYKKTHYnXaE5Qzm0hDIt7ISE9ammDO2FCt9X/5/4x5XzSvX6pFS7mN8gD/twAGWowinU4Arq4AODDB7hBV6d1HlwnpznWTTnzHv2YAHO2yetiI5y</latexit><latexit sha1_base64="DeX4YAFQsOTF3k+8lHM/9wVqZ+8=">AAAB7XicdVDLSgNBEOyNrxgfWfXoZTAI8RI2IqjgIeDFYwTXBJKwzE5mkyGzO8tMrxhCfsOL4knxV/wF/8bJQzA+ChqKquqZ7g5TKQx63oeTW1peWV3Lrxc2Nre2i+7O7q1RmWbcZ0oq3Qyp4VIk3EeBkjdTzWkcSt4IB5cTv3HHtREqucFhyjsx7SUiEoyilQK32I5DdT+iujcuN4PBUeCWqhVvCuL9Il9WCeaoB+57u6tYFvMEmaTGtKpeih37IAom+bjQzgxPKRvQHh9Nxx2TQyt1SaS0rQTJVF3I0diYYRzaZEyxb356E/Evr5VhdNYZiSTNkCds9lGUSYKKTHYnXaE5Qzm0hDIt7ISE9ammDO2FCt9X/5/4x5XzSvX6pFS7mN8gD/twAGWowinU4Arq4AODDB7hBV6d1HlwnpznWTTnzHv2YAHO2yetiI5y</latexit><latexit sha1_base64="DeX4YAFQsOTF3k+8lHM/9wVqZ+8=">AAAB7XicdVDLSgNBEOyNrxgfWfXoZTAI8RI2IqjgIeDFYwTXBJKwzE5mkyGzO8tMrxhCfsOL4knxV/wF/8bJQzA+ChqKquqZ7g5TKQx63oeTW1peWV3Lrxc2Nre2i+7O7q1RmWbcZ0oq3Qyp4VIk3EeBkjdTzWkcSt4IB5cTv3HHtREqucFhyjsx7SUiEoyilQK32I5DdT+iujcuN4PBUeCWqhVvCuL9Il9WCeaoB+57u6tYFvMEmaTGtKpeih37IAom+bjQzgxPKRvQHh9Nxx2TQyt1SaS0rQTJVF3I0diYYRzaZEyxb356E/Evr5VhdNYZiSTNkCds9lGUSYKKTHYnXaE5Qzm0hDIt7ISE9ammDO2FCt9X/5/4x5XzSvX6pFS7mN8gD/twAGWowinU4Arq4AODDB7hBV6d1HlwnpznWTTnzHv2YAHO2yetiI5y</latexit>



Spettri di segnali notevoli

Duty factor: � = T/T0
<latexit sha1_base64="34oh7uWqvzLVT/BWMVbDaD/0cHA=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqs6IoIJCwY3LCh1baGvJZDJtaCYzJHeEUvoVbhRXih/jL/g3pu1sWj0QOJxzwr3nBqkUBl33xymsrK6tbxQ3S1vbO7t75f2DR5NkmnGfJTLRrYAaLoXiPgqUvJVqTuNA8mYwvJv6zWeujUhUA0cp78a0r0QkGEUrPXVCLpGSW9I4a/TcXrniVt0ZyF/i5aQCOeq98ncnTFgWc4VMUmPanptid0w1Cib5pNTJDE8pG9I+H892nZATK4UkSrR9CslMXcjR2JhRHNhkTHFglr2p+J/XzjC66o6FSjPkis0HRZkkmJBpcRIKzRnKkSWUaWE3JGxANWVoz1Oy1b3lon+Jf169rnoPF5XaTX6DIhzBMZyCB5dQg3uogw8MNLzCB3w6sfPivDnv82jByf8cwgKcr1/pq4zI</latexit><latexit sha1_base64="34oh7uWqvzLVT/BWMVbDaD/0cHA=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqs6IoIJCwY3LCh1baGvJZDJtaCYzJHeEUvoVbhRXih/jL/g3pu1sWj0QOJxzwr3nBqkUBl33xymsrK6tbxQ3S1vbO7t75f2DR5NkmnGfJTLRrYAaLoXiPgqUvJVqTuNA8mYwvJv6zWeujUhUA0cp78a0r0QkGEUrPXVCLpGSW9I4a/TcXrniVt0ZyF/i5aQCOeq98ncnTFgWc4VMUmPanptid0w1Cib5pNTJDE8pG9I+H892nZATK4UkSrR9CslMXcjR2JhRHNhkTHFglr2p+J/XzjC66o6FSjPkis0HRZkkmJBpcRIKzRnKkSWUaWE3JGxANWVoz1Oy1b3lon+Jf169rnoPF5XaTX6DIhzBMZyCB5dQg3uogw8MNLzCB3w6sfPivDnv82jByf8cwgKcr1/pq4zI</latexit><latexit sha1_base64="34oh7uWqvzLVT/BWMVbDaD/0cHA=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqs6IoIJCwY3LCh1baGvJZDJtaCYzJHeEUvoVbhRXih/jL/g3pu1sWj0QOJxzwr3nBqkUBl33xymsrK6tbxQ3S1vbO7t75f2DR5NkmnGfJTLRrYAaLoXiPgqUvJVqTuNA8mYwvJv6zWeujUhUA0cp78a0r0QkGEUrPXVCLpGSW9I4a/TcXrniVt0ZyF/i5aQCOeq98ncnTFgWc4VMUmPanptid0w1Cib5pNTJDE8pG9I+H892nZATK4UkSrR9CslMXcjR2JhRHNhkTHFglr2p+J/XzjC66o6FSjPkis0HRZkkmJBpcRIKzRnKkSWUaWE3JGxANWVoz1Oy1b3lon+Jf169rnoPF5XaTX6DIhzBMZyCB5dQg3uogw8MNLzCB3w6sfPivDnv82jByf8cwgKcr1/pq4zI</latexit><latexit sha1_base64="34oh7uWqvzLVT/BWMVbDaD/0cHA=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqs6IoIJCwY3LCh1baGvJZDJtaCYzJHeEUvoVbhRXih/jL/g3pu1sWj0QOJxzwr3nBqkUBl33xymsrK6tbxQ3S1vbO7t75f2DR5NkmnGfJTLRrYAaLoXiPgqUvJVqTuNA8mYwvJv6zWeujUhUA0cp78a0r0QkGEUrPXVCLpGSW9I4a/TcXrniVt0ZyF/i5aQCOeq98ncnTFgWc4VMUmPanptid0w1Cib5pNTJDE8pG9I+H892nZATK4UkSrR9CslMXcjR2JhRHNhkTHFglr2p+J/XzjC66o6FSjPkis0HRZkkmJBpcRIKzRnKkSWUaWE3JGxANWVoz1Oy1b3lon+Jf169rnoPF5XaTX6DIhzBMZyCB5dQg3uogw8MNLzCB3w6sfPivDnv82jByf8cwgKcr1/pq4zI</latexit>

x(t) =
+1X

n=�1
a · rect

✓
t� nT0

T

◆

<latexit sha1_base64="cj2vw0sI+4n8AQvAFYYTIBD88lc="></latexit><latexit sha1_base64="cj2vw0sI+4n8AQvAFYYTIBD88lc="></latexit><latexit sha1_base64="cj2vw0sI+4n8AQvAFYYTIBD88lc="></latexit><latexit sha1_base64="cj2vw0sI+4n8AQvAFYYTIBD88lc="></latexit>

Treno di impulsi

rect(t) =

(
1 |t|  T/2

0 altrimenti
<latexit sha1_base64="+Zz0Z7maM9QRBEKKWePKcirGayI="></latexit><latexit sha1_base64="+Zz0Z7maM9QRBEKKWePKcirGayI="></latexit><latexit sha1_base64="+Zz0Z7maM9QRBEKKWePKcirGayI="></latexit><latexit sha1_base64="+Zz0Z7maM9QRBEKKWePKcirGayI="></latexit>

Xk =
1

T0

+T0/2Z

�T0/2

a · rect
✓

t

T

◆
e�j2⇡kf0t dt =

a

T0

+T/2Z

�T/2

e�j2⇡kf0t dt

<latexit sha1_base64="DcUNVBK6kFKJ3BDU0UxgktetccY="></latexit><latexit sha1_base64="DcUNVBK6kFKJ3BDU0UxgktetccY="></latexit><latexit sha1_base64="DcUNVBK6kFKJ3BDU0UxgktetccY="></latexit><latexit sha1_base64="DcUNVBK6kFKJ3BDU0UxgktetccY="></latexit>

=
a

T0

sin(⇡kf0T )

⇡k/T0
=

aT

T0

sin(⇡kT/T0)

⇡kT/T0
= a�

sin(⇡k�)

⇡k�
=

<latexit sha1_base64="Bw0XQRAd6wD3goWdJgU/VnuwP94="></latexit><latexit sha1_base64="Bw0XQRAd6wD3goWdJgU/VnuwP94="></latexit><latexit sha1_base64="Bw0XQRAd6wD3goWdJgU/VnuwP94="></latexit><latexit sha1_base64="Bw0XQRAd6wD3goWdJgU/VnuwP94="></latexit>

si
n
(⇡
↵
)

⇡
↵

<latexit sha1_base64="m0IndrAJMs6An+mqaGEQ5JksXjc=">AAACBXicbVBNS8MwAE3n15xfVY9egkOcl9GKoN4GXjxOsE5Yx0izdAtLk5Ck4ii9e/GveFE8KV79C/4bs60I23wQeLz3QvJeJBnVxvN+nNLS8srqWnm9srG5tb3j7u7daZEqTAIsmFD3EdKEUU4CQw0j91IRlESMtKLh1dhvPRClqeC3ZiRJJ0F9TmOKkbFS1z0OY4VwFiaReMw05XktlDRETA7QSZ798bzrVr26NwFcJH5BqqBAs+t+hz2B04RwgxnSuu170nQypAzFjOSVMNVEIjxEfZJNauTwyEo9GAtlDzdwos7kUKL1KIlsMkFmoOe9sfif105NfNHJKJepIRxPH4pTBo2A401gjyqCDRtZgrCi9ocQD5DdxdjlKra6P190kQSn9cu6f3NWbTSKDcrgAByCGvDBOWiAa9AEAcDgGbyCD/DpPDkvzpvzPo2WnOLOPpiB8/UL6uOZaQ==</latexit><latexit sha1_base64="m0IndrAJMs6An+mqaGEQ5JksXjc=">AAACBXicbVBNS8MwAE3n15xfVY9egkOcl9GKoN4GXjxOsE5Yx0izdAtLk5Ck4ii9e/GveFE8KV79C/4bs60I23wQeLz3QvJeJBnVxvN+nNLS8srqWnm9srG5tb3j7u7daZEqTAIsmFD3EdKEUU4CQw0j91IRlESMtKLh1dhvPRClqeC3ZiRJJ0F9TmOKkbFS1z0OY4VwFiaReMw05XktlDRETA7QSZ798bzrVr26NwFcJH5BqqBAs+t+hz2B04RwgxnSuu170nQypAzFjOSVMNVEIjxEfZJNauTwyEo9GAtlDzdwos7kUKL1KIlsMkFmoOe9sfif105NfNHJKJepIRxPH4pTBo2A401gjyqCDRtZgrCi9ocQD5DdxdjlKra6P190kQSn9cu6f3NWbTSKDcrgAByCGvDBOWiAa9AEAcDgGbyCD/DpPDkvzpvzPo2WnOLOPpiB8/UL6uOZaQ==</latexit><latexit sha1_base64="m0IndrAJMs6An+mqaGEQ5JksXjc=">AAACBXicbVBNS8MwAE3n15xfVY9egkOcl9GKoN4GXjxOsE5Yx0izdAtLk5Ck4ii9e/GveFE8KV79C/4bs60I23wQeLz3QvJeJBnVxvN+nNLS8srqWnm9srG5tb3j7u7daZEqTAIsmFD3EdKEUU4CQw0j91IRlESMtKLh1dhvPRClqeC3ZiRJJ0F9TmOKkbFS1z0OY4VwFiaReMw05XktlDRETA7QSZ798bzrVr26NwFcJH5BqqBAs+t+hz2B04RwgxnSuu170nQypAzFjOSVMNVEIjxEfZJNauTwyEo9GAtlDzdwos7kUKL1KIlsMkFmoOe9sfif105NfNHJKJepIRxPH4pTBo2A401gjyqCDRtZgrCi9ocQD5DdxdjlKra6P190kQSn9cu6f3NWbTSKDcrgAByCGvDBOWiAa9AEAcDgGbyCD/DpPDkvzpvzPo2WnOLOPpiB8/UL6uOZaQ==</latexit><latexit sha1_base64="m0IndrAJMs6An+mqaGEQ5JksXjc=">AAACBXicbVBNS8MwAE3n15xfVY9egkOcl9GKoN4GXjxOsE5Yx0izdAtLk5Ck4ii9e/GveFE8KV79C/4bs60I23wQeLz3QvJeJBnVxvN+nNLS8srqWnm9srG5tb3j7u7daZEqTAIsmFD3EdKEUU4CQw0j91IRlESMtKLh1dhvPRClqeC3ZiRJJ0F9TmOKkbFS1z0OY4VwFiaReMw05XktlDRETA7QSZ798bzrVr26NwFcJH5BqqBAs+t+hz2B04RwgxnSuu170nQypAzFjOSVMNVEIjxEfZJNauTwyEo9GAtlDzdwos7kUKL1KIlsMkFmoOe9sfif105NfNHJKJepIRxPH4pTBo2A401gjyqCDRtZgrCi9ocQD5DdxdjlKra6P190kQSn9cu6f3NWbTSKDcrgAByCGvDBOWiAa9AEAcDgGbyCD/DpPDkvzpvzPo2WnOLOPpiB8/UL6uOZaQ==</latexit>

� = 0.5
<latexit sha1_base64="zQeQjGO9UMEsahwfXkIhHFfMMQQ=">AAAB5nicbVDLSgMxFL1TX7W+qi7dBIvgapgRRQWFghuXFRxbbEvJZNI2NJMZkjtCKf0GN4orxc/xF/wb03Y2bT0QOJxzwr3nhqkUBj3v1ymsrK6tbxQ3S1vbO7t75f2DJ5NkmvGAJTLRjZAaLoXiAQqUvJFqTuNQ8no4uJv49ReujUjUIw5T3o5pT4muYBSt9NyKuER667kXnXLFc70pyDLxc1KBHLVO+acVJSyLuUImqTFN30uxPaIaBZN8XGplhqeUDWiPj6Z7jsmJlSLSTbR9CslUncvR2JhhHNpkTLFvFr2J+J/XzLB71R4JlWbIFZsN6maSYEImpUkkNGcoh5ZQpoXdkLA+1ZShPU3JVvcXiy6T4My9dv2H80r1Jr9BEY7gGE7Bh0uowj3UIAAGCt7gE74c4bw6787HLFpw8j+HMAfn+w+ytYuN</latexit><latexit sha1_base64="zQeQjGO9UMEsahwfXkIhHFfMMQQ=">AAAB5nicbVDLSgMxFL1TX7W+qi7dBIvgapgRRQWFghuXFRxbbEvJZNI2NJMZkjtCKf0GN4orxc/xF/wb03Y2bT0QOJxzwr3nhqkUBj3v1ymsrK6tbxQ3S1vbO7t75f2DJ5NkmvGAJTLRjZAaLoXiAQqUvJFqTuNQ8no4uJv49ReujUjUIw5T3o5pT4muYBSt9NyKuER667kXnXLFc70pyDLxc1KBHLVO+acVJSyLuUImqTFN30uxPaIaBZN8XGplhqeUDWiPj6Z7jsmJlSLSTbR9CslUncvR2JhhHNpkTLFvFr2J+J/XzLB71R4JlWbIFZsN6maSYEImpUkkNGcoh5ZQpoXdkLA+1ZShPU3JVvcXiy6T4My9dv2H80r1Jr9BEY7gGE7Bh0uowj3UIAAGCt7gE74c4bw6787HLFpw8j+HMAfn+w+ytYuN</latexit><latexit sha1_base64="zQeQjGO9UMEsahwfXkIhHFfMMQQ=">AAAB5nicbVDLSgMxFL1TX7W+qi7dBIvgapgRRQWFghuXFRxbbEvJZNI2NJMZkjtCKf0GN4orxc/xF/wb03Y2bT0QOJxzwr3nhqkUBj3v1ymsrK6tbxQ3S1vbO7t75f2DJ5NkmvGAJTLRjZAaLoXiAQqUvJFqTuNQ8no4uJv49ReujUjUIw5T3o5pT4muYBSt9NyKuER667kXnXLFc70pyDLxc1KBHLVO+acVJSyLuUImqTFN30uxPaIaBZN8XGplhqeUDWiPj6Z7jsmJlSLSTbR9CslUncvR2JhhHNpkTLFvFr2J+J/XzLB71R4JlWbIFZsN6maSYEImpUkkNGcoh5ZQpoXdkLA+1ZShPU3JVvcXiy6T4My9dv2H80r1Jr9BEY7gGE7Bh0uowj3UIAAGCt7gE74c4bw6787HLFpw8j+HMAfn+w+ytYuN</latexit><latexit sha1_base64="zQeQjGO9UMEsahwfXkIhHFfMMQQ=">AAAB5nicbVDLSgMxFL1TX7W+qi7dBIvgapgRRQWFghuXFRxbbEvJZNI2NJMZkjtCKf0GN4orxc/xF/wb03Y2bT0QOJxzwr3nhqkUBj3v1ymsrK6tbxQ3S1vbO7t75f2DJ5NkmvGAJTLRjZAaLoXiAQqUvJFqTuNQ8no4uJv49ReujUjUIw5T3o5pT4muYBSt9NyKuER667kXnXLFc70pyDLxc1KBHLVO+acVJSyLuUImqTFN30uxPaIaBZN8XGplhqeUDWiPj6Z7jsmJlSLSTbR9CslUncvR2JhhHNpkTLFvFr2J+J/XzLB71R4JlWbIFZsN6maSYEImpUkkNGcoh5ZQpoXdkLA+1ZShPU3JVvcXiy6T4My9dv2H80r1Jr9BEY7gGE7Bh0uowj3UIAAGCt7gE74c4bw6787HLFpw8j+HMAfn+w+ytYuN</latexit>

a = 1
<latexit sha1_base64="ZOVjTa0p+KXT23wL8I2miGCIh6M=">AAAB33icbVBNSwMxFHypX7V+VT16CRbBU9kVQQWFghePFV1baEvJptk2NLtZkrdCKb17UTwp/iP/gv/GtN1LqwOBYWbCe/PCVEmLnvdDCiura+sbxc3S1vbO7l55/+DJ6sxwEXCttGmGzAolExGgRCWaqREsDpVohMPbqd94FsZKnTziKBWdmPUTGUnO0EkP7Mbvlite1ZuB/iV+TiqQo94tf7d7mmexSJArZm3L91LsjJlByZWYlNqZFSnjQ9YX49mCE3ripB6NtHEvQTpTF3IstnYUhy4ZMxzYZW8q/ue1MowuO2OZpBmKhM8HRZmiqOm0Le1JIziqkSOMG+k2pHzADOPoblJy1f3lon9JcFa9qvr355XadX6DIhzBMZyCDxdQgzuoQwAc+vAKH/BJQvJC3sj7PFog+Z9DWAD5+gUW4Ijg</latexit><latexit sha1_base64="ZOVjTa0p+KXT23wL8I2miGCIh6M=">AAAB33icbVBNSwMxFHypX7V+VT16CRbBU9kVQQWFghePFV1baEvJptk2NLtZkrdCKb17UTwp/iP/gv/GtN1LqwOBYWbCe/PCVEmLnvdDCiura+sbxc3S1vbO7l55/+DJ6sxwEXCttGmGzAolExGgRCWaqREsDpVohMPbqd94FsZKnTziKBWdmPUTGUnO0EkP7Mbvlite1ZuB/iV+TiqQo94tf7d7mmexSJArZm3L91LsjJlByZWYlNqZFSnjQ9YX49mCE3ripB6NtHEvQTpTF3IstnYUhy4ZMxzYZW8q/ue1MowuO2OZpBmKhM8HRZmiqOm0Le1JIziqkSOMG+k2pHzADOPoblJy1f3lon9JcFa9qvr355XadX6DIhzBMZyCDxdQgzuoQwAc+vAKH/BJQvJC3sj7PFog+Z9DWAD5+gUW4Ijg</latexit><latexit sha1_base64="ZOVjTa0p+KXT23wL8I2miGCIh6M=">AAAB33icbVBNSwMxFHypX7V+VT16CRbBU9kVQQWFghePFV1baEvJptk2NLtZkrdCKb17UTwp/iP/gv/GtN1LqwOBYWbCe/PCVEmLnvdDCiura+sbxc3S1vbO7l55/+DJ6sxwEXCttGmGzAolExGgRCWaqREsDpVohMPbqd94FsZKnTziKBWdmPUTGUnO0EkP7Mbvlite1ZuB/iV+TiqQo94tf7d7mmexSJArZm3L91LsjJlByZWYlNqZFSnjQ9YX49mCE3ripB6NtHEvQTpTF3IstnYUhy4ZMxzYZW8q/ue1MowuO2OZpBmKhM8HRZmiqOm0Le1JIziqkSOMG+k2pHzADOPoblJy1f3lon9JcFa9qvr355XadX6DIhzBMZyCDxdQgzuoQwAc+vAKH/BJQvJC3sj7PFog+Z9DWAD5+gUW4Ijg</latexit><latexit sha1_base64="ZOVjTa0p+KXT23wL8I2miGCIh6M=">AAAB33icbVBNSwMxFHypX7V+VT16CRbBU9kVQQWFghePFV1baEvJptk2NLtZkrdCKb17UTwp/iP/gv/GtN1LqwOBYWbCe/PCVEmLnvdDCiura+sbxc3S1vbO7l55/+DJ6sxwEXCttGmGzAolExGgRCWaqREsDpVohMPbqd94FsZKnTziKBWdmPUTGUnO0EkP7Mbvlite1ZuB/iV+TiqQo94tf7d7mmexSJArZm3L91LsjJlByZWYlNqZFSnjQ9YX49mCE3ripB6NtHEvQTpTF3IstnYUhy4ZMxzYZW8q/ue1MowuO2OZpBmKhM8HRZmiqOm0Le1JIziqkSOMG+k2pHzADOPoblJy1f3lon9JcFa9qvr355XadX6DIhzBMZyCDxdQgzuoQwAc+vAKH/BJQvJC3sj7PFog+Z9DWAD5+gUW4Ijg</latexit>

periodo

durata 
temporale 
della parte

"alta" 
della 

quadra



Spettri di segnali notevoli

Segnale dispari: possiamo utilizzare

Xk =
�2iA

T0

T0
2Z

0

sin(2⇡kf0t) dt =
2iA

2⇡kf0T0
cos(2⇡kf0t)

��
T0
2

0

<latexit sha1_base64="e9dy4z1dbY8cLJUwTX96gxu3+LM="></latexit><latexit sha1_base64="e9dy4z1dbY8cLJUwTX96gxu3+LM="></latexit><latexit sha1_base64="e9dy4z1dbY8cLJUwTX96gxu3+LM="></latexit>

Xk =
iA

⇡k
[cos(⇡k)� 1] =

iA

⇡k
[(�1)k � 1] =

2A

i⇡k
, k dispari

<latexit sha1_base64="SQM0neNiI4OYe5/Dp2gw0xco0pY="></latexit><latexit sha1_base64="SQM0neNiI4OYe5/Dp2gw0xco0pY="></latexit><latexit sha1_base64="SQM0neNiI4OYe5/Dp2gw0xco0pY="></latexit>

dispari
Xk immaginario

Xk =
�2 j

T0

T0
2Z

0

x(t) sin(2⇡kf0t) dt

<latexit sha1_base64="J6brSZbXgeWkpqoovwSkzH2tok4="></latexit><latexit sha1_base64="J6brSZbXgeWkpqoovwSkzH2tok4="></latexit><latexit sha1_base64="J6brSZbXgeWkpqoovwSkzH2tok4="></latexit>

<latexit sha1_base64="ikn+OpFXc+jMajoDg2rJxdgj3Tw="></latexit>

x(t) = A t 2

0,

T0

2

�



Spettri di segnali notevoli

Segnale pari: possiamo utilizzare Xk =
2

T0

T0
2Z

0

x(t) cos(2⇡kf0t) dt

<latexit sha1_base64="0G7fCkuRZTmC1KM8qrfiqpkrAZo="></latexit><latexit sha1_base64="0G7fCkuRZTmC1KM8qrfiqpkrAZo="></latexit><latexit sha1_base64="0G7fCkuRZTmC1KM8qrfiqpkrAZo="></latexit>

pari
Xk reale

Xk =
�4A

T 2
0

T0
2Z

0

t cos(2⇡kf0t) dt+
2A

T0

T0
2Z

0

cos(2⇡kf0t) dt

<latexit sha1_base64="h/wSC1E2+HY+i7kirRy/sJsczvk="></latexit><latexit sha1_base64="h/wSC1E2+HY+i7kirRy/sJsczvk="></latexit><latexit sha1_base64="h/wSC1E2+HY+i7kirRy/sJsczvk="></latexit><latexit sha1_base64="h/wSC1E2+HY+i7kirRy/sJsczvk="></latexit> = 0
<latexit sha1_base64="EihiUzTVtVMq0puDlWDgewkC5JU=">AAAB3nicbVBNSwMxFHypX7V+VT16CRbBU9kVQQWFghePVVxbaEvJptk2NLtZkrdCKT17UTwp/iT/gv/GtN1LqwOBYWbCe/PCVEmLnvdDCiura+sbxc3S1vbO7l55/+DJ6sxwEXCttGmGzAolExGgRCWaqREsDpVohMPbqd94FsZKnTziKBWdmPUTGUnO0EkPN163XPGq3gz0L/FzUoEc9W75u93TPItFglwxa1u+l2JnzAxKrsSk1M6sSBkfsr4Yz/ab0BMn9WikjXsJ0pm6kGOxtaM4dMmY4cAue1PxP6+VYXTZGcskzVAkfD4oyhRFTadlaU8awVGNHGHcSLch5QNmGEd3kpKr7i8X/UuCs+pV1b8/r9Su8xsU4QiO4RR8uIAa3EEdAuAQwSt8wCdh5IW8kfd5tEDyP4ewAPL1C2DiiHQ=</latexit><latexit sha1_base64="EihiUzTVtVMq0puDlWDgewkC5JU=">AAAB3nicbVBNSwMxFHypX7V+VT16CRbBU9kVQQWFghePVVxbaEvJptk2NLtZkrdCKT17UTwp/iT/gv/GtN1LqwOBYWbCe/PCVEmLnvdDCiura+sbxc3S1vbO7l55/+DJ6sxwEXCttGmGzAolExGgRCWaqREsDpVohMPbqd94FsZKnTziKBWdmPUTGUnO0EkPN163XPGq3gz0L/FzUoEc9W75u93TPItFglwxa1u+l2JnzAxKrsSk1M6sSBkfsr4Yz/ab0BMn9WikjXsJ0pm6kGOxtaM4dMmY4cAue1PxP6+VYXTZGcskzVAkfD4oyhRFTadlaU8awVGNHGHcSLch5QNmGEd3kpKr7i8X/UuCs+pV1b8/r9Su8xsU4QiO4RR8uIAa3EEdAuAQwSt8wCdh5IW8kfd5tEDyP4ewAPL1C2DiiHQ=</latexit><latexit sha1_base64="EihiUzTVtVMq0puDlWDgewkC5JU=">AAAB3nicbVBNSwMxFHypX7V+VT16CRbBU9kVQQWFghePVVxbaEvJptk2NLtZkrdCKT17UTwp/iT/gv/GtN1LqwOBYWbCe/PCVEmLnvdDCiura+sbxc3S1vbO7l55/+DJ6sxwEXCttGmGzAolExGgRCWaqREsDpVohMPbqd94FsZKnTziKBWdmPUTGUnO0EkPN163XPGq3gz0L/FzUoEc9W75u93TPItFglwxa1u+l2JnzAxKrsSk1M6sSBkfsr4Yz/ab0BMn9WikjXsJ0pm6kGOxtaM4dMmY4cAue1PxP6+VYXTZGcskzVAkfD4oyhRFTadlaU8awVGNHGHcSLch5QNmGEd3kpKr7i8X/UuCs+pV1b8/r9Su8xsU4QiO4RR8uIAa3EEdAuAQwSt8wCdh5IW8kfd5tEDyP4ewAPL1C2DiiHQ=</latexit><latexit sha1_base64="EihiUzTVtVMq0puDlWDgewkC5JU=">AAAB3nicbVBNSwMxFHypX7V+VT16CRbBU9kVQQWFghePVVxbaEvJptk2NLtZkrdCKT17UTwp/iT/gv/GtN1LqwOBYWbCe/PCVEmLnvdDCiura+sbxc3S1vbO7l55/+DJ6sxwEXCttGmGzAolExGgRCWaqREsDpVohMPbqd94FsZKnTziKBWdmPUTGUnO0EkPN163XPGq3gz0L/FzUoEc9W75u93TPItFglwxa1u+l2JnzAxKrsSk1M6sSBkfsr4Yz/ab0BMn9WikjXsJ0pm6kGOxtaM4dMmY4cAue1PxP6+VYXTZGcskzVAkfD4oyhRFTadlaU8awVGNHGHcSLch5QNmGEd3kpKr7i8X/UuCs+pV1b8/r9Su8xsU4QiO4RR8uIAa3EEdAuAQwSt8wCdh5IW8kfd5tEDyP4ewAPL1C2DiiHQ=</latexit>

<latexit sha1_base64="mypkl0GsxVlI4unwB2oChQ0vrdw="></latexit>

x(t) = A� 4A
t

T0
t 2


0,

T0

2

�

Xk = �8A

T0

Z T0/2

0

t

T0
cos (2⇡kf0t) dt

= �8A

T0

T0

(2⇡k)2

h
(�1)k � 1

i
=

4A

(⇡k)2
Xk =

iA

⇡k
[cos(⇡k)� 1] =

iA

⇡k
[(�1)k � 1] =

2A

i⇡k
, k dispari

<latexit sha1_base64="SQM0neNiI4OYe5/Dp2gw0xco0pY="></latexit><latexit sha1_base64="SQM0neNiI4OYe5/Dp2gw0xco0pY="></latexit><latexit sha1_base64="SQM0neNiI4OYe5/Dp2gw0xco0pY="></latexit>



Contributo delle armoniche nella sintesi

Xk / A

k
<latexit sha1_base64="PXwp9D4GQsM1siV2vQDRdKrgi80=">AAAB9XicbVDLSsNAFL2pr1pfURcu3AwWwVVJRVDBRcWNywrGFpoSJtNJO2SSDDMTsYT8ihvFleJv+Av+jdM2m7ZeGDicc4Z7zwkEZ0o7zq9VWVldW9+obta2tnd29+z9gyeVZpJQl6Q8ld0AK8pZQl3NNKddISmOA047QXQ30TvPVCqWJo96LGg/xsOEhYxgbSjfPur6EfKETIVOkRdKTPLbIo8K3647DWc6aBk0S1CHctq+/eMNUpLFNNGEY6V6TUfofo6lZoTTouZligpMIjyk+fTsAp0aaoDCVJqXaDRl53w4VmocB8YZYz1Si9qE/E/rZTq86ucsEZmmCZktCjOOTMRJB2jAJCWajw3ARDJzISIjbLJr01TNRG8uBl0G7nnjuuE8XNRbN2UHVTiGEziDJlxCC+6hDS4QKOANPuHLerFerXfrY2atWOWfQ5gb6/sP0CmR/w==</latexit><latexit sha1_base64="PXwp9D4GQsM1siV2vQDRdKrgi80=">AAAB9XicbVDLSsNAFL2pr1pfURcu3AwWwVVJRVDBRcWNywrGFpoSJtNJO2SSDDMTsYT8ihvFleJv+Av+jdM2m7ZeGDicc4Z7zwkEZ0o7zq9VWVldW9+obta2tnd29+z9gyeVZpJQl6Q8ld0AK8pZQl3NNKddISmOA047QXQ30TvPVCqWJo96LGg/xsOEhYxgbSjfPur6EfKETIVOkRdKTPLbIo8K3647DWc6aBk0S1CHctq+/eMNUpLFNNGEY6V6TUfofo6lZoTTouZligpMIjyk+fTsAp0aaoDCVJqXaDRl53w4VmocB8YZYz1Si9qE/E/rZTq86ucsEZmmCZktCjOOTMRJB2jAJCWajw3ARDJzISIjbLJr01TNRG8uBl0G7nnjuuE8XNRbN2UHVTiGEziDJlxCC+6hDS4QKOANPuHLerFerXfrY2atWOWfQ5gb6/sP0CmR/w==</latexit><latexit sha1_base64="PXwp9D4GQsM1siV2vQDRdKrgi80=">AAAB9XicbVDLSsNAFL2pr1pfURcu3AwWwVVJRVDBRcWNywrGFpoSJtNJO2SSDDMTsYT8ihvFleJv+Av+jdM2m7ZeGDicc4Z7zwkEZ0o7zq9VWVldW9+obta2tnd29+z9gyeVZpJQl6Q8ld0AK8pZQl3NNKddISmOA047QXQ30TvPVCqWJo96LGg/xsOEhYxgbSjfPur6EfKETIVOkRdKTPLbIo8K3647DWc6aBk0S1CHctq+/eMNUpLFNNGEY6V6TUfofo6lZoTTouZligpMIjyk+fTsAp0aaoDCVJqXaDRl53w4VmocB8YZYz1Si9qE/E/rZTq86ucsEZmmCZktCjOOTMRJB2jAJCWajw3ARDJzISIjbLJr01TNRG8uBl0G7nnjuuE8XNRbN2UHVTiGEziDJlxCC+6hDS4QKOANPuHLerFerXfrY2atWOWfQ5gb6/sP0CmR/w==</latexit>

Xk / A

k2
<latexit sha1_base64="YcnLRIi7RL7A9GqUQyRC7WEg2+c=">AAAB93icbVDNSsNAGNzUv1r/op7Ey2IRPJWkCCp4qHjxWMHYgqlhs920SzbZZXcj1BB8FS+KJ8W38BV8G7dtLm39YGGYmeX7ZkLBqNKO82tVlpZXVteq67WNza3tHXt3717xTGLiYc647IZIEUZT4mmqGekKSVASMtIJ4+ux3nkiUlGe3umRIL0EDVIaUYy0oQL7oBvE0BeSC82hH0mE86sijx+bRWDXnYYzGbgI3BLUQTntwP7x+xxnCUk1ZkipB9cRupcjqSlmpKj5mSIC4RgNSD45vIDHhurDiEvzUg0n7IwPJUqNktA4E6SHal4bk/9pD5mOzns5TUWmSYqni6KMQRNy3ALsU0mwZiMDEJbUXAjxEJn02nRVM9Hd+aCLwGs2LhrO7Wm9dVl2UAWH4AicABecgRa4AW3gAQxewBv4BF/Ws/VqvVsfU2vFKv/sg5mxvv8AAIGSow==</latexit><latexit sha1_base64="YcnLRIi7RL7A9GqUQyRC7WEg2+c=">AAAB93icbVDNSsNAGNzUv1r/op7Ey2IRPJWkCCp4qHjxWMHYgqlhs920SzbZZXcj1BB8FS+KJ8W38BV8G7dtLm39YGGYmeX7ZkLBqNKO82tVlpZXVteq67WNza3tHXt3717xTGLiYc647IZIEUZT4mmqGekKSVASMtIJ4+ux3nkiUlGe3umRIL0EDVIaUYy0oQL7oBvE0BeSC82hH0mE86sijx+bRWDXnYYzGbgI3BLUQTntwP7x+xxnCUk1ZkipB9cRupcjqSlmpKj5mSIC4RgNSD45vIDHhurDiEvzUg0n7IwPJUqNktA4E6SHal4bk/9pD5mOzns5TUWmSYqni6KMQRNy3ALsU0mwZiMDEJbUXAjxEJn02nRVM9Hd+aCLwGs2LhrO7Wm9dVl2UAWH4AicABecgRa4AW3gAQxewBv4BF/Ws/VqvVsfU2vFKv/sg5mxvv8AAIGSow==</latexit><latexit sha1_base64="YcnLRIi7RL7A9GqUQyRC7WEg2+c=">AAAB93icbVDNSsNAGNzUv1r/op7Ey2IRPJWkCCp4qHjxWMHYgqlhs920SzbZZXcj1BB8FS+KJ8W38BV8G7dtLm39YGGYmeX7ZkLBqNKO82tVlpZXVteq67WNza3tHXt3717xTGLiYc647IZIEUZT4mmqGekKSVASMtIJ4+ux3nkiUlGe3umRIL0EDVIaUYy0oQL7oBvE0BeSC82hH0mE86sijx+bRWDXnYYzGbgI3BLUQTntwP7x+xxnCUk1ZkipB9cRupcjqSlmpKj5mSIC4RgNSD45vIDHhurDiEvzUg0n7IwPJUqNktA4E6SHal4bk/9pD5mOzns5TUWmSYqni6KMQRNy3ALsU0mwZiMDEJbUXAjxEJn02nRVM9Hd+aCLwGs2LhrO7Wm9dVl2UAWH4AicABecgRa4AW3gAQxewBv4BF/Ws/VqvVsfU2vFKv/sg5mxvv8AAIGSow==</latexit>

segnale continuo
derivata discontinua

segnale discontinuo

L’errore di sintesi dovuto al numero finito di armoniche utilizzate nella 
ricostruzione aumenta per segnali con “velocità di variazione” maggiori



Contributo delle armoniche nella sintesi

http://www.falstad.com/fourier/



Contributo delle armoniche nella sintesi

http://www.falstad.com/fourier/



Contributo delle armoniche nella sintesi

http://www.falstad.com/fourier/



Segnali Aperiodici

Possiamo esprimere un segnale aperiodico come sovrapposizione di segnali 
sinusoidali?

(al limite in cui il periodo di ripetizione è infinito)

x(t) = rect

✓
t

T

◆

<latexit sha1_base64="IuiBoUsMkYW+WQheBgEv8SFKdM0=">AAACCHicbVDNSgMxGMzWv1r/Vj16CRah9VC2IqgHoeDFY4WuLXRLyabZNjT7Q/KttCz7BF58FS+KJ8WTr+DbmG330taBwDAzIZlxI8EVWNavUVhb39jcKm6Xdnb39g/Mw6NHFcaSMpuGIpQdlygmeMBs4CBYJ5KM+K5gbXd8l/ntJyYVD4MWTCPW88kw4B6nBLTUN88nFajiW+z4bjhJJKOQOoJ5UHE8SWgCadJKHcmHI6j2zbJVs2bAq6SekzLK0eybP84gpLHPAqCCKNWtWxH0EiKBU8HSkhMrFhE6JkOWzJqk+ExLA+yFUp8A8ExdyBFfqanv6qRPYKSWvUz8z+vG4F33Eh5EMbCAzh/yYoEhxNkseMCz7mKqCaGS6x9iOiJ6AtDjlXT1+nLRVWJf1G5q1sNludHINyiiE3SKKqiOrlAD3aMmshFFL+gNfaIv49l4Nd6Nj3m0YOR3jtECjO8/u0CZvw==</latexit><latexit sha1_base64="IuiBoUsMkYW+WQheBgEv8SFKdM0=">AAACCHicbVDNSgMxGMzWv1r/Vj16CRah9VC2IqgHoeDFY4WuLXRLyabZNjT7Q/KttCz7BF58FS+KJ8WTr+DbmG330taBwDAzIZlxI8EVWNavUVhb39jcKm6Xdnb39g/Mw6NHFcaSMpuGIpQdlygmeMBs4CBYJ5KM+K5gbXd8l/ntJyYVD4MWTCPW88kw4B6nBLTUN88nFajiW+z4bjhJJKOQOoJ5UHE8SWgCadJKHcmHI6j2zbJVs2bAq6SekzLK0eybP84gpLHPAqCCKNWtWxH0EiKBU8HSkhMrFhE6JkOWzJqk+ExLA+yFUp8A8ExdyBFfqanv6qRPYKSWvUz8z+vG4F33Eh5EMbCAzh/yYoEhxNkseMCz7mKqCaGS6x9iOiJ6AtDjlXT1+nLRVWJf1G5q1sNludHINyiiE3SKKqiOrlAD3aMmshFFL+gNfaIv49l4Nd6Nj3m0YOR3jtECjO8/u0CZvw==</latexit><latexit sha1_base64="IuiBoUsMkYW+WQheBgEv8SFKdM0=">AAACCHicbVDNSgMxGMzWv1r/Vj16CRah9VC2IqgHoeDFY4WuLXRLyabZNjT7Q/KttCz7BF58FS+KJ8WTr+DbmG330taBwDAzIZlxI8EVWNavUVhb39jcKm6Xdnb39g/Mw6NHFcaSMpuGIpQdlygmeMBs4CBYJ5KM+K5gbXd8l/ntJyYVD4MWTCPW88kw4B6nBLTUN88nFajiW+z4bjhJJKOQOoJ5UHE8SWgCadJKHcmHI6j2zbJVs2bAq6SekzLK0eybP84gpLHPAqCCKNWtWxH0EiKBU8HSkhMrFhE6JkOWzJqk+ExLA+yFUp8A8ExdyBFfqanv6qRPYKSWvUz8z+vG4F33Eh5EMbCAzh/yYoEhxNkseMCz7mKqCaGS6x9iOiJ6AtDjlXT1+nLRVWJf1G5q1sNludHINyiiE3SKKqiOrlAD3aMmshFFL+gNfaIv49l4Nd6Nj3m0YOR3jtECjO8/u0CZvw==</latexit>

xp(t) =
1X

n=�1
x(t� nT0) =

1X

n=�1
rect

✓
t� nT0

T

◆

<latexit sha1_base64="l+nb0qXCFRph7OKHZdZxB813C98="></latexit><latexit sha1_base64="l+nb0qXCFRph7OKHZdZxB813C98="></latexit><latexit sha1_base64="l+nb0qXCFRph7OKHZdZxB813C98="></latexit>

x(t) = lim
T0!1

xp(t)
<latexit sha1_base64="LoD/2owrefAMYWru70gy3kZkxvQ=">AAACBnicbVDNSgMxGMz6W+vfqkcvwSLUS9kVQT0IBS8eK3RtoVuWbJptQ7M/JN9ql6UP4MVX8aJ4Ujz6Cr6NabuXtg4EhpkJyYyfCK7Asn6NldW19Y3N0lZ5e2d3b988OHxQcSopc2gsYtn2iWKCR8wBDoK1E8lI6AvW8oe3E7/1yKTicdSELGHdkPQjHnBKQEueWR1V4QzfYFfw0MubnuVK3h8AkTJ+cnkUQDYeeYnOeGbFqllT4GViF6SCCjQ888ftxTQNWQRUEKU6tpVANycSOBVsXHZTxRJCh6TP8mmPMT7VUg8HsdQnAjxV53IkVCoLfZ0MCQzUojcR//M6KQRX3ZxHSQosorOHglRgiPFkFNzjklEQmSaESq5/iOmASEJBT1fW1e3FosvEOa9d16z7i0q9XmxQQsfoBFWRjS5RHd2hBnIQRS/oDX2iL+PZeDXejY9ZdMUo7hyhORjff5G+mIA=</latexit><latexit sha1_base64="LoD/2owrefAMYWru70gy3kZkxvQ=">AAACBnicbVDNSgMxGMz6W+vfqkcvwSLUS9kVQT0IBS8eK3RtoVuWbJptQ7M/JN9ql6UP4MVX8aJ4Ujz6Cr6NabuXtg4EhpkJyYyfCK7Asn6NldW19Y3N0lZ5e2d3b988OHxQcSopc2gsYtn2iWKCR8wBDoK1E8lI6AvW8oe3E7/1yKTicdSELGHdkPQjHnBKQEueWR1V4QzfYFfw0MubnuVK3h8AkTJ+cnkUQDYeeYnOeGbFqllT4GViF6SCCjQ888ftxTQNWQRUEKU6tpVANycSOBVsXHZTxRJCh6TP8mmPMT7VUg8HsdQnAjxV53IkVCoLfZ0MCQzUojcR//M6KQRX3ZxHSQosorOHglRgiPFkFNzjklEQmSaESq5/iOmASEJBT1fW1e3FosvEOa9d16z7i0q9XmxQQsfoBFWRjS5RHd2hBnIQRS/oDX2iL+PZeDXejY9ZdMUo7hyhORjff5G+mIA=</latexit><latexit sha1_base64="LoD/2owrefAMYWru70gy3kZkxvQ=">AAACBnicbVDNSgMxGMz6W+vfqkcvwSLUS9kVQT0IBS8eK3RtoVuWbJptQ7M/JN9ql6UP4MVX8aJ4Ujz6Cr6NabuXtg4EhpkJyYyfCK7Asn6NldW19Y3N0lZ5e2d3b988OHxQcSopc2gsYtn2iWKCR8wBDoK1E8lI6AvW8oe3E7/1yKTicdSELGHdkPQjHnBKQEueWR1V4QzfYFfw0MubnuVK3h8AkTJ+cnkUQDYeeYnOeGbFqllT4GViF6SCCjQ888ftxTQNWQRUEKU6tpVANycSOBVsXHZTxRJCh6TP8mmPMT7VUg8HsdQnAjxV53IkVCoLfZ0MCQzUojcR//M6KQRX3ZxHSQosorOHglRgiPFkFNzjklEQmSaESq5/iOmASEJBT1fW1e3FosvEOa9d16z7i0q9XmxQQsfoBFWRjS5RHd2hBnIQRS/oDX2iL+PZeDXejY9ZdMUo7hyhORjff5G+mIA=</latexit>

Un segnale APERIODICO può essere considerato il caso limite di un segnale 
periodico nel limite in cui il periodo di ripetizione è infinito

segnale
“periodicizzato”



Segnali Aperiodici

xp(t) periodico, quindi posso sviluppare in serie di Fourier
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1
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Cosa succede allo spettro di ampiezza per                  ?
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n=�1
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<latexit sha1_base64="JuRQ49PU8/sz5KHWhNgiqw7jF/U="></latexit><latexit sha1_base64="JuRQ49PU8/sz5KHWhNgiqw7jF/U="></latexit><latexit sha1_base64="JuRQ49PU8/sz5KHWhNgiqw7jF/U="></latexit><latexit sha1_base64="JuRQ49PU8/sz5KHWhNgiqw7jF/U="></latexit>

T0 �! 1
<latexit sha1_base64="xJlM5wcY7GmgpbQGvGGtEWWbr3g=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBbBVUlEUHcFNy4rNLbQlDCZTtKhk5kwc6OEUPBX3CiuFL/CX/BvTB+bth4YOJxzhnvvCVPBDTjOr1VZW9/Y3Kpu13Z29/YP7MOjR6MyTZlHlVC6GxLDBJfMAw6CdVPNSBIK1glHdxO/88S04Uq2IU9ZPyGx5BGnBEopsE/agYN9oWSseTwEorV6xj6XEeSBXXcazhR4lbhzUkdztAL7xx8omiVMAhXEmJ7rpNAviAZOBRvX/MywlNARiVkx3XyMz0tpgCOlyycBT9WFHEmMyZOwTCYEhmbZm4j/eb0Mopt+wWWaAZN0NijKBAaFJzXgAdeMgshLQqjm5YaYDokmFMqyauXp7vKhq8S7bNw23IererM576CKTtEZukAuukZNdI9ayEMUvaA39Im+rMJ6td6tj1m0Ys3/HKMFWN9/3oKTKg==</latexit><latexit sha1_base64="xJlM5wcY7GmgpbQGvGGtEWWbr3g=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBbBVUlEUHcFNy4rNLbQlDCZTtKhk5kwc6OEUPBX3CiuFL/CX/BvTB+bth4YOJxzhnvvCVPBDTjOr1VZW9/Y3Kpu13Z29/YP7MOjR6MyTZlHlVC6GxLDBJfMAw6CdVPNSBIK1glHdxO/88S04Uq2IU9ZPyGx5BGnBEopsE/agYN9oWSseTwEorV6xj6XEeSBXXcazhR4lbhzUkdztAL7xx8omiVMAhXEmJ7rpNAviAZOBRvX/MywlNARiVkx3XyMz0tpgCOlyycBT9WFHEmMyZOwTCYEhmbZm4j/eb0Mopt+wWWaAZN0NijKBAaFJzXgAdeMgshLQqjm5YaYDokmFMqyauXp7vKhq8S7bNw23IererM576CKTtEZukAuukZNdI9ayEMUvaA39Im+rMJ6td6tj1m0Ys3/HKMFWN9/3oKTKg==</latexit><latexit sha1_base64="xJlM5wcY7GmgpbQGvGGtEWWbr3g=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBbBVUlEUHcFNy4rNLbQlDCZTtKhk5kwc6OEUPBX3CiuFL/CX/BvTB+bth4YOJxzhnvvCVPBDTjOr1VZW9/Y3Kpu13Z29/YP7MOjR6MyTZlHlVC6GxLDBJfMAw6CdVPNSBIK1glHdxO/88S04Uq2IU9ZPyGx5BGnBEopsE/agYN9oWSseTwEorV6xj6XEeSBXXcazhR4lbhzUkdztAL7xx8omiVMAhXEmJ7rpNAviAZOBRvX/MywlNARiVkx3XyMz0tpgCOlyycBT9WFHEmMyZOwTCYEhmbZm4j/eb0Mopt+wWWaAZN0NijKBAaFJzXgAdeMgshLQqjm5YaYDokmFMqyauXp7vKhq8S7bNw23IererM576CKTtEZukAuukZNdI9ayEMUvaA39Im+rMJ6td6tj1m0Ys3/HKMFWN9/3oKTKg==</latexit><latexit sha1_base64="xJlM5wcY7GmgpbQGvGGtEWWbr3g=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBbBVUlEUHcFNy4rNLbQlDCZTtKhk5kwc6OEUPBX3CiuFL/CX/BvTB+bth4YOJxzhnvvCVPBDTjOr1VZW9/Y3Kpu13Z29/YP7MOjR6MyTZlHlVC6GxLDBJfMAw6CdVPNSBIK1glHdxO/88S04Uq2IU9ZPyGx5BGnBEopsE/agYN9oWSseTwEorV6xj6XEeSBXXcazhR4lbhzUkdztAL7xx8omiVMAhXEmJ7rpNAviAZOBRvX/MywlNARiVkx3XyMz0tpgCOlyycBT9WFHEmMyZOwTCYEhmbZm4j/eb0Mopt+wWWaAZN0NijKBAaFJzXgAdeMgshLQqjm5YaYDokmFMqyauXp7vKhq8S7bNw23IererM576CKTtEZukAuukZNdI9ayEMUvaA39Im+rMJ6td6tj1m0Ys3/HKMFWN9/3oKTKg==</latexit>

�!
<latexit sha1_base64="3BmQIjR/H+PVAdPeL/bkANzRr0Y=">AAAB7XicbVDLSsNAFL2pr1ofjbp0M1gEVyURQd0V3LisYGyhLWUynaRDJ5kwc6OU0t9wo7hS/BV/wb9x2mbT1gMDh3POcO+5YSaFQc/7dUobm1vbO+Xdyt7+wWHVPTp+MirXjAdMSaXbITVcipQHKFDydqY5TULJW+Hobua3nrk2QqWPOM54L6FxKiLBKFqp71a7UqWxFvEQqdbqpe/WvLo3B1knfkFqUKDZd3+6A8XyhKfIJDWm43sZ9iZUo2CSTyvd3PCMshGN+WS+7pScW2lAIqXtS5HM1aUcTYwZJ6FNJhSHZtWbif95nRyjm95EpFmOPGWLQVEuCSoy604GQnOGcmwJZVrYDQkbUk0Z2gtVbHV/teg6CS7rt3X/4arWaBQ3KMMpnMEF+HANDbiHJgTAIIc3+IQvJ3NenXfnYxEtOcWfE1iC8/0HlrWPEw==</latexit><latexit sha1_base64="3BmQIjR/H+PVAdPeL/bkANzRr0Y=">AAAB7XicbVDLSsNAFL2pr1ofjbp0M1gEVyURQd0V3LisYGyhLWUynaRDJ5kwc6OU0t9wo7hS/BV/wb9x2mbT1gMDh3POcO+5YSaFQc/7dUobm1vbO+Xdyt7+wWHVPTp+MirXjAdMSaXbITVcipQHKFDydqY5TULJW+Hobua3nrk2QqWPOM54L6FxKiLBKFqp71a7UqWxFvEQqdbqpe/WvLo3B1knfkFqUKDZd3+6A8XyhKfIJDWm43sZ9iZUo2CSTyvd3PCMshGN+WS+7pScW2lAIqXtS5HM1aUcTYwZJ6FNJhSHZtWbif95nRyjm95EpFmOPGWLQVEuCSoy604GQnOGcmwJZVrYDQkbUk0Z2gtVbHV/teg6CS7rt3X/4arWaBQ3KMMpnMEF+HANDbiHJgTAIIc3+IQvJ3NenXfnYxEtOcWfE1iC8/0HlrWPEw==</latexit><latexit sha1_base64="3BmQIjR/H+PVAdPeL/bkANzRr0Y=">AAAB7XicbVDLSsNAFL2pr1ofjbp0M1gEVyURQd0V3LisYGyhLWUynaRDJ5kwc6OU0t9wo7hS/BV/wb9x2mbT1gMDh3POcO+5YSaFQc/7dUobm1vbO+Xdyt7+wWHVPTp+MirXjAdMSaXbITVcipQHKFDydqY5TULJW+Hobua3nrk2QqWPOM54L6FxKiLBKFqp71a7UqWxFvEQqdbqpe/WvLo3B1knfkFqUKDZd3+6A8XyhKfIJDWm43sZ9iZUo2CSTyvd3PCMshGN+WS+7pScW2lAIqXtS5HM1aUcTYwZJ6FNJhSHZtWbif95nRyjm95EpFmOPGWLQVEuCSoy604GQnOGcmwJZVrYDQkbUk0Z2gtVbHV/teg6CS7rt3X/4arWaBQ3KMMpnMEF+HANDbiHJgTAIIc3+IQvJ3NenXfnYxEtOcWfE1iC8/0HlrWPEw==</latexit><latexit sha1_base64="3BmQIjR/H+PVAdPeL/bkANzRr0Y=">AAAB7XicbVDLSsNAFL2pr1ofjbp0M1gEVyURQd0V3LisYGyhLWUynaRDJ5kwc6OU0t9wo7hS/BV/wb9x2mbT1gMDh3POcO+5YSaFQc/7dUobm1vbO+Xdyt7+wWHVPTp+MirXjAdMSaXbITVcipQHKFDydqY5TULJW+Hobua3nrk2QqWPOM54L6FxKiLBKFqp71a7UqWxFvEQqdbqpe/WvLo3B1knfkFqUKDZd3+6A8XyhKfIJDWm43sZ9iZUo2CSTyvd3PCMshGN+WS+7pScW2lAIqXtS5HM1aUcTYwZJ6FNJhSHZtWbif95nRyjm95EpFmOPGWLQVEuCSoy604GQnOGcmwJZVrYDQkbUk0Z2gtVbHV/teg6CS7rt3X/4arWaBQ3KMMpnMEF+HANDbiHJgTAIIc3+IQvJ3NenXfnYxEtOcWfE1iC8/0HlrWPEw==</latexit><latexit sha1_base64="3BmQIjR/H+PVAdPeL/bkANzRr0Y=">AAAB7XicbVDLSsNAFL2pr1ofjbp0M1gEVyURQd0V3LisYGyhLWUynaRDJ5kwc6OU0t9wo7hS/BV/wb9x2mbT1gMDh3POcO+5YSaFQc/7dUobm1vbO+Xdyt7+wWHVPTp+MirXjAdMSaXbITVcipQHKFDydqY5TULJW+Hobua3nrk2QqWPOM54L6FxKiLBKFqp71a7UqWxFvEQqdbqpe/WvLo3B1knfkFqUKDZd3+6A8XyhKfIJDWm43sZ9iZUo2CSTyvd3PCMshGN+WS+7pScW2lAIqXtS5HM1aUcTYwZJ6FNJhSHZtWbif95nRyjm95EpFmOPGWLQVEuCSoy604GQnOGcmwJZVrYDQkbUk0Z2gtVbHV/teg6CS7rt3X/4arWaBQ3KMMpnMEF+HANDbiHJgTAIIc3+IQvJ3NenXfnYxEtOcWfE1iC8/0HlrWPEw==</latexit>

T0 �! 1
<latexit sha1_base64="xJlM5wcY7GmgpbQGvGGtEWWbr3g=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBbBVUlEUHcFNy4rNLbQlDCZTtKhk5kwc6OEUPBX3CiuFL/CX/BvTB+bth4YOJxzhnvvCVPBDTjOr1VZW9/Y3Kpu13Z29/YP7MOjR6MyTZlHlVC6GxLDBJfMAw6CdVPNSBIK1glHdxO/88S04Uq2IU9ZPyGx5BGnBEopsE/agYN9oWSseTwEorV6xj6XEeSBXXcazhR4lbhzUkdztAL7xx8omiVMAhXEmJ7rpNAviAZOBRvX/MywlNARiVkx3XyMz0tpgCOlyycBT9WFHEmMyZOwTCYEhmbZm4j/eb0Mopt+wWWaAZN0NijKBAaFJzXgAdeMgshLQqjm5YaYDokmFMqyauXp7vKhq8S7bNw23IererM576CKTtEZukAuukZNdI9ayEMUvaA39Im+rMJ6td6tj1m0Ys3/HKMFWN9/3oKTKg==</latexit><latexit sha1_base64="xJlM5wcY7GmgpbQGvGGtEWWbr3g=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBbBVUlEUHcFNy4rNLbQlDCZTtKhk5kwc6OEUPBX3CiuFL/CX/BvTB+bth4YOJxzhnvvCVPBDTjOr1VZW9/Y3Kpu13Z29/YP7MOjR6MyTZlHlVC6GxLDBJfMAw6CdVPNSBIK1glHdxO/88S04Uq2IU9ZPyGx5BGnBEopsE/agYN9oWSseTwEorV6xj6XEeSBXXcazhR4lbhzUkdztAL7xx8omiVMAhXEmJ7rpNAviAZOBRvX/MywlNARiVkx3XyMz0tpgCOlyycBT9WFHEmMyZOwTCYEhmbZm4j/eb0Mopt+wWWaAZN0NijKBAaFJzXgAdeMgshLQqjm5YaYDokmFMqyauXp7vKhq8S7bNw23IererM576CKTtEZukAuukZNdI9ayEMUvaA39Im+rMJ6td6tj1m0Ys3/HKMFWN9/3oKTKg==</latexit><latexit sha1_base64="xJlM5wcY7GmgpbQGvGGtEWWbr3g=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBbBVUlEUHcFNy4rNLbQlDCZTtKhk5kwc6OEUPBX3CiuFL/CX/BvTB+bth4YOJxzhnvvCVPBDTjOr1VZW9/Y3Kpu13Z29/YP7MOjR6MyTZlHlVC6GxLDBJfMAw6CdVPNSBIK1glHdxO/88S04Uq2IU9ZPyGx5BGnBEopsE/agYN9oWSseTwEorV6xj6XEeSBXXcazhR4lbhzUkdztAL7xx8omiVMAhXEmJ7rpNAviAZOBRvX/MywlNARiVkx3XyMz0tpgCOlyycBT9WFHEmMyZOwTCYEhmbZm4j/eb0Mopt+wWWaAZN0NijKBAaFJzXgAdeMgshLQqjm5YaYDokmFMqyauXp7vKhq8S7bNw23IererM576CKTtEZukAuukZNdI9ayEMUvaA39Im+rMJ6td6tj1m0Ys3/HKMFWN9/3oKTKg==</latexit><latexit sha1_base64="xJlM5wcY7GmgpbQGvGGtEWWbr3g=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBbBVUlEUHcFNy4rNLbQlDCZTtKhk5kwc6OEUPBX3CiuFL/CX/BvTB+bth4YOJxzhnvvCVPBDTjOr1VZW9/Y3Kpu13Z29/YP7MOjR6MyTZlHlVC6GxLDBJfMAw6CdVPNSBIK1glHdxO/88S04Uq2IU9ZPyGx5BGnBEopsE/agYN9oWSseTwEorV6xj6XEeSBXXcazhR4lbhzUkdztAL7xx8omiVMAhXEmJ7rpNAviAZOBRvX/MywlNARiVkx3XyMz0tpgCOlyycBT9WFHEmMyZOwTCYEhmbZm4j/eb0Mopt+wWWaAZN0NijKBAaFJzXgAdeMgshLQqjm5YaYDokmFMqyauXp7vKhq8S7bNw23IererM576CKTtEZukAuukZNdI9ayEMUvaA39Im+rMJ6td6tj1m0Ys3/HKMFWN9/3oKTKg==</latexit>



Segnali Aperiodici
Cosa succede allo spettro di ampiezza per ?

• diminuisce f0, le righe si avvicinano
• aumenta T0, diminisce l’ampiezza delle righe

T0 �! 1
<latexit sha1_base64="xJlM5wcY7GmgpbQGvGGtEWWbr3g=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBbBVUlEUHcFNy4rNLbQlDCZTtKhk5kwc6OEUPBX3CiuFL/CX/BvTB+bth4YOJxzhnvvCVPBDTjOr1VZW9/Y3Kpu13Z29/YP7MOjR6MyTZlHlVC6GxLDBJfMAw6CdVPNSBIK1glHdxO/88S04Uq2IU9ZPyGx5BGnBEopsE/agYN9oWSseTwEorV6xj6XEeSBXXcazhR4lbhzUkdztAL7xx8omiVMAhXEmJ7rpNAviAZOBRvX/MywlNARiVkx3XyMz0tpgCOlyycBT9WFHEmMyZOwTCYEhmbZm4j/eb0Mopt+wWWaAZN0NijKBAaFJzXgAdeMgshLQqjm5YaYDokmFMqyauXp7vKhq8S7bNw23IererM576CKTtEZukAuukZNdI9ayEMUvaA39Im+rMJ6td6tj1m0Ys3/HKMFWN9/3oKTKg==</latexit><latexit sha1_base64="xJlM5wcY7GmgpbQGvGGtEWWbr3g=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBbBVUlEUHcFNy4rNLbQlDCZTtKhk5kwc6OEUPBX3CiuFL/CX/BvTB+bth4YOJxzhnvvCVPBDTjOr1VZW9/Y3Kpu13Z29/YP7MOjR6MyTZlHlVC6GxLDBJfMAw6CdVPNSBIK1glHdxO/88S04Uq2IU9ZPyGx5BGnBEopsE/agYN9oWSseTwEorV6xj6XEeSBXXcazhR4lbhzUkdztAL7xx8omiVMAhXEmJ7rpNAviAZOBRvX/MywlNARiVkx3XyMz0tpgCOlyycBT9WFHEmMyZOwTCYEhmbZm4j/eb0Mopt+wWWaAZN0NijKBAaFJzXgAdeMgshLQqjm5YaYDokmFMqyauXp7vKhq8S7bNw23IererM576CKTtEZukAuukZNdI9ayEMUvaA39Im+rMJ6td6tj1m0Ys3/HKMFWN9/3oKTKg==</latexit><latexit sha1_base64="xJlM5wcY7GmgpbQGvGGtEWWbr3g=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBbBVUlEUHcFNy4rNLbQlDCZTtKhk5kwc6OEUPBX3CiuFL/CX/BvTB+bth4YOJxzhnvvCVPBDTjOr1VZW9/Y3Kpu13Z29/YP7MOjR6MyTZlHlVC6GxLDBJfMAw6CdVPNSBIK1glHdxO/88S04Uq2IU9ZPyGx5BGnBEopsE/agYN9oWSseTwEorV6xj6XEeSBXXcazhR4lbhzUkdztAL7xx8omiVMAhXEmJ7rpNAviAZOBRvX/MywlNARiVkx3XyMz0tpgCOlyycBT9WFHEmMyZOwTCYEhmbZm4j/eb0Mopt+wWWaAZN0NijKBAaFJzXgAdeMgshLQqjm5YaYDokmFMqyauXp7vKhq8S7bNw23IererM576CKTtEZukAuukZNdI9ayEMUvaA39Im+rMJ6td6tj1m0Ys3/HKMFWN9/3oKTKg==</latexit><latexit sha1_base64="xJlM5wcY7GmgpbQGvGGtEWWbr3g=">AAAB+HicbVDLSsNAFJ3UV62vqDvdDBbBVUlEUHcFNy4rNLbQlDCZTtKhk5kwc6OEUPBX3CiuFL/CX/BvTB+bth4YOJxzhnvvCVPBDTjOr1VZW9/Y3Kpu13Z29/YP7MOjR6MyTZlHlVC6GxLDBJfMAw6CdVPNSBIK1glHdxO/88S04Uq2IU9ZPyGx5BGnBEopsE/agYN9oWSseTwEorV6xj6XEeSBXXcazhR4lbhzUkdztAL7xx8omiVMAhXEmJ7rpNAviAZOBRvX/MywlNARiVkx3XyMz0tpgCOlyycBT9WFHEmMyZOwTCYEhmbZm4j/eb0Mopt+wWWaAZN0NijKBAaFJzXgAdeMgshLQqjm5YaYDokmFMqyauXp7vKhq8S7bNw23IererM576CKTtEZukAuukZNdI9ayEMUvaA39Im+rMJ6td6tj1m0Ys3/HKMFWN9/3oKTKg==</latexit>

Spettro in ampiezza del treno di impulsi T0/T = 4
<latexit sha1_base64="HAY8upQt6uOfLKwac7KwL8kwPOQ=">AAAB43icbVBdSwJBFL1rX2ZfVo+9DEnQk+2GUD0EC730aOCmoCKz46wOzs4uM3cDEf9BL0VPRf+nv9C/adR9UTswcDjnDPeeG6ZSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2SacYDlshEt0JquBSKByhQ8laqOY1DyZvh6GHmN1+4NiJRDRynvBvTgRKRYBSt1Gz03KvGfa1XrrhVdw6yTrycVCBHvVf+6fQTlsVcIZPUmLbnptidUI2CST4tdTLDU8pGdMAn8yWn5MJKfRIl2j6FZK4u5WhszDgObTKmODSr3kz8z2tnGN12J0KlGXLFFoOiTBJMyKwx6QvNGcqxJZRpYTckbEg1ZWjvUrLVvdWi6yS4rt5VvadaxffzGxThDM7hEjy4AR8eoQ4BMBjBG3zClxM5r86787GIFpz8zykswfn+AzWAihQ=</latexit><latexit sha1_base64="HAY8upQt6uOfLKwac7KwL8kwPOQ=">AAAB43icbVBdSwJBFL1rX2ZfVo+9DEnQk+2GUD0EC730aOCmoCKz46wOzs4uM3cDEf9BL0VPRf+nv9C/adR9UTswcDjnDPeeG6ZSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2SacYDlshEt0JquBSKByhQ8laqOY1DyZvh6GHmN1+4NiJRDRynvBvTgRKRYBSt1Gz03KvGfa1XrrhVdw6yTrycVCBHvVf+6fQTlsVcIZPUmLbnptidUI2CST4tdTLDU8pGdMAn8yWn5MJKfRIl2j6FZK4u5WhszDgObTKmODSr3kz8z2tnGN12J0KlGXLFFoOiTBJMyKwx6QvNGcqxJZRpYTckbEg1ZWjvUrLVvdWi6yS4rt5VvadaxffzGxThDM7hEjy4AR8eoQ4BMBjBG3zClxM5r86787GIFpz8zykswfn+AzWAihQ=</latexit><latexit sha1_base64="HAY8upQt6uOfLKwac7KwL8kwPOQ=">AAAB43icbVBdSwJBFL1rX2ZfVo+9DEnQk+2GUD0EC730aOCmoCKz46wOzs4uM3cDEf9BL0VPRf+nv9C/adR9UTswcDjnDPeeG6ZSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2SacYDlshEt0JquBSKByhQ8laqOY1DyZvh6GHmN1+4NiJRDRynvBvTgRKRYBSt1Gz03KvGfa1XrrhVdw6yTrycVCBHvVf+6fQTlsVcIZPUmLbnptidUI2CST4tdTLDU8pGdMAn8yWn5MJKfRIl2j6FZK4u5WhszDgObTKmODSr3kz8z2tnGN12J0KlGXLFFoOiTBJMyKwx6QvNGcqxJZRpYTckbEg1ZWjvUrLVvdWi6yS4rt5VvadaxffzGxThDM7hEjy4AR8eoQ4BMBjBG3zClxM5r86787GIFpz8zykswfn+AzWAihQ=</latexit><latexit sha1_base64="HAY8upQt6uOfLKwac7KwL8kwPOQ=">AAAB43icbVBdSwJBFL1rX2ZfVo+9DEnQk+2GUD0EC730aOCmoCKz46wOzs4uM3cDEf9BL0VPRf+nv9C/adR9UTswcDjnDPeeG6ZSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2SacYDlshEt0JquBSKByhQ8laqOY1DyZvh6GHmN1+4NiJRDRynvBvTgRKRYBSt1Gz03KvGfa1XrrhVdw6yTrycVCBHvVf+6fQTlsVcIZPUmLbnptidUI2CST4tdTLDU8pGdMAn8yWn5MJKfRIl2j6FZK4u5WhszDgObTKmODSr3kz8z2tnGN12J0KlGXLFFoOiTBJMyKwx6QvNGcqxJZRpYTckbEg1ZWjvUrLVvdWi6yS4rt5VvadaxffzGxThDM7hEjy4AR8eoQ4BMBjBG3zClxM5r86787GIFpz8zykswfn+AzWAihQ=</latexit>

T0/T = 8
<latexit sha1_base64="UQyG8KIMeF6XWTU4iuaVuZJWXNQ=">AAAB43icbVBdSwJBFL1rX2ZfVo+9DEnQk+1GkD0EC730aOCmoCKz46wOzs4uM3cDEf9BL0VPRf+nv9C/adR9UTswcDjnDPeeG6ZSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2SacYDlshEt0JquBSKByhQ8laqOY1DyZvh6GHmN1+4NiJRDRynvBvTgRKRYBSt1Gz03KvGfa1XrrhVdw6yTrycVCBHvVf+6fQTlsVcIZPUmLbnptidUI2CST4tdTLDU8pGdMAn8yWn5MJKfRIl2j6FZK4u5WhszDgObTKmODSr3kz8z2tnGNW6E6HSDLlii0FRJgkmZNaY9IXmDOXYEsq0sBsSNqSaMrR3Kdnq3mrRdRJcV++q3tNNxffzGxThDM7hEjy4BR8eoQ4BMBjBG3zClxM5r86787GIFpz8zykswfn+Aztkihg=</latexit><latexit sha1_base64="UQyG8KIMeF6XWTU4iuaVuZJWXNQ=">AAAB43icbVBdSwJBFL1rX2ZfVo+9DEnQk+1GkD0EC730aOCmoCKz46wOzs4uM3cDEf9BL0VPRf+nv9C/adR9UTswcDjnDPeeG6ZSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2SacYDlshEt0JquBSKByhQ8laqOY1DyZvh6GHmN1+4NiJRDRynvBvTgRKRYBSt1Gz03KvGfa1XrrhVdw6yTrycVCBHvVf+6fQTlsVcIZPUmLbnptidUI2CST4tdTLDU8pGdMAn8yWn5MJKfRIl2j6FZK4u5WhszDgObTKmODSr3kz8z2tnGNW6E6HSDLlii0FRJgkmZNaY9IXmDOXYEsq0sBsSNqSaMrR3Kdnq3mrRdRJcV++q3tNNxffzGxThDM7hEjy4BR8eoQ4BMBjBG3zClxM5r86787GIFpz8zykswfn+Aztkihg=</latexit><latexit sha1_base64="UQyG8KIMeF6XWTU4iuaVuZJWXNQ=">AAAB43icbVBdSwJBFL1rX2ZfVo+9DEnQk+1GkD0EC730aOCmoCKz46wOzs4uM3cDEf9BL0VPRf+nv9C/adR9UTswcDjnDPeeG6ZSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2SacYDlshEt0JquBSKByhQ8laqOY1DyZvh6GHmN1+4NiJRDRynvBvTgRKRYBSt1Gz03KvGfa1XrrhVdw6yTrycVCBHvVf+6fQTlsVcIZPUmLbnptidUI2CST4tdTLDU8pGdMAn8yWn5MJKfRIl2j6FZK4u5WhszDgObTKmODSr3kz8z2tnGNW6E6HSDLlii0FRJgkmZNaY9IXmDOXYEsq0sBsSNqSaMrR3Kdnq3mrRdRJcV++q3tNNxffzGxThDM7hEjy4BR8eoQ4BMBjBG3zClxM5r86787GIFpz8zykswfn+Aztkihg=</latexit><latexit sha1_base64="UQyG8KIMeF6XWTU4iuaVuZJWXNQ=">AAAB43icbVBdSwJBFL1rX2ZfVo+9DEnQk+1GkD0EC730aOCmoCKz46wOzs4uM3cDEf9BL0VPRf+nv9C/adR9UTswcDjnDPeeG6ZSGHTdX6ewsbm1vVPcLe3tHxwelY9Pnk2SacYDlshEt0JquBSKByhQ8laqOY1DyZvh6GHmN1+4NiJRDRynvBvTgRKRYBSt1Gz03KvGfa1XrrhVdw6yTrycVCBHvVf+6fQTlsVcIZPUmLbnptidUI2CST4tdTLDU8pGdMAn8yWn5MJKfRIl2j6FZK4u5WhszDgObTKmODSr3kz8z2tnGNW6E6HSDLlii0FRJgkmZNaY9IXmDOXYEsq0sBsSNqSaMrR3Kdnq3mrRdRJcV++q3tNNxffzGxThDM7hEjy4BR8eoQ4BMBjBG3zClxM5r86787GIFpz8zykswfn+Aztkihg=</latexit>

T0/T = 16
<latexit sha1_base64="opQyV70xwD8OwiwKFx7mBVmZwbE=">AAAB5HicbVDLSgMxFL1TX7W+qi7dBIvgqs6I+FgIBTcuK3RsoS0lk2ba0ExmSO4IpfQT3CiuFL/HX/BvzLSzaeuBwOGcE+49N0ikMOi6v05hbX1jc6u4XdrZ3ds/KB8ePZs41Yz7LJaxbgXUcCkU91Gg5K1EcxoFkjeD0UPmN1+4NiJWDRwnvBvRgRKhYBSt1Gr03IvGvXfdK1fcqjsDWSVeTiqQo94r/3T6MUsjrpBJakzbcxPsTqhGwSSfljqp4QllIzrgk9mWU3JmpT4JY22fQjJTF3I0MmYcBTYZURyaZS8T//PaKYa33YlQSYpcsfmgMJUEY5JVJn2hOUM5toQyLeyGhA2ppgztYUq2urdcdJX4l9W7qvd0VanV8hsU4QRO4Rw8uIEaPEIdfGAg4Q0+4csZOK/Ou/Mxjxac/M8xLMD5/gOnVIpR</latexit><latexit sha1_base64="opQyV70xwD8OwiwKFx7mBVmZwbE=">AAAB5HicbVDLSgMxFL1TX7W+qi7dBIvgqs6I+FgIBTcuK3RsoS0lk2ba0ExmSO4IpfQT3CiuFL/HX/BvzLSzaeuBwOGcE+49N0ikMOi6v05hbX1jc6u4XdrZ3ds/KB8ePZs41Yz7LJaxbgXUcCkU91Gg5K1EcxoFkjeD0UPmN1+4NiJWDRwnvBvRgRKhYBSt1Gr03IvGvXfdK1fcqjsDWSVeTiqQo94r/3T6MUsjrpBJakzbcxPsTqhGwSSfljqp4QllIzrgk9mWU3JmpT4JY22fQjJTF3I0MmYcBTYZURyaZS8T//PaKYa33YlQSYpcsfmgMJUEY5JVJn2hOUM5toQyLeyGhA2ppgztYUq2urdcdJX4l9W7qvd0VanV8hsU4QRO4Rw8uIEaPEIdfGAg4Q0+4csZOK/Ou/Mxjxac/M8xLMD5/gOnVIpR</latexit><latexit sha1_base64="opQyV70xwD8OwiwKFx7mBVmZwbE=">AAAB5HicbVDLSgMxFL1TX7W+qi7dBIvgqs6I+FgIBTcuK3RsoS0lk2ba0ExmSO4IpfQT3CiuFL/HX/BvzLSzaeuBwOGcE+49N0ikMOi6v05hbX1jc6u4XdrZ3ds/KB8ePZs41Yz7LJaxbgXUcCkU91Gg5K1EcxoFkjeD0UPmN1+4NiJWDRwnvBvRgRKhYBSt1Gr03IvGvXfdK1fcqjsDWSVeTiqQo94r/3T6MUsjrpBJakzbcxPsTqhGwSSfljqp4QllIzrgk9mWU3JmpT4JY22fQjJTF3I0MmYcBTYZURyaZS8T//PaKYa33YlQSYpcsfmgMJUEY5JVJn2hOUM5toQyLeyGhA2ppgztYUq2urdcdJX4l9W7qvd0VanV8hsU4QRO4Rw8uIEaPEIdfGAg4Q0+4csZOK/Ou/Mxjxac/M8xLMD5/gOnVIpR</latexit><latexit sha1_base64="opQyV70xwD8OwiwKFx7mBVmZwbE=">AAAB5HicbVDLSgMxFL1TX7W+qi7dBIvgqs6I+FgIBTcuK3RsoS0lk2ba0ExmSO4IpfQT3CiuFL/HX/BvzLSzaeuBwOGcE+49N0ikMOi6v05hbX1jc6u4XdrZ3ds/KB8ePZs41Yz7LJaxbgXUcCkU91Gg5K1EcxoFkjeD0UPmN1+4NiJWDRwnvBvRgRKhYBSt1Gr03IvGvXfdK1fcqjsDWSVeTiqQo94r/3T6MUsjrpBJakzbcxPsTqhGwSSfljqp4QllIzrgk9mWU3JmpT4JY22fQjJTF3I0MmYcBTYZURyaZS8T//PaKYa33YlQSYpcsfmgMJUEY5JVJn2hOUM5toQyLeyGhA2ppgztYUq2urdcdJX4l9W7qvd0VanV8hsU4QRO4Rw8uIEaPEIdfGAg4Q0+4csZOK/Ou/Mxjxac/M8xLMD5/gOnVIpR</latexit>



Segnali Aperiodici

nel limite di T0 à 
infinito lo spettro di 
ampiezza diventa 

continuo

la risoluzione in 
frequenza è 

inversamente 
proporzionale a T0



Segnali Aperiodici

X(f) ⌘
+1Z

�1

x(t) e�j2⇡ft dt =) Xk =
1

T0
X(f)|f= k

T0
= f0X(kf0)

<latexit sha1_base64="GzB9L+NkCYWw3z5nJ+SSJeK/iLY="></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>



Segnali Aperiodici
Definiamo un coefficiente di Fourier modificato la cui ampiezza non sia infinitesima

x(t)
<latexit sha1_base64="xYxDQ3FOhadhoQtp1Hrx2pPIFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw707rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvBo2y</latexit><latexit sha1_base64="xYxDQ3FOhadhoQtp1Hrx2pPIFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw707rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvBo2y</latexit><latexit sha1_base64="xYxDQ3FOhadhoQtp1Hrx2pPIFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw707rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvBo2y</latexit>

T0 ! 1
f0 ! 0

<latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit><latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit><latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit>

T0 ! 1
f0 ! 0

<latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit><latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit><latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit>

df
<latexit sha1_base64="N9URR9bP4a+ySFYvnwEWDDnIcxk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxWME10SSJczOziZD5rHMzIphyVd48aDi1d/x5t84SfagiQUNRVU33V1Rypmxvv/tLS2vrK6tlzbKm1vbO7uVvf17ozJNaEAUV7odYUM5kzSwzHLaTjXFIuK0FQ2vJ37rkWrDlLyzo5SGAvclSxjB1kkPXRGppzweJ71K1a/5U6BFUi9IFQo0e5WvbqxIJqi0hGNjOnU/tWGOtWWE03G5mxmaYjLEfdpxVGJBTZhPDx6jY6fEKFHalbRoqv6eyLEwZiQi1ymwHZh5byL+53Uym1yEOZNpZqkks0VJxpFVaPI9ipmmxPKRI5ho5m5FZIA1JtZlVHYh1OdfXiTBae2y5t+eVRtXRRolOIQjOIE6nEMDbqAJARAQ8Ayv8OZp78V79z5mrUteMXMAf+B9/gCe85B7</latexit><latexit sha1_base64="N9URR9bP4a+ySFYvnwEWDDnIcxk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxWME10SSJczOziZD5rHMzIphyVd48aDi1d/x5t84SfagiQUNRVU33V1Rypmxvv/tLS2vrK6tlzbKm1vbO7uVvf17ozJNaEAUV7odYUM5kzSwzHLaTjXFIuK0FQ2vJ37rkWrDlLyzo5SGAvclSxjB1kkPXRGppzweJ71K1a/5U6BFUi9IFQo0e5WvbqxIJqi0hGNjOnU/tWGOtWWE03G5mxmaYjLEfdpxVGJBTZhPDx6jY6fEKFHalbRoqv6eyLEwZiQi1ymwHZh5byL+53Uym1yEOZNpZqkks0VJxpFVaPI9ipmmxPKRI5ho5m5FZIA1JtZlVHYh1OdfXiTBae2y5t+eVRtXRRolOIQjOIE6nEMDbqAJARAQ8Ayv8OZp78V79z5mrUteMXMAf+B9/gCe85B7</latexit><latexit sha1_base64="N9URR9bP4a+ySFYvnwEWDDnIcxk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxWME10SSJczOziZD5rHMzIphyVd48aDi1d/x5t84SfagiQUNRVU33V1Rypmxvv/tLS2vrK6tlzbKm1vbO7uVvf17ozJNaEAUV7odYUM5kzSwzHLaTjXFIuK0FQ2vJ37rkWrDlLyzo5SGAvclSxjB1kkPXRGppzweJ71K1a/5U6BFUi9IFQo0e5WvbqxIJqi0hGNjOnU/tWGOtWWE03G5mxmaYjLEfdpxVGJBTZhPDx6jY6fEKFHalbRoqv6eyLEwZiQi1ymwHZh5byL+53Uym1yEOZNpZqkks0VJxpFVaPI9ipmmxPKRI5ho5m5FZIA1JtZlVHYh1OdfXiTBae2y5t+eVRtXRRolOIQjOIE6nEMDbqAJARAQ8Ayv8OZp78V79z5mrUteMXMAf+B9/gCe85B7</latexit>

T0 ! 1
f0 ! 0

<latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit><latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit><latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit>

X(f)
<latexit sha1_base64="DU6MPUgPy9DFNzGbLEVFbCE0C4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5Db3O09UaRbLBzNNaCDwSLKIEWxyqVuPzgfVmttw50CrxCtIDQq0B9Wv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQVZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZX4F43rhnvfrLVuijTKcAKnUAcPLqEFd9AGHwiM4Rle4c0Rzovz7nwsWktOMXMMf+B8/gCpDo2E</latexit><latexit sha1_base64="DU6MPUgPy9DFNzGbLEVFbCE0C4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5Db3O09UaRbLBzNNaCDwSLKIEWxyqVuPzgfVmttw50CrxCtIDQq0B9Wv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQVZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZX4F43rhnvfrLVuijTKcAKnUAcPLqEFd9AGHwiM4Rle4c0Rzovz7nwsWktOMXMMf+B8/gCpDo2E</latexit><latexit sha1_base64="DU6MPUgPy9DFNzGbLEVFbCE0C4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5Db3O09UaRbLBzNNaCDwSLKIEWxyqVuPzgfVmttw50CrxCtIDQq0B9Wv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQVZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZX4F43rhnvfrLVuijTKcAKnUAcPLqEFd9AGHwiM4Rle4c0Rzovz7nwsWktOMXMMf+B8/gCpDo2E</latexit>

X(f) ⌘
+1Z

�1

x(t) e�j2⇡ft dt =) Xk =
1

T0
X(f)|f= k

T0
= f0X(kf0)

<latexit sha1_base64="GzB9L+NkCYWw3z5nJ+SSJeK/iLY="></latexit>



Segnali 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>

Integrale di Fourier

Trasformata di Fourier

x(t)
<latexit sha1_base64="xYxDQ3FOhadhoQtp1Hrx2pPIFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw707rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvBo2y</latexit><latexit sha1_base64="xYxDQ3FOhadhoQtp1Hrx2pPIFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw707rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvBo2y</latexit><latexit sha1_base64="xYxDQ3FOhadhoQtp1Hrx2pPIFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw707rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvBo2y</latexit>

T0 ! 1
f0 ! 0

<latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit><latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit><latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit>

T0 ! 1
f0 ! 0

<latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit><latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit><latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit>

df
<latexit sha1_base64="N9URR9bP4a+ySFYvnwEWDDnIcxk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxWME10SSJczOziZD5rHMzIphyVd48aDi1d/x5t84SfagiQUNRVU33V1Rypmxvv/tLS2vrK6tlzbKm1vbO7uVvf17ozJNaEAUV7odYUM5kzSwzHLaTjXFIuK0FQ2vJ37rkWrDlLyzo5SGAvclSxjB1kkPXRGppzweJ71K1a/5U6BFUi9IFQo0e5WvbqxIJqi0hGNjOnU/tWGOtWWE03G5mxmaYjLEfdpxVGJBTZhPDx6jY6fEKFHalbRoqv6eyLEwZiQi1ymwHZh5byL+53Uym1yEOZNpZqkks0VJxpFVaPI9ipmmxPKRI5ho5m5FZIA1JtZlVHYh1OdfXiTBae2y5t+eVRtXRRolOIQjOIE6nEMDbqAJARAQ8Ayv8OZp78V79z5mrUteMXMAf+B9/gCe85B7</latexit><latexit sha1_base64="N9URR9bP4a+ySFYvnwEWDDnIcxk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxWME10SSJczOziZD5rHMzIphyVd48aDi1d/x5t84SfagiQUNRVU33V1Rypmxvv/tLS2vrK6tlzbKm1vbO7uVvf17ozJNaEAUV7odYUM5kzSwzHLaTjXFIuK0FQ2vJ37rkWrDlLyzo5SGAvclSxjB1kkPXRGppzweJ71K1a/5U6BFUi9IFQo0e5WvbqxIJqi0hGNjOnU/tWGOtWWE03G5mxmaYjLEfdpxVGJBTZhPDx6jY6fEKFHalbRoqv6eyLEwZiQi1ymwHZh5byL+53Uym1yEOZNpZqkks0VJxpFVaPI9ipmmxPKRI5ho5m5FZIA1JtZlVHYh1OdfXiTBae2y5t+eVRtXRRolOIQjOIE6nEMDbqAJARAQ8Ayv8OZp78V79z5mrUteMXMAf+B9/gCe85B7</latexit><latexit sha1_base64="N9URR9bP4a+ySFYvnwEWDDnIcxk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxWME10SSJczOziZD5rHMzIphyVd48aDi1d/x5t84SfagiQUNRVU33V1Rypmxvv/tLS2vrK6tlzbKm1vbO7uVvf17ozJNaEAUV7odYUM5kzSwzHLaTjXFIuK0FQ2vJ37rkWrDlLyzo5SGAvclSxjB1kkPXRGppzweJ71K1a/5U6BFUi9IFQo0e5WvbqxIJqi0hGNjOnU/tWGOtWWE03G5mxmaYjLEfdpxVGJBTZhPDx6jY6fEKFHalbRoqv6eyLEwZiQi1ymwHZh5byL+53Uym1yEOZNpZqkks0VJxpFVaPI9ipmmxPKRI5ho5m5FZIA1JtZlVHYh1OdfXiTBae2y5t+eVRtXRRolOIQjOIE6nEMDbqAJARAQ8Ayv8OZp78V79z5mrUteMXMAf+B9/gCe85B7</latexit>

T0 ! 1
f0 ! 0

<latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit><latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit><latexit sha1_base64="CdtUE52wfDuECIDgajt++L+KpVA=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBLMJGBLUL2lhGyJlA7jj2NnvJkr29Y3dOCSH/wca/YmOhYmtl579x81Fo4oOBx3szzMyLMikMEPLtFJaWV1bXiuuljc2t7R13d+/OpLlm3GOpTHUrooZLobgHAiRvZZrTJJK8GfWvx37znmsjUtWAQcaDhHaViAWjYKXQPWmEBPtadHtAtU4fsC9UDAPfL8VzBgndMqmQCfAiqc5IGc1QD90vv5OyPOEKmKTGtKskg2BINQgm+ajk54ZnlPVpl7ctVTThJhhOfhrhI6t0cJxqWwrwRP09MaSJMYMksp0JhZ6Z98bif147h/giGAqV5cAVmy6Kc4khxeOAcEdozkAOLKFMC3srZj2qKQMbY8mGUJ1/eZF4p5XLCrk9K9euZmkU0QE6RMeois5RDd2gOvIQQ4/oGb2iN+fJeXHenY9pa8GZzeyjP3A+fwAUwZ08</latexit>

X(f)
<latexit sha1_base64="DU6MPUgPy9DFNzGbLEVFbCE0C4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5Db3O09UaRbLBzNNaCDwSLKIEWxyqVuPzgfVmttw50CrxCtIDQq0B9Wv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQVZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZX4F43rhnvfrLVuijTKcAKnUAcPLqEFd9AGHwiM4Rle4c0Rzovz7nwsWktOMXMMf+B8/gCpDo2E</latexit><latexit sha1_base64="DU6MPUgPy9DFNzGbLEVFbCE0C4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5Db3O09UaRbLBzNNaCDwSLKIEWxyqVuPzgfVmttw50CrxCtIDQq0B9Wv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQVZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZX4F43rhnvfrLVuijTKcAKnUAcPLqEFd9AGHwiM4Rle4c0Rzovz7nwsWktOMXMMf+B8/gCpDo2E</latexit><latexit sha1_base64="DU6MPUgPy9DFNzGbLEVFbCE0C4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5Db3O09UaRbLBzNNaCDwSLKIEWxyqVuPzgfVmttw50CrxCtIDQq0B9Wv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQVZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZX4F43rhnvfrLVuijTKcAKnUAcPLqEFd9AGHwiM4Rle4c0Rzovz7nwsWktOMXMMf+B8/gCpDo2E</latexit>

Somma di valori di una funzione valutata su punti equispaziati e moltiplicati per il valore 
della distanza tra due punti infinitesima = integrale

Per determinare X(f) effettuo il limite per il coefficiente di Fourier modificato
<latexit sha1_base64="wSbLEWPTdRA1+5DLkXh4WgigJZM="></latexit>

X(f) = lim
T0!1
f0!0

Z T0/2

�T0/2
xp (t) e

�i2⇡kf0tdt =

Z 1

1
x (t) e�i2⇡ftdt



Segnali 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>

equazione di ANALISI: studio del 
contenuto in frequenza del segnale

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

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>

La conoscenza del segnale x(t) nel dominio temporale è equivalente alla 
conoscenza della trasformata di Fourier nel dominio delle frequenze

oppure
X(f) = F(x(t))

<latexit sha1_base64="yQBYD8/R8otfI3eKvygbMq0EwfA=">AAAB+XicbVDLSsNAFL3xWesr6k43g0VoNyVRQTdCQRCXFewD2lIm00k7dPJg5kYsIeCvuBFxo+BP+Av+jUmbTVsPDBzOOcO99zihFBot69dYWV1b39gsbBW3d3b39s2Dw6YOIsV4gwUyUG2Hai6FzxsoUPJ2qDj1HMlbzvg281tPXGkR+I84CXnPo0NfuIJRTKW+edwuuxVyQ7oexRGjMr5LyvFzGStJpW+WrKo1BVkmdk5KkKPeN3+6g4BFHveRSap1x7ZC7MVUoWCSJ8VupHlI2ZgOeTzdPCFnqTQgbqDS5yOZqnM56mk98Zw0mS2oF71M/M/rROhe92LhhxFyn80GuZEkGJCsBjIQijOUk5RQpkS6IWEjqijDtKxierq9eOgyaZ5X7Yuq/XBZqtXyEgpwAqdQBhuuoAb3UIcGMHiBN/iELyM2Xo1342MWXTHyP0cwB+P7DzpUkeE=</latexit>

x(t) = F�1(X(f))
<latexit sha1_base64="LM47RmdNgMCgfvb2gIvPDhP4+00=">AAAB/nicbVDLSgMxFM3UV62vUZcuDBahXVhmVNCNUBDEZQX7gLaWTJppQzMPkjtiGQbc+CtuRNwo+An+gn9jpp1NWw8EDueccO89Tii4Asv6NXJLyyura/n1wsbm1vaOubvXUEEkKavTQASy5RDFBPdZHTgI1golI54jWNMZXad+85FJxQP/HsYh63pk4HOXUwJa6pmHTyUo4yvc8QgMKRHxTfIQn9hJKW6V3HJS7plFq2JNgBeJnZEiylDrmT+dfkAjj/lABVGqbVshdGMigVPBkkInUiwkdEQGLJ6sn+BjLfWxG0j9fMATdSZHPKXGnqOT6ZZq3kvF/7x2BO5lN+Z+GAHz6XSQGwkMAU67wH0uGQUx1oRQyfWGmA6JJBR0YwV9uj1/6CJpnFbss4p9d16sVrMS8ugAHaESstEFqqJbVEN1RNELekOf6Mt4Nl6Nd+NjGs0Z2Z99NAPj+w+rxpPH</latexit>



Segnali 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>

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>

X(f) = A(f) ei�(f)
<latexit sha1_base64="tqikf0C4x41+O2THDfTJ6jz0dng=">AAAB+nicbVDLSgMxFL1TX7W+Rl3qIliEClJmRFBBoeLGZQXHFjq1ZNJMG5p5kGSEMszGX3GjuFL8CH/BvzHTzqbVAyEn555L7j1ezJlUlvVjlBYWl5ZXyquVtfWNzS1ze+dBRokg1CERj0Tbw5JyFlJHMcVpOxYUBx6nLW90k9dbT1RIFoX3ahzTboAHIfMZwUpLPXO/XfOP0BW61pd7TB9T5sZDph+Z61Z6ZtWqWxOgv8QuSBUKNHvmt9uPSBLQUBGOpezYVqy6KRaKEU6ziptIGmMywgOaTmbP0KGW+siPhD6hQhN1xocDKceBp50BVkM5X8vF/2qdRPnn3ZSFcaJoSKYf+QlHKkJ5EKjPBCWKjzXBRDA9ISJDLDBROq58dXt+0b/EOalf1K2702rjssigDHtwADWw4QwacAtNcIDAM7zCB3wamfFivBnvU2vJKHp2YQbG1y+RD5GB</latexit><latexit sha1_base64="tqikf0C4x41+O2THDfTJ6jz0dng=">AAAB+nicbVDLSgMxFL1TX7W+Rl3qIliEClJmRFBBoeLGZQXHFjq1ZNJMG5p5kGSEMszGX3GjuFL8CH/BvzHTzqbVAyEn555L7j1ezJlUlvVjlBYWl5ZXyquVtfWNzS1ze+dBRokg1CERj0Tbw5JyFlJHMcVpOxYUBx6nLW90k9dbT1RIFoX3ahzTboAHIfMZwUpLPXO/XfOP0BW61pd7TB9T5sZDph+Z61Z6ZtWqWxOgv8QuSBUKNHvmt9uPSBLQUBGOpezYVqy6KRaKEU6ziptIGmMywgOaTmbP0KGW+siPhD6hQhN1xocDKceBp50BVkM5X8vF/2qdRPnn3ZSFcaJoSKYf+QlHKkJ5EKjPBCWKjzXBRDA9ISJDLDBROq58dXt+0b/EOalf1K2702rjssigDHtwADWw4QwacAtNcIDAM7zCB3wamfFivBnvU2vJKHp2YQbG1y+RD5GB</latexit><latexit sha1_base64="tqikf0C4x41+O2THDfTJ6jz0dng=">AAAB+nicbVDLSgMxFL1TX7W+Rl3qIliEClJmRFBBoeLGZQXHFjq1ZNJMG5p5kGSEMszGX3GjuFL8CH/BvzHTzqbVAyEn555L7j1ezJlUlvVjlBYWl5ZXyquVtfWNzS1ze+dBRokg1CERj0Tbw5JyFlJHMcVpOxYUBx6nLW90k9dbT1RIFoX3ahzTboAHIfMZwUpLPXO/XfOP0BW61pd7TB9T5sZDph+Z61Z6ZtWqWxOgv8QuSBUKNHvmt9uPSBLQUBGOpezYVqy6KRaKEU6ziptIGmMywgOaTmbP0KGW+siPhD6hQhN1xocDKceBp50BVkM5X8vF/2qdRPnn3ZSFcaJoSKYf+QlHKkJ5EKjPBCWKjzXBRDA9ISJDLDBROq58dXt+0b/EOalf1K2702rjssigDHtwADWw4QwacAtNcIDAM7zCB3wamfFivBnvU2vJKHp2YQbG1y+RD5GB</latexit>

A(f) = |X(f)|spettro in ampiezza
<latexit sha1_base64="9Hj1lG7ljIl5cq1TkwgQzOvwOrg=">AAACCHicbVDNSsNAGNz4W+tf1KOXxSJUDyUVQQWFihePFYwtNKVstpt26SYbdr+Ibdon8OKreFE8KZ58Bd/GpM2lrR8sO8zMx+6MGwquwbJ+jYXFpeWV1dxafn1jc2vb3Nl90DJSlNlUCqnqLtFM8IDZwEGweqgY8V3Bam7vJtVrj0xpLoN76Ies6ZNOwD1OCSRUyzy+LnpH+AoP68k9dHxXPsU6ZABKYh5g4oecDQZk5Dj5llmwStZ48DwoZ6CAsqm2zB+nLWnkswCoIFo3ylYIzZgo4FSwUd6JNAsJ7ZEOi8dJRvgwodrYkyo5AeAxO+UjvtZ9302cPoGuntVS8j+tEYF33ox5EEbAAjp5yIsEBonTWnCbK0ZB9BNAqOLJDzHtEkUoJOWl0cuzQeeBfVK6KFl3p4XKZdZBDu2jA1REZXSGKugWVZGNKHpBb+gTfRnPxqvxbnxMrAtGtrOHpsb4/gPyXZiY</latexit><latexit sha1_base64="9Hj1lG7ljIl5cq1TkwgQzOvwOrg=">AAACCHicbVDNSsNAGNz4W+tf1KOXxSJUDyUVQQWFihePFYwtNKVstpt26SYbdr+Ibdon8OKreFE8KZ58Bd/GpM2lrR8sO8zMx+6MGwquwbJ+jYXFpeWV1dxafn1jc2vb3Nl90DJSlNlUCqnqLtFM8IDZwEGweqgY8V3Bam7vJtVrj0xpLoN76Ies6ZNOwD1OCSRUyzy+LnpH+AoP68k9dHxXPsU6ZABKYh5g4oecDQZk5Dj5llmwStZ48DwoZ6CAsqm2zB+nLWnkswCoIFo3ylYIzZgo4FSwUd6JNAsJ7ZEOi8dJRvgwodrYkyo5AeAxO+UjvtZ9302cPoGuntVS8j+tEYF33ox5EEbAAjp5yIsEBonTWnCbK0ZB9BNAqOLJDzHtEkUoJOWl0cuzQeeBfVK6KFl3p4XKZdZBDu2jA1REZXSGKugWVZGNKHpBb+gTfRnPxqvxbnxMrAtGtrOHpsb4/gPyXZiY</latexit><latexit sha1_base64="9Hj1lG7ljIl5cq1TkwgQzOvwOrg=">AAACCHicbVDNSsNAGNz4W+tf1KOXxSJUDyUVQQWFihePFYwtNKVstpt26SYbdr+Ibdon8OKreFE8KZ58Bd/GpM2lrR8sO8zMx+6MGwquwbJ+jYXFpeWV1dxafn1jc2vb3Nl90DJSlNlUCqnqLtFM8IDZwEGweqgY8V3Bam7vJtVrj0xpLoN76Ies6ZNOwD1OCSRUyzy+LnpH+AoP68k9dHxXPsU6ZABKYh5g4oecDQZk5Dj5llmwStZ48DwoZ6CAsqm2zB+nLWnkswCoIFo3ylYIzZgo4FSwUd6JNAsJ7ZEOi8dJRvgwodrYkyo5AeAxO+UjvtZ9302cPoGuntVS8j+tEYF33ox5EEbAAjp5yIsEBonTWnCbK0ZB9BNAqOLJDzHtEkUoJOWl0cuzQeeBfVK6KFl3p4XKZdZBDu2jA1REZXSGKugWVZGNKHpBb+gTfRnPxqvxbnxMrAtGtrOHpsb4/gPyXZiY</latexit>

�(f) = arg(X(f))spettro in fase
<latexit sha1_base64="08SJmIBV4ewnuNVlfiFyodSWnoo=">AAACDnicbVDNSgMxGMzWv1r/Vj16CRahvZRdEVRQKHjxWMG1hW4p2TTbhmY3S/KtWMo+hBdfxYviSekr+Dam7V7a+kFgMjNh8k2QCK7BcX6twtr6xuZWcbu0s7u3f2AfHj1pmSrKPCqFVK2AaCZ4zDzgIFgrUYxEgWDNYHg31ZvPTGku40cYJawTkX7MQ04JGKprO34y4JWwim+xHwXyZUxUP6u0DFOd33XCAJTEPMahycm6dtmpObPBq8DNQRnl0+jaE78naRqxGKggWrddJ4GOyQFOBctKfqpZQuiQ9Nl4tk+GzwzVw6FU5sSAZ+yCj0Raj6LAOCMCA72sTcn/tHYK4VVnzOMkBRbTeVCYCgwST8vBPa4YBTEygFDFzQ8xHRBFKJgKS2Z1d3nRVeCd165rzsNFuX6Td1BEJ+gUVZCLLlEd3aMG8hBFb+gDfaMf69V6tz6tr7m1YOVvjtHCWJM/2JebSQ==</latexit><latexit sha1_base64="08SJmIBV4ewnuNVlfiFyodSWnoo=">AAACDnicbVDNSgMxGMzWv1r/Vj16CRahvZRdEVRQKHjxWMG1hW4p2TTbhmY3S/KtWMo+hBdfxYviSekr+Dam7V7a+kFgMjNh8k2QCK7BcX6twtr6xuZWcbu0s7u3f2AfHj1pmSrKPCqFVK2AaCZ4zDzgIFgrUYxEgWDNYHg31ZvPTGku40cYJawTkX7MQ04JGKprO34y4JWwim+xHwXyZUxUP6u0DFOd33XCAJTEPMahycm6dtmpObPBq8DNQRnl0+jaE78naRqxGKggWrddJ4GOyQFOBctKfqpZQuiQ9Nl4tk+GzwzVw6FU5sSAZ+yCj0Raj6LAOCMCA72sTcn/tHYK4VVnzOMkBRbTeVCYCgwST8vBPa4YBTEygFDFzQ8xHRBFKJgKS2Z1d3nRVeCd165rzsNFuX6Td1BEJ+gUVZCLLlEd3aMG8hBFb+gDfaMf69V6tz6tr7m1YOVvjtHCWJM/2JebSQ==</latexit><latexit sha1_base64="08SJmIBV4ewnuNVlfiFyodSWnoo=">AAACDnicbVDNSgMxGMzWv1r/Vj16CRahvZRdEVRQKHjxWMG1hW4p2TTbhmY3S/KtWMo+hBdfxYviSekr+Dam7V7a+kFgMjNh8k2QCK7BcX6twtr6xuZWcbu0s7u3f2AfHj1pmSrKPCqFVK2AaCZ4zDzgIFgrUYxEgWDNYHg31ZvPTGku40cYJawTkX7MQ04JGKprO34y4JWwim+xHwXyZUxUP6u0DFOd33XCAJTEPMahycm6dtmpObPBq8DNQRnl0+jaE78naRqxGKggWrddJ4GOyQFOBctKfqpZQuiQ9Nl4tk+GzwzVw6FU5sSAZ+yCj0Raj6LAOCMCA72sTcn/tHYK4VVnzOMkBRbTeVCYCgwST8vBPa4YBTEygFDFzQ8xHRBFKJgKS2Z1d3nRVeCd165rzsNFuX6Td1BEJ+gUVZCLLlEd3aMG8hBFb+gDfaMf69V6tz6tr7m1YOVvjtHCWJM/2JebSQ==</latexit>

spettro in ampiezza

spettro in fase

Cosa abbiamo fatto?
Abbiamo schematizzato un segnale aperiodico come un segnale periodico con periodo 
di ripetizione infinito e quindi con frequenza fondamentale infinitesima.

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

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

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



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>

x(t) =
1X

k=�1
Xk e

j2⇡kf0t

<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 (cambia la 
"parità"…) 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="></latexit><latexit sha1_base64="I6I7+6X9Wrk+1wPME6Opo8RpqjU="></latexit><latexit sha1_base64="I6I7+6X9Wrk+1wPME6Opo8RpqjU="></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.



Teoremi e proprietà della trasformata di Fourier
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>

Integrazione = soppressione alte freq.

F
<latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit><latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit><latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit><latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit>

F
<latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit><latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit><latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit><latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit>

Z
dt

<latexit sha1_base64="k8+wMAqWGLKQVuWB7sZDaF+sQtA=">AAAB93icbVBNS8NAEN34WetHox69LBbBg5REBPVW9OKxgrGFJpTNZtMu3WzC7kSsob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzwkxwDY7zbS0tr6yurVc2qptb2zs1e3fvXqe5osyjqUhVJySaCS6ZBxwE62SKkSQUrB0Oryd++4EpzVN5B6OMBQnpSx5zSsBIPbvmcwn+iZ+E6WMRjaFn152GMwVeJG5J6qhEq2d/+VFK84RJoIJo3XWdDIKCKOBUsHHVzzXLCB2SPusaKknCdFBMDx/jI6NEOE6VKQl4qv6eKEii9SgJTWdCYKDnvYn4n9fNIb4ICi6zHJiks0VxLjCkeJICjrhiFMTIEEIVN7diOiCKUDBZVU0I7vzLi8Q7bVw23NuzevOqTKOCDtAhOkYuOkdNdINayEMU5egZvaI368l6sd6tj1nrklXO7KM/sD5/AHDSkyY=</latexit><latexit sha1_base64="k8+wMAqWGLKQVuWB7sZDaF+sQtA=">AAAB93icbVBNS8NAEN34WetHox69LBbBg5REBPVW9OKxgrGFJpTNZtMu3WzC7kSsob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzwkxwDY7zbS0tr6yurVc2qptb2zs1e3fvXqe5osyjqUhVJySaCS6ZBxwE62SKkSQUrB0Oryd++4EpzVN5B6OMBQnpSx5zSsBIPbvmcwn+iZ+E6WMRjaFn152GMwVeJG5J6qhEq2d/+VFK84RJoIJo3XWdDIKCKOBUsHHVzzXLCB2SPusaKknCdFBMDx/jI6NEOE6VKQl4qv6eKEii9SgJTWdCYKDnvYn4n9fNIb4ICi6zHJiks0VxLjCkeJICjrhiFMTIEEIVN7diOiCKUDBZVU0I7vzLi8Q7bVw23NuzevOqTKOCDtAhOkYuOkdNdINayEMU5egZvaI368l6sd6tj1nrklXO7KM/sD5/AHDSkyY=</latexit><latexit sha1_base64="k8+wMAqWGLKQVuWB7sZDaF+sQtA=">AAAB93icbVBNS8NAEN34WetHox69LBbBg5REBPVW9OKxgrGFJpTNZtMu3WzC7kSsob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzwkxwDY7zbS0tr6yurVc2qptb2zs1e3fvXqe5osyjqUhVJySaCS6ZBxwE62SKkSQUrB0Oryd++4EpzVN5B6OMBQnpSx5zSsBIPbvmcwn+iZ+E6WMRjaFn152GMwVeJG5J6qhEq2d/+VFK84RJoIJo3XWdDIKCKOBUsHHVzzXLCB2SPusaKknCdFBMDx/jI6NEOE6VKQl4qv6eKEii9SgJTWdCYKDnvYn4n9fNIb4ICi6zHJiks0VxLjCkeJICjrhiFMTIEEIVN7diOiCKUDBZVU0I7vzLi8Q7bVw23NuzevOqTKOCDtAhOkYuOkdNdINayEMU5egZvaI368l6sd6tj1nrklXO7KM/sD5/AHDSkyY=</latexit><latexit sha1_base64="k8+wMAqWGLKQVuWB7sZDaF+sQtA=">AAAB93icbVBNS8NAEN34WetHox69LBbBg5REBPVW9OKxgrGFJpTNZtMu3WzC7kSsob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzwkxwDY7zbS0tr6yurVc2qptb2zs1e3fvXqe5osyjqUhVJySaCS6ZBxwE62SKkSQUrB0Oryd++4EpzVN5B6OMBQnpSx5zSsBIPbvmcwn+iZ+E6WMRjaFn152GMwVeJG5J6qhEq2d/+VFK84RJoIJo3XWdDIKCKOBUsHHVzzXLCB2SPusaKknCdFBMDx/jI6NEOE6VKQl4qv6eKEii9SgJTWdCYKDnvYn4n9fNIb4ICi6zHJiks0VxLjCkeJICjrhiFMTIEEIVN7diOiCKUDBZVU0I7vzLi8Q7bVw23NuzevOqTKOCDtAhOkYuOkdNdINayEMU5egZvaI368l6sd6tj1nrklXO7KM/sD5/AHDSkyY=</latexit>

Segnale onda quadra bilatero



Teoremi e proprietà della trasformata di Fourier

Derivazione = soppressione basse freq.

F
<latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit><latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit><latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit><latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit>

F
<latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit><latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit><latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit><latexit sha1_base64="DICAC9tVAXjtauvGhGgZOa/9zco=">AAAB53icbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCIC4rGFtoS5lMJ+3YSSbM3Agl9B/cKK4U/8Zf8G+ctNm09cDA4Zwz3HtukEhh0HV/ndLa+sbmVnm7srO7t39QPTx6MirVjPtMSaXbATVcipj7KFDydqI5jQLJW8H4NvdbL1wboeJHnCS8F9FhLELBKFqp040ojhiV2d20X625dXcGskq8gtSgQLNf/ekOFEsjHiOT1JiO5ybYy6hGwSSfVrqp4QllYzrk2WzRKTmz0oCEStsXI5mpCzkaGTOJApvMFzPLXi7+53VSDK97mYiTFHnM5oPCVBJUJG9NBkJzhnJiCWVa2A0JG1FNGdrbVGx1b7noKvEv6jd17+Gy1mgUNyjDCZzCOXhwBQ24hyb4wEDBG3zCl/PsvDrvzsc8WnKKP8ewAOf7D7KQjNk=</latexit>

d

dt
<latexit sha1_base64="e9FQiyIaNICfg9ijjo7t0Nf5Xq0=">AAACAnicbZBPS8MwGMbT+W/Of1VvegkOwdNoRVBvQy8eJ1g3WMtI03QLS5qSpOIoBS9+FS8eVLz6Kbz5bcy2Irr5QODH874vb94nTBlV2nG+rMrC4tLySnW1tra+sbllb+/cKpFJTDwsmJCdECnCaEI8TTUjnVQSxENG2uHwclxv3xGpqEhu9CglAUf9hMYUI22snr3nxxLh3OehuM+jovghXfTsutNwJoLz4JZQB6VaPfvTjwTOOEk0ZkipruukOsiR1BQzUtT8TJEU4SHqk67BBHGignxyQwEPjRPBWEjzEg0n7u+JHHGlRjw0nRzpgZqtjc3/at1Mx2dBTpM00yTB00VxxqAWcBwIjKgkWLORAYQlNX+FeIBMKNrEVjMhuLMnz4N33DhvuNcn9eZFmUYV7IMDcARccAqa4Aq0gAcweABP4AW8Wo/Ws/VmvU9bK1Y5swv+yPr4BjP8mLs=</latexit><latexit sha1_base64="e9FQiyIaNICfg9ijjo7t0Nf5Xq0=">AAACAnicbZBPS8MwGMbT+W/Of1VvegkOwdNoRVBvQy8eJ1g3WMtI03QLS5qSpOIoBS9+FS8eVLz6Kbz5bcy2Irr5QODH874vb94nTBlV2nG+rMrC4tLySnW1tra+sbllb+/cKpFJTDwsmJCdECnCaEI8TTUjnVQSxENG2uHwclxv3xGpqEhu9CglAUf9hMYUI22snr3nxxLh3OehuM+jovghXfTsutNwJoLz4JZQB6VaPfvTjwTOOEk0ZkipruukOsiR1BQzUtT8TJEU4SHqk67BBHGignxyQwEPjRPBWEjzEg0n7u+JHHGlRjw0nRzpgZqtjc3/at1Mx2dBTpM00yTB00VxxqAWcBwIjKgkWLORAYQlNX+FeIBMKNrEVjMhuLMnz4N33DhvuNcn9eZFmUYV7IMDcARccAqa4Aq0gAcweABP4AW8Wo/Ws/VmvU9bK1Y5swv+yPr4BjP8mLs=</latexit><latexit sha1_base64="e9FQiyIaNICfg9ijjo7t0Nf5Xq0=">AAACAnicbZBPS8MwGMbT+W/Of1VvegkOwdNoRVBvQy8eJ1g3WMtI03QLS5qSpOIoBS9+FS8eVLz6Kbz5bcy2Irr5QODH874vb94nTBlV2nG+rMrC4tLySnW1tra+sbllb+/cKpFJTDwsmJCdECnCaEI8TTUjnVQSxENG2uHwclxv3xGpqEhu9CglAUf9hMYUI22snr3nxxLh3OehuM+jovghXfTsutNwJoLz4JZQB6VaPfvTjwTOOEk0ZkipruukOsiR1BQzUtT8TJEU4SHqk67BBHGignxyQwEPjRPBWEjzEg0n7u+JHHGlRjw0nRzpgZqtjc3/at1Mx2dBTpM00yTB00VxxqAWcBwIjKgkWLORAYQlNX+FeIBMKNrEVjMhuLMnz4N33DhvuNcn9eZFmUYV7IMDcARccAqa4Aq0gAcweABP4AW8Wo/Ws/VmvU9bK1Y5swv+yPr4BjP8mLs=</latexit><latexit sha1_base64="e9FQiyIaNICfg9ijjo7t0Nf5Xq0=">AAACAnicbZBPS8MwGMbT+W/Of1VvegkOwdNoRVBvQy8eJ1g3WMtI03QLS5qSpOIoBS9+FS8eVLz6Kbz5bcy2Irr5QODH874vb94nTBlV2nG+rMrC4tLySnW1tra+sbllb+/cKpFJTDwsmJCdECnCaEI8TTUjnVQSxENG2uHwclxv3xGpqEhu9CglAUf9hMYUI22snr3nxxLh3OehuM+jovghXfTsutNwJoLz4JZQB6VaPfvTjwTOOEk0ZkipruukOsiR1BQzUtT8TJEU4SHqk67BBHGignxyQwEPjRPBWEjzEg0n7u+JHHGlRjw0nRzpgZqtjc3/at1Mx2dBTpM00yTB00VxxqAWcBwIjKgkWLORAYQlNX+FeIBMKNrEVjMhuLMnz4N33DhvuNcn9eZFmUYV7IMDcARccAqa4Aq0gAcweABP4AW8Wo/Ws/VmvU9bK1Y5swv+yPr4BjP8mLs=</latexit>

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>

Segnale esponenziale bilatero



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:



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:

http://mathworld.wolfram.com/Convolution.html

f ⌦ g
<latexit sha1_base64="1FSETq6Xjjv5RfsuRXtSQbmY1zo=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9OAh4MVjBPOAJITZSW8yZnZnmekVQsg/eBHxouDX+Av+jZPHJYkFA0VVDd3VYaqkJd//9dbWNza3tnM7+d29/YPDwtFxzerMCKwKrbRphNyikglWSZLCRmqQx6HCeji4n/j1FzRW6uSJhim2Y95LZCQFJyc1I9bSJGO0rNcpFP2SPwVbJcGcFGGOSqfw0+pqkcWYkFDc2mbgp9QecUNSKBznW5nFlIsB7+FouuiYnTupyyJt3EuITdWFHI+tHcahS8ac+nbZm4j/ec2Motv2SCZpRpiI2aAoU4w0m7RmXWlQkBo6woWRbkMm+txwQe42eVc9WC66SmqXpeCqFDxeF8t38yPk4BTO4AICuIEyPEAFqiBAwxt8wpf37L16797HLLrmzf+cwAK87z+NYIyK</latexit>



Sistemi in cascata e in parallelo

h(t) = h1(t)⌦ h2(t)
<latexit sha1_base64="Vfzp9y0FogxViVBuN7dJzB5XOzk=">AAACA3icbVDLSsNAFJ3UV62vqMtuBotQNyUpgroQim5cVjC20IYwmU6aoZMHMzdCCV248VfcuFBx60+482+ctllo64GBc8+5lzv3+KngCizr2yitrK6tb5Q3K1vbO7t75v7BvUoySZlDE5HIrk8UEzxmDnAQrJtKRiJfsI4/up76nQcmFU/iOxinzI3IMOYBpwS05JnVsA4n+BKHnq1JPwEeMaWrpq48s2Y1rBnwMrELUkMF2p751R8kNItYDFQQpXq2lYKbEwmcCjap9DPFUkJHZMh6msZE73Lz2RETfKyVAQ4SqV8MeKb+nshJpNQ48nVnRCBUi95U/M/rZRCcuzmP0wxYTOeLgkxgSPA0ETzgklEQY00IlVz/FdOQSEJB51bRIdiLJy8Tp9m4aNi3p7XWVZFGGVXREaojG52hFrpBbeQgih7RM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwCljpW/</latexit><latexit sha1_base64="Vfzp9y0FogxViVBuN7dJzB5XOzk=">AAACA3icbVDLSsNAFJ3UV62vqMtuBotQNyUpgroQim5cVjC20IYwmU6aoZMHMzdCCV248VfcuFBx60+482+ctllo64GBc8+5lzv3+KngCizr2yitrK6tb5Q3K1vbO7t75v7BvUoySZlDE5HIrk8UEzxmDnAQrJtKRiJfsI4/up76nQcmFU/iOxinzI3IMOYBpwS05JnVsA4n+BKHnq1JPwEeMaWrpq48s2Y1rBnwMrELUkMF2p751R8kNItYDFQQpXq2lYKbEwmcCjap9DPFUkJHZMh6msZE73Lz2RETfKyVAQ4SqV8MeKb+nshJpNQ48nVnRCBUi95U/M/rZRCcuzmP0wxYTOeLgkxgSPA0ETzgklEQY00IlVz/FdOQSEJB51bRIdiLJy8Tp9m4aNi3p7XWVZFGGVXREaojG52hFrpBbeQgih7RM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwCljpW/</latexit><latexit sha1_base64="Vfzp9y0FogxViVBuN7dJzB5XOzk=">AAACA3icbVDLSsNAFJ3UV62vqMtuBotQNyUpgroQim5cVjC20IYwmU6aoZMHMzdCCV248VfcuFBx60+482+ctllo64GBc8+5lzv3+KngCizr2yitrK6tb5Q3K1vbO7t75v7BvUoySZlDE5HIrk8UEzxmDnAQrJtKRiJfsI4/up76nQcmFU/iOxinzI3IMOYBpwS05JnVsA4n+BKHnq1JPwEeMaWrpq48s2Y1rBnwMrELUkMF2p751R8kNItYDFQQpXq2lYKbEwmcCjap9DPFUkJHZMh6msZE73Lz2RETfKyVAQ4SqV8MeKb+nshJpNQ48nVnRCBUi95U/M/rZRCcuzmP0wxYTOeLgkxgSPA0ETzgklEQY00IlVz/FdOQSEJB51bRIdiLJy8Tp9m4aNi3p7XWVZFGGVXREaojG52hFrpBbeQgih7RM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwCljpW/</latexit><latexit sha1_base64="Vfzp9y0FogxViVBuN7dJzB5XOzk=">AAACA3icbVDLSsNAFJ3UV62vqMtuBotQNyUpgroQim5cVjC20IYwmU6aoZMHMzdCCV248VfcuFBx60+482+ctllo64GBc8+5lzv3+KngCizr2yitrK6tb5Q3K1vbO7t75v7BvUoySZlDE5HIrk8UEzxmDnAQrJtKRiJfsI4/up76nQcmFU/iOxinzI3IMOYBpwS05JnVsA4n+BKHnq1JPwEeMaWrpq48s2Y1rBnwMrELUkMF2p751R8kNItYDFQQpXq2lYKbEwmcCjap9DPFUkJHZMh6msZE73Lz2RETfKyVAQ4SqV8MeKb+nshJpNQ48nVnRCBUi95U/M/rZRCcuzmP0wxYTOeLgkxgSPA0ETzgklEQY00IlVz/FdOQSEJB51bRIdiLJy8Tp9m4aNi3p7XWVZFGGVXREaojG52hFrpBbeQgih7RM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwCljpW/</latexit>

H(f) = H1(f) ·H2(f)
<latexit sha1_base64="o70H5KOaRFVU8GKABct6fKWEnsw=">AAACAXicbZBPS8MwGMZT/875r+pJvASHMC+jHYJ6EIZedpxg3WArJU3TLSxNSpIKowwvfhUvHlS8+i28+W3Mth5084HAj+d9X968T5gyqrTjfFtLyyura+uljfLm1vbOrr23f69EJjHxsGBCdkKkCKOceJpqRjqpJCgJGWmHw5tJvf1ApKKC3+lRSvwE9TmNKUbaWIF92KzGp/AKNgPXQA9HQhuuGw7silNzpoKL4BZQAYVagf3ViwTOEsI1Zkipruuk2s+R1BQzMi73MkVShIeoT7oGOUqI8vPpCWN4YpwIxkKaxzWcur8ncpQoNUpC05kgPVDztYn5X62b6fjCzylPM004ni2KMwa1gJM8YEQlwZqNDCAsqfkrxAMkEdYmtbIJwZ0/eRG8eu2y5t6eVRrXRRolcASOQRW44Bw0QBO0gAcweATP4BW8WU/Wi/Vufcxal6xi5gD8kfX5AxOTlDo=</latexit><latexit sha1_base64="o70H5KOaRFVU8GKABct6fKWEnsw=">AAACAXicbZBPS8MwGMZT/875r+pJvASHMC+jHYJ6EIZedpxg3WArJU3TLSxNSpIKowwvfhUvHlS8+i28+W3Mth5084HAj+d9X968T5gyqrTjfFtLyyura+uljfLm1vbOrr23f69EJjHxsGBCdkKkCKOceJpqRjqpJCgJGWmHw5tJvf1ApKKC3+lRSvwE9TmNKUbaWIF92KzGp/AKNgPXQA9HQhuuGw7silNzpoKL4BZQAYVagf3ViwTOEsI1Zkipruuk2s+R1BQzMi73MkVShIeoT7oGOUqI8vPpCWN4YpwIxkKaxzWcur8ncpQoNUpC05kgPVDztYn5X62b6fjCzylPM004ni2KMwa1gJM8YEQlwZqNDCAsqfkrxAMkEdYmtbIJwZ0/eRG8eu2y5t6eVRrXRRolcASOQRW44Bw0QBO0gAcweATP4BW8WU/Wi/Vufcxal6xi5gD8kfX5AxOTlDo=</latexit><latexit sha1_base64="o70H5KOaRFVU8GKABct6fKWEnsw=">AAACAXicbZBPS8MwGMZT/875r+pJvASHMC+jHYJ6EIZedpxg3WArJU3TLSxNSpIKowwvfhUvHlS8+i28+W3Mth5084HAj+d9X968T5gyqrTjfFtLyyura+uljfLm1vbOrr23f69EJjHxsGBCdkKkCKOceJpqRjqpJCgJGWmHw5tJvf1ApKKC3+lRSvwE9TmNKUbaWIF92KzGp/AKNgPXQA9HQhuuGw7silNzpoKL4BZQAYVagf3ViwTOEsI1Zkipruuk2s+R1BQzMi73MkVShIeoT7oGOUqI8vPpCWN4YpwIxkKaxzWcur8ncpQoNUpC05kgPVDztYn5X62b6fjCzylPM004ni2KMwa1gJM8YEQlwZqNDCAsqfkrxAMkEdYmtbIJwZ0/eRG8eu2y5t6eVRrXRRolcASOQRW44Bw0QBO0gAcweATP4BW8WU/Wi/Vufcxal6xi5gD8kfX5AxOTlDo=</latexit><latexit sha1_base64="o70H5KOaRFVU8GKABct6fKWEnsw=">AAACAXicbZBPS8MwGMZT/875r+pJvASHMC+jHYJ6EIZedpxg3WArJU3TLSxNSpIKowwvfhUvHlS8+i28+W3Mth5084HAj+d9X968T5gyqrTjfFtLyyura+uljfLm1vbOrr23f69EJjHxsGBCdkKkCKOceJpqRjqpJCgJGWmHw5tJvf1ApKKC3+lRSvwE9TmNKUbaWIF92KzGp/AKNgPXQA9HQhuuGw7silNzpoKL4BZQAYVagf3ViwTOEsI1Zkipruuk2s+R1BQzMi73MkVShIeoT7oGOUqI8vPpCWN4YpwIxkKaxzWcur8ncpQoNUpC05kgPVDztYn5X62b6fjCzylPM004ni2KMwa1gJM8YEQlwZqNDCAsqfkrxAMkEdYmtbIJwZ0/eRG8eu2y5t6eVRrXRRolcASOQRW44Bw0QBO0gAcweATP4BW8WU/Wi/Vufcxal6xi5gD8kfX5AxOTlDo=</latexit>

(questo è vero se I circuiti sono disaccoppiati, ovvero se la loro risposta impulsiva è 
uguale a quella che avrebbero in configurazione isolata)

H(f) = H1(f) +H2(f)
<latexit sha1_base64="pUVTfo3s4jZZ3Y13SYfltFXiQas=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRTZcVjC20IUymk3bo5MLMRCi1C1/FjQsVtz6HO9/GSZuFtv4w8PGfczhnfj/hTCrL+jYKS8srq2vF9dLG5tb2jrm7dy/jVBDqkJjHou1jSTmLqKOY4rSdCIpDn9OWP7zJ6q0HKiSLozs1Sqgb4n7EAkaw0pZnHjQqwQm6Qg3PzuBUQ02DZ5atqjUVWgQ7hzLkanrmV7cXkzSkkSIcS9mxrUS5YywUI5xOSt1U0gSTIe7TjsYIh1S64+n9E3SsnR4KYqFfpNDU/T0xxqGUo9DXnSFWAzlfy8z/ap1UBRfumEVJqmhEZouClCMVoywM1GOCEsVHGjARTN+KyAALTJSOrKRDsOe/vAhOrXpZtW/PyvXrPI0iHMIRVMCGc6hDA5rgAIFHeIZXeDOejBfj3fiYtRaMfGYf/sj4/AHtLpJh</latexit><latexit sha1_base64="pUVTfo3s4jZZ3Y13SYfltFXiQas=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRTZcVjC20IUymk3bo5MLMRCi1C1/FjQsVtz6HO9/GSZuFtv4w8PGfczhnfj/hTCrL+jYKS8srq2vF9dLG5tb2jrm7dy/jVBDqkJjHou1jSTmLqKOY4rSdCIpDn9OWP7zJ6q0HKiSLozs1Sqgb4n7EAkaw0pZnHjQqwQm6Qg3PzuBUQ02DZ5atqjUVWgQ7hzLkanrmV7cXkzSkkSIcS9mxrUS5YywUI5xOSt1U0gSTIe7TjsYIh1S64+n9E3SsnR4KYqFfpNDU/T0xxqGUo9DXnSFWAzlfy8z/ap1UBRfumEVJqmhEZouClCMVoywM1GOCEsVHGjARTN+KyAALTJSOrKRDsOe/vAhOrXpZtW/PyvXrPI0iHMIRVMCGc6hDA5rgAIFHeIZXeDOejBfj3fiYtRaMfGYf/sj4/AHtLpJh</latexit><latexit sha1_base64="pUVTfo3s4jZZ3Y13SYfltFXiQas=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRTZcVjC20IUymk3bo5MLMRCi1C1/FjQsVtz6HO9/GSZuFtv4w8PGfczhnfj/hTCrL+jYKS8srq2vF9dLG5tb2jrm7dy/jVBDqkJjHou1jSTmLqKOY4rSdCIpDn9OWP7zJ6q0HKiSLozs1Sqgb4n7EAkaw0pZnHjQqwQm6Qg3PzuBUQ02DZ5atqjUVWgQ7hzLkanrmV7cXkzSkkSIcS9mxrUS5YywUI5xOSt1U0gSTIe7TjsYIh1S64+n9E3SsnR4KYqFfpNDU/T0xxqGUo9DXnSFWAzlfy8z/ap1UBRfumEVJqmhEZouClCMVoywM1GOCEsVHGjARTN+KyAALTJSOrKRDsOe/vAhOrXpZtW/PyvXrPI0iHMIRVMCGc6hDA5rgAIFHeIZXeDOejBfj3fiYtRaMfGYf/sj4/AHtLpJh</latexit><latexit sha1_base64="pUVTfo3s4jZZ3Y13SYfltFXiQas=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRTZcVjC20IUymk3bo5MLMRCi1C1/FjQsVtz6HO9/GSZuFtv4w8PGfczhnfj/hTCrL+jYKS8srq2vF9dLG5tb2jrm7dy/jVBDqkJjHou1jSTmLqKOY4rSdCIpDn9OWP7zJ6q0HKiSLozs1Sqgb4n7EAkaw0pZnHjQqwQm6Qg3PzuBUQ02DZ5atqjUVWgQ7hzLkanrmV7cXkzSkkSIcS9mxrUS5YywUI5xOSt1U0gSTIe7TjsYIh1S64+n9E3SsnR4KYqFfpNDU/T0xxqGUo9DXnSFWAzlfy8z/ap1UBRfumEVJqmhEZouClCMVoywM1GOCEsVHGjARTN+KyAALTJSOrKRDsOe/vAhOrXpZtW/PyvXrPI0iHMIRVMCGc6hDA5rgAIFHeIZXeDOejBfj3fiYtRaMfGYf/sj4/AHtLpJh</latexit>

h(t) = h1(t) + h2(t)
<latexit sha1_base64="6odgvTlV0HM81Zy+w3CPq1KplO0=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRjcsKxhbaECbTSTt0cmFmIpTYha/ixoWKW5/DnW/jpM1Cqz8MfPznHM6Z3084k8qyvozSwuLS8kp5tbK2vrG5ZW7v3Mk4FYQ6JOax6PhYUs4i6iimOO0kguLQ57Ttj67yevueCsni6FaNE+qGeBCxgBGstOWZe8OaOkIXaOjZORxraGjwzKpVt6ZCf8EuoAqFWp752evHJA1ppAjHUnZtK1FuhoVihNNJpZdKmmAywgPa1RjhkEo3m94/QYfa6aMgFvpFCk3dnxMZDqUch77uDLEayvlabv5X66YqOHMzFiWpohGZLQpSjlSM8jBQnwlKFB9rwEQwfSsiQywwUTqyig7Bnv/yX3Aa9fO6fXNSbV4WaZRhHw6gBjacQhOuoQUOEHiAJ3iBV+PReDbejPdZa8koZnbhl4yPb8R/kus=</latexit><latexit sha1_base64="6odgvTlV0HM81Zy+w3CPq1KplO0=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRjcsKxhbaECbTSTt0cmFmIpTYha/ixoWKW5/DnW/jpM1Cqz8MfPznHM6Z3084k8qyvozSwuLS8kp5tbK2vrG5ZW7v3Mk4FYQ6JOax6PhYUs4i6iimOO0kguLQ57Ttj67yevueCsni6FaNE+qGeBCxgBGstOWZe8OaOkIXaOjZORxraGjwzKpVt6ZCf8EuoAqFWp752evHJA1ppAjHUnZtK1FuhoVihNNJpZdKmmAywgPa1RjhkEo3m94/QYfa6aMgFvpFCk3dnxMZDqUch77uDLEayvlabv5X66YqOHMzFiWpohGZLQpSjlSM8jBQnwlKFB9rwEQwfSsiQywwUTqyig7Bnv/yX3Aa9fO6fXNSbV4WaZRhHw6gBjacQhOuoQUOEHiAJ3iBV+PReDbejPdZa8koZnbhl4yPb8R/kus=</latexit><latexit sha1_base64="6odgvTlV0HM81Zy+w3CPq1KplO0=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRjcsKxhbaECbTSTt0cmFmIpTYha/ixoWKW5/DnW/jpM1Cqz8MfPznHM6Z3084k8qyvozSwuLS8kp5tbK2vrG5ZW7v3Mk4FYQ6JOax6PhYUs4i6iimOO0kguLQ57Ttj67yevueCsni6FaNE+qGeBCxgBGstOWZe8OaOkIXaOjZORxraGjwzKpVt6ZCf8EuoAqFWp752evHJA1ppAjHUnZtK1FuhoVihNNJpZdKmmAywgPa1RjhkEo3m94/QYfa6aMgFvpFCk3dnxMZDqUch77uDLEayvlabv5X66YqOHMzFiWpohGZLQpSjlSM8jBQnwlKFB9rwEQwfSsiQywwUTqyig7Bnv/yX3Aa9fO6fXNSbV4WaZRhHw6gBjacQhOuoQUOEHiAJ3iBV+PReDbejPdZa8koZnbhl4yPb8R/kus=</latexit><latexit sha1_base64="6odgvTlV0HM81Zy+w3CPq1KplO0=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRjcsKxhbaECbTSTt0cmFmIpTYha/ixoWKW5/DnW/jpM1Cqz8MfPznHM6Z3084k8qyvozSwuLS8kp5tbK2vrG5ZW7v3Mk4FYQ6JOax6PhYUs4i6iimOO0kguLQ57Ttj67yevueCsni6FaNE+qGeBCxgBGstOWZe8OaOkIXaOjZORxraGjwzKpVt6ZCf8EuoAqFWp752evHJA1ppAjHUnZtK1FuhoVihNNJpZdKmmAywgPa1RjhkEo3m94/QYfa6aMgFvpFCk3dnxMZDqUch77uDLEayvlabv5X66YqOHMzFiWpohGZLQpSjlSM8jBQnwlKFB9rwEQwfSsiQywwUTqyig7Bnv/yX3Aa9fO6fXNSbV4WaZRhHw6gBjacQhOuoQUOEHiAJ3iBV+PReDbejPdZa8koZnbhl4yPb8R/kus=</latexit>



Sovrapposizione di segnali
segnale s(t) rumore n(t)

misura x(t) = s(t) + n(t)

Nel dominio del tempo, dalla misura non è immediato estrarre il segnale

Se invece osservo nel dominio delle frequenze….



Sovrapposizione di segnali
x(t) = x1(t) + x2(t)

<latexit sha1_base64="HGuayulSaYGskRtKRE+C3jVk0Bo=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRjcsKxhbaECbTSTt0cmFmIi2xC1/FjQsVtz6HO9/GSduFVn8Y+PjPOZwzv59wJpVlfRmFhcWl5ZXiamltfWNzy9zeuZNxKgh1SMxj0fKxpJxF1FFMcdpKBMWhz2nTH1zl9eY9FZLF0a0aJdQNcS9iASNYacsz94YVdYQu0NCzczjWUNPgmWWrak2E/oI9gzLM1PDMz043JmlII0U4lrJtW4lyMywUI5yOS51U0gSTAe7RtsYIh1S62eT+MTrUThcFsdAvUmji/pzIcCjlKPR1Z4hVX87XcvO/WjtVwZmbsShJFY3IdFGQcqRilIeBukxQovhIAyaC6VsR6WOBidKRlXQI9vyX/4JTq55X7ZuTcv1ylkYR9uEAKmDDKdThGhrgAIEHeIIXeDUejWfjzXifthaM2cwu/JLx8Q0PnpMb</latexit><latexit sha1_base64="HGuayulSaYGskRtKRE+C3jVk0Bo=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRjcsKxhbaECbTSTt0cmFmIi2xC1/FjQsVtz6HO9/GSduFVn8Y+PjPOZwzv59wJpVlfRmFhcWl5ZXiamltfWNzy9zeuZNxKgh1SMxj0fKxpJxF1FFMcdpKBMWhz2nTH1zl9eY9FZLF0a0aJdQNcS9iASNYacsz94YVdYQu0NCzczjWUNPgmWWrak2E/oI9gzLM1PDMz043JmlII0U4lrJtW4lyMywUI5yOS51U0gSTAe7RtsYIh1S62eT+MTrUThcFsdAvUmji/pzIcCjlKPR1Z4hVX87XcvO/WjtVwZmbsShJFY3IdFGQcqRilIeBukxQovhIAyaC6VsR6WOBidKRlXQI9vyX/4JTq55X7ZuTcv1ylkYR9uEAKmDDKdThGhrgAIEHeIIXeDUejWfjzXifthaM2cwu/JLx8Q0PnpMb</latexit><latexit sha1_base64="HGuayulSaYGskRtKRE+C3jVk0Bo=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRjcsKxhbaECbTSTt0cmFmIi2xC1/FjQsVtz6HO9/GSduFVn8Y+PjPOZwzv59wJpVlfRmFhcWl5ZXiamltfWNzy9zeuZNxKgh1SMxj0fKxpJxF1FFMcdpKBMWhz2nTH1zl9eY9FZLF0a0aJdQNcS9iASNYacsz94YVdYQu0NCzczjWUNPgmWWrak2E/oI9gzLM1PDMz043JmlII0U4lrJtW4lyMywUI5yOS51U0gSTAe7RtsYIh1S62eT+MTrUThcFsdAvUmji/pzIcCjlKPR1Z4hVX87XcvO/WjtVwZmbsShJFY3IdFGQcqRilIeBukxQovhIAyaC6VsR6WOBidKRlXQI9vyX/4JTq55X7ZuTcv1ylkYR9uEAKmDDKdThGhrgAIEHeIIXeDUejWfjzXifthaM2cwu/JLx8Q0PnpMb</latexit><latexit sha1_base64="HGuayulSaYGskRtKRE+C3jVk0Bo=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRjcsKxhbaECbTSTt0cmFmIi2xC1/FjQsVtz6HO9/GSduFVn8Y+PjPOZwzv59wJpVlfRmFhcWl5ZXiamltfWNzy9zeuZNxKgh1SMxj0fKxpJxF1FFMcdpKBMWhz2nTH1zl9eY9FZLF0a0aJdQNcS9iASNYacsz94YVdYQu0NCzczjWUNPgmWWrak2E/oI9gzLM1PDMz043JmlII0U4lrJtW4lyMywUI5yOS51U0gSTAe7RtsYIh1S62eT+MTrUThcFsdAvUmji/pzIcCjlKPR1Z4hVX87XcvO/WjtVwZmbsShJFY3IdFGQcqRilIeBukxQovhIAyaC6VsR6WOBidKRlXQI9vyX/4JTq55X7ZuTcv1ylkYR9uEAKmDDKdThGhrgAIEHeIIXeDUejWfjzXifthaM2cwu/JLx8Q0PnpMb</latexit>

X(f) = X1(f) +X2(f)
<latexit sha1_base64="/5gZQcpdPUt+IfP8C1sGe5tRin0=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRjcsKxgbaECbTSTt0cmFmIpTaha/ixoWKW5/DnW/jpM1Cqz8MfPznHM6ZP0g5k8qyvozSwuLS8kp5tbK2vrG5ZW7v3MkkE4Q6JOGJcAMsKWcxdRRTnLqpoDgKOG0Hw6u83r6nQrIkvlWjlHoR7scsZAQrbfnmnlsLj9AFcn07h2MNDQ2+WbXq1lToL9gFVKFQyzc/u72EZBGNFeFYyo5tpcobY6EY4XRS6WaSppgMcZ92NMY4otIbT++foEPt9FCYCP1ihabuz4kxjqQcRYHujLAayPlabv5X62QqPPPGLE4zRWMyWxRmHKkE5WGgHhOUKD7SgIlg+lZEBlhgonRkFR2CPf/lv+A06ud1++ak2rws0ijDPhxADWw4hSZcQwscIPAAT/ACr8aj8Wy8Ge+z1pJRzOzCLxkf3zhNkpE=</latexit><latexit sha1_base64="/5gZQcpdPUt+IfP8C1sGe5tRin0=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRjcsKxgbaECbTSTt0cmFmIpTaha/ixoWKW5/DnW/jpM1Cqz8MfPznHM6ZP0g5k8qyvozSwuLS8kp5tbK2vrG5ZW7v3MkkE4Q6JOGJcAMsKWcxdRRTnLqpoDgKOG0Hw6u83r6nQrIkvlWjlHoR7scsZAQrbfnmnlsLj9AFcn07h2MNDQ2+WbXq1lToL9gFVKFQyzc/u72EZBGNFeFYyo5tpcobY6EY4XRS6WaSppgMcZ92NMY4otIbT++foEPt9FCYCP1ihabuz4kxjqQcRYHujLAayPlabv5X62QqPPPGLE4zRWMyWxRmHKkE5WGgHhOUKD7SgIlg+lZEBlhgonRkFR2CPf/lv+A06ud1++ak2rws0ijDPhxADWw4hSZcQwscIPAAT/ACr8aj8Wy8Ge+z1pJRzOzCLxkf3zhNkpE=</latexit><latexit sha1_base64="/5gZQcpdPUt+IfP8C1sGe5tRin0=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRjcsKxgbaECbTSTt0cmFmIpTaha/ixoWKW5/DnW/jpM1Cqz8MfPznHM6ZP0g5k8qyvozSwuLS8kp5tbK2vrG5ZW7v3MkkE4Q6JOGJcAMsKWcxdRRTnLqpoDgKOG0Hw6u83r6nQrIkvlWjlHoR7scsZAQrbfnmnlsLj9AFcn07h2MNDQ2+WbXq1lToL9gFVKFQyzc/u72EZBGNFeFYyo5tpcobY6EY4XRS6WaSppgMcZ92NMY4otIbT++foEPt9FCYCP1ihabuz4kxjqQcRYHujLAayPlabv5X62QqPPPGLE4zRWMyWxRmHKkE5WGgHhOUKD7SgIlg+lZEBlhgonRkFR2CPf/lv+A06ud1++ak2rws0ijDPhxADWw4hSZcQwscIPAAT/ACr8aj8Wy8Ge+z1pJRzOzCLxkf3zhNkpE=</latexit><latexit sha1_base64="/5gZQcpdPUt+IfP8C1sGe5tRin0=">AAAB/nicbZDLSsNAFIZP6q3WW1Rw42awCBWhJEVQF0LRjcsKxgbaECbTSTt0cmFmIpTaha/ixoWKW5/DnW/jpM1Cqz8MfPznHM6ZP0g5k8qyvozSwuLS8kp5tbK2vrG5ZW7v3MkkE4Q6JOGJcAMsKWcxdRRTnLqpoDgKOG0Hw6u83r6nQrIkvlWjlHoR7scsZAQrbfnmnlsLj9AFcn07h2MNDQ2+WbXq1lToL9gFVKFQyzc/u72EZBGNFeFYyo5tpcobY6EY4XRS6WaSppgMcZ92NMY4otIbT++foEPt9FCYCP1ihabuz4kxjqQcRYHujLAayPlabv5X62QqPPPGLE4zRWMyWxRmHKkE5WGgHhOUKD7SgIlg+lZEBlhgonRkFR2CPf/lv+A06ud1++ak2rws0ijDPhxADWw4hSZcQwscIPAAT/ACr8aj8Wy8Ge+z1pJRzOzCLxkf3zhNkpE=</latexit>

Segnale e rumore insistono su due regimi di frequenze distinte. Posso applicare un filtro
Y (f) = X(f) ·H(f)

<latexit sha1_base64="OaDBn+KxF3eylvoKqS8SUsf3Tis=">AAAB/nicbZBPS8MwGMZT/875ryp48RIcwryMVgT1IAy97DjBuslWRpqmW1ialCQVRt3Br+LFg4pXP4c3v43p1oNuvhDy43nel7x5goRRpR3n21pYXFpeWS2tldc3Nre27Z3dOyVSiYmHBROyHSBFGOXE01Qz0k4kQXHASCsYXud+64FIRQW/1aOE+DHqcxpRjLSRevb+fTU6hpewnV9dHAoNGwZ7dsWpOZOC8+AWUAFFNXv2VzcUOI0J15ghpTquk2g/Q1JTzMi43E0VSRAeoj7pGOQoJsrPJvuP4ZFRQhgJaQ7XcKL+nshQrNQoDkxnjPRAzXq5+J/XSXV07meUJ6kmHE8filIGtYB5GDCkkmDNRgYQltTsCvEASYS1iaxsQnBnvzwP3kntoubenFbqV0UaJXAADkEVuOAM1EEDNIEHMHgEz+AVvFlP1ov1bn1MWxesYmYP/Cnr8wc/EJM8</latexit><latexit sha1_base64="OaDBn+KxF3eylvoKqS8SUsf3Tis=">AAAB/nicbZBPS8MwGMZT/875ryp48RIcwryMVgT1IAy97DjBuslWRpqmW1ialCQVRt3Br+LFg4pXP4c3v43p1oNuvhDy43nel7x5goRRpR3n21pYXFpeWS2tldc3Nre27Z3dOyVSiYmHBROyHSBFGOXE01Qz0k4kQXHASCsYXud+64FIRQW/1aOE+DHqcxpRjLSRevb+fTU6hpewnV9dHAoNGwZ7dsWpOZOC8+AWUAFFNXv2VzcUOI0J15ghpTquk2g/Q1JTzMi43E0VSRAeoj7pGOQoJsrPJvuP4ZFRQhgJaQ7XcKL+nshQrNQoDkxnjPRAzXq5+J/XSXV07meUJ6kmHE8filIGtYB5GDCkkmDNRgYQltTsCvEASYS1iaxsQnBnvzwP3kntoubenFbqV0UaJXAADkEVuOAM1EEDNIEHMHgEz+AVvFlP1ov1bn1MWxesYmYP/Cnr8wc/EJM8</latexit><latexit sha1_base64="OaDBn+KxF3eylvoKqS8SUsf3Tis=">AAAB/nicbZBPS8MwGMZT/875ryp48RIcwryMVgT1IAy97DjBuslWRpqmW1ialCQVRt3Br+LFg4pXP4c3v43p1oNuvhDy43nel7x5goRRpR3n21pYXFpeWS2tldc3Nre27Z3dOyVSiYmHBROyHSBFGOXE01Qz0k4kQXHASCsYXud+64FIRQW/1aOE+DHqcxpRjLSRevb+fTU6hpewnV9dHAoNGwZ7dsWpOZOC8+AWUAFFNXv2VzcUOI0J15ghpTquk2g/Q1JTzMi43E0VSRAeoj7pGOQoJsrPJvuP4ZFRQhgJaQ7XcKL+nshQrNQoDkxnjPRAzXq5+J/XSXV07meUJ6kmHE8filIGtYB5GDCkkmDNRgYQltTsCvEASYS1iaxsQnBnvzwP3kntoubenFbqV0UaJXAADkEVuOAM1EEDNIEHMHgEz+AVvFlP1ov1bn1MWxesYmYP/Cnr8wc/EJM8</latexit><latexit sha1_base64="OaDBn+KxF3eylvoKqS8SUsf3Tis=">AAAB/nicbZBPS8MwGMZT/875ryp48RIcwryMVgT1IAy97DjBuslWRpqmW1ialCQVRt3Br+LFg4pXP4c3v43p1oNuvhDy43nel7x5goRRpR3n21pYXFpeWS2tldc3Nre27Z3dOyVSiYmHBROyHSBFGOXE01Qz0k4kQXHASCsYXud+64FIRQW/1aOE+DHqcxpRjLSRevb+fTU6hpewnV9dHAoNGwZ7dsWpOZOC8+AWUAFFNXv2VzcUOI0J15ghpTquk2g/Q1JTzMi43E0VSRAeoj7pGOQoJsrPJvuP4ZFRQhgJaQ7XcKL+nshQrNQoDkxnjPRAzXq5+J/XSXV07meUJ6kmHE8filIGtYB5GDCkkmDNRgYQltTsCvEASYS1iaxsQnBnvzwP3kntoubenFbqV0UaJXAADkEVuOAM1EEDNIEHMHgEz+AVvFlP1ov1bn1MWxesYmYP/Cnr8wc/EJM8</latexit>



Sovrapposizione di segnali

F [·]
<latexit sha1_base64="7Jv0TR3lVKLYbdOZLum19QR2SF0=">AAAB+nicbVBPS8MwHE3nvzn/1Xn0EhyCp9GKoN6GgnicYN1gLSNN0y0sTUqSiqP0q3jxoOLVT+LNb2O69aCbDwKP934/fi8vTBlV2nG+rdrK6tr6Rn2zsbW9s7tn7zcflMgkJh4WTMh+iBRhlBNPU81IP5UEJSEjvXByXfq9RyIVFfxeT1MSJGjEaUwx0kYa2k0/QXqMEctvioGPI6GDod1y2s4McJm4FWmBCt2h/eVHAmcJ4RozpNTAdVId5EhqihkpGn6mSIrwBI3IwFCOEqKCfJa9gMdGiWAspHlcw5n6eyNHiVLTJDSTZVK16JXif94g0/FFkFOeZppwPD8UZwxqAcsiYEQlwZpNDUFYUpMV4jGSCGtTV8OU4C5+eZl4p+3Ltnt31upcVW3UwSE4AifABeegA25BF3gAgyfwDF7Bm1VYL9a79TEfrVnVzgH4A+vzB6nOlGU=</latexit><latexit sha1_base64="7Jv0TR3lVKLYbdOZLum19QR2SF0=">AAAB+nicbVBPS8MwHE3nvzn/1Xn0EhyCp9GKoN6GgnicYN1gLSNN0y0sTUqSiqP0q3jxoOLVT+LNb2O69aCbDwKP934/fi8vTBlV2nG+rdrK6tr6Rn2zsbW9s7tn7zcflMgkJh4WTMh+iBRhlBNPU81IP5UEJSEjvXByXfq9RyIVFfxeT1MSJGjEaUwx0kYa2k0/QXqMEctvioGPI6GDod1y2s4McJm4FWmBCt2h/eVHAmcJ4RozpNTAdVId5EhqihkpGn6mSIrwBI3IwFCOEqKCfJa9gMdGiWAspHlcw5n6eyNHiVLTJDSTZVK16JXif94g0/FFkFOeZppwPD8UZwxqAcsiYEQlwZpNDUFYUpMV4jGSCGtTV8OU4C5+eZl4p+3Ltnt31upcVW3UwSE4AifABeegA25BF3gAgyfwDF7Bm1VYL9a79TEfrVnVzgH4A+vzB6nOlGU=</latexit><latexit sha1_base64="7Jv0TR3lVKLYbdOZLum19QR2SF0=">AAAB+nicbVBPS8MwHE3nvzn/1Xn0EhyCp9GKoN6GgnicYN1gLSNN0y0sTUqSiqP0q3jxoOLVT+LNb2O69aCbDwKP934/fi8vTBlV2nG+rdrK6tr6Rn2zsbW9s7tn7zcflMgkJh4WTMh+iBRhlBNPU81IP5UEJSEjvXByXfq9RyIVFfxeT1MSJGjEaUwx0kYa2k0/QXqMEctvioGPI6GDod1y2s4McJm4FWmBCt2h/eVHAmcJ4RozpNTAdVId5EhqihkpGn6mSIrwBI3IwFCOEqKCfJa9gMdGiWAspHlcw5n6eyNHiVLTJDSTZVK16JXif94g0/FFkFOeZppwPD8UZwxqAcsiYEQlwZpNDUFYUpMV4jGSCGtTV8OU4C5+eZl4p+3Ltnt31upcVW3UwSE4AifABeegA25BF3gAgyfwDF7Bm1VYL9a79TEfrVnVzgH4A+vzB6nOlGU=</latexit><latexit sha1_base64="7Jv0TR3lVKLYbdOZLum19QR2SF0=">AAAB+nicbVBPS8MwHE3nvzn/1Xn0EhyCp9GKoN6GgnicYN1gLSNN0y0sTUqSiqP0q3jxoOLVT+LNb2O69aCbDwKP934/fi8vTBlV2nG+rdrK6tr6Rn2zsbW9s7tn7zcflMgkJh4WTMh+iBRhlBNPU81IP5UEJSEjvXByXfq9RyIVFfxeT1MSJGjEaUwx0kYa2k0/QXqMEctvioGPI6GDod1y2s4McJm4FWmBCt2h/eVHAmcJ4RozpNTAdVId5EhqihkpGn6mSIrwBI3IwFCOEqKCfJa9gMdGiWAspHlcw5n6eyNHiVLTJDSTZVK16JXif94g0/FFkFOeZppwPD8UZwxqAcsiYEQlwZpNDUFYUpMV4jGSCGtTV8OU4C5+eZl4p+3Ltnt31upcVW3UwSE4AifABeegA25BF3gAgyfwDF7Bm1VYL9a79TEfrVnVzgH4A+vzB6nOlGU=</latexit>

F�1[·]
<latexit sha1_base64="cquiEPab/b6lOhYwiWPrUuLYHvI=">AAAB/3icbVBNS8NAEN3Ur1q/oh48eAkWwYslEUG9FQXxWMHYQhLLZrNpl252w+5GKCEX/4oXDype/Rve/Ddu2hy09cHA470ZZuaFKSVS2fa3UVtYXFpeqa821tY3NrfM7Z17yTOBsIs45aIXQokpYdhVRFHcSwWGSUhxNxxdlX73EQtJOLtT4xQHCRwwEhMElZb65p6fQDVEkObXxUN+7BSejyKugr7ZtFv2BNY8cSrSBBU6ffPLjzjKEswUolBKz7FTFeRQKIIoLhp+JnEK0QgOsKcpgwmWQT55oLAOtRJZMRe6mLIm6u+JHCZSjpNQd5bnylmvFP/zvEzF50FOWJopzNB0UZxRS3GrTMOKiMBI0bEmEAmib7XQEAqIlM6soUNwZl+eJ+5J66Ll3J4225dVGnWwDw7AEXDAGWiDG9ABLkCgAM/gFbwZT8aL8W58TFtrRjWzC/7A+PwBHJKWSw==</latexit><latexit sha1_base64="cquiEPab/b6lOhYwiWPrUuLYHvI=">AAAB/3icbVBNS8NAEN3Ur1q/oh48eAkWwYslEUG9FQXxWMHYQhLLZrNpl252w+5GKCEX/4oXDype/Rve/Ddu2hy09cHA470ZZuaFKSVS2fa3UVtYXFpeqa821tY3NrfM7Z17yTOBsIs45aIXQokpYdhVRFHcSwWGSUhxNxxdlX73EQtJOLtT4xQHCRwwEhMElZb65p6fQDVEkObXxUN+7BSejyKugr7ZtFv2BNY8cSrSBBU6ffPLjzjKEswUolBKz7FTFeRQKIIoLhp+JnEK0QgOsKcpgwmWQT55oLAOtRJZMRe6mLIm6u+JHCZSjpNQd5bnylmvFP/zvEzF50FOWJopzNB0UZxRS3GrTMOKiMBI0bEmEAmib7XQEAqIlM6soUNwZl+eJ+5J66Ll3J4225dVGnWwDw7AEXDAGWiDG9ABLkCgAM/gFbwZT8aL8W58TFtrRjWzC/7A+PwBHJKWSw==</latexit><latexit sha1_base64="cquiEPab/b6lOhYwiWPrUuLYHvI=">AAAB/3icbVBNS8NAEN3Ur1q/oh48eAkWwYslEUG9FQXxWMHYQhLLZrNpl252w+5GKCEX/4oXDype/Rve/Ddu2hy09cHA470ZZuaFKSVS2fa3UVtYXFpeqa821tY3NrfM7Z17yTOBsIs45aIXQokpYdhVRFHcSwWGSUhxNxxdlX73EQtJOLtT4xQHCRwwEhMElZb65p6fQDVEkObXxUN+7BSejyKugr7ZtFv2BNY8cSrSBBU6ffPLjzjKEswUolBKz7FTFeRQKIIoLhp+JnEK0QgOsKcpgwmWQT55oLAOtRJZMRe6mLIm6u+JHCZSjpNQd5bnylmvFP/zvEzF50FOWJopzNB0UZxRS3GrTMOKiMBI0bEmEAmib7XQEAqIlM6soUNwZl+eJ+5J66Ll3J4225dVGnWwDw7AEXDAGWiDG9ABLkCgAM/gFbwZT8aL8W58TFtrRjWzC/7A+PwBHJKWSw==</latexit><latexit sha1_base64="cquiEPab/b6lOhYwiWPrUuLYHvI=">AAAB/3icbVBNS8NAEN3Ur1q/oh48eAkWwYslEUG9FQXxWMHYQhLLZrNpl252w+5GKCEX/4oXDype/Rve/Ddu2hy09cHA470ZZuaFKSVS2fa3UVtYXFpeqa821tY3NrfM7Z17yTOBsIs45aIXQokpYdhVRFHcSwWGSUhxNxxdlX73EQtJOLtT4xQHCRwwEhMElZb65p6fQDVEkObXxUN+7BSejyKugr7ZtFv2BNY8cSrSBBU6ffPLjzjKEswUolBKz7FTFeRQKIIoLhp+JnEK0QgOsKcpgwmWQT55oLAOtRJZMRe6mLIm6u+JHCZSjpNQd5bnylmvFP/zvEzF50FOWJopzNB0UZxRS3GrTMOKiMBI0bEmEAmib7XQEAqIlM6soUNwZl+eJ+5J66Ll3J4225dVGnWwDw7AEXDAGWiDG9ABLkCgAM/gFbwZT8aL8W58TFtrRjWzC/7A+PwBHJKWSw==</latexit>

x(t)
<latexit sha1_base64="ufHAOrkQRRLPji5+ZiNBOUnooZE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw7s7rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvWI2z</latexit><latexit sha1_base64="ufHAOrkQRRLPji5+ZiNBOUnooZE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw7s7rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvWI2z</latexit><latexit sha1_base64="ufHAOrkQRRLPji5+ZiNBOUnooZE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw7s7rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvWI2z</latexit><latexit sha1_base64="ufHAOrkQRRLPji5+ZiNBOUnooZE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw7s7rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvWI2z</latexit>

x(t)
<latexit sha1_base64="ufHAOrkQRRLPji5+ZiNBOUnooZE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw7s7rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvWI2z</latexit><latexit sha1_base64="ufHAOrkQRRLPji5+ZiNBOUnooZE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw7s7rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvWI2z</latexit><latexit sha1_base64="ufHAOrkQRRLPji5+ZiNBOUnooZE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw7s7rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvWI2z</latexit><latexit sha1_base64="ufHAOrkQRRLPji5+ZiNBOUnooZE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYwdhCG8pmu2mX7m7C7kYsoX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DBx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77UeqNIvlvZkkNBB4KFnECDa59FQ3p/1qzW24M6Bl4hWkBgVa/epXbxCTVFBpCMdadz03MUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroMMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C2+vEz8s8ZVw7s7rzWvizTKcATHUAcPLqAJt9ACHwiM4Ble4c0Rzovz7nzMW0tOMXMIf+B8/gDvWI2z</latexit>

s(t)
<latexit sha1_base64="uzzccRxPWmW1lQvv2TwqHBg/5jY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcwlU8OzXqXq1t0ZyDLxClKFAs1e5avbT1imeIxMUmM6nptiMKEaBZN8Wu5mhqeUjeiAdyyNqeImmMxunZJTq/RJlGhbMZKZ+ntiQpUxYxXaTkVxaBa9XPzP62QYXQUTEacZ8pjNF0WZJJiQ/HHSF5ozlGNLKNPC3krYkGrK0MZTtiF4iy8vE/+8fl337i+qjZsijRIcwwnUwINLaMAdNMEHBkN4hld4c5Tz4rw7H/PWFaeYOYI/cD5/AOe6ja4=</latexit><latexit sha1_base64="uzzccRxPWmW1lQvv2TwqHBg/5jY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcwlU8OzXqXq1t0ZyDLxClKFAs1e5avbT1imeIxMUmM6nptiMKEaBZN8Wu5mhqeUjeiAdyyNqeImmMxunZJTq/RJlGhbMZKZ+ntiQpUxYxXaTkVxaBa9XPzP62QYXQUTEacZ8pjNF0WZJJiQ/HHSF5ozlGNLKNPC3krYkGrK0MZTtiF4iy8vE/+8fl337i+qjZsijRIcwwnUwINLaMAdNMEHBkN4hld4c5Tz4rw7H/PWFaeYOYI/cD5/AOe6ja4=</latexit><latexit sha1_base64="uzzccRxPWmW1lQvv2TwqHBg/5jY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcwlU8OzXqXq1t0ZyDLxClKFAs1e5avbT1imeIxMUmM6nptiMKEaBZN8Wu5mhqeUjeiAdyyNqeImmMxunZJTq/RJlGhbMZKZ+ntiQpUxYxXaTkVxaBa9XPzP62QYXQUTEacZ8pjNF0WZJJiQ/HHSF5ozlGNLKNPC3krYkGrK0MZTtiF4iy8vE/+8fl337i+qjZsijRIcwwnUwINLaMAdNMEHBkN4hld4c5Tz4rw7H/PWFaeYOYI/cD5/AOe6ja4=</latexit><latexit sha1_base64="uzzccRxPWmW1lQvv2TwqHBg/5jY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcwlU8OzXqXq1t0ZyDLxClKFAs1e5avbT1imeIxMUmM6nptiMKEaBZN8Wu5mhqeUjeiAdyyNqeImmMxunZJTq/RJlGhbMZKZ+ntiQpUxYxXaTkVxaBa9XPzP62QYXQUTEacZ8pjNF0WZJJiQ/HHSF5ozlGNLKNPC3krYkGrK0MZTtiF4iy8vE/+8fl337i+qjZsijRIcwwnUwINLaMAdNMEHBkN4hld4c5Tz4rw7H/PWFaeYOYI/cD5/AOe6ja4=</latexit>

s(t)
<latexit sha1_base64="uzzccRxPWmW1lQvv2TwqHBg/5jY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcwlU8OzXqXq1t0ZyDLxClKFAs1e5avbT1imeIxMUmM6nptiMKEaBZN8Wu5mhqeUjeiAdyyNqeImmMxunZJTq/RJlGhbMZKZ+ntiQpUxYxXaTkVxaBa9XPzP62QYXQUTEacZ8pjNF0WZJJiQ/HHSF5ozlGNLKNPC3krYkGrK0MZTtiF4iy8vE/+8fl337i+qjZsijRIcwwnUwINLaMAdNMEHBkN4hld4c5Tz4rw7H/PWFaeYOYI/cD5/AOe6ja4=</latexit><latexit sha1_base64="uzzccRxPWmW1lQvv2TwqHBg/5jY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcwlU8OzXqXq1t0ZyDLxClKFAs1e5avbT1imeIxMUmM6nptiMKEaBZN8Wu5mhqeUjeiAdyyNqeImmMxunZJTq/RJlGhbMZKZ+ntiQpUxYxXaTkVxaBa9XPzP62QYXQUTEacZ8pjNF0WZJJiQ/HHSF5ozlGNLKNPC3krYkGrK0MZTtiF4iy8vE/+8fl337i+qjZsijRIcwwnUwINLaMAdNMEHBkN4hld4c5Tz4rw7H/PWFaeYOYI/cD5/AOe6ja4=</latexit><latexit sha1_base64="uzzccRxPWmW1lQvv2TwqHBg/5jY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcwlU8OzXqXq1t0ZyDLxClKFAs1e5avbT1imeIxMUmM6nptiMKEaBZN8Wu5mhqeUjeiAdyyNqeImmMxunZJTq/RJlGhbMZKZ+ntiQpUxYxXaTkVxaBa9XPzP62QYXQUTEacZ8pjNF0WZJJiQ/HHSF5ozlGNLKNPC3krYkGrK0MZTtiF4iy8vE/+8fl337i+qjZsijRIcwwnUwINLaMAdNMEHBkN4hld4c5Tz4rw7H/PWFaeYOYI/cD5/AOe6ja4=</latexit><latexit sha1_base64="uzzccRxPWmW1lQvv2TwqHBg/5jY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcwlU8OzXqXq1t0ZyDLxClKFAs1e5avbT1imeIxMUmM6nptiMKEaBZN8Wu5mhqeUjeiAdyyNqeImmMxunZJTq/RJlGhbMZKZ+ntiQpUxYxXaTkVxaBa9XPzP62QYXQUTEacZ8pjNF0WZJJiQ/HHSF5ozlGNLKNPC3krYkGrK0MZTtiF4iy8vE/+8fl337i+qjZsijRIcwwnUwINLaMAdNMEHBkN4hld4c5Tz4rw7H/PWFaeYOYI/cD5/AOe6ja4=</latexit>

Y (f) = X(f) ·H(f)
<latexit sha1_base64="OaDBn+KxF3eylvoKqS8SUsf3Tis=">AAAB/nicbZBPS8MwGMZT/875ryp48RIcwryMVgT1IAy97DjBuslWRpqmW1ialCQVRt3Br+LFg4pXP4c3v43p1oNuvhDy43nel7x5goRRpR3n21pYXFpeWS2tldc3Nre27Z3dOyVSiYmHBROyHSBFGOXE01Qz0k4kQXHASCsYXud+64FIRQW/1aOE+DHqcxpRjLSRevb+fTU6hpewnV9dHAoNGwZ7dsWpOZOC8+AWUAFFNXv2VzcUOI0J15ghpTquk2g/Q1JTzMi43E0VSRAeoj7pGOQoJsrPJvuP4ZFRQhgJaQ7XcKL+nshQrNQoDkxnjPRAzXq5+J/XSXV07meUJ6kmHE8filIGtYB5GDCkkmDNRgYQltTsCvEASYS1iaxsQnBnvzwP3kntoubenFbqV0UaJXAADkEVuOAM1EEDNIEHMHgEz+AVvFlP1ov1bn1MWxesYmYP/Cnr8wc/EJM8</latexit><latexit sha1_base64="OaDBn+KxF3eylvoKqS8SUsf3Tis=">AAAB/nicbZBPS8MwGMZT/875ryp48RIcwryMVgT1IAy97DjBuslWRpqmW1ialCQVRt3Br+LFg4pXP4c3v43p1oNuvhDy43nel7x5goRRpR3n21pYXFpeWS2tldc3Nre27Z3dOyVSiYmHBROyHSBFGOXE01Qz0k4kQXHASCsYXud+64FIRQW/1aOE+DHqcxpRjLSRevb+fTU6hpewnV9dHAoNGwZ7dsWpOZOC8+AWUAFFNXv2VzcUOI0J15ghpTquk2g/Q1JTzMi43E0VSRAeoj7pGOQoJsrPJvuP4ZFRQhgJaQ7XcKL+nshQrNQoDkxnjPRAzXq5+J/XSXV07meUJ6kmHE8filIGtYB5GDCkkmDNRgYQltTsCvEASYS1iaxsQnBnvzwP3kntoubenFbqV0UaJXAADkEVuOAM1EEDNIEHMHgEz+AVvFlP1ov1bn1MWxesYmYP/Cnr8wc/EJM8</latexit><latexit sha1_base64="OaDBn+KxF3eylvoKqS8SUsf3Tis=">AAAB/nicbZBPS8MwGMZT/875ryp48RIcwryMVgT1IAy97DjBuslWRpqmW1ialCQVRt3Br+LFg4pXP4c3v43p1oNuvhDy43nel7x5goRRpR3n21pYXFpeWS2tldc3Nre27Z3dOyVSiYmHBROyHSBFGOXE01Qz0k4kQXHASCsYXud+64FIRQW/1aOE+DHqcxpRjLSRevb+fTU6hpewnV9dHAoNGwZ7dsWpOZOC8+AWUAFFNXv2VzcUOI0J15ghpTquk2g/Q1JTzMi43E0VSRAeoj7pGOQoJsrPJvuP4ZFRQhgJaQ7XcKL+nshQrNQoDkxnjPRAzXq5+J/XSXV07meUJ6kmHE8filIGtYB5GDCkkmDNRgYQltTsCvEASYS1iaxsQnBnvzwP3kntoubenFbqV0UaJXAADkEVuOAM1EEDNIEHMHgEz+AVvFlP1ov1bn1MWxesYmYP/Cnr8wc/EJM8</latexit><latexit sha1_base64="OaDBn+KxF3eylvoKqS8SUsf3Tis=">AAAB/nicbZBPS8MwGMZT/875ryp48RIcwryMVgT1IAy97DjBuslWRpqmW1ialCQVRt3Br+LFg4pXP4c3v43p1oNuvhDy43nel7x5goRRpR3n21pYXFpeWS2tldc3Nre27Z3dOyVSiYmHBROyHSBFGOXE01Qz0k4kQXHASCsYXud+64FIRQW/1aOE+DHqcxpRjLSRevb+fTU6hpewnV9dHAoNGwZ7dsWpOZOC8+AWUAFFNXv2VzcUOI0J15ghpTquk2g/Q1JTzMi43E0VSRAeoj7pGOQoJsrPJvuP4ZFRQhgJaQ7XcKL+nshQrNQoDkxnjPRAzXq5+J/XSXV07meUJ6kmHE8filIGtYB5GDCkkmDNRgYQltTsCvEASYS1iaxsQnBnvzwP3kntoubenFbqV0UaJXAADkEVuOAM1EEDNIEHMHgEz+AVvFlP1ov1bn1MWxesYmYP/Cnr8wc/EJM8</latexit>



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 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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x(t)

x(0)
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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=">AAACRXicbZDPSxwxFMcztlq7/lr12EvoIqygy8wiWA+C1EuPFmZ1YTMOmUxGwyaZIXkjLmH+Oi899+af4KWHtvRas+seqvYLgW++7z1e8skqKSyE4X2w8Obt4tK75fetldW19Y325ta5LWvD+ICVsjTDjFouheYDECD5sDKcqkzyi2x8Oq1f3HBjRaljmFQ8UfRKi0IwCj5K28ltV8e7+BjHRGggubCVpBMplACbun1SGMpc1Lh+3DSX7tl1mNpusUv2+KUTuE8qgQuscdyQPaKy8tblTZG2O2EvnAm/NtHcdNBcZ2n7O8lLViuugUlq7SgKK0gcNSCY5E2L1JZXlI3pFR95q6niNnEzDA3e8UmOi9L4owHP0n8nHFXWTlTmOxWFa/uyNg3/VxvVUHxKnNBVDVyzp0VFLTGUeMoU58JwBnLiDWVG+Ldidk09KvDkWx5C9PLLr 82g3zvqhV8POief5zSW0Qf0EXVRhA7RCfqCztAAMXSHHtBP9Cv4FvwIfgd/nloXgvnMNnqm4O8j+huyFw==</latexit><latexit sha1_base64="9UJ7xaChBWNYlOSQFZXPZGb3nhM=">AAACRXicbZDPSxwxFMcztlq7/lr12EvoIqygy8wiWA+C1EuPFmZ1YTMOmUxGwyaZIXkjLmH+Oi899+af4KWHtvRas+seqvYLgW++7z1e8skqKSyE4X2w8Obt4tK75fetldW19Y325ta5LWvD+ICVsjTDjFouheYDECD5sDKcqkzyi2x8Oq1f3HBjRaljmFQ8UfRKi0IwCj5K28ltV8e7+BjHRGggubCVpBMplACbun1SGMpc1Lh+3DSX7tl1mNpusUv2+KUTuE8qgQuscdyQPaKy8tblTZG2O2EvnAm/NtHcdNBcZ2n7O8lLViuugUlq7SgKK0gcNSCY5E2L1JZXlI3pFR95q6niNnEzDA3e8UmOi9L4owHP0n8nHFXWTlTmOxWFa/uyNg3/VxvVUHxKnNBVDVyzp0VFLTGUeMoU58JwBnLiDWVG+Ldidk09KvDkWx5C9PLLr 82g3zvqhV8POief5zSW0Qf0EXVRhA7RCfqCztAAMXSHHtBP9Cv4FvwIfgd/nloXgvnMNnqm4O8j+huyFw==</latexit><latexit sha1_base64="9UJ7xaChBWNYlOSQFZXPZGb3nhM=">AAACRXicbZDPSxwxFMcztlq7/lr12EvoIqygy8wiWA+C1EuPFmZ1YTMOmUxGwyaZIXkjLmH+Oi899+af4KWHtvRas+seqvYLgW++7z1e8skqKSyE4X2w8Obt4tK75fetldW19Y325ta5LWvD+ICVsjTDjFouheYDECD5sDKcqkzyi2x8Oq1f3HBjRaljmFQ8UfRKi0IwCj5K28ltV8e7+BjHRGggubCVpBMplACbun1SGMpc1Lh+3DSX7tl1mNpusUv2+KUTuE8qgQuscdyQPaKy8tblTZG2O2EvnAm/NtHcdNBcZ2n7O8lLViuugUlq7SgKK0gcNSCY5E2L1JZXlI3pFR95q6niNnEzDA3e8UmOi9L4owHP0n8nHFXWTlTmOxWFa/uyNg3/VxvVUHxKnNBVDVyzp0VFLTGUeMoU58JwBnLiDWVG+Ldidk09KvDkWx5C9PLLr 82g3zvqhV8POief5zSW0Qf0EXVRhA7RCfqCztAAMXSHHtBP9Cv4FvwIfgd/nloXgvnMNnqm4O8j+huyFw==</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
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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   intervallo 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 -
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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
<latexit sha1_base64="ja6Grifa26vItw80CmGgwgH1AdA=">AAAB5nicbVDLSgMxFL1TX7W+qi7dBIvgqmREUBdCwY0rqdCxxbYMmTTThmaSIckIpfQb3CiuFD/HX/BvTNvZtPVA4HDOCfeeG6WCG4vxr1dYW9/Y3Cpul3Z29/YPyodHT0ZlmrKAKqF0KyKGCS5ZYLkVrJVqRpJIsGY0vJv6zRemDVeyYUcp6yakL3nMKbFOen4IcQPdokaIw3IFV/EMaJX4OalAjnpY/un0FM0SJi0VxJi2j1PbHRNtORVsUupkhqWEDkmfjWd7TtCZk3ooVto9adFMXciRxJhRErlkQuzALHtT8T+vndn4ujvmMs0sk3Q+KM4EsgpNS6Me14xaMXKEUM3dhogOiCbUutOUXHV/uegqCS6qN1X8eFmp1fIbFOEETuEcfLiCGtxDHQKgIOENPuHL496r9+59zKMFL/9zDAvwvv8Au9CK6w==</latexit><latexit sha1_base64="ja6Grifa26vItw80CmGgwgH1AdA=">AAAB5nicbVDLSgMxFL1TX7W+qi7dBIvgqmREUBdCwY0rqdCxxbYMmTTThmaSIckIpfQb3CiuFD/HX/BvTNvZtPVA4HDOCfeeG6WCG4vxr1dYW9/Y3Cpul3Z29/YPyodHT0ZlmrKAKqF0KyKGCS5ZYLkVrJVqRpJIsGY0vJv6zRemDVeyYUcp6yakL3nMKbFOen4IcQPdokaIw3IFV/EMaJX4OalAjnpY/un0FM0SJi0VxJi2j1PbHRNtORVsUupkhqWEDkmfjWd7TtCZk3ooVto9adFMXciRxJhRErlkQuzALHtT8T+vndn4ujvmMs0sk3Q+KM4EsgpNS6Me14xaMXKEUM3dhogOiCbUutOUXHV/uegqCS6qN1X8eFmp1fIbFOEETuEcfLiCGtxDHQKgIOENPuHL496r9+59zKMFL/9zDAvwvv8Au9CK6w==</latexit><latexit sha1_base64="ja6Grifa26vItw80CmGgwgH1AdA=">AAAB5nicbVDLSgMxFL1TX7W+qi7dBIvgqmREUBdCwY0rqdCxxbYMmTTThmaSIckIpfQb3CiuFD/HX/BvTNvZtPVA4HDOCfeeG6WCG4vxr1dYW9/Y3Cpul3Z29/YPyodHT0ZlmrKAKqF0KyKGCS5ZYLkVrJVqRpJIsGY0vJv6zRemDVeyYUcp6yakL3nMKbFOen4IcQPdokaIw3IFV/EMaJX4OalAjnpY/un0FM0SJi0VxJi2j1PbHRNtORVsUupkhqWEDkmfjWd7TtCZk3ooVto9adFMXciRxJhRErlkQuzALHtT8T+vndn4ujvmMs0sk3Q+KM4EsgpNS6Me14xaMXKEUM3dhogOiCbUutOUXHV/uegqCS6qN1X8eFmp1fIbFOEETuEcfLiCGtxDHQKgIOENPuHL496r9+59zKMFL/9zDAvwvv8Au9CK6w==</latexit>

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 )
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X(⌫) ei2⇡⌫nT d⌫
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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

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

Xs(f) =
1

T

+1X

k=�1
X(f � kfC) con fC =

1

T
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Xs(f) =
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X(⌫)
1

T

+1X

k=�1
�(⌫ � (f � kfC)) d⌫
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n=�1
�(t� nT ) =

1

T
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k=�1
ei2⇡ktf
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Sostituisco la serie di esponenziali 
complessi con la serie di delta di DiracTransformo

praticamente è un "treno" di trasformate 
(del segnale continuo x(t))



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 (** vedi dopo)

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
<latexit sha1_base64="tAYnITtCyfMoJZVj97E3zFGpn1A="></latexit><latexit sha1_base64="tAYnITtCyfMoJZVj97E3zFGpn1A="></latexit><latexit sha1_base64="tAYnITtCyfMoJZVj97E3zFGpn1A="></latexit><latexit sha1_base64="tAYnITtCyfMoJZVj97E3zFGpn1A="></latexit>

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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f=�1

X⇤(f)

2

4
1Z

t=�1

x(t)e�i2⇡ft dt

3

5 df =

1Z

f=�1

X⇤(t)X(f) df =

1Z

f=�1

|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)

X±(f)

f

1

1
T
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1
T

X±(f)
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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/T
he_wagon-wheel_effect.ogv

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


