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Amplificatori operazionali



Amplificatori differenziali
Amplificatore differenziale: dispositivo 
elettronico che amplifica la differenza in 
ampiezza tra due segnali in input
2 ingressi
1 output

Segnale differenziale:

Segnale modo comune: 

V1, V2
<latexit sha1_base64="Zbk6f2imRnZJYz0hpxgOaFAGFgY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBQym7RVBvRS8eK7htpV2WbJptQ5PskmSFUvorvHhQ8erf8ea/MW33oK0PBh7vzTAzL0o508Z1v53C2vrG5lZxu7Szu7d/UD48aukkU4T6JOGJ6kRYU84k9Q0znHZSRbGIOG1Ho9uZ336iSrNEPphxSgOBB5LFjGBjpcdW6FV71VZYD8sVt+bOgVaJl5MK5GiG5a9ePyGZoNIQjrXuem5qgglWhhFOp6VepmmKyQgPaNdSiQXVwWR+8BSdWaWP4kTZkgbN1d8TEyy0HovIdgpshnrZm4n/ed3MxFfBhMk0M1SSxaI448gkaPY96jNFieFjSzBRzN6KyBArTIzNqGRD8JZfXiV+vXZd8+4vKo2bPI0inMApnIMHl9CAO2iCDwQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH5oQjyk=</latexit><latexit sha1_base64="Zbk6f2imRnZJYz0hpxgOaFAGFgY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBQym7RVBvRS8eK7htpV2WbJptQ5PskmSFUvorvHhQ8erf8ea/MW33oK0PBh7vzTAzL0o508Z1v53C2vrG5lZxu7Szu7d/UD48aukkU4T6JOGJ6kRYU84k9Q0znHZSRbGIOG1Ho9uZ336iSrNEPphxSgOBB5LFjGBjpcdW6FV71VZYD8sVt+bOgVaJl5MK5GiG5a9ePyGZoNIQjrXuem5qgglWhhFOp6VepmmKyQgPaNdSiQXVwWR+8BSdWaWP4kTZkgbN1d8TEyy0HovIdgpshnrZm4n/ed3MxFfBhMk0M1SSxaI448gkaPY96jNFieFjSzBRzN6KyBArTIzNqGRD8JZfXiV+vXZd8+4vKo2bPI0inMApnIMHl9CAO2iCDwQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH5oQjyk=</latexit><latexit sha1_base64="Zbk6f2imRnZJYz0hpxgOaFAGFgY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBQym7RVBvRS8eK7htpV2WbJptQ5PskmSFUvorvHhQ8erf8ea/MW33oK0PBh7vzTAzL0o508Z1v53C2vrG5lZxu7Szu7d/UD48aukkU4T6JOGJ6kRYU84k9Q0znHZSRbGIOG1Ho9uZ336iSrNEPphxSgOBB5LFjGBjpcdW6FV71VZYD8sVt+bOgVaJl5MK5GiG5a9ePyGZoNIQjrXuem5qgglWhhFOp6VepmmKyQgPaNdSiQXVwWR+8BSdWaWP4kTZkgbN1d8TEyy0HovIdgpshnrZm4n/ed3MxFfBhMk0M1SSxaI448gkaPY96jNFieFjSzBRzN6KyBArTIzNqGRD8JZfXiV+vXZd8+4vKo2bPI0inMApnIMHl9CAO2iCDwQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH5oQjyk=</latexit><latexit sha1_base64="Zbk6f2imRnZJYz0hpxgOaFAGFgY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBQym7RVBvRS8eK7htpV2WbJptQ5PskmSFUvorvHhQ8erf8ea/MW33oK0PBh7vzTAzL0o508Z1v53C2vrG5lZxu7Szu7d/UD48aukkU4T6JOGJ6kRYU84k9Q0znHZSRbGIOG1Ho9uZ336iSrNEPphxSgOBB5LFjGBjpcdW6FV71VZYD8sVt+bOgVaJl5MK5GiG5a9ePyGZoNIQjrXuem5qgglWhhFOp6VepmmKyQgPaNdSiQXVwWR+8BSdWaWP4kTZkgbN1d8TEyy0HovIdgpshnrZm4n/ed3MxFfBhMk0M1SSxaI448gkaPY96jNFieFjSzBRzN6KyBArTIzNqGRD8JZfXiV+vXZd8+4vKo2bPI0inMApnIMHl9CAO2iCDwQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH5oQjyk=</latexit>

Vo
<latexit sha1_base64="EGQfm0s1Q9PQO+m5LDf6sH5uwEY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w8ejco0oSFRXOl2jA3lTNLQMstpO9UUi5jTVjy6mfqtJ6oNU/LBjlMaCTyQLGEEWyfdP/ZUr1rz6/4MaJkEBalBgWav+tXtK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TilD5KlHYlLZqpvydyLIwZi9h1CmyHZtGbiv95ncwml1HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZeXSXhWv6oHd+e1xnWRRhmO4BhOIYALaMAtNCEEAgN4hld487j34r17H/PWklfMHMIfeJ8/o4WNkA==</latexit><latexit sha1_base64="EGQfm0s1Q9PQO+m5LDf6sH5uwEY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w8ejco0oSFRXOl2jA3lTNLQMstpO9UUi5jTVjy6mfqtJ6oNU/LBjlMaCTyQLGEEWyfdP/ZUr1rz6/4MaJkEBalBgWav+tXtK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TilD5KlHYlLZqpvydyLIwZi9h1CmyHZtGbiv95ncwml1HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZeXSXhWv6oHd+e1xnWRRhmO4BhOIYALaMAtNCEEAgN4hld487j34r17H/PWklfMHMIfeJ8/o4WNkA==</latexit><latexit sha1_base64="EGQfm0s1Q9PQO+m5LDf6sH5uwEY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w8ejco0oSFRXOl2jA3lTNLQMstpO9UUi5jTVjy6mfqtJ6oNU/LBjlMaCTyQLGEEWyfdP/ZUr1rz6/4MaJkEBalBgWav+tXtK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TilD5KlHYlLZqpvydyLIwZi9h1CmyHZtGbiv95ncwml1HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZeXSXhWv6oHd+e1xnWRRhmO4BhOIYALaMAtNCEEAgN4hld487j34r17H/PWklfMHMIfeJ8/o4WNkA==</latexit><latexit sha1_base64="EGQfm0s1Q9PQO+m5LDf6sH5uwEY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w8ejco0oSFRXOl2jA3lTNLQMstpO9UUi5jTVjy6mfqtJ6oNU/LBjlMaCTyQLGEEWyfdP/ZUr1rz6/4MaJkEBalBgWav+tXtK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TilD5KlHYlLZqpvydyLIwZi9h1CmyHZtGbiv95ncwml1HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZeXSXhWv6oHd+e1xnWRRhmO4BhOIYALaMAtNCEEAgN4hld487j34r17H/PWklfMHMIfeJ8/o4WNkA==</latexit>

Vd = V1 � V2
<latexit sha1_base64="CZe/zHfig7QltXpyYMcqyNkuqSM=">AAAB93icbVBNS8NAEJ34WetHox69LBbBiyUpgnoQil48VjBtoQ1hs9m0SzebsLsRaukv8eJBxat/xZv/xm2bg7Y+mOHx3gw7+8KMM6Ud59taWV1b39gsbZW3d3b3Kvb+QUuluSTUIylPZSfEinImqKeZ5rSTSYqTkNN2OLyd+u1HKhVLxYMeZdRPcF+wmBGsjRTYlVYQoWvUClx0Zno9sKtOzZkBLRO3IFUo0Azsr16UkjyhQhOOleq6Tqb9MZaaEU4n5V6uaIbJEPdp11CBE6r88ezwCToxSoTiVJoSGs3U3xtjnCg1SkIzmWA9UIveVPzP6+Y6vvTHTGS5poLMH4pzjnSKpimgiElKNB8Zgolk5lZEBlhiok1WZROCu/jlZeLVa1c19/682rgp0ijBERzDKbhwAQ24gyZ4QCCHZ3iFN+vJerHerY/56IpV7BzCH1ifP/wNkOU=</latexit><latexit sha1_base64="CZe/zHfig7QltXpyYMcqyNkuqSM=">AAAB93icbVBNS8NAEJ34WetHox69LBbBiyUpgnoQil48VjBtoQ1hs9m0SzebsLsRaukv8eJBxat/xZv/xm2bg7Y+mOHx3gw7+8KMM6Ud59taWV1b39gsbZW3d3b3Kvb+QUuluSTUIylPZSfEinImqKeZ5rSTSYqTkNN2OLyd+u1HKhVLxYMeZdRPcF+wmBGsjRTYlVYQoWvUClx0Zno9sKtOzZkBLRO3IFUo0Azsr16UkjyhQhOOleq6Tqb9MZaaEU4n5V6uaIbJEPdp11CBE6r88ezwCToxSoTiVJoSGs3U3xtjnCg1SkIzmWA9UIveVPzP6+Y6vvTHTGS5poLMH4pzjnSKpimgiElKNB8Zgolk5lZEBlhiok1WZROCu/jlZeLVa1c19/682rgp0ijBERzDKbhwAQ24gyZ4QCCHZ3iFN+vJerHerY/56IpV7BzCH1ifP/wNkOU=</latexit><latexit sha1_base64="CZe/zHfig7QltXpyYMcqyNkuqSM=">AAAB93icbVBNS8NAEJ34WetHox69LBbBiyUpgnoQil48VjBtoQ1hs9m0SzebsLsRaukv8eJBxat/xZv/xm2bg7Y+mOHx3gw7+8KMM6Ud59taWV1b39gsbZW3d3b3Kvb+QUuluSTUIylPZSfEinImqKeZ5rSTSYqTkNN2OLyd+u1HKhVLxYMeZdRPcF+wmBGsjRTYlVYQoWvUClx0Zno9sKtOzZkBLRO3IFUo0Azsr16UkjyhQhOOleq6Tqb9MZaaEU4n5V6uaIbJEPdp11CBE6r88ezwCToxSoTiVJoSGs3U3xtjnCg1SkIzmWA9UIveVPzP6+Y6vvTHTGS5poLMH4pzjnSKpimgiElKNB8Zgolk5lZEBlhiok1WZROCu/jlZeLVa1c19/682rgp0ijBERzDKbhwAQ24gyZ4QCCHZ3iFN+vJerHerY/56IpV7BzCH1ifP/wNkOU=</latexit><latexit sha1_base64="CZe/zHfig7QltXpyYMcqyNkuqSM=">AAAB93icbVBNS8NAEJ34WetHox69LBbBiyUpgnoQil48VjBtoQ1hs9m0SzebsLsRaukv8eJBxat/xZv/xm2bg7Y+mOHx3gw7+8KMM6Ud59taWV1b39gsbZW3d3b3Kvb+QUuluSTUIylPZSfEinImqKeZ5rSTSYqTkNN2OLyd+u1HKhVLxYMeZdRPcF+wmBGsjRTYlVYQoWvUClx0Zno9sKtOzZkBLRO3IFUo0Azsr16UkjyhQhOOleq6Tqb9MZaaEU4n5V6uaIbJEPdp11CBE6r88ezwCToxSoTiVJoSGs3U3xtjnCg1SkIzmWA9UIveVPzP6+Y6vvTHTGS5poLMH4pzjnSKpimgiElKNB8Zgolk5lZEBlhiok1WZROCu/jlZeLVa1c19/682rgp0ijBERzDKbhwAQ24gyZ4QCCHZ3iFN+vJerHerY/56IpV7BzCH1ifP/wNkOU=</latexit>

Vc =
V1 + V2

2<latexit sha1_base64="dAuVJH/QhmmrCv4SpXa0s5gZ8dU=">AAAB/3icbVBNS8NAEJ34WetX1IMHL4tFEISSFEE9CEUvHiuYtNCGsNlu2qWbD3Y3Qgm5+Fe8eFDx6t/w5r9x2+agrQ8GHu/NMDMvSDmTyrK+jaXlldW19cpGdXNre2fX3Nt3ZZIJQh2S8ER0AiwpZzF1FFOcdlJBcRRw2g5GtxO//UiFZEn8oMYp9SI8iFnICFZa8s1D1yfoGvVCgUnu+vaZ6zeKvFH4Zs2qW1OgRWKXpAYlWr751esnJItorAjHUnZtK1VejoVihNOi2sskTTEZ4QHtahrjiEovnz5QoBOt9FGYCF2xQlP190SOIynHUaA7I6yGct6biP953UyFl17O4jRTNCazRWHGkUrQJA3UZ4ISxceaYCKYvhWRIdZZKJ1ZVYdgz7+8SJxG/apu35/XmjdlGhU4gmM4BRsuoAl30AIHCBTwDK/wZjwZL8a78TFrXTLKmQP4A+PzByielQw=</latexit><latexit sha1_base64="dAuVJH/QhmmrCv4SpXa0s5gZ8dU=">AAAB/3icbVBNS8NAEJ34WetX1IMHL4tFEISSFEE9CEUvHiuYtNCGsNlu2qWbD3Y3Qgm5+Fe8eFDx6t/w5r9x2+agrQ8GHu/NMDMvSDmTyrK+jaXlldW19cpGdXNre2fX3Nt3ZZIJQh2S8ER0AiwpZzF1FFOcdlJBcRRw2g5GtxO//UiFZEn8oMYp9SI8iFnICFZa8s1D1yfoGvVCgUnu+vaZ6zeKvFH4Zs2qW1OgRWKXpAYlWr751esnJItorAjHUnZtK1VejoVihNOi2sskTTEZ4QHtahrjiEovnz5QoBOt9FGYCF2xQlP190SOIynHUaA7I6yGct6biP953UyFl17O4jRTNCazRWHGkUrQJA3UZ4ISxceaYCKYvhWRIdZZKJ1ZVYdgz7+8SJxG/apu35/XmjdlGhU4gmM4BRsuoAl30AIHCBTwDK/wZjwZL8a78TFrXTLKmQP4A+PzByielQw=</latexit><latexit sha1_base64="dAuVJH/QhmmrCv4SpXa0s5gZ8dU=">AAAB/3icbVBNS8NAEJ34WetX1IMHL4tFEISSFEE9CEUvHiuYtNCGsNlu2qWbD3Y3Qgm5+Fe8eFDx6t/w5r9x2+agrQ8GHu/NMDMvSDmTyrK+jaXlldW19cpGdXNre2fX3Nt3ZZIJQh2S8ER0AiwpZzF1FFOcdlJBcRRw2g5GtxO//UiFZEn8oMYp9SI8iFnICFZa8s1D1yfoGvVCgUnu+vaZ6zeKvFH4Zs2qW1OgRWKXpAYlWr751esnJItorAjHUnZtK1VejoVihNOi2sskTTEZ4QHtahrjiEovnz5QoBOt9FGYCF2xQlP190SOIynHUaA7I6yGct6biP953UyFl17O4jRTNCazRWHGkUrQJA3UZ4ISxceaYCKYvhWRIdZZKJ1ZVYdgz7+8SJxG/apu35/XmjdlGhU4gmM4BRsuoAl30AIHCBTwDK/wZjwZL8a78TFrXTLKmQP4A+PzByielQw=</latexit><latexit sha1_base64="dAuVJH/QhmmrCv4SpXa0s5gZ8dU=">AAAB/3icbVBNS8NAEJ34WetX1IMHL4tFEISSFEE9CEUvHiuYtNCGsNlu2qWbD3Y3Qgm5+Fe8eFDx6t/w5r9x2+agrQ8GHu/NMDMvSDmTyrK+jaXlldW19cpGdXNre2fX3Nt3ZZIJQh2S8ER0AiwpZzF1FFOcdlJBcRRw2g5GtxO//UiFZEn8oMYp9SI8iFnICFZa8s1D1yfoGvVCgUnu+vaZ6zeKvFH4Zs2qW1OgRWKXpAYlWr751esnJItorAjHUnZtK1VejoVihNOi2sskTTEZ4QHtahrjiEovnz5QoBOt9FGYCF2xQlP190SOIynHUaA7I6yGct6biP953UyFl17O4jRTNCazRWHGkUrQJA3UZ4ISxceaYCKYvhWRIdZZKJ1ZVYdgz7+8SJxG/apu35/XmjdlGhU4gmM4BRsuoAl30AIHCBTwDK/wZjwZL8a78TFrXTLKmQP4A+PzByielQw=</latexit>

V1 = Vc � Vd/2
<latexit sha1_base64="dheYKx9AIJR1gCIVdAyJOhQM7Uc=">AAAB+XicbVDLSsNAFL3xWesr1aWbwSK4sSZFUBdC0Y3LCqYttCFMJpN26OTBzEQpsZ/ixoWKW//EnX/jtM1CWw/cy+Gce5k7x085k8qyvo2l5ZXVtfXSRnlza3tn16zstWSSCUIdkvBEdHwsKWcxdRRTnHZSQXHkc9r2hzcTv/1AhWRJfK9GKXUj3I9ZyAhWWvLMSsuz0RVqeQSd6B6c1j2zatWsKdAisQtShQJNz/zqBQnJIhorwrGUXdtKlZtjoRjhdFzuZZKmmAxxn3Y1jXFEpZtPTx+jI60EKEyErlihqfp7I8eRlKPI15MRVgM5703E/7xupsILN2dxmikak9lDYcaRStAkBxQwQYniI00wEUzfisgAC0yUTqusQ7Dnv7xInHrtsmbfnVUb10UaJTiAQzgGG86hAbfQBAcIPMIzvMKb8WS8GO/Gx2x0ySh29uEPjM8fKhiRiw==</latexit><latexit sha1_base64="dheYKx9AIJR1gCIVdAyJOhQM7Uc=">AAAB+XicbVDLSsNAFL3xWesr1aWbwSK4sSZFUBdC0Y3LCqYttCFMJpN26OTBzEQpsZ/ixoWKW//EnX/jtM1CWw/cy+Gce5k7x085k8qyvo2l5ZXVtfXSRnlza3tn16zstWSSCUIdkvBEdHwsKWcxdRRTnHZSQXHkc9r2hzcTv/1AhWRJfK9GKXUj3I9ZyAhWWvLMSsuz0RVqeQSd6B6c1j2zatWsKdAisQtShQJNz/zqBQnJIhorwrGUXdtKlZtjoRjhdFzuZZKmmAxxn3Y1jXFEpZtPTx+jI60EKEyErlihqfp7I8eRlKPI15MRVgM5703E/7xupsILN2dxmikak9lDYcaRStAkBxQwQYniI00wEUzfisgAC0yUTqusQ7Dnv7xInHrtsmbfnVUb10UaJTiAQzgGG86hAbfQBAcIPMIzvMKb8WS8GO/Gx2x0ySh29uEPjM8fKhiRiw==</latexit><latexit sha1_base64="dheYKx9AIJR1gCIVdAyJOhQM7Uc=">AAAB+XicbVDLSsNAFL3xWesr1aWbwSK4sSZFUBdC0Y3LCqYttCFMJpN26OTBzEQpsZ/ixoWKW//EnX/jtM1CWw/cy+Gce5k7x085k8qyvo2l5ZXVtfXSRnlza3tn16zstWSSCUIdkvBEdHwsKWcxdRRTnHZSQXHkc9r2hzcTv/1AhWRJfK9GKXUj3I9ZyAhWWvLMSsuz0RVqeQSd6B6c1j2zatWsKdAisQtShQJNz/zqBQnJIhorwrGUXdtKlZtjoRjhdFzuZZKmmAxxn3Y1jXFEpZtPTx+jI60EKEyErlihqfp7I8eRlKPI15MRVgM5703E/7xupsILN2dxmikak9lDYcaRStAkBxQwQYniI00wEUzfisgAC0yUTqusQ7Dnv7xInHrtsmbfnVUb10UaJTiAQzgGG86hAbfQBAcIPMIzvMKb8WS8GO/Gx2x0ySh29uEPjM8fKhiRiw==</latexit><latexit sha1_base64="dheYKx9AIJR1gCIVdAyJOhQM7Uc=">AAAB+XicbVDLSsNAFL3xWesr1aWbwSK4sSZFUBdC0Y3LCqYttCFMJpN26OTBzEQpsZ/ixoWKW//EnX/jtM1CWw/cy+Gce5k7x085k8qyvo2l5ZXVtfXSRnlza3tn16zstWSSCUIdkvBEdHwsKWcxdRRTnHZSQXHkc9r2hzcTv/1AhWRJfK9GKXUj3I9ZyAhWWvLMSsuz0RVqeQSd6B6c1j2zatWsKdAisQtShQJNz/zqBQnJIhorwrGUXdtKlZtjoRjhdFzuZZKmmAxxn3Y1jXFEpZtPTx+jI60EKEyErlihqfp7I8eRlKPI15MRVgM5703E/7xupsILN2dxmikak9lDYcaRStAkBxQwQYniI00wEUzfisgAC0yUTqusQ7Dnv7xInHrtsmbfnVUb10UaJTiAQzgGG86hAbfQBAcIPMIzvMKb8WS8GO/Gx2x0ySh29uEPjM8fKhiRiw==</latexit>

V2 = Vc + Vd/2
<latexit sha1_base64="s+leRBAEYR3t573n2ZpVwNKCtuE=">AAAB+XicbVDLSsNAFL3xWesr1aWbwSIIQk2KoC6EohuXFUxbaEOYTCbt0MmDmYlSYj/FjQsVt/6JO//GaZuFth64l8M59zJ3jp9yJpVlfRtLyyura+uljfLm1vbOrlnZa8kkE4Q6JOGJ6PhYUs5i6iimOO2kguLI57TtD28mfvuBCsmS+F6NUupGuB+zkBGstOSZlZZXR1eo5RF0ontwWvfMqlWzpkCLxC5IFQo0PfOrFyQki2isCMdSdm0rVW6OhWKE03G5l0maYjLEfdrVNMYRlW4+PX2MjrQSoDARumKFpurvjRxHUo4iX09GWA3kvDcR//O6mQov3JzFaaZoTGYPhRlHKkGTHFDABCWKjzTBRDB9KyIDLDBROq2yDsGe//Iiceq1y5p9d1ZtXBdplOAADuEYbDiHBtxCExwg8AjP8ApvxpPxYrwbH7PRJaPY2Yc/MD5/ACiXkYo=</latexit><latexit sha1_base64="s+leRBAEYR3t573n2ZpVwNKCtuE=">AAAB+XicbVDLSsNAFL3xWesr1aWbwSIIQk2KoC6EohuXFUxbaEOYTCbt0MmDmYlSYj/FjQsVt/6JO//GaZuFth64l8M59zJ3jp9yJpVlfRtLyyura+uljfLm1vbOrlnZa8kkE4Q6JOGJ6PhYUs5i6iimOO2kguLI57TtD28mfvuBCsmS+F6NUupGuB+zkBGstOSZlZZXR1eo5RF0ontwWvfMqlWzpkCLxC5IFQo0PfOrFyQki2isCMdSdm0rVW6OhWKE03G5l0maYjLEfdrVNMYRlW4+PX2MjrQSoDARumKFpurvjRxHUo4iX09GWA3kvDcR//O6mQov3JzFaaZoTGYPhRlHKkGTHFDABCWKjzTBRDB9KyIDLDBROq2yDsGe//Iiceq1y5p9d1ZtXBdplOAADuEYbDiHBtxCExwg8AjP8ApvxpPxYrwbH7PRJaPY2Yc/MD5/ACiXkYo=</latexit><latexit sha1_base64="s+leRBAEYR3t573n2ZpVwNKCtuE=">AAAB+XicbVDLSsNAFL3xWesr1aWbwSIIQk2KoC6EohuXFUxbaEOYTCbt0MmDmYlSYj/FjQsVt/6JO//GaZuFth64l8M59zJ3jp9yJpVlfRtLyyura+uljfLm1vbOrlnZa8kkE4Q6JOGJ6PhYUs5i6iimOO2kguLI57TtD28mfvuBCsmS+F6NUupGuB+zkBGstOSZlZZXR1eo5RF0ontwWvfMqlWzpkCLxC5IFQo0PfOrFyQki2isCMdSdm0rVW6OhWKE03G5l0maYjLEfdrVNMYRlW4+PX2MjrQSoDARumKFpurvjRxHUo4iX09GWA3kvDcR//O6mQov3JzFaaZoTGYPhRlHKkGTHFDABCWKjzTBRDB9KyIDLDBROq2yDsGe//Iiceq1y5p9d1ZtXBdplOAADuEYbDiHBtxCExwg8AjP8ApvxpPxYrwbH7PRJaPY2Yc/MD5/ACiXkYo=</latexit><latexit sha1_base64="s+leRBAEYR3t573n2ZpVwNKCtuE=">AAAB+XicbVDLSsNAFL3xWesr1aWbwSIIQk2KoC6EohuXFUxbaEOYTCbt0MmDmYlSYj/FjQsVt/6JO//GaZuFth64l8M59zJ3jp9yJpVlfRtLyyura+uljfLm1vbOrlnZa8kkE4Q6JOGJ6PhYUs5i6iimOO2kguLI57TtD28mfvuBCsmS+F6NUupGuB+zkBGstOSZlZZXR1eo5RF0ontwWvfMqlWzpkCLxC5IFQo0PfOrFyQki2isCMdSdm0rVW6OhWKE03G5l0maYjLEfdrVNMYRlW4+PX2MjrQSoDARumKFpurvjRxHUo4iX09GWA3kvDcR//O6mQov3JzFaaZoTGYPhRlHKkGTHFDABCWKjzTBRDB9KyIDLDBROq2yDsGe//Iiceq1y5p9d1ZtXBdplOAADuEYbDiHBtxCExwg8AjP8ApvxpPxYrwbH7PRJaPY2Yc/MD5/ACiXkYo=</latexit>

V2 = GND ) V0 = A1V1

V1 = GND ) V0 = A2V2
<latexit sha1_base64="Yep8/neEDZqYn6ANu5i7orKae4w="></latexit><latexit sha1_base64="Yep8/neEDZqYn6ANu5i7orKae4w="></latexit><latexit sha1_base64="Yep8/neEDZqYn6ANu5i7orKae4w="></latexit><latexit sha1_base64="Yep8/neEDZqYn6ANu5i7orKae4w="></latexit>

V0 = A1V1 +A2V2 = (A1 +A2)Vc +
A1�A2

2 Vd = AcVc +AdVd
<latexit sha1_base64="nPtC3FWPe9bA/ktUwbGD7i/1ASU="></latexit><latexit sha1_base64="nPtC3FWPe9bA/ktUwbGD7i/1ASU="></latexit><latexit sha1_base64="nPtC3FWPe9bA/ktUwbGD7i/1ASU="></latexit><latexit sha1_base64="nPtC3FWPe9bA/ktUwbGD7i/1ASU="></latexit>

V0 = Ad(Vd +
1

⇢
Vc)

⇢!1���! AdVd
<latexit sha1_base64="hpFW1M6OmOZPkAeqWVjP9WNjRyE="></latexit><latexit sha1_base64="jx0hS3ugGYg9tq+tbYKfw7g87HU="></latexit><latexit sha1_base64="jx0hS3ugGYg9tq+tbYKfw7g87HU="></latexit><latexit sha1_base64="3JfQz2rubimRvwpqX8Ik14A49Mo="></latexit>

amplificazione di modo comune

amplificazione di modo differenziale

rapporto di reiezione del modo comune (CMRR, common mode rejection ratio)

Ac = A1 +A2

Ad = A1�A2
2

⇢ = Ad/Ac
<latexit sha1_base64="eQxCLOjb30svWYdeRqPX/LHo44o="></latexit><latexit sha1_base64="eQxCLOjb30svWYdeRqPX/LHo44o="></latexit><latexit sha1_base64="eQxCLOjb30svWYdeRqPX/LHo44o="></latexit><latexit sha1_base64="eQxCLOjb30svWYdeRqPX/LHo44o="></latexit>



Amplificatori differenziali

V0 = Ad(Vd +
1

⇢
Vc)

⇢!1���! AdVd
<latexit sha1_base64="hpFW1M6OmOZPkAeqWVjP9WNjRyE="></latexit><latexit sha1_base64="jx0hS3ugGYg9tq+tbYKfw7g87HU="></latexit><latexit sha1_base64="jx0hS3ugGYg9tq+tbYKfw7g87HU="></latexit><latexit sha1_base64="3JfQz2rubimRvwpqX8Ik14A49Mo="></latexit>

Amplificatore differenziale ideale:
• Amplifica la differenza tra i segnali:
• Immune a variazioni comuni ai due ingressi 

Esempio di applicazione:
eliminazione di rumore ambientale "pickuppato" da linea di trasmissione

Ad � 1
<latexit sha1_base64="HeJhRdty+bXuDAbJYctwySNj7ZM=">AAAB73icbVA9T8MwEL2Ur1K+CkgsLBYVElOVsABbgYWxlQgtaqPiOE5r1XYi20Gqov4KFgZArPwdNhZ+C+7HAC1POunpvTvd3QtTzrRx3S+nsLS8srpWXC9tbG5t75R39+50kilCfZLwRLVCrClnkvqGGU5bqaJYhJw2w8H12G8+UqVZIm/NMKWBwD3JYkawsdL9ZTdCnV4Ped1yxa26E6BF4s1IpXbQ+H4AgHq3/NmJEpIJKg3hWOu256YmyLEyjHA6KnUyTVNMBrhH25ZKLKgO8snBI3RslQjFibIlDZqovydyLLQeitB2Cmz6et4bi/957czE50HOZJoZKsl0UZxxZBI0/h5FTFFi+NASTBSztyLSxwoTYzMq2RC8+ZcXiX9avah6DRvGFUxRhEM4ghPw4AxqcAN18IGAgCd4gVdHOc/Om/M+bS04s5l9+APn4wdTzpEo</latexit><latexit sha1_base64="63u0upb0EJJZDqrjvn2iW9Kx0B4=">AAAB73icbVC7TsNAEFyHVwivABINzYkIiSqyaYAuhIYykTAJSqzofD47p5zP1t0ZKbLyFTQUgGgp+Au+gI6Gb+HyKCBhpJVGM7va3fFTzpS27S+rsLS8srpWXC9tbG5t75R3925VkklCXZLwRLZ9rChngrqaaU7bqaQ49jlt+YOrsd+6p1KxRNzoYUq9GEeChYxgbaS7y16AulGEnF65YlftCdAicWakUjtofrP3+kejV/7sBgnJYio04VipjmOn2sux1IxwOip1M0VTTAY4oh1DBY6p8vLJwSN0bJQAhYk0JTSaqL8nchwrNYx90xlj3Vfz3lj8z+tkOjz3cibSTFNBpovCjCOdoPH3KGCSEs2HhmAimbkVkT6WmGiTUcmE4My/vEjc0+pF1WmaMOowRREO4QhOwIEzqME1NMAFAjE8wBM8W9J6tF6s12lrwZrN7MMfWG8/o1OS5A==</latexit><latexit sha1_base64="63u0upb0EJJZDqrjvn2iW9Kx0B4=">AAAB73icbVC7TsNAEFyHVwivABINzYkIiSqyaYAuhIYykTAJSqzofD47p5zP1t0ZKbLyFTQUgGgp+Au+gI6Gb+HyKCBhpJVGM7va3fFTzpS27S+rsLS8srpWXC9tbG5t75R3925VkklCXZLwRLZ9rChngrqaaU7bqaQ49jlt+YOrsd+6p1KxRNzoYUq9GEeChYxgbaS7y16AulGEnF65YlftCdAicWakUjtofrP3+kejV/7sBgnJYio04VipjmOn2sux1IxwOip1M0VTTAY4oh1DBY6p8vLJwSN0bJQAhYk0JTSaqL8nchwrNYx90xlj3Vfz3lj8z+tkOjz3cibSTFNBpovCjCOdoPH3KGCSEs2HhmAimbkVkT6WmGiTUcmE4My/vEjc0+pF1WmaMOowRREO4QhOwIEzqME1NMAFAjE8wBM8W9J6tF6s12lrwZrN7MMfWG8/o1OS5A==</latexit><latexit sha1_base64="Fc/jydkX6+DiIBU4HrwIfWkvBsU=">AAAB73icbVA9T8MwEL2Ur1K+CowsFhUSU5WwAFuBhbFIhBa1UeU4TmrVdiLbQaqi/goWBkCs/B02/g1umwFannTS03t3ursXZpxp47rfTmVldW19o7pZ29re2d2r7x886DRXhPok5anqhlhTziT1DTOcdjNFsQg57YSjm6nfeaJKs1Tem3FGA4ETyWJGsLHS49UgQv0kQd6g3nCb7gxomXglaUCJ9qD+1Y9SkgsqDeFY657nZiYosDKMcDqp9XNNM0xGOKE9SyUWVAfF7OAJOrFKhOJU2ZIGzdTfEwUWWo9FaDsFNkO96E3F/7xebuKLoGAyyw2VZL4ozjkyKZp+jyKmKDF8bAkmitlbERlihYmxGdVsCN7iy8vEP2teNr07t9G6LtOowhEcwyl4cA4tuIU2+EBAwDO8wpujnBfn3fmYt1accuYQ/sD5/AHHDI9D</latexit>

⇢ � 1
<latexit sha1_base64="H+SZGizuxuJSiEQIyiuMqoQe0jo=">AAAB8HicbVC7TsNAEFyHVwivACUUJyIkqsimAboIGspEwgQRW9H5cnZOOd9Zd2ekyMpf0FAAouUL+A46Oj6Fy6OAhJFWGs3sancnyjjTxnW/nNLS8srqWnm9srG5tb1T3d271TJXhPpEcqnuIqwpZ4L6hhlO7zJFcRpx2o4GV2O//UCVZlLcmGFGwxQngsWMYGOl+0D1JQqSBHndas2tuxOgReLNSK1x+NH6BoBmt/oZ9CTJUyoM4VjrjudmJiywMoxwOqoEuaYZJgOc0I6lAqdUh8Xk4hE6tkoPxVLZEgZN1N8TBU61HqaR7Uyx6et5byz+53VyE5+HBRNZbqgg00VxzpGRaPw+6jFFieFDSzBRzN6KSB8rTIwNqWJD8OZfXiT+af2i7rVsGJcwRRkO4AhOwIMzaMA1NMEHAgIe4RleHO08Oa/O27S15Mxm9uEPnPcf8muSMw==</latexit><latexit sha1_base64="oCyd+tilxlgAJu/+T0+PjxBYF64=">AAAB8HicbVDLSsNAFL2pr1pfVZeKDBbBVUncqLuiG5ctGFtsQplMJ+nQySTMTIQSuvQP3LhQcesX9Dvc+Q3+hNPHQlsPXDiccy/33hOknClt219WYWl5ZXWtuF7a2Nza3inv7t2pJJOEuiThiWwFWFHOBHU105y2UklxHHDaDPrXY7/5QKViibjVg5T6MY4ECxnB2kj3nuwlyIsi5HTKFbtqT4AWiTMjldrhqPH9eDSqd8qfXjchWUyFJhwr1XbsVPs5lpoRToclL1M0xaSPI9o2VOCYKj+fXDxEJ0bpojCRpoRGE/X3RI5jpQZxYDpjrHtq3huL/3ntTIcXfs5EmmkqyHRRmHGkEzR+H3WZpETzgSGYSGZuRaSHJSbahFQyITjzLy8S96x6WXUaJowrmKIIB3AMp+DAOdTgBurgAgEBT/ACr5aynq03633aWrBmM/vwB9bHD89Kk5k=</latexit><latexit sha1_base64="oCyd+tilxlgAJu/+T0+PjxBYF64=">AAAB8HicbVDLSsNAFL2pr1pfVZeKDBbBVUncqLuiG5ctGFtsQplMJ+nQySTMTIQSuvQP3LhQcesX9Dvc+Q3+hNPHQlsPXDiccy/33hOknClt219WYWl5ZXWtuF7a2Nza3inv7t2pJJOEuiThiWwFWFHOBHU105y2UklxHHDaDPrXY7/5QKViibjVg5T6MY4ECxnB2kj3nuwlyIsi5HTKFbtqT4AWiTMjldrhqPH9eDSqd8qfXjchWUyFJhwr1XbsVPs5lpoRToclL1M0xaSPI9o2VOCYKj+fXDxEJ0bpojCRpoRGE/X3RI5jpQZxYDpjrHtq3huL/3ntTIcXfs5EmmkqyHRRmHGkEzR+H3WZpETzgSGYSGZuRaSHJSbahFQyITjzLy8S96x6WXUaJowrmKIIB3AMp+DAOdTgBurgAgEBT/ACr5aynq03633aWrBmM/vwB9bHD89Kk5k=</latexit><latexit sha1_base64="vtMttWX1KJRUbuenxeojZ8g5wRs=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFhUSU5WwULYKFsYiEVrRRJXjOqlVx45sB6mK+i9YGACx8nPY+De4bQZoedJJT+/d6e5elHGmjet+O5W19Y3Nrep2bWd3b/+gfnj0oGWuCPWJ5FL1IqwpZ4L6hhlOe5miOI047Ubjm5nffaJKMynuzSSjYYoTwWJGsLHSY6BGEgVJgrxBveE23TnQKvFK0oASnUH9KxhKkqdUGMKx1n3PzUxYYGUY4XRaC3JNM0zGOKF9SwVOqQ6L+cVTdGaVIYqlsiUMmqu/Jwqcaj1JI9uZYjPSy95M/M/r5yZuhQUTWW6oIItFcc6RkWj2PhoyRYnhE0swUczeisgIK0yMDalmQ/CWX14l/kXzqunduY32dZlGFU7gFM7Bg0towy10wAcCAp7hFd4c7bw4787HorXilDPH8AfO5w/kto/u</latexit>

+V
<latexit sha1_base64="AYbDg2nhPel+dHvN+JCAnNPOpH4=">AAAB6HicbVDLSgNBEOyNryS+oh69DAZBEMKuF/UW9OIxipsEkiXOTnqTIbOzy8ysEEL+wIsHlVz9JG/+jZPHQRMLGoqqbrq7wlRwbVz328mtrW9sbuULxe2d3b390sFhXSeZYuizRCSqGVKNgkv0DTcCm6lCGocCG+Hgduo3nlFpnshHM0wxiGlP8ogzaqz0cF7vlMpuxZ2BrBJvQcrVQjp5AoBap/TV7iYsi1EaJqjWLc9NTTCiynAmcFxsZxpTyga0hy1LJY1RB6PZpWNyapUuiRJlSxoyU39PjGis9TAObWdMTV8ve1PxP6+VmegqGHGZZgYlmy+KMkFMQqZvky5XyIwYWkKZ4vZWwvpUUWZsOEUbgrf88irxLyrXFe/ehnEDc+ThGE7gDDy4hCrcQQ18YBDBC7zBuzNwXp0PZzJvzTmLmSP4A+fzB844jpE=</latexit><latexit sha1_base64="LrTzrt57jkZx0PtCS8DjDWi1XIo=">AAAB6HicbVDLSgNBEOz1mcRX1KOXwSAIQtj1ot6CXjxGcZNgsoTZyWwyZHZ2mJkVw5I/8OJBJVd/wH/x5tfo5HHQxIKGoqqb7q5QcqaN6345S8srq2vruXxhY3Nre6e4u1fTSaoI9UnCE9UIsaacCeobZjhtSEVxHHJaD/tXY7/+QJVmibgzA0mDGHcFixjBxkq3J7V2seSW3QnQIvFmpFTJy9H9x+N3tV38bHUSksZUGMKx1k3PlSbIsDKMcDostFJNJSZ93KVNSwWOqQ6yyaVDdGSVDooSZUsYNFF/T2Q41noQh7Yzxqan572x+J/XTE10HmRMyNRQQaaLopQjk6Dx26jDFCWGDyzBRDF7KyI9rDAxNpyCDcGbf3mR+Kfli7J3Y8O4hClycACHcAwenEEFrqEKPhCI4Ale4NXpO8/OmzOati45s5l9+APn/QeiqZCx</latexit><latexit sha1_base64="LrTzrt57jkZx0PtCS8DjDWi1XIo=">AAAB6HicbVDLSgNBEOz1mcRX1KOXwSAIQtj1ot6CXjxGcZNgsoTZyWwyZHZ2mJkVw5I/8OJBJVd/wH/x5tfo5HHQxIKGoqqb7q5QcqaN6345S8srq2vruXxhY3Nre6e4u1fTSaoI9UnCE9UIsaacCeobZjhtSEVxHHJaD/tXY7/+QJVmibgzA0mDGHcFixjBxkq3J7V2seSW3QnQIvFmpFTJy9H9x+N3tV38bHUSksZUGMKx1k3PlSbIsDKMcDostFJNJSZ93KVNSwWOqQ6yyaVDdGSVDooSZUsYNFF/T2Q41noQh7Yzxqan572x+J/XTE10HmRMyNRQQaaLopQjk6Dx26jDFCWGDyzBRDF7KyI9rDAxNpyCDcGbf3mR+Kfli7J3Y8O4hClycACHcAwenEEFrqEKPhCI4Ale4NXpO8/OmzOati45s5l9+APn/QeiqZCx</latexit><latexit sha1_base64="GdKSgZQpslqDnrfu6N/2hlGtP0E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEriRb0VvXisYmyhDWWznbRLN5uwuxFK6D/w4kHFqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkorq2vrG+XNytb2zu5edf/gUSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx0f/bYq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn106ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZvk36XCEzYmwJZYrbWwkbUkWZseFUbAje4svLxD+vX9W9O7fWuC7SKMMRHMMpeHABDbiFJvjAIIJneIU3Z+S8OO/Ox7y15BQzh/AHzucPhgiM3w==</latexit>

�V
<latexit sha1_base64="UiIjqkhj5hvH/6LTd6pxdWmycTE=">AAAB6HicbVA9TwJBEJ3DL8Av1NJmIzGxkdzZqB3RxhKNByRwwb1lDjbs7V1290wI4R/YWKih9SfZ+W9cPgoFXzLJy3szmZkXpoJr47rfTm5tfWNzK18obu/s7u2XDg7rOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAe3U7/xjErzRD6aYYpBTHuSR5xRY6WH83qnVHYr7gxklXgLUq4W0skTANQ6pa92N2FZjNIwQbVueW5qghFVhjOB42I705hSNqA9bFkqaYw6GM0uHZNTq3RJlChb0pCZ+ntiRGOth3FoO2Nq+nrZm4r/ea3MRFfBiMs0MyjZfFGUCWISMn2bdLlCZsTQEsoUt7cS1qeKMmPDKdoQvOWXV4l/UbmuePc2jBuYIw/HcAJn4MElVOEOauADgwhe4A3enYHz6nw4k3lrzlnMHMEfOJ8/0UCOkw==</latexit><latexit sha1_base64="UvEnM8Sn8HfDRfmHmImYWV/a4r8=">AAAB6HicbVC7TgMxENzjmYRXgJLGIkKiIbqjAboIGsqAuCQiOUU+x5dY8fks24eITvkDGgpAafkB/oWOrwHnUUDCSCuNZna1uxNKzrRx3S9naXlldW09ly9sbG5t7xR392o6SRWhPkl4ohoh1pQzQX3DDKcNqSiOQ07rYf9q7NcfqNIsEXdmIGkQ465gESPYWOn2pNYultyyOwFaJN6MlCp5Obr/ePyutoufrU5C0pgKQzjWuum50gQZVoYRToeFVqqpxKSPu7RpqcAx1UE2uXSIjqzSQVGibAmDJurviQzHWg/i0HbG2PT0vDcW//OaqYnOg4wJmRoqyHRRlHJkEjR+G3WYosTwgSWYKGZvRaSHFSbGhlOwIXjzLy8S/7R8UfZubBiXMEUODuAQjsGDM6jANVTBBwIRPMELvDp959l5c0bT1iVnNrMPf+C8/wClsZCz</latexit><latexit sha1_base64="UvEnM8Sn8HfDRfmHmImYWV/a4r8=">AAAB6HicbVC7TgMxENzjmYRXgJLGIkKiIbqjAboIGsqAuCQiOUU+x5dY8fks24eITvkDGgpAafkB/oWOrwHnUUDCSCuNZna1uxNKzrRx3S9naXlldW09ly9sbG5t7xR392o6SRWhPkl4ohoh1pQzQX3DDKcNqSiOQ07rYf9q7NcfqNIsEXdmIGkQ465gESPYWOn2pNYultyyOwFaJN6MlCp5Obr/ePyutoufrU5C0pgKQzjWuum50gQZVoYRToeFVqqpxKSPu7RpqcAx1UE2uXSIjqzSQVGibAmDJurviQzHWg/i0HbG2PT0vDcW//OaqYnOg4wJmRoqyHRRlHJkEjR+G3WYosTwgSWYKGZvRaSHFSbGhlOwIXjzLy8S/7R8UfZubBiXMEUODuAQjsGDM6jANVTBBwIRPMELvDp959l5c0bT1iVnNrMPf+C8/wClsZCz</latexit><latexit sha1_base64="W4aBQSqHuowm32mvGGW9Qr4bnww=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyXxot6KXjxWMbbQhrLZTtqlm03Y3Qgl9B948aDi1Z/kzX/jts1BWx8MPN6bYWZemAqujet+O6WV1bX1jfJmZWt7Z3evun/wqJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0M/VbT6g0T+SDGacYxHQgecQZNVa6P3vsVWtu3Z2BLBOvIDUo0OxVv7r9hGUxSsME1brjuakJcqoMZwInlW6mMaVsRAfYsVTSGHWQzy6dkBOr9EmUKFvSkJn6eyKnsdbjOLSdMTVDvehNxf+8TmaiyyDnMs0MSjZfFGWCmIRM3yZ9rpAZMbaEMsXtrYQNqaLM2HAqNgRv8eVl4p/Xr+renVtrXBdplOEIjuEUPLiABtxCE3xgEMEzvMKbM3JenHfnY95acoqZQ/gD5/MHiRCM4Q==</latexit> �V + Vnoise

<latexit sha1_base64="W3547w0HA67L0idGs2i3AEo+mss=">AAAB9HicbVA9SwNBEJ3zM8avqGBjsxgEQQx3NmoXtLFMwEsCyRn3NnvJkr3dY3dPCUf+h42Fiq0/xs7G3+Lmo9DEBwOP92aYmRcmnGnjul/OwuLS8spqbi2/vrG5tV3Y2a1pmSpCfSK5VI0Qa8qZoL5hhtNGoiiOQ07rYf965NcfqNJMilszSGgQ465gESPYWOnutIZOUK2dCck0HbYLRbfkjoHmiTclxfJ+9fseACrtwmerI0kaU2EIx1o3PTcxQYaVYYTTYb6Vappg0sdd2rRU4JjqIBtfPURHVumgSCpbwqCx+nsiw7HWgzi0nTE2PT3rjcT/vGZqoosgYyJJDRVksihKOTISjSJAHaYoMXxgCSaK2VsR6WGFibFB5W0I3uzL88Q/K12WvKoN4womyMEBHMIxeHAOZbiBCvhAQMETvMCr8+g8O2/O+6R1wZnO7MEfOB8/SBGTdA==</latexit><latexit sha1_base64="M88GLq1yM0andd3tIAsVKwVxaW8=">AAAB9HicbVDLSgNBEJyNrxhfUcGLl8EgCGLY9aLeQrx4TMBNAskaZiedZMjszDIzq4Ql/+HFg4pH/Qq/wJsXv8XJ46DRgoaiqpvurjDmTBvX/XQyC4tLyyvZ1dza+sbmVn57p6Zloij4VHKpGiHRwJkA3zDDoRErIFHIoR4OLsd+/RaUZlJcm2EMQUR6gnUZJcZKNyc1fIxr7VRIpmHUzhfcojsB/ku8GSmU9qpf7LX8XmnnP1odSZMIhKGcaN303NgEKVGGUQ6jXCvREBM6ID1oWipIBDpIJ1eP8KFVOrgrlS1h8ET9OZGSSOthFNrOiJi+nvfG4n9eMzHd8yBlIk4MCDpd1E04NhKPI8AdpoAaPrSEUMXsrZj2iSLU2KByNgRv/uW/xD8tXhS9qg2jjKbIon10gI6Qh85QCV2hCvIRRQrdo0f05Nw5D86z8zJtzTizmV30C87bN5eWlTA=</latexit><latexit sha1_base64="M88GLq1yM0andd3tIAsVKwVxaW8=">AAAB9HicbVDLSgNBEJyNrxhfUcGLl8EgCGLY9aLeQrx4TMBNAskaZiedZMjszDIzq4Ql/+HFg4pH/Qq/wJsXv8XJ46DRgoaiqpvurjDmTBvX/XQyC4tLyyvZ1dza+sbmVn57p6Zloij4VHKpGiHRwJkA3zDDoRErIFHIoR4OLsd+/RaUZlJcm2EMQUR6gnUZJcZKNyc1fIxr7VRIpmHUzhfcojsB/ku8GSmU9qpf7LX8XmnnP1odSZMIhKGcaN303NgEKVGGUQ6jXCvREBM6ID1oWipIBDpIJ1eP8KFVOrgrlS1h8ET9OZGSSOthFNrOiJi+nvfG4n9eMzHd8yBlIk4MCDpd1E04NhKPI8AdpoAaPrSEUMXsrZj2iSLU2KByNgRv/uW/xD8tXhS9qg2jjKbIon10gI6Qh85QCV2hCvIRRQrdo0f05Nw5D86z8zJtzTizmV30C87bN5eWlTA=</latexit><latexit sha1_base64="SIJIHdgttdGid643bRdy4veBOFg=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSIIYkm8qLeiF48VTFtoY9lsp+3SzSbsbpQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvTATXxnW/naXlldW19cJGcXNre2e3tLdf13GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mfiNR1Sax/LejBIMItqXvMcZNVZ6OKuTU1LvZDLmGsedUtmtuFOQReLlpAw5ap3SV7sbszRCaZigWrc8NzFBRpXhTOC42E41JpQNaR9blkoaoQ6y6dVjcmyVLunFypY0ZKr+nshopPUoCm1nRM1Az3sT8T+vlZreZZBxmaQGJZst6qWCmJhMIiBdrpAZMbKEMsXtrYQNqKLM2KCKNgRv/uVF4p9XrirenVuuXudpFOAQjuAEPLiAKtxCDXxgoOAZXuHNeXJenHfnY9a65OQzB/AHzucPu0+Rjw==</latexit>

+V + Vnoise
<latexit sha1_base64="FHV5FX+Xn6FinI3U4DmVijSkwrk=">AAAB9HicbVA9SwNBEJ2LXzF+RQUbm8UgCIFwZ6N2QRvLBLwkkJxxb7OXLNnbPXb3lHDkf9hYqNj6Y+xs/C1uEgtNfDDweG+GmXlhwpk2rvvp5JaWV1bX8uuFjc2t7Z3i7l5Dy1QR6hPJpWqFWFPOBPUNM5y2EkVxHHLaDIdXE795T5VmUtyYUUKDGPcFixjBxkq35QYqo0Y3E5JpOu4WS27FnQItEu+HlKoH9a87AKh1ix+dniRpTIUhHGvd9tzEBBlWhhFOx4VOqmmCyRD3adtSgWOqg2x69RgdW6WHIqlsCYOm6u+JDMdaj+LQdsbYDPS8NxH/89qpic6DjIkkNVSQ2aIo5chINIkA9ZiixPCRJZgoZm9FZIAVJsYGVbAhePMvLxL/tHJR8eo2jEuYIQ+HcAQn4MEZVOEaauADAQWP8AwvzoPz5Lw6b7PWnPMzsw9/4Lx/A0Txk3I=</latexit><latexit sha1_base64="xBa0x5K4yGSa2o6hT/lUmEpqNnA=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgEIRB2vai3EC8eE3CTQBLD7GQ2GTI7s8zMKmHJf3jxoOJRv8Iv8ObFb3HyOGhiQUNR1U13VxBzpo3rfjlLyyura+uZjezm1vbObm5vv6Zlogj1ieRSNQKsKWeC+oYZThuxojgKOK0Hg6uxX7+jSjMpbswwpu0I9wQLGcHGSreFGiqgWicVkmk66uTybtGdAC0Sb0bypcPqN3srf1Q6uc9WV5IkosIQjrVuem5s2ilWhhFOR9lWommMyQD3aNNSgSOq2+nk6hE6sUoXhVLZEgZN1N8TKY60HkaB7Yyw6et5byz+5zUTE160UybixFBBpovChCMj0TgC1GWKEsOHlmCimL0VkT5WmBgbVNaG4M2/vEj8s+Jl0avaMMowRQaO4BhOwYNzKME1VMAHAgoe4AmenXvn0XlxXqetS85s5gD+wHn/AZR2lS4=</latexit><latexit sha1_base64="xBa0x5K4yGSa2o6hT/lUmEpqNnA=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgEIRB2vai3EC8eE3CTQBLD7GQ2GTI7s8zMKmHJf3jxoOJRv8Iv8ObFb3HyOGhiQUNR1U13VxBzpo3rfjlLyyura+uZjezm1vbObm5vv6Zlogj1ieRSNQKsKWeC+oYZThuxojgKOK0Hg6uxX7+jSjMpbswwpu0I9wQLGcHGSreFGiqgWicVkmk66uTybtGdAC0Sb0bypcPqN3srf1Q6uc9WV5IkosIQjrVuem5s2ilWhhFOR9lWommMyQD3aNNSgSOq2+nk6hE6sUoXhVLZEgZN1N8TKY60HkaB7Yyw6et5byz+5zUTE160UybixFBBpovChCMj0TgC1GWKEsOHlmCimL0VkT5WmBgbVNaG4M2/vEj8s+Jl0avaMMowRQaO4BhOwYNzKME1VMAHAgoe4AmenXvn0XlxXqetS85s5gD+wHn/AZR2lS4=</latexit><latexit sha1_base64="ROx8xBOVYItVdbdp6abxYzCAI0M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSIIhZJ4UW9FLx4rmLbQ1rLZTtqlm03Y3Sgl9H948aDi1R/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqhGwSX6hhuBrUQhjQKBzWB0M/Wbj6g0j+W9GSfYjehA8pAzaqz0UGmQCmn0MhlzjZNeqexW3RnIMvFyUoYc9V7pq9OPWRqhNExQrduem5huRpXhTOCk2Ek1JpSN6ADblkoaoe5ms6sn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vnZrwsptxmaQGJZsvClNBTEymEZA+V8iMGFtCmeL2VsKGVFFmbFBFG4K3+PIy8c+rV1Xvzi3XrvM0CnAMJ3AGHlxADW6hDj4wUPAMr/DmPDkvzrvzMW9dcfKZI/gD5/MHuC+RjQ==</latexit>

V0 = Ad[(V + Vnoise)� (�V + Vnoise)] = 2AdV
<latexit sha1_base64="W3ZBhhEvIEp44XHD7BFoZNiT7us=">AAACG3icbVDNSsNAGNz4W+tf1KOXxVaoSEtSD+pBqHrxWMGkhTaEzXbbLt1swu5GKKEP4sVX8eJBxZPgwbdx2+ZQWwcWhpn5+PabIGZUKsv6MZaWV1bX1nMb+c2t7Z1dc2/flVEiMHFwxCLRDJAkjHLiKKoYacaCoDBgpBEMbsd+45EISSP+oIYx8ULU47RLMVJa8s2zoutb8Ape+51WyT11/ZRHVJLRCSzDUnlW8HSqqmNu0TcLVsWaAC4SOyMFkKHum1/tToSTkHCFGZKyZVux8lIkFMWMjPLtRJIY4QHqkZamHIVEeunkuBE81koHdiOhH1dwos5OpCiUchgGOhki1Zfz3lj8z2slqnvhpZTHiSIcTxd1EwZVBMdNwQ4VBCs21ARhQfVfIe4jgbDSfeZ1Cfb8yYvEqVYuK/Z9tVC7ydrIgUNwBErABuegBu5AHTgAgyfwAt7Au/FsvBofxuc0umRkMwfgD4zvX+Tgnb4=</latexit><latexit sha1_base64="W3ZBhhEvIEp44XHD7BFoZNiT7us=">AAACG3icbVDNSsNAGNz4W+tf1KOXxVaoSEtSD+pBqHrxWMGkhTaEzXbbLt1swu5GKKEP4sVX8eJBxZPgwbdx2+ZQWwcWhpn5+PabIGZUKsv6MZaWV1bX1nMb+c2t7Z1dc2/flVEiMHFwxCLRDJAkjHLiKKoYacaCoDBgpBEMbsd+45EISSP+oIYx8ULU47RLMVJa8s2zoutb8Ape+51WyT11/ZRHVJLRCSzDUnlW8HSqqmNu0TcLVsWaAC4SOyMFkKHum1/tToSTkHCFGZKyZVux8lIkFMWMjPLtRJIY4QHqkZamHIVEeunkuBE81koHdiOhH1dwos5OpCiUchgGOhki1Zfz3lj8z2slqnvhpZTHiSIcTxd1EwZVBMdNwQ4VBCs21ARhQfVfIe4jgbDSfeZ1Cfb8yYvEqVYuK/Z9tVC7ydrIgUNwBErABuegBu5AHTgAgyfwAt7Au/FsvBofxuc0umRkMwfgD4zvX+Tgnb4=</latexit><latexit sha1_base64="W3ZBhhEvIEp44XHD7BFoZNiT7us=">AAACG3icbVDNSsNAGNz4W+tf1KOXxVaoSEtSD+pBqHrxWMGkhTaEzXbbLt1swu5GKKEP4sVX8eJBxZPgwbdx2+ZQWwcWhpn5+PabIGZUKsv6MZaWV1bX1nMb+c2t7Z1dc2/flVEiMHFwxCLRDJAkjHLiKKoYacaCoDBgpBEMbsd+45EISSP+oIYx8ULU47RLMVJa8s2zoutb8Ape+51WyT11/ZRHVJLRCSzDUnlW8HSqqmNu0TcLVsWaAC4SOyMFkKHum1/tToSTkHCFGZKyZVux8lIkFMWMjPLtRJIY4QHqkZamHIVEeunkuBE81koHdiOhH1dwos5OpCiUchgGOhki1Zfz3lj8z2slqnvhpZTHiSIcTxd1EwZVBMdNwQ4VBCs21ARhQfVfIe4jgbDSfeZ1Cfb8yYvEqVYuK/Z9tVC7ydrIgUNwBErABuegBu5AHTgAgyfwAt7Au/FsvBofxuc0umRkMwfgD4zvX+Tgnb4=</latexit><latexit sha1_base64="W3ZBhhEvIEp44XHD7BFoZNiT7us=">AAACG3icbVDNSsNAGNz4W+tf1KOXxVaoSEtSD+pBqHrxWMGkhTaEzXbbLt1swu5GKKEP4sVX8eJBxZPgwbdx2+ZQWwcWhpn5+PabIGZUKsv6MZaWV1bX1nMb+c2t7Z1dc2/flVEiMHFwxCLRDJAkjHLiKKoYacaCoDBgpBEMbsd+45EISSP+oIYx8ULU47RLMVJa8s2zoutb8Ape+51WyT11/ZRHVJLRCSzDUnlW8HSqqmNu0TcLVsWaAC4SOyMFkKHum1/tToSTkHCFGZKyZVux8lIkFMWMjPLtRJIY4QHqkZamHIVEeunkuBE81koHdiOhH1dwos5OpCiUchgGOhki1Zfz3lj8z2slqnvhpZTHiSIcTxd1EwZVBMdNwQ4VBCs21ARhQfVfIe4jgbDSfeZ1Cfb8yYvEqVYuK/Z9tVC7ydrIgUNwBErABuegBu5AHTgAgyfwAt7Au/FsvBofxuc0umRkMwfgD4zvX+Tgnb4=</latexit>
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Amplificatore operazionale
Un amplificatore operazionale è un circuito integrato, costituito principalmente 
di transistor a giunzione bipolare, che amplifica l'ampiezza di un segnale in 
ingresso grazie ad un'alimentazione fornita esternamente in maniera duale. 

Vout = A (Vin+ - Vin-)



Amplificatori operazionali
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Amplificatore operazionale
• Ingressi differenziali
• Guadagno differenziale molto alto (in realtà c.a. 105, con tolleranze < 20%)
• Guadagno nel modo comune nullo (in realtà CMRR = c.a. 100 dB *)
• Impedenza d’ingresso molto alta (in realtà c.a. 106 Ω)
• Impedenza in uscita nulla (indipendente dal carico, vero fino a c.a. 20 mA)
• Sfasamento nullo tra ingresso ed uscita
• Larghezza di banda infinita (in realtà c.a. MHz, slew rate 1 – 20 V/µs)

Il segnale in uscita è limitato dai valori di Power 
* attenuazione in decibel A = -20 log10 (Vout/Vin)

V0 2 [�Vcc,+Vcc]
<latexit sha1_base64="pt/3kOOvEL0SPYYpDQOVcFES/ks=">AAACBHicbZC7TsMwFIZPyq2UW4ERBosWCQmoki7AVsHCWCR6kdIocly3teo4ke0gVVEXFl6FhQEQKw/Bxtvgthmg5ZcsffrPOTo+fxBzprRtf1u5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWMLyZ1FsPVCoWiXs9iqkX4r5gPUawNpZfPCw3fRt1mEDuedNPCRmfodMZeGW/WLIr9lRoEZwMSpCp7he/Ot2IJCEVmnCslOvYsfZSLDUjnI4LnUTRGJMh7lPXoMAhVV46vWKMjo3TRb1Imic0mrq/J1IcKjUKA9MZYj1Q87WJ+V/NTXTv0kuZiBNNBZkt6iUc6QhNIkFdJinRfGQAE8nMXxEZYImJNsEVTAjO/MmL0KhWrirOXbVUu87SyMMBHMEJOHABNbiFOjSAwCM8wyu8WU/Wi/Vufcxac1Y2sw9/ZH3+AN8Plnc=</latexit><latexit sha1_base64="pt/3kOOvEL0SPYYpDQOVcFES/ks=">AAACBHicbZC7TsMwFIZPyq2UW4ERBosWCQmoki7AVsHCWCR6kdIocly3teo4ke0gVVEXFl6FhQEQKw/Bxtvgthmg5ZcsffrPOTo+fxBzprRtf1u5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWMLyZ1FsPVCoWiXs9iqkX4r5gPUawNpZfPCw3fRt1mEDuedNPCRmfodMZeGW/WLIr9lRoEZwMSpCp7he/Ot2IJCEVmnCslOvYsfZSLDUjnI4LnUTRGJMh7lPXoMAhVV46vWKMjo3TRb1Imic0mrq/J1IcKjUKA9MZYj1Q87WJ+V/NTXTv0kuZiBNNBZkt6iUc6QhNIkFdJinRfGQAE8nMXxEZYImJNsEVTAjO/MmL0KhWrirOXbVUu87SyMMBHMEJOHABNbiFOjSAwCM8wyu8WU/Wi/Vufcxac1Y2sw9/ZH3+AN8Plnc=</latexit><latexit sha1_base64="pt/3kOOvEL0SPYYpDQOVcFES/ks=">AAACBHicbZC7TsMwFIZPyq2UW4ERBosWCQmoki7AVsHCWCR6kdIocly3teo4ke0gVVEXFl6FhQEQKw/Bxtvgthmg5ZcsffrPOTo+fxBzprRtf1u5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWMLyZ1FsPVCoWiXs9iqkX4r5gPUawNpZfPCw3fRt1mEDuedNPCRmfodMZeGW/WLIr9lRoEZwMSpCp7he/Ot2IJCEVmnCslOvYsfZSLDUjnI4LnUTRGJMh7lPXoMAhVV46vWKMjo3TRb1Imic0mrq/J1IcKjUKA9MZYj1Q87WJ+V/NTXTv0kuZiBNNBZkt6iUc6QhNIkFdJinRfGQAE8nMXxEZYImJNsEVTAjO/MmL0KhWrirOXbVUu87SyMMBHMEJOHABNbiFOjSAwCM8wyu8WU/Wi/Vufcxac1Y2sw9/ZH3+AN8Plnc=</latexit><latexit sha1_base64="pt/3kOOvEL0SPYYpDQOVcFES/ks=">AAACBHicbZC7TsMwFIZPyq2UW4ERBosWCQmoki7AVsHCWCR6kdIocly3teo4ke0gVVEXFl6FhQEQKw/Bxtvgthmg5ZcsffrPOTo+fxBzprRtf1u5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWMLyZ1FsPVCoWiXs9iqkX4r5gPUawNpZfPCw3fRt1mEDuedNPCRmfodMZeGW/WLIr9lRoEZwMSpCp7he/Ot2IJCEVmnCslOvYsfZSLDUjnI4LnUTRGJMh7lPXoMAhVV46vWKMjo3TRb1Imic0mrq/J1IcKjUKA9MZYj1Q87WJ+V/NTXTv0kuZiBNNBZkt6iUc6QhNIkFdJinRfGQAE8nMXxEZYImJNsEVTAjO/MmL0KhWrirOXbVUu87SyMMBHMEJOHABNbiFOjSAwCM8wyu8WU/Wi/Vufcxac1Y2sw9/ZH3+AN8Plnc=</latexit>



Amplificatori operazionali

Ideal Practical 
(LM741)

Open Loop gain
A

µ 105

Gain-Bandwidth 
Product GBP

µ 1MHz

Input 
Impedance Zin

µ 0.3-2MW

Output 
Impedance Zout

0 W 10-100 W

Output Voltage 
Vout

Depends only 
on Vd = (V+-V-)
Differential 
mode signal

Depends slightly on 
average input Vc = 
(V++V-)/2 Common-
Mode signal

CMRR µ 80-100dB



Amplificatori operazionali
https://www.st.com/content/ccc/resource/technical/document/datasheet/group1/d6/9e/
4e/8a/fa/65/4c/d0/CD00001252/files/CD00001252.pdf/jcr:content/translations/en.CD0
0001252.pdf

https://www.st.com/content/ccc/resource/technical/document/datasheet/group1/d6/9e/4e/8a/fa/65/4c/d0/CD00001252/files/CD00001252.pdf/jcr:content/translations/en.CD00001252.pdf


Amplificatori operazionali



Applicazioni non lineari di Op-Amp

Op-Amp operato in saturazione ("open loop"): Vout = A (V+ - V-)

t t

t



Comparatore

Applicazione non lineare: 1 bit ADC converter / Comparatore

• VIN > VREF à VOUT = +VCC (*)
• VIN < VREF à VOUT = - VCC (*)
A causa del grande guadagno a loop aperto, la zona lineare è trascurabile

(*) in realtà l’op-amp satura a +VSAT<+VCC e –VSAT<-VCC ; per amplificatori ideali spesso 
si assume +/- |VSAT| = +/- |VCC|

VIN-VREF



Comparatore
Diverse modalità per definire la tensione di riferimento



Comparatore

Comparatore
non invertente

Comparatore
invertente



Reti di feedback

Per poter operare un op-amp in condizioni più flessibili, si introduce un 
circuito di feedback o retroazione

POSITIVE FEEDBACK NEGATIVE FEEDBACK

Se Vout è poco maggiore/minore di Vin, 
Vout tende ad aumentare fino a +/-
Vcc

Soggetto a oscillazioni e derive, poco 
interessante

Se Vout > Vin, Vout tende a diminuire 
“correggendo” la differenza
Se Vout < Vin, Vout tende ad 
aumentare “correggendo” la differenza

Circuito autoregolante, Vout tende a 
diventare uguale a Vin

Vout Vout



Reti di feedback

Per poter operare un op-amp in condizioni più flessibili, si introduce un 
circuito di feedback o retroazione

A: open-loop gain

β: feedback net gain (β>0)

feedback negativo
il segnale in feedback 

viene sottratto al 
segnale sorgente

Af =
xo

xs
=

A

1 + �A
<latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit>

Af < A
<latexit sha1_base64="doaS50wHq8+XgLyJd+yZSnGSVU8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDqxePFYwttKVstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtQKqUXCJvuFGYCtRSKNAYDMY3U795hMqzWP5YMYJdiM6kDzkjBorNeu9kFyTeq9ccavuDGSZeDmpQI5Gr/zV6ccsjVAaJqjWbc9NTDejynAmcFLqpBoTykZ0gG1LJY1Qd7PZuRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dOTXjZzbhMUoOSzReFqSAmJtPfSZ8rZEaMLaFMcXsrYUOqKDM2oZINwVt8eZn4Z9Wrqnd/Xqnd5GkU4QiO4RQ8uIAa3EEDfGAwgmd4hTcncV6cd+dj3lpw8plD+APn8wcsjo5X</latexit><latexit sha1_base64="doaS50wHq8+XgLyJd+yZSnGSVU8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDqxePFYwttKVstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtQKqUXCJvuFGYCtRSKNAYDMY3U795hMqzWP5YMYJdiM6kDzkjBorNeu9kFyTeq9ccavuDGSZeDmpQI5Gr/zV6ccsjVAaJqjWbc9NTDejynAmcFLqpBoTykZ0gG1LJY1Qd7PZuRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dOTXjZzbhMUoOSzReFqSAmJtPfSZ8rZEaMLaFMcXsrYUOqKDM2oZINwVt8eZn4Z9Wrqnd/Xqnd5GkU4QiO4RQ8uIAa3EEDfGAwgmd4hTcncV6cd+dj3lpw8plD+APn8wcsjo5X</latexit><latexit sha1_base64="doaS50wHq8+XgLyJd+yZSnGSVU8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDqxePFYwttKVstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtQKqUXCJvuFGYCtRSKNAYDMY3U795hMqzWP5YMYJdiM6kDzkjBorNeu9kFyTeq9ccavuDGSZeDmpQI5Gr/zV6ccsjVAaJqjWbc9NTDejynAmcFLqpBoTykZ0gG1LJY1Qd7PZuRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dOTXjZzbhMUoOSzReFqSAmJtPfSZ8rZEaMLaFMcXsrYUOqKDM2oZINwVt8eZn4Z9Wrqnd/Xqnd5GkU4QiO4RQ8uIAa3EEDfGAwgmd4hTcncV6cd+dj3lpw8plD+APn8wcsjo5X</latexit><latexit sha1_base64="doaS50wHq8+XgLyJd+yZSnGSVU8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDqxePFYwttKVstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtQKqUXCJvuFGYCtRSKNAYDMY3U795hMqzWP5YMYJdiM6kDzkjBorNeu9kFyTeq9ccavuDGSZeDmpQI5Gr/zV6ccsjVAaJqjWbc9NTDejynAmcFLqpBoTykZ0gG1LJY1Qd7PZuRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dOTXjZzbhMUoOSzReFqSAmJtPfSZ8rZEaMLaFMcXsrYUOqKDM2oZINwVt8eZn4Z9Wrqnd/Xqnd5GkU4QiO4RQ8uIAa3EEDfGAwgmd4hTcncV6cd+dj3lpw8plD+APn8wcsjo5X</latexit>

il guadagno con feedback negativo è minore del guadagno a 
loop aperto

8
><

>:

xo = Axi

xf = �x0

xi = xs � xf
<latexit sha1_base64="0n/RGc9Ua0WtVVx6AYKrNz5Byk8="></latexit><latexit sha1_base64="0n/RGc9Ua0WtVVx6AYKrNz5Byk8="></latexit><latexit sha1_base64="0n/RGc9Ua0WtVVx6AYKrNz5Byk8="></latexit><latexit sha1_base64="0n/RGc9Ua0WtVVx6AYKrNz5Byk8="></latexit>



Reti di feedback

Af =
xo

xs
=

A

1 + �A
<latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit>

Af < A
<latexit sha1_base64="doaS50wHq8+XgLyJd+yZSnGSVU8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDqxePFYwttKVstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtQKqUXCJvuFGYCtRSKNAYDMY3U795hMqzWP5YMYJdiM6kDzkjBorNeu9kFyTeq9ccavuDGSZeDmpQI5Gr/zV6ccsjVAaJqjWbc9NTDejynAmcFLqpBoTykZ0gG1LJY1Qd7PZuRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dOTXjZzbhMUoOSzReFqSAmJtPfSZ8rZEaMLaFMcXsrYUOqKDM2oZINwVt8eZn4Z9Wrqnd/Xqnd5GkU4QiO4RQ8uIAa3EEDfGAwgmd4hTcncV6cd+dj3lpw8plD+APn8wcsjo5X</latexit><latexit sha1_base64="doaS50wHq8+XgLyJd+yZSnGSVU8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDqxePFYwttKVstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtQKqUXCJvuFGYCtRSKNAYDMY3U795hMqzWP5YMYJdiM6kDzkjBorNeu9kFyTeq9ccavuDGSZeDmpQI5Gr/zV6ccsjVAaJqjWbc9NTDejynAmcFLqpBoTykZ0gG1LJY1Qd7PZuRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dOTXjZzbhMUoOSzReFqSAmJtPfSZ8rZEaMLaFMcXsrYUOqKDM2oZINwVt8eZn4Z9Wrqnd/Xqnd5GkU4QiO4RQ8uIAa3EEDfGAwgmd4hTcncV6cd+dj3lpw8plD+APn8wcsjo5X</latexit><latexit sha1_base64="doaS50wHq8+XgLyJd+yZSnGSVU8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDqxePFYwttKVstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtQKqUXCJvuFGYCtRSKNAYDMY3U795hMqzWP5YMYJdiM6kDzkjBorNeu9kFyTeq9ccavuDGSZeDmpQI5Gr/zV6ccsjVAaJqjWbc9NTDejynAmcFLqpBoTykZ0gG1LJY1Qd7PZuRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dOTXjZzbhMUoOSzReFqSAmJtPfSZ8rZEaMLaFMcXsrYUOqKDM2oZINwVt8eZn4Z9Wrqnd/Xqnd5GkU4QiO4RQ8uIAa3EEDfGAwgmd4hTcncV6cd+dj3lpw8plD+APn8wcsjo5X</latexit><latexit sha1_base64="doaS50wHq8+XgLyJd+yZSnGSVU8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDqxePFYwttKVstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtQKqUXCJvuFGYCtRSKNAYDMY3U795hMqzWP5YMYJdiM6kDzkjBorNeu9kFyTeq9ccavuDGSZeDmpQI5Gr/zV6ccsjVAaJqjWbc9NTDejynAmcFLqpBoTykZ0gG1LJY1Qd7PZuRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dOTXjZzbhMUoOSzReFqSAmJtPfSZ8rZEaMLaFMcXsrYUOqKDM2oZINwVt8eZn4Z9Wrqnd/Xqnd5GkU4QiO4RQ8uIAa3EEDfGAwgmd4hTcncV6cd+dj3lpw8plD+APn8wcsjo5X</latexit>

il guadagno con feedback negativo è minore del guadagno a loop aperto

Af �! 1

�
<latexit sha1_base64="qge5c6jeAPCVwpNHeaukFEapbDQ=">AAACC3icbVDLSgMxFM34rPVVdekmWARXZUYEdVd147KCYwudUjJppg3NJENyRynDfIAbf8WNCxW3/oA7/8a0nYW2HggczjmXm3vCRHADrvvtLCwuLa+sltbK6xubW9uVnd07o1JNmU+VULoVEsMEl8wHDoK1Es1IHArWDIdXY795z7ThSt7CKGGdmPQljzglYKVupXrRjXAglOxr3h8A0Vo94CDShGZengUhA5LblFtzJ8DzxCtIFRVodCtfQU/RNGYSqCDGtD03gU5GNHAqWF4OUsMSQoekz9qWShIz08kmx+T40Co9HCltnwQ8UX9PZCQ2ZhSHNhkTGJhZbyz+57VTiM46GZdJCkzS6aIoFRgUHjeDe1wzCmJkCaGa279iOiC2CbD9lW0J3uzJ88Q/rp3XvJuTav2yaKOE9tEBOkIeOkV1dI0ayEcUPaJn9IrenCfnxXl3PqbRBaeY2UN/4Hz+AJH7m4k=</latexit><latexit sha1_base64="qge5c6jeAPCVwpNHeaukFEapbDQ=">AAACC3icbVDLSgMxFM34rPVVdekmWARXZUYEdVd147KCYwudUjJppg3NJENyRynDfIAbf8WNCxW3/oA7/8a0nYW2HggczjmXm3vCRHADrvvtLCwuLa+sltbK6xubW9uVnd07o1JNmU+VULoVEsMEl8wHDoK1Es1IHArWDIdXY795z7ThSt7CKGGdmPQljzglYKVupXrRjXAglOxr3h8A0Vo94CDShGZengUhA5LblFtzJ8DzxCtIFRVodCtfQU/RNGYSqCDGtD03gU5GNHAqWF4OUsMSQoekz9qWShIz08kmx+T40Co9HCltnwQ8UX9PZCQ2ZhSHNhkTGJhZbyz+57VTiM46GZdJCkzS6aIoFRgUHjeDe1wzCmJkCaGa279iOiC2CbD9lW0J3uzJ88Q/rp3XvJuTav2yaKOE9tEBOkIeOkV1dI0ayEcUPaJn9IrenCfnxXl3PqbRBaeY2UN/4Hz+AJH7m4k=</latexit><latexit sha1_base64="qge5c6jeAPCVwpNHeaukFEapbDQ=">AAACC3icbVDLSgMxFM34rPVVdekmWARXZUYEdVd147KCYwudUjJppg3NJENyRynDfIAbf8WNCxW3/oA7/8a0nYW2HggczjmXm3vCRHADrvvtLCwuLa+sltbK6xubW9uVnd07o1JNmU+VULoVEsMEl8wHDoK1Es1IHArWDIdXY795z7ThSt7CKGGdmPQljzglYKVupXrRjXAglOxr3h8A0Vo94CDShGZengUhA5LblFtzJ8DzxCtIFRVodCtfQU/RNGYSqCDGtD03gU5GNHAqWF4OUsMSQoekz9qWShIz08kmx+T40Co9HCltnwQ8UX9PZCQ2ZhSHNhkTGJhZbyz+57VTiM46GZdJCkzS6aIoFRgUHjeDe1wzCmJkCaGa279iOiC2CbD9lW0J3uzJ88Q/rp3XvJuTav2yaKOE9tEBOkIeOkV1dI0ayEcUPaJn9IrenCfnxXl3PqbRBaeY2UN/4Hz+AJH7m4k=</latexit><latexit sha1_base64="qge5c6jeAPCVwpNHeaukFEapbDQ=">AAACC3icbVDLSgMxFM34rPVVdekmWARXZUYEdVd147KCYwudUjJppg3NJENyRynDfIAbf8WNCxW3/oA7/8a0nYW2HggczjmXm3vCRHADrvvtLCwuLa+sltbK6xubW9uVnd07o1JNmU+VULoVEsMEl8wHDoK1Es1IHArWDIdXY795z7ThSt7CKGGdmPQljzglYKVupXrRjXAglOxr3h8A0Vo94CDShGZengUhA5LblFtzJ8DzxCtIFRVodCtfQU/RNGYSqCDGtD03gU5GNHAqWF4OUsMSQoekz9qWShIz08kmx+T40Co9HCltnwQ8UX9PZCQ2ZhSHNhkTGJhZbyz+57VTiM46GZdJCkzS6aIoFRgUHjeDe1wzCmJkCaGa279iOiC2CbD9lW0J3uzJ88Q/rp3XvJuTav2yaKOE9tEBOkIeOkV1dI0ayEcUPaJn9IrenCfnxXl3PqbRBaeY2UN/4Hz+AJH7m4k=</latexit>

�A � 1
<latexit sha1_base64="IoloeAYzeQWQbFoahXWIsI4j6hQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4rGFtoQtlsN+3SzYe7k0IJ/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpFJotO1vq7Syura+Ud6sbG3v7O5V9w8edZIpxl2WyES1A6q5FDF3UaDk7VRxGgWSt4Lh7dRvjbjSIokfcJxyP6L9WISCUTSS7wUcKbkmXr9PnG61ZtftGcgycQpSgwLNbvXL6yUsi3iMTFKtO46dop9ThYJJPql4meYpZUPa5x1DYxpx7eezoyfkxCg9EibKVIxkpv6eyGmk9TgKTGdEcaAXvan4n9fJMLz0cxGnGfKYzReFmSSYkGkCpCcUZyjHhlCmhLmVsAFVlKHJqWJCcBZfXibuWf2q7tyf1xo3RRplOIJjOAUHLqABd9AEFxg8wTO8wps1sl6sd+tj3lqyiplD+APr8wdu0ZDE</latexit><latexit sha1_base64="IoloeAYzeQWQbFoahXWIsI4j6hQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4rGFtoQtlsN+3SzYe7k0IJ/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpFJotO1vq7Syura+Ud6sbG3v7O5V9w8edZIpxl2WyES1A6q5FDF3UaDk7VRxGgWSt4Lh7dRvjbjSIokfcJxyP6L9WISCUTSS7wUcKbkmXr9PnG61ZtftGcgycQpSgwLNbvXL6yUsi3iMTFKtO46dop9ThYJJPql4meYpZUPa5x1DYxpx7eezoyfkxCg9EibKVIxkpv6eyGmk9TgKTGdEcaAXvan4n9fJMLz0cxGnGfKYzReFmSSYkGkCpCcUZyjHhlCmhLmVsAFVlKHJqWJCcBZfXibuWf2q7tyf1xo3RRplOIJjOAUHLqABd9AEFxg8wTO8wps1sl6sd+tj3lqyiplD+APr8wdu0ZDE</latexit><latexit sha1_base64="IoloeAYzeQWQbFoahXWIsI4j6hQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4rGFtoQtlsN+3SzYe7k0IJ/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpFJotO1vq7Syura+Ud6sbG3v7O5V9w8edZIpxl2WyES1A6q5FDF3UaDk7VRxGgWSt4Lh7dRvjbjSIokfcJxyP6L9WISCUTSS7wUcKbkmXr9PnG61ZtftGcgycQpSgwLNbvXL6yUsi3iMTFKtO46dop9ThYJJPql4meYpZUPa5x1DYxpx7eezoyfkxCg9EibKVIxkpv6eyGmk9TgKTGdEcaAXvan4n9fJMLz0cxGnGfKYzReFmSSYkGkCpCcUZyjHhlCmhLmVsAFVlKHJqWJCcBZfXibuWf2q7tyf1xo3RRplOIJjOAUHLqABd9AEFxg8wTO8wps1sl6sd+tj3lqyiplD+APr8wdu0ZDE</latexit><latexit sha1_base64="IoloeAYzeQWQbFoahXWIsI4j6hQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4rGFtoQtlsN+3SzYe7k0IJ/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpFJotO1vq7Syura+Ud6sbG3v7O5V9w8edZIpxl2WyES1A6q5FDF3UaDk7VRxGgWSt4Lh7dRvjbjSIokfcJxyP6L9WISCUTSS7wUcKbkmXr9PnG61ZtftGcgycQpSgwLNbvXL6yUsi3iMTFKtO46dop9ThYJJPql4meYpZUPa5x1DYxpx7eezoyfkxCg9EibKVIxkpv6eyGmk9TgKTGdEcaAXvan4n9fJMLz0cxGnGfKYzReFmSSYkGkCpCcUZyjHhlCmhLmVsAFVlKHJqWJCcBZfXibuWf2q7tyf1xo3RRplOIJjOAUHLqABd9AEFxg8wTO8wps1sl6sd+tj3lqyiplD+APr8wdu0ZDE</latexit> il guadagno con feedback negativo è determinato completamente dalla 

rete di feedback (che può essere implementata “stabile” a piacere)

il segnale                       ai capi 
dell’amplificatore è trascurabile:
PRINCIPIO DEL CORTO VIRTUALE

xi = xs � xf
<latexit sha1_base64="Uy6XtRdd7BdwSCjZiq8zz0lQEsc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnoQil48VjC20Iaw2W7apZtN3N2UltDf4cWDilf/jDf/jds2B219MPB4b4aZeUHCmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+waOKU0moS2Iey1aAFeVMUFczzWkrkRRHAafNYHA79ZtDKhWLxYMeJ9SLcE+wkBGsjeSNfIau0chXZyM/9MsVu2rPgJaJk5MK5Gj45a9ONyZpRIUmHCvVduxEexmWmhFOJ6VOqmiCyQD3aNtQgSOqvGx29ASdGKWLwliaEhrN1N8TGY6UGkeB6Yyw7qtFbyr+57VTHV56GRNJqqkg80VhypGO0TQB1GWSEs3HhmAimbkVkT6WmGiTU8mE4Cy+vEzc8+pV1bmvVeo3eRpFOIJjOAUHLqAOd9AAFwg8wTO8wps1tF6sd+tj3lqw8plD+APr8wcrrpFB</latexit><latexit sha1_base64="Uy6XtRdd7BdwSCjZiq8zz0lQEsc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnoQil48VjC20Iaw2W7apZtN3N2UltDf4cWDilf/jDf/jds2B219MPB4b4aZeUHCmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+waOKU0moS2Iey1aAFeVMUFczzWkrkRRHAafNYHA79ZtDKhWLxYMeJ9SLcE+wkBGsjeSNfIau0chXZyM/9MsVu2rPgJaJk5MK5Gj45a9ONyZpRIUmHCvVduxEexmWmhFOJ6VOqmiCyQD3aNtQgSOqvGx29ASdGKWLwliaEhrN1N8TGY6UGkeB6Yyw7qtFbyr+57VTHV56GRNJqqkg80VhypGO0TQB1GWSEs3HhmAimbkVkT6WmGiTU8mE4Cy+vEzc8+pV1bmvVeo3eRpFOIJjOAUHLqAOd9AAFwg8wTO8wps1tF6sd+tj3lqw8plD+APr8wcrrpFB</latexit><latexit sha1_base64="Uy6XtRdd7BdwSCjZiq8zz0lQEsc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnoQil48VjC20Iaw2W7apZtN3N2UltDf4cWDilf/jDf/jds2B219MPB4b4aZeUHCmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+waOKU0moS2Iey1aAFeVMUFczzWkrkRRHAafNYHA79ZtDKhWLxYMeJ9SLcE+wkBGsjeSNfIau0chXZyM/9MsVu2rPgJaJk5MK5Gj45a9ONyZpRIUmHCvVduxEexmWmhFOJ6VOqmiCyQD3aNtQgSOqvGx29ASdGKWLwliaEhrN1N8TGY6UGkeB6Yyw7qtFbyr+57VTHV56GRNJqqkg80VhypGO0TQB1GWSEs3HhmAimbkVkT6WmGiTU8mE4Cy+vEzc8+pV1bmvVeo3eRpFOIJjOAUHLqAOd9AAFwg8wTO8wps1tF6sd+tj3lqw8plD+APr8wcrrpFB</latexit><latexit sha1_base64="Uy6XtRdd7BdwSCjZiq8zz0lQEsc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnoQil48VjC20Iaw2W7apZtN3N2UltDf4cWDilf/jDf/jds2B219MPB4b4aZeUHCmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+waOKU0moS2Iey1aAFeVMUFczzWkrkRRHAafNYHA79ZtDKhWLxYMeJ9SLcE+wkBGsjeSNfIau0chXZyM/9MsVu2rPgJaJk5MK5Gj45a9ONyZpRIUmHCvVduxEexmWmhFOJ6VOqmiCyQD3aNtQgSOqvGx29ASdGKWLwliaEhrN1N8TGY6UGkeB6Yyw7qtFbyr+57VTHV56GRNJqqkg80VhypGO0TQB1GWSEs3HhmAimbkVkT6WmGiTU8mE4Cy+vEzc8+pV1bmvVeo3eRpFOIJjOAUHLqAOd9AAFwg8wTO8wps1tF6sd+tj3lqw8plD+APr8wcrrpFB</latexit>

dAf

Af
=

1

1 + �A

dA

A
�! 0

<latexit sha1_base64="deX5dJ97BdEMy+kj8uMsHFmXrR8="></latexit><latexit sha1_base64="deX5dJ97BdEMy+kj8uMsHFmXrR8="></latexit><latexit sha1_base64="deX5dJ97BdEMy+kj8uMsHFmXrR8="></latexit><latexit sha1_base64="deX5dJ97BdEMy+kj8uMsHFmXrR8="></latexit>

il guadagno con feedback negativo è indipendente
dalle fluttuazioni dell’open-loop gain
(tipicamente molto grandi > 10% e dipendenti dalla temperatura)

�A � 1
<latexit sha1_base64="IoloeAYzeQWQbFoahXWIsI4j6hQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4rGFtoQtlsN+3SzYe7k0IJ/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpFJotO1vq7Syura+Ud6sbG3v7O5V9w8edZIpxl2WyES1A6q5FDF3UaDk7VRxGgWSt4Lh7dRvjbjSIokfcJxyP6L9WISCUTSS7wUcKbkmXr9PnG61ZtftGcgycQpSgwLNbvXL6yUsi3iMTFKtO46dop9ThYJJPql4meYpZUPa5x1DYxpx7eezoyfkxCg9EibKVIxkpv6eyGmk9TgKTGdEcaAXvan4n9fJMLz0cxGnGfKYzReFmSSYkGkCpCcUZyjHhlCmhLmVsAFVlKHJqWJCcBZfXibuWf2q7tyf1xo3RRplOIJjOAUHLqABd9AEFxg8wTO8wps1sl6sd+tj3lqyiplD+APr8wdu0ZDE</latexit><latexit sha1_base64="IoloeAYzeQWQbFoahXWIsI4j6hQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4rGFtoQtlsN+3SzYe7k0IJ/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpFJotO1vq7Syura+Ud6sbG3v7O5V9w8edZIpxl2WyES1A6q5FDF3UaDk7VRxGgWSt4Lh7dRvjbjSIokfcJxyP6L9WISCUTSS7wUcKbkmXr9PnG61ZtftGcgycQpSgwLNbvXL6yUsi3iMTFKtO46dop9ThYJJPql4meYpZUPa5x1DYxpx7eezoyfkxCg9EibKVIxkpv6eyGmk9TgKTGdEcaAXvan4n9fJMLz0cxGnGfKYzReFmSSYkGkCpCcUZyjHhlCmhLmVsAFVlKHJqWJCcBZfXibuWf2q7tyf1xo3RRplOIJjOAUHLqABd9AEFxg8wTO8wps1sl6sd+tj3lqyiplD+APr8wdu0ZDE</latexit><latexit sha1_base64="IoloeAYzeQWQbFoahXWIsI4j6hQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4rGFtoQtlsN+3SzYe7k0IJ/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpFJotO1vq7Syura+Ud6sbG3v7O5V9w8edZIpxl2WyES1A6q5FDF3UaDk7VRxGgWSt4Lh7dRvjbjSIokfcJxyP6L9WISCUTSS7wUcKbkmXr9PnG61ZtftGcgycQpSgwLNbvXL6yUsi3iMTFKtO46dop9ThYJJPql4meYpZUPa5x1DYxpx7eezoyfkxCg9EibKVIxkpv6eyGmk9TgKTGdEcaAXvan4n9fJMLz0cxGnGfKYzReFmSSYkGkCpCcUZyjHhlCmhLmVsAFVlKHJqWJCcBZfXibuWf2q7tyf1xo3RRplOIJjOAUHLqABd9AEFxg8wTO8wps1sl6sd+tj3lqyiplD+APr8wdu0ZDE</latexit><latexit sha1_base64="IoloeAYzeQWQbFoahXWIsI4j6hQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4rGFtoQtlsN+3SzYe7k0IJ/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpFJotO1vq7Syura+Ud6sbG3v7O5V9w8edZIpxl2WyES1A6q5FDF3UaDk7VRxGgWSt4Lh7dRvjbjSIokfcJxyP6L9WISCUTSS7wUcKbkmXr9PnG61ZtftGcgycQpSgwLNbvXL6yUsi3iMTFKtO46dop9ThYJJPql4meYpZUPa5x1DYxpx7eezoyfkxCg9EibKVIxkpv6eyGmk9TgKTGdEcaAXvan4n9fJMLz0cxGnGfKYzReFmSSYkGkCpCcUZyjHhlCmhLmVsAFVlKHJqWJCcBZfXibuWf2q7tyf1xo3RRplOIJjOAUHLqABd9AEFxg8wTO8wps1sl6sd+tj3lqyiplD+APr8wdu0ZDE</latexit>

Si preferisce quindi disegnare op-amp con alti guadagni A a loop aperto e 
determinare con precisione il guadagno 1/β per mezzo di un feedback negativo 
implementato con componenti passivi (maggior controllo)

Af: guadagno dell’op-amp con feedback invertente
A: guadagno a loop-aperto (senza feedback)
β: guadagno del circuito di feedback

<latexit sha1_base64="CQZXrHaiax9t/uCnu/XHxpeSC0c=">AAACVnicbVBNT9wwFPSGUugW2kCPvVhdVaoEWiUVAi5IoF44gtQFpM02ejFvg4VjR/YLLLLy//gJ7aF/gWs5IZJtVLXQuXg88z7syUolHUXRj16w8GLx5dLyq/7rldU3b8O19RNnKitwJIwy9iwDh0pqHJEkhWelRSgyhafZ5ZfWP71C66TRX+mmxEkBuZZTKYAaKQ2zWSr5Hk+mFoSfpVHtD+o/97j28UaSIQFv1FnqeGLaYU j+m+90nmzyJM/bI65rnyijcyvzCwJrzXXNo34aDqJhNAd/TuKODFiHozT8mZwbURWoSShwbhxHJU08WJJCYd1PKocliEvIcdxQDQW6iZ9nUfOPlQMyvETLpeJzEf/u8FA4d1NkTWUBdOGeeq34P29c0XR34qUuK0It2kUkFc4XOWFlkwvyc2mRCNqXI5eaC7BAhFZyEKIRqyb1No/46e+fk5PPw3h7uHW8Ndjf7ZJZZu/ZB/aJxWyH7bNDdsRGTLBbdsd+sfve995DsBgs/S4Nel3PO/YPgvARQnO0ZQ==</latexit>
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Buffer

Feedback negativo con carico: BUFFER o INSEGUITORE DI TENSIONE
L’op-amp tira corrente (Vin<0) o eroga corrente (Vin>0) attraverso il carico forzando 
Vout a diventare uguale a Vin.

Circuito utilizzato per disaccoppiare parti di circuito senza preoccuparsi delle 
impedenze. Ricordiamo che:
• Impedenza ingresso op-amp infinita: non fluisce corrente nel pin V+
• Impedenza uscita op-amp nulla

• Posso interfacciare un circuito ad alta impedenza con un circuito a bassa 
impedenza senza che il generatore (che alimenta il primo) consumi troppa 
potenza.

• I due circuiti sono disaccoppiati, il circuito di carico non modifica la tensione 
erogata dal circuito sorgente

Vout

R



Regole d’oro dell’operazionale

Un amplificatore operazionale ideale operato in una qualunque 
configurazione con feedback negativo obbedisce alle seguenti regole:

• PRINCIPIO DEL CORTO VIRTUALE: l’op-amp opera in modo da 
mandare a zero la differenza di potenziale tra i capi di input 
invertente e non invertente

• REGOLA DELLA CORRENTE: la corrente erogata o assorbita dagli 
input dell’op-amp è nulla (vera anche senza feedback negativo)

Per un op-amp reale, si osservano differenza di potenziale agli input inferiori 
a 1 mV e correnti massime di decine di nA.



Amplificatore invertente

Terminali input a “ground virtuale”

L’op. amp. non assorbe corrente I2 = I1
<latexit sha1_base64="uqUbPURTqERD+vIJZr1GrdHe1UM=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9ktgnoQil7srYJrK+2yZNO0DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeVHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+wYOOU0WoT2Ieq3aENeVMUt8ww2k7URSLiNNWNLqZ+q0nqjSL5b0ZJzQQeCBZnxFsrPTYCGvoCjVCLyxX3Ko7A1omXk4qkKMZlr+6vZikgkpDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x28ASdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9C+CjMkkNVSS+aJ+ypGJ0fR71GOKEsPHlmCimL0VkSFWmBibUcmG4C2+vEz8WvWy6t2dVerXeRpFOIJjOAUPzqEOt9AEHwgIeIZXeHOU8+K8Ox/z1oKTzxzCHzifPx5Fjtg=</latexit><latexit sha1_base64="uqUbPURTqERD+vIJZr1GrdHe1UM=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9ktgnoQil7srYJrK+2yZNO0DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeVHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+wYOOU0WoT2Ieq3aENeVMUt8ww2k7URSLiNNWNLqZ+q0nqjSL5b0ZJzQQeCBZnxFsrPTYCGvoCjVCLyxX3Ko7A1omXk4qkKMZlr+6vZikgkpDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x28ASdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9C+CjMkkNVSS+aJ+ypGJ0fR71GOKEsPHlmCimL0VkSFWmBibUcmG4C2+vEz8WvWy6t2dVerXeRpFOIJjOAUPzqEOt9AEHwgIeIZXeHOU8+K8Ox/z1oKTzxzCHzifPx5Fjtg=</latexit><latexit sha1_base64="uqUbPURTqERD+vIJZr1GrdHe1UM=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9ktgnoQil7srYJrK+2yZNO0DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeVHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+wYOOU0WoT2Ieq3aENeVMUt8ww2k7URSLiNNWNLqZ+q0nqjSL5b0ZJzQQeCBZnxFsrPTYCGvoCjVCLyxX3Ko7A1omXk4qkKMZlr+6vZikgkpDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x28ASdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9C+CjMkkNVSS+aJ+ypGJ0fR71GOKEsPHlmCimL0VkSFWmBibUcmG4C2+vEz8WvWy6t2dVerXeRpFOIJjOAUPzqEOt9AEHwgIeIZXeHOU8+K8Ox/z1oKTzxzCHzifPx5Fjtg=</latexit><latexit sha1_base64="uqUbPURTqERD+vIJZr1GrdHe1UM=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9ktgnoQil7srYJrK+2yZNO0DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeVHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+wYOOU0WoT2Ieq3aENeVMUt8ww2k7URSLiNNWNLqZ+q0nqjSL5b0ZJzQQeCBZnxFsrPTYCGvoCjVCLyxX3Ko7A1omXk4qkKMZlr+6vZikgkpDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x28ASdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9C+CjMkkNVSS+aJ+ypGJ0fR71GOKEsPHlmCimL0VkSFWmBibUcmG4C2+vEz8WvWy6t2dVerXeRpFOIJjOAUPzqEOt9AEHwgIeIZXeHOU8+K8Ox/z1oKTzxzCHzifPx5Fjtg=</latexit>

I1 = (Vs � V�)/R1 = Vs/R1
<latexit sha1_base64="WXG/dLsPErN+380+TU5wStOoLhk=">AAACB3icbZDNSsNAFIUn/tb6F3XpwsEi1EVrIoK6EIpudFfFtIU2hMl02g6dTMLMRCihSze+ihsXKm59BXe+jZM0C209MHD47r3cucePGJXKsr6NufmFxaXlwkpxdW19Y9Pc2m7IMBaYODhkoWj5SBJGOXEUVYy0IkFQ4DPS9IdXab35QISkIb9Xo4i4Aepz2qMYKY08c+/Gs+EFLDc8CSuw4VUOj+4yokHqPLNkVa1McNbYuSmBXHXP/Op0QxwHhCvMkJRt24qUmyChKGZkXOzEkkQID1GftLXlKCDSTbJDxvBAky7shUI/rmBGf08kKJByFPi6M0BqIKdrKfyv1o5V78xNKI9iRTieLOrFDKoQpqnALhUEKzbSBmFB9V8hHiCBsNLZFXUI9vTJs8Y5rp5X7duTUu0yT6MAdsE+KAMbnIIauAZ14AAMHsEzeAVvxpPxYrwbH5PWOSOf2QF/ZHz+ANFJlZo=</latexit><latexit sha1_base64="WXG/dLsPErN+380+TU5wStOoLhk=">AAACB3icbZDNSsNAFIUn/tb6F3XpwsEi1EVrIoK6EIpudFfFtIU2hMl02g6dTMLMRCihSze+ihsXKm59BXe+jZM0C209MHD47r3cucePGJXKsr6NufmFxaXlwkpxdW19Y9Pc2m7IMBaYODhkoWj5SBJGOXEUVYy0IkFQ4DPS9IdXab35QISkIb9Xo4i4Aepz2qMYKY08c+/Gs+EFLDc8CSuw4VUOj+4yokHqPLNkVa1McNbYuSmBXHXP/Op0QxwHhCvMkJRt24qUmyChKGZkXOzEkkQID1GftLXlKCDSTbJDxvBAky7shUI/rmBGf08kKJByFPi6M0BqIKdrKfyv1o5V78xNKI9iRTieLOrFDKoQpqnALhUEKzbSBmFB9V8hHiCBsNLZFXUI9vTJs8Y5rp5X7duTUu0yT6MAdsE+KAMbnIIauAZ14AAMHsEzeAVvxpPxYrwbH5PWOSOf2QF/ZHz+ANFJlZo=</latexit><latexit sha1_base64="WXG/dLsPErN+380+TU5wStOoLhk=">AAACB3icbZDNSsNAFIUn/tb6F3XpwsEi1EVrIoK6EIpudFfFtIU2hMl02g6dTMLMRCihSze+ihsXKm59BXe+jZM0C209MHD47r3cucePGJXKsr6NufmFxaXlwkpxdW19Y9Pc2m7IMBaYODhkoWj5SBJGOXEUVYy0IkFQ4DPS9IdXab35QISkIb9Xo4i4Aepz2qMYKY08c+/Gs+EFLDc8CSuw4VUOj+4yokHqPLNkVa1McNbYuSmBXHXP/Op0QxwHhCvMkJRt24qUmyChKGZkXOzEkkQID1GftLXlKCDSTbJDxvBAky7shUI/rmBGf08kKJByFPi6M0BqIKdrKfyv1o5V78xNKI9iRTieLOrFDKoQpqnALhUEKzbSBmFB9V8hHiCBsNLZFXUI9vTJs8Y5rp5X7duTUu0yT6MAdsE+KAMbnIIauAZ14AAMHsEzeAVvxpPxYrwbH5PWOSOf2QF/ZHz+ANFJlZo=</latexit><latexit sha1_base64="WXG/dLsPErN+380+TU5wStOoLhk=">AAACB3icbZDNSsNAFIUn/tb6F3XpwsEi1EVrIoK6EIpudFfFtIU2hMl02g6dTMLMRCihSze+ihsXKm59BXe+jZM0C209MHD47r3cucePGJXKsr6NufmFxaXlwkpxdW19Y9Pc2m7IMBaYODhkoWj5SBJGOXEUVYy0IkFQ4DPS9IdXab35QISkIb9Xo4i4Aepz2qMYKY08c+/Gs+EFLDc8CSuw4VUOj+4yokHqPLNkVa1McNbYuSmBXHXP/Op0QxwHhCvMkJRt24qUmyChKGZkXOzEkkQID1GftLXlKCDSTbJDxvBAky7shUI/rmBGf08kKJByFPi6M0BqIKdrKfyv1o5V78xNKI9iRTieLOrFDKoQpqnALhUEKzbSBmFB9V8hHiCBsNLZFXUI9vTJs8Y5rp5X7duTUu0yT6MAdsE+KAMbnIIauAZ14AAMHsEzeAVvxpPxYrwbH5PWOSOf2QF/ZHz+ANFJlZo=</latexit>

(V� � Vo) = R2I2 = Vs ·R2/R1
<latexit sha1_base64="PDAyjD+wxc1PKfPBJwekXYOyQxE=">AAACEXicbZDLTgIxFIY7eEO8jbp000hMYAHOEBN1QUJ0ozskcklgMumUAg2ddtJ2TAjhGdz4Km5cqHHrzp1vYwdYKPgnJ/nznXPSnj+IGFXacb6t1Mrq2vpGejOztb2zu2fvHzSUiCUmdSyYkK0AKcIoJ3VNNSOtSBIUBow0g+F10m8+EKmo4Pd6FBEvRH1OexQjbZBv53MNvwALsOGLPCzDml+Ct6bKBijYwV2hE3Za813fzjpFZyq4bNy5yYK5qr791ekKHIeEa8yQUm3XibQ3RlJTzMgk04kViRAeoj5pG8tRSJQ3np40gSeGdGFPSFNcwyn9vTFGoVKjMDCTIdIDtdhL4H+9dqx7F96Y8ijWhOPZQ72YQS1gkg/sUkmwZiNjEJbU/BXiAZIIa5NixoTgLp68bOql4mXRvTvLVq7maaTBETgGOeCCc1ABN6AK6gCDR/AMXsGb9WS9WO/Wx2w0Zc13DsEfWZ8/UNiZFg==</latexit><latexit sha1_base64="PDAyjD+wxc1PKfPBJwekXYOyQxE=">AAACEXicbZDLTgIxFIY7eEO8jbp000hMYAHOEBN1QUJ0ozskcklgMumUAg2ddtJ2TAjhGdz4Km5cqHHrzp1vYwdYKPgnJ/nznXPSnj+IGFXacb6t1Mrq2vpGejOztb2zu2fvHzSUiCUmdSyYkK0AKcIoJ3VNNSOtSBIUBow0g+F10m8+EKmo4Pd6FBEvRH1OexQjbZBv53MNvwALsOGLPCzDml+Ct6bKBijYwV2hE3Za813fzjpFZyq4bNy5yYK5qr791ekKHIeEa8yQUm3XibQ3RlJTzMgk04kViRAeoj5pG8tRSJQ3np40gSeGdGFPSFNcwyn9vTFGoVKjMDCTIdIDtdhL4H+9dqx7F96Y8ijWhOPZQ72YQS1gkg/sUkmwZiNjEJbU/BXiAZIIa5NixoTgLp68bOql4mXRvTvLVq7maaTBETgGOeCCc1ABN6AK6gCDR/AMXsGb9WS9WO/Wx2w0Zc13DsEfWZ8/UNiZFg==</latexit><latexit sha1_base64="PDAyjD+wxc1PKfPBJwekXYOyQxE=">AAACEXicbZDLTgIxFIY7eEO8jbp000hMYAHOEBN1QUJ0ozskcklgMumUAg2ddtJ2TAjhGdz4Km5cqHHrzp1vYwdYKPgnJ/nznXPSnj+IGFXacb6t1Mrq2vpGejOztb2zu2fvHzSUiCUmdSyYkK0AKcIoJ3VNNSOtSBIUBow0g+F10m8+EKmo4Pd6FBEvRH1OexQjbZBv53MNvwALsOGLPCzDml+Ct6bKBijYwV2hE3Za813fzjpFZyq4bNy5yYK5qr791ekKHIeEa8yQUm3XibQ3RlJTzMgk04kViRAeoj5pG8tRSJQ3np40gSeGdGFPSFNcwyn9vTFGoVKjMDCTIdIDtdhL4H+9dqx7F96Y8ijWhOPZQ72YQS1gkg/sUkmwZiNjEJbU/BXiAZIIa5NixoTgLp68bOql4mXRvTvLVq7maaTBETgGOeCCc1ABN6AK6gCDR/AMXsGb9WS9WO/Wx2w0Zc13DsEfWZ8/UNiZFg==</latexit><latexit sha1_base64="PDAyjD+wxc1PKfPBJwekXYOyQxE=">AAACEXicbZDLTgIxFIY7eEO8jbp000hMYAHOEBN1QUJ0ozskcklgMumUAg2ddtJ2TAjhGdz4Km5cqHHrzp1vYwdYKPgnJ/nznXPSnj+IGFXacb6t1Mrq2vpGejOztb2zu2fvHzSUiCUmdSyYkK0AKcIoJ3VNNSOtSBIUBow0g+F10m8+EKmo4Pd6FBEvRH1OexQjbZBv53MNvwALsOGLPCzDml+Ct6bKBijYwV2hE3Za813fzjpFZyq4bNy5yYK5qr791ekKHIeEa8yQUm3XibQ3RlJTzMgk04kViRAeoj5pG8tRSJQ3np40gSeGdGFPSFNcwyn9vTFGoVKjMDCTIdIDtdhL4H+9dqx7F96Y8ijWhOPZQ72YQS1gkg/sUkmwZiNjEJbU/BXiAZIIa5NixoTgLp68bOql4mXRvTvLVq7maaTBETgGOeCCc1ABN6AK6gCDR/AMXsGb9WS9WO/Wx2w0Zc13DsEfWZ8/UNiZFg==</latexit>

Vo

Vs
= �R2

R1
<latexit sha1_base64="nqyycwW3JzJa6w8c2GmRmSLYHKk=">AAACCnicbVC7TsMwFHV4lvIKMLJYrZBYqJIKCRiQKlgYCyJtpTaKHNdprTp2ZDtIVZSdhV9hYQDEyhew8Te4bQZoOZKvjs65V9f3hAmjSjvOt7W0vLK6tl7aKG9ube/s2nv7LSVSiYmHBROyEyJFGOXE01Qz0kkkQXHISDscXU/89gORigp+r8cJ8WM04DSiGGkjBXalF0mEs1YgclNUDi/hyUy6C+q5KW4e2FWn5kwBF4lbkCoo0Azsr15f4DQmXGOGlOq6TqL9DElNMSN5uZcqkiA8QgPSNZSjmCg/m96SwyOj9GEkpHlcw6n6eyJDsVLjODSdMdJDNe9NxP+8bqqjcz+jPEk14Xi2KEoZ1AJOgoF9KgnWbGwIwpKav0I8RCYJbeIrmxDc+ZMXiVevXdTc29Nq46pIowQOQQUcAxecgQa4AU3gAQwewTN4BW/Wk/VivVsfs9Ylq5g5AH9gff4AqbCaXg==</latexit><latexit sha1_base64="nqyycwW3JzJa6w8c2GmRmSLYHKk=">AAACCnicbVC7TsMwFHV4lvIKMLJYrZBYqJIKCRiQKlgYCyJtpTaKHNdprTp2ZDtIVZSdhV9hYQDEyhew8Te4bQZoOZKvjs65V9f3hAmjSjvOt7W0vLK6tl7aKG9ube/s2nv7LSVSiYmHBROyEyJFGOXE01Qz0kkkQXHISDscXU/89gORigp+r8cJ8WM04DSiGGkjBXalF0mEs1YgclNUDi/hyUy6C+q5KW4e2FWn5kwBF4lbkCoo0Azsr15f4DQmXGOGlOq6TqL9DElNMSN5uZcqkiA8QgPSNZSjmCg/m96SwyOj9GEkpHlcw6n6eyJDsVLjODSdMdJDNe9NxP+8bqqjcz+jPEk14Xi2KEoZ1AJOgoF9KgnWbGwIwpKav0I8RCYJbeIrmxDc+ZMXiVevXdTc29Nq46pIowQOQQUcAxecgQa4AU3gAQwewTN4BW/Wk/VivVsfs9Ylq5g5AH9gff4AqbCaXg==</latexit><latexit sha1_base64="nqyycwW3JzJa6w8c2GmRmSLYHKk=">AAACCnicbVC7TsMwFHV4lvIKMLJYrZBYqJIKCRiQKlgYCyJtpTaKHNdprTp2ZDtIVZSdhV9hYQDEyhew8Te4bQZoOZKvjs65V9f3hAmjSjvOt7W0vLK6tl7aKG9ube/s2nv7LSVSiYmHBROyEyJFGOXE01Qz0kkkQXHISDscXU/89gORigp+r8cJ8WM04DSiGGkjBXalF0mEs1YgclNUDi/hyUy6C+q5KW4e2FWn5kwBF4lbkCoo0Azsr15f4DQmXGOGlOq6TqL9DElNMSN5uZcqkiA8QgPSNZSjmCg/m96SwyOj9GEkpHlcw6n6eyJDsVLjODSdMdJDNe9NxP+8bqqjcz+jPEk14Xi2KEoZ1AJOgoF9KgnWbGwIwpKav0I8RCYJbeIrmxDc+ZMXiVevXdTc29Nq46pIowQOQQUcAxecgQa4AU3gAQwewTN4BW/Wk/VivVsfs9Ylq5g5AH9gff4AqbCaXg==</latexit><latexit sha1_base64="nqyycwW3JzJa6w8c2GmRmSLYHKk=">AAACCnicbVC7TsMwFHV4lvIKMLJYrZBYqJIKCRiQKlgYCyJtpTaKHNdprTp2ZDtIVZSdhV9hYQDEyhew8Te4bQZoOZKvjs65V9f3hAmjSjvOt7W0vLK6tl7aKG9ube/s2nv7LSVSiYmHBROyEyJFGOXE01Qz0kkkQXHISDscXU/89gORigp+r8cJ8WM04DSiGGkjBXalF0mEs1YgclNUDi/hyUy6C+q5KW4e2FWn5kwBF4lbkCoo0Azsr15f4DQmXGOGlOq6TqL9DElNMSN5uZcqkiA8QgPSNZSjmCg/m96SwyOj9GEkpHlcw6n6eyJDsVLjODSdMdJDNe9NxP+8bqqjcz+jPEk14Xi2KEoZ1AJOgoF9KgnWbGwIwpKav0I8RCYJbeIrmxDc+ZMXiVevXdTc29Nq46pIowQOQQUcAxecgQa4AU3gAQwewTN4BW/Wk/VivVsfs9Ylq5g5AH9gff4AqbCaXg==</latexit>

Il segnale in uscita è amplificato di un fattore -R2/R1
Il segno “-” lo rende un amplificatore invertente

I1
<latexit sha1_base64="U3CaPlPE3uRyCMqRI2m3X0JuiVs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF71VtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76Xr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHEB41x</latexit><latexit sha1_base64="U3CaPlPE3uRyCMqRI2m3X0JuiVs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF71VtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76Xr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHEB41x</latexit><latexit sha1_base64="U3CaPlPE3uRyCMqRI2m3X0JuiVs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF71VtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76Xr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHEB41x</latexit><latexit sha1_base64="U3CaPlPE3uRyCMqRI2m3X0JuiVs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF71VtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76Xr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHEB41x</latexit>

I2
<latexit sha1_base64="9cc8KDIhBmMVXR2oW5HxIXUMfAE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/qNSv8ziKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFi41y</latexit><latexit sha1_base64="9cc8KDIhBmMVXR2oW5HxIXUMfAE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/qNSv8ziKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFi41y</latexit><latexit sha1_base64="9cc8KDIhBmMVXR2oW5HxIXUMfAE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/qNSv8ziKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFi41y</latexit><latexit sha1_base64="9cc8KDIhBmMVXR2oW5HxIXUMfAE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/qNSv8ziKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFi41y</latexit>

V�<latexit sha1_base64="CRk78AceDHZB/aZ0s8HlpN2MFAs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ6t/0S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPRxY16</latexit><latexit sha1_base64="CRk78AceDHZB/aZ0s8HlpN2MFAs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ6t/0S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPRxY16</latexit><latexit sha1_base64="CRk78AceDHZB/aZ0s8HlpN2MFAs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ6t/0S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPRxY16</latexit><latexit sha1_base64="CRk78AceDHZB/aZ0s8HlpN2MFAs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ6t/0S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPRxY16</latexit>

V+
<latexit sha1_base64="lazdmmwW+mCj8qtFFAT5j6O/MHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh1b/ol+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrsuq5Ve++Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfOvY14</latexit><latexit sha1_base64="lazdmmwW+mCj8qtFFAT5j6O/MHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh1b/ol+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrsuq5Ve++Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfOvY14</latexit><latexit sha1_base64="lazdmmwW+mCj8qtFFAT5j6O/MHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh1b/ol+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrsuq5Ve++Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfOvY14</latexit><latexit sha1_base64="lazdmmwW+mCj8qtFFAT5j6O/MHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh1b/ol+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrsuq5Ve++Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfOvY14</latexit>

VS



Amplificatore invertente in transimpedenza

Amplificatore invertente collegato a un generatore di corrente

Convertitore corrente – tensione:  genera un output in tensione proporzionale 
all’intensità di corrente generata dal generatore. Generalmente utilizzato per rivelatore 
piccole intensità di corrente
(Sono generatori di corrente: fotodiodi, fotomoltiplicatori al silicio, …)

Vo = �IsRf
<latexit sha1_base64="wPSa9C2wn+sYAAQkFss9uUUKPUU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQT0IRS96q2LaQhvDZrtpl26yYXejlND/4cWDild/jDf/jds2B219MPB4b4aZeUHCmdK2/W0VFhaXlleKq6W19Y3NrfL2TkOJVBLqEsGFbAVYUc5i6mqmOW0lkuIo4LQZDK7GfvORSsVEfK+HCfUi3ItZyAjWRnpo+AJdoKMbX6E7P/TLFbtqT4DmiZOTCuSo++WvTleQNKKxJhwr1XbsRHsZlpoRTkelTqpogskA92jb0BhHVHnZ5OoROjBKF4VCmoo1mqi/JzIcKTWMAtMZYd1Xs95Y/M9rpzo88zIWJ6mmMZkuClOOtEDjCFCXSUo0HxqCiWTmVkT6WGKiTVAlE4Iz+/I8cY+r51Xn9qRSu8zTKMIe7MMhOHAKNbiGOrhAQMIzvMKb9WS9WO/Wx7S1YOUzu/AH1ucP1hqQ+g==</latexit><latexit sha1_base64="wPSa9C2wn+sYAAQkFss9uUUKPUU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQT0IRS96q2LaQhvDZrtpl26yYXejlND/4cWDild/jDf/jds2B219MPB4b4aZeUHCmdK2/W0VFhaXlleKq6W19Y3NrfL2TkOJVBLqEsGFbAVYUc5i6mqmOW0lkuIo4LQZDK7GfvORSsVEfK+HCfUi3ItZyAjWRnpo+AJdoKMbX6E7P/TLFbtqT4DmiZOTCuSo++WvTleQNKKxJhwr1XbsRHsZlpoRTkelTqpogskA92jb0BhHVHnZ5OoROjBKF4VCmoo1mqi/JzIcKTWMAtMZYd1Xs95Y/M9rpzo88zIWJ6mmMZkuClOOtEDjCFCXSUo0HxqCiWTmVkT6WGKiTVAlE4Iz+/I8cY+r51Xn9qRSu8zTKMIe7MMhOHAKNbiGOrhAQMIzvMKb9WS9WO/Wx7S1YOUzu/AH1ucP1hqQ+g==</latexit><latexit sha1_base64="wPSa9C2wn+sYAAQkFss9uUUKPUU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQT0IRS96q2LaQhvDZrtpl26yYXejlND/4cWDild/jDf/jds2B219MPB4b4aZeUHCmdK2/W0VFhaXlleKq6W19Y3NrfL2TkOJVBLqEsGFbAVYUc5i6mqmOW0lkuIo4LQZDK7GfvORSsVEfK+HCfUi3ItZyAjWRnpo+AJdoKMbX6E7P/TLFbtqT4DmiZOTCuSo++WvTleQNKKxJhwr1XbsRHsZlpoRTkelTqpogskA92jb0BhHVHnZ5OoROjBKF4VCmoo1mqi/JzIcKTWMAtMZYd1Xs95Y/M9rpzo88zIWJ6mmMZkuClOOtEDjCFCXSUo0HxqCiWTmVkT6WGKiTVAlE4Iz+/I8cY+r51Xn9qRSu8zTKMIe7MMhOHAKNbiGOrhAQMIzvMKb9WS9WO/Wx7S1YOUzu/AH1ucP1hqQ+g==</latexit><latexit sha1_base64="wPSa9C2wn+sYAAQkFss9uUUKPUU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQT0IRS96q2LaQhvDZrtpl26yYXejlND/4cWDild/jDf/jds2B219MPB4b4aZeUHCmdK2/W0VFhaXlleKq6W19Y3NrfL2TkOJVBLqEsGFbAVYUc5i6mqmOW0lkuIo4LQZDK7GfvORSsVEfK+HCfUi3ItZyAjWRnpo+AJdoKMbX6E7P/TLFbtqT4DmiZOTCuSo++WvTleQNKKxJhwr1XbsRHsZlpoRTkelTqpogskA92jb0BhHVHnZ5OoROjBKF4VCmoo1mqi/JzIcKTWMAtMZYd1Xs95Y/M9rpzo88zIWJ6mmMZkuClOOtEDjCFCXSUo0HxqCiWTmVkT6WGKiTVAlE4Iz+/I8cY+r51Xn9qRSu8zTKMIe7MMhOHAKNbiGOrhAQMIzvMKb9WS9WO/Wx7S1YOUzu/AH1ucP1hqQ+g==</latexit>

(*)

(*) nel caso di un convertitore corrente-tensione, la resistenza del sistema viene anche indicata in 
gergo come “transimpedenza”



I1 = (VGND � Vi)/R1 = �Vi/R1
<latexit sha1_base64="P1gyzkVcbna1U5jhsTUT64Fc3K4=">AAACDHicbZDLSsNAFIYn9VbrLerSzWAV6qI1EUFdCEUFdSNVTFtoQ5hMJ+3QyYWZiVBCX8CNr+LGhYpbH8Cdb+OkzUJbfxj4+M85nDm/GzEqpGF8a7mZ2bn5hfxiYWl5ZXVNX9+oizDmmFg4ZCFvukgQRgNiSSoZaUacIN9lpOH2z9N644FwQcPgXg4iYvuoG1CPYiSV5eg7144JT2Gp7iSXNxdDWIZ1h+7t343csuIUHb1oVIyR4DSYGRRBppqjf7U7IY59EkjMkBAt04iknSAuKWZkWGjHgkQI91GXtBQGyCfCTkbXDOGucjrQC7l6gYQj9/dEgnwhBr6rOn0ke2Kylpr/1Vqx9I7thAZRLEmAx4u8mEEZwjQa2KGcYMkGChDmVP0V4h7iCEsVYEGFYE6ePA3WQeWkYt4eFqtnWRp5sAW2QQmY4AhUwRWoAQtg8AiewSt40560F+1d+xi35rRsZhP8kfb5A2GGl4k=</latexit><latexit sha1_base64="P1gyzkVcbna1U5jhsTUT64Fc3K4=">AAACDHicbZDLSsNAFIYn9VbrLerSzWAV6qI1EUFdCEUFdSNVTFtoQ5hMJ+3QyYWZiVBCX8CNr+LGhYpbH8Cdb+OkzUJbfxj4+M85nDm/GzEqpGF8a7mZ2bn5hfxiYWl5ZXVNX9+oizDmmFg4ZCFvukgQRgNiSSoZaUacIN9lpOH2z9N644FwQcPgXg4iYvuoG1CPYiSV5eg7144JT2Gp7iSXNxdDWIZ1h+7t343csuIUHb1oVIyR4DSYGRRBppqjf7U7IY59EkjMkBAt04iknSAuKWZkWGjHgkQI91GXtBQGyCfCTkbXDOGucjrQC7l6gYQj9/dEgnwhBr6rOn0ke2Kylpr/1Vqx9I7thAZRLEmAx4u8mEEZwjQa2KGcYMkGChDmVP0V4h7iCEsVYEGFYE6ePA3WQeWkYt4eFqtnWRp5sAW2QQmY4AhUwRWoAQtg8AiewSt40560F+1d+xi35rRsZhP8kfb5A2GGl4k=</latexit><latexit sha1_base64="P1gyzkVcbna1U5jhsTUT64Fc3K4=">AAACDHicbZDLSsNAFIYn9VbrLerSzWAV6qI1EUFdCEUFdSNVTFtoQ5hMJ+3QyYWZiVBCX8CNr+LGhYpbH8Cdb+OkzUJbfxj4+M85nDm/GzEqpGF8a7mZ2bn5hfxiYWl5ZXVNX9+oizDmmFg4ZCFvukgQRgNiSSoZaUacIN9lpOH2z9N644FwQcPgXg4iYvuoG1CPYiSV5eg7144JT2Gp7iSXNxdDWIZ1h+7t343csuIUHb1oVIyR4DSYGRRBppqjf7U7IY59EkjMkBAt04iknSAuKWZkWGjHgkQI91GXtBQGyCfCTkbXDOGucjrQC7l6gYQj9/dEgnwhBr6rOn0ke2Kylpr/1Vqx9I7thAZRLEmAx4u8mEEZwjQa2KGcYMkGChDmVP0V4h7iCEsVYEGFYE6ePA3WQeWkYt4eFqtnWRp5sAW2QQmY4AhUwRWoAQtg8AiewSt40560F+1d+xi35rRsZhP8kfb5A2GGl4k=</latexit><latexit sha1_base64="P1gyzkVcbna1U5jhsTUT64Fc3K4=">AAACDHicbZDLSsNAFIYn9VbrLerSzWAV6qI1EUFdCEUFdSNVTFtoQ5hMJ+3QyYWZiVBCX8CNr+LGhYpbH8Cdb+OkzUJbfxj4+M85nDm/GzEqpGF8a7mZ2bn5hfxiYWl5ZXVNX9+oizDmmFg4ZCFvukgQRgNiSSoZaUacIN9lpOH2z9N644FwQcPgXg4iYvuoG1CPYiSV5eg7144JT2Gp7iSXNxdDWIZ1h+7t343csuIUHb1oVIyR4DSYGRRBppqjf7U7IY59EkjMkBAt04iknSAuKWZkWGjHgkQI91GXtBQGyCfCTkbXDOGucjrQC7l6gYQj9/dEgnwhBr6rOn0ke2Kylpr/1Vqx9I7thAZRLEmAx4u8mEEZwjQa2KGcYMkGChDmVP0V4h7iCEsVYEGFYE6ePA3WQeWkYt4eFqtnWRp5sAW2QQmY4AhUwRWoAQtg8AiewSt40560F+1d+xi35rRsZhP8kfb5A2GGl4k=</latexit>

Amplificatore non-invertente

Terminali input in “corto virtuale”

L’op. amp. non assorbe corrente I2 = I1
<latexit sha1_base64="uqUbPURTqERD+vIJZr1GrdHe1UM=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9ktgnoQil7srYJrK+2yZNO0DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeVHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+wYOOU0WoT2Ieq3aENeVMUt8ww2k7URSLiNNWNLqZ+q0nqjSL5b0ZJzQQeCBZnxFsrPTYCGvoCjVCLyxX3Ko7A1omXk4qkKMZlr+6vZikgkpDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x28ASdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9C+CjMkkNVSS+aJ+ypGJ0fR71GOKEsPHlmCimL0VkSFWmBibUcmG4C2+vEz8WvWy6t2dVerXeRpFOIJjOAUPzqEOt9AEHwgIeIZXeHOU8+K8Ox/z1oKTzxzCHzifPx5Fjtg=</latexit><latexit sha1_base64="uqUbPURTqERD+vIJZr1GrdHe1UM=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9ktgnoQil7srYJrK+2yZNO0DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeVHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+wYOOU0WoT2Ieq3aENeVMUt8ww2k7URSLiNNWNLqZ+q0nqjSL5b0ZJzQQeCBZnxFsrPTYCGvoCjVCLyxX3Ko7A1omXk4qkKMZlr+6vZikgkpDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x28ASdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9C+CjMkkNVSS+aJ+ypGJ0fR71GOKEsPHlmCimL0VkSFWmBibUcmG4C2+vEz8WvWy6t2dVerXeRpFOIJjOAUPzqEOt9AEHwgIeIZXeHOU8+K8Ox/z1oKTzxzCHzifPx5Fjtg=</latexit><latexit sha1_base64="uqUbPURTqERD+vIJZr1GrdHe1UM=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9ktgnoQil7srYJrK+2yZNO0DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeVHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+wYOOU0WoT2Ieq3aENeVMUt8ww2k7URSLiNNWNLqZ+q0nqjSL5b0ZJzQQeCBZnxFsrPTYCGvoCjVCLyxX3Ko7A1omXk4qkKMZlr+6vZikgkpDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x28ASdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9C+CjMkkNVSS+aJ+ypGJ0fR71GOKEsPHlmCimL0VkSFWmBibUcmG4C2+vEz8WvWy6t2dVerXeRpFOIJjOAUPzqEOt9AEHwgIeIZXeHOU8+K8Ox/z1oKTzxzCHzifPx5Fjtg=</latexit><latexit sha1_base64="uqUbPURTqERD+vIJZr1GrdHe1UM=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9ktgnoQil7srYJrK+2yZNO0DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeVHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+wYOOU0WoT2Ieq3aENeVMUt8ww2k7URSLiNNWNLqZ+q0nqjSL5b0ZJzQQeCBZnxFsrPTYCGvoCjVCLyxX3Ko7A1omXk4qkKMZlr+6vZikgkpDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x28ASdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9C+CjMkkNVSS+aJ+ypGJ0fR71GOKEsPHlmCimL0VkSFWmBibUcmG4C2+vEz8WvWy6t2dVerXeRpFOIJjOAUPzqEOt9AEHwgIeIZXeHOU8+K8Ox/z1oKTzxzCHzifPx5Fjtg=</latexit>

Il segnale in uscita è amplificato di un fattore 1 + R2/R1
Il segno “+” lo rende un amplificatore non invertente

(Vi � Vo) = R2I2 = �Vi ·R2/R1
<latexit sha1_base64="y98x5rVXFIu9wxGNMeI4NAaqhE4=">AAACEnicbZBPSwJBGMZn7Z/ZP6tjlyEJLNB2JagOgtSlbiatCross+Oog7Mzy8xsIOJ36NJX6dKhomunbn2bZtVDaQ+88PB735eZ9wkiRpW27W8rtbS8srqWXs9sbG5t72R39+pKxBITFwsmZDNAijDKiaupZqQZSYLCgJFGMLhO+o0HIhUV/F4PI+KFqMdpl2KkDfKzJ/m6T2EB1n1xDMuw5pfgrakyLCS8jTtCJ/C05jt+NmcX7YngonFmJgdmqvrZr3ZH4DgkXGOGlGo5dqS9EZKaYkbGmXasSITwAPVIy1iOQqK80eSmMTwypAO7QpriGk7o740RCpUahoGZDJHuq/leAv/rtWLdvfBGlEexJhxPH+rGDGoBk4Bgh0qCNRsag7Ck5q8Q95FEWJsYMyYEZ/7kReOWipdF5+4sV7mapZEGB+AQ5IEDzkEF3IAqcAEGj+AZvII368l6sd6tj+loyprt7IM/sj5/ABbKmX8=</latexit><latexit sha1_base64="y98x5rVXFIu9wxGNMeI4NAaqhE4=">AAACEnicbZBPSwJBGMZn7Z/ZP6tjlyEJLNB2JagOgtSlbiatCross+Oog7Mzy8xsIOJ36NJX6dKhomunbn2bZtVDaQ+88PB735eZ9wkiRpW27W8rtbS8srqWXs9sbG5t72R39+pKxBITFwsmZDNAijDKiaupZqQZSYLCgJFGMLhO+o0HIhUV/F4PI+KFqMdpl2KkDfKzJ/m6T2EB1n1xDMuw5pfgrakyLCS8jTtCJ/C05jt+NmcX7YngonFmJgdmqvrZr3ZH4DgkXGOGlGo5dqS9EZKaYkbGmXasSITwAPVIy1iOQqK80eSmMTwypAO7QpriGk7o740RCpUahoGZDJHuq/leAv/rtWLdvfBGlEexJhxPH+rGDGoBk4Bgh0qCNRsag7Ck5q8Q95FEWJsYMyYEZ/7kReOWipdF5+4sV7mapZEGB+AQ5IEDzkEF3IAqcAEGj+AZvII368l6sd6tj+loyprt7IM/sj5/ABbKmX8=</latexit><latexit sha1_base64="y98x5rVXFIu9wxGNMeI4NAaqhE4=">AAACEnicbZBPSwJBGMZn7Z/ZP6tjlyEJLNB2JagOgtSlbiatCross+Oog7Mzy8xsIOJ36NJX6dKhomunbn2bZtVDaQ+88PB735eZ9wkiRpW27W8rtbS8srqWXs9sbG5t72R39+pKxBITFwsmZDNAijDKiaupZqQZSYLCgJFGMLhO+o0HIhUV/F4PI+KFqMdpl2KkDfKzJ/m6T2EB1n1xDMuw5pfgrakyLCS8jTtCJ/C05jt+NmcX7YngonFmJgdmqvrZr3ZH4DgkXGOGlGo5dqS9EZKaYkbGmXasSITwAPVIy1iOQqK80eSmMTwypAO7QpriGk7o740RCpUahoGZDJHuq/leAv/rtWLdvfBGlEexJhxPH+rGDGoBk4Bgh0qCNRsag7Ck5q8Q95FEWJsYMyYEZ/7kReOWipdF5+4sV7mapZEGB+AQ5IEDzkEF3IAqcAEGj+AZvII368l6sd6tj+loyprt7IM/sj5/ABbKmX8=</latexit><latexit sha1_base64="y98x5rVXFIu9wxGNMeI4NAaqhE4=">AAACEnicbZBPSwJBGMZn7Z/ZP6tjlyEJLNB2JagOgtSlbiatCross+Oog7Mzy8xsIOJ36NJX6dKhomunbn2bZtVDaQ+88PB735eZ9wkiRpW27W8rtbS8srqWXs9sbG5t72R39+pKxBITFwsmZDNAijDKiaupZqQZSYLCgJFGMLhO+o0HIhUV/F4PI+KFqMdpl2KkDfKzJ/m6T2EB1n1xDMuw5pfgrakyLCS8jTtCJ/C05jt+NmcX7YngonFmJgdmqvrZr3ZH4DgkXGOGlGo5dqS9EZKaYkbGmXasSITwAPVIy1iOQqK80eSmMTwypAO7QpriGk7o740RCpUahoGZDJHuq/leAv/rtWLdvfBGlEexJhxPH+rGDGoBk4Bgh0qCNRsag7Ck5q8Q95FEWJsYMyYEZ/7kReOWipdF5+4sV7mapZEGB+AQ5IEDzkEF3IAqcAEGj+AZvII368l6sd6tj+loyprt7IM/sj5/ABbKmX8=</latexit>

I1
<latexit sha1_base64="U3CaPlPE3uRyCMqRI2m3X0JuiVs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF71VtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76Xr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHEB41x</latexit><latexit sha1_base64="U3CaPlPE3uRyCMqRI2m3X0JuiVs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF71VtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76Xr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHEB41x</latexit><latexit sha1_base64="U3CaPlPE3uRyCMqRI2m3X0JuiVs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF71VtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76Xr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHEB41x</latexit><latexit sha1_base64="U3CaPlPE3uRyCMqRI2m3X0JuiVs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF71VtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76Xr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHEB41x</latexit>

I2
<latexit sha1_base64="9cc8KDIhBmMVXR2oW5HxIXUMfAE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/qNSv8ziKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFi41y</latexit><latexit sha1_base64="9cc8KDIhBmMVXR2oW5HxIXUMfAE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/qNSv8ziKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFi41y</latexit><latexit sha1_base64="9cc8KDIhBmMVXR2oW5HxIXUMfAE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/qNSv8ziKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFi41y</latexit><latexit sha1_base64="9cc8KDIhBmMVXR2oW5HxIXUMfAE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/qNSv8ziKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFi41y</latexit>

Vi

<latexit sha1_base64="CvPhPjHI0Vjru03IfdsKdTyPfZ4=">AAACGXicbVA9SwNBEN3zM8avqKXNYhAEIdyFoGkEwcYyiolCEo65zUSX7H2wOyfIcb/An+CvsNXKTmytLPwv7sUUanzF8Hhvhpl5QaKkIdf9cGZm5+YXFktL5eWV1bX1ysZmx8SpFtgWsYr1VQAGlYywTZIUXiUaIQwUXgajk8K/vEVtZBxd0F2C/RCuIzmUAshKfmW3N9Qgso4f57bInB9xj+/zb/Xcr+e2eLlfqbo1dww+TbwJqbIJWn7lszeIRRpiREKBMV3PTaifgSYpFOblXmowATGCa+xaGkGIpp+N38n5bmqAYp6g5lLxsYg/JzIIjbkLA9sZAt2Yv14h/ud1Uxo2+5mMkpQwEsUikgrHi4zQ0uaEfCA1EkFxOXIZcQEaiFBLDkJYMbXBlW0e3t/vp0mnXvMOao2zRvW4OUmmxLbZDttjHjtkx+yUtVibCXbPHtkTe3YenBfn1Xn7bp1xJjNb7Bec9y+XlZ+R</latexit>

Vo

Vi
= 1 +

R2

R1



Amplificatore sommatore

Stesse considerazioni per la configurazione non invertente, ma la corrente  che fluisce 
lungo Rf è data dalla somma delle correnti in input

R1

R2

R3

Rf

Vout = �Rf ·
✓
V1

R1
+

V2

R2
+

V3

R3
+ ...

◆

<latexit sha1_base64="exHsSWAE6+zVb4MblkM9d1mEXbM="></latexit><latexit sha1_base64="exHsSWAE6+zVb4MblkM9d1mEXbM="></latexit><latexit sha1_base64="exHsSWAE6+zVb4MblkM9d1mEXbM="></latexit><latexit sha1_base64="exHsSWAE6+zVb4MblkM9d1mEXbM="></latexit>

somma pesata delle tensioni in input

Utilizzando il medesimo valore per resistenze di feedback e di input: 
Vout = �(V1 + V2 + V3 + ...)

<latexit sha1_base64="esJTDyb34AYxzARkEWMIgatMY2s=">AAACC3icbVDLSsNAFJ3UV62vqks3g0WoiCGpgroQim5cVjBpoQ1hMp20QyeTMDMRSugHuPFX3LhQcesPuPNvnKZZaPXCXA7nnMude4KEUaks68soLSwuLa+UVytr6xubW9XtHVfGqcDEwTGLRSdAkjDKiaOoYqSTCIKigJF2MLqe6u17IiSN+Z0aJ8SL0IDTkGKkNOVXa66fxamawEt4DOuub8Mj6PqNvJ/obprmoXZZppUX/AvsAtRAUS2/+tnrxziNCFeYISm7tpUoL0NCUczIpNJLJUkQHqEB6WrIUUSkl+XHTOCBZvowjIV+XMGc/TmRoUjKcRRoZ4TUUM5rU/I/rZuq8NzLKE9SRTieLQpTBlUMp8nAPhUEKzbWAGFB9V8hHiKBsNL5VXQI9vzJf4HTMC9M+/a01rwq0iiDPbAP6sAGZ6AJbkALOACDB/AEXsCr8Wg8G2/G+8xaMoqZXfCrjI9vuBCWfQ==</latexit><latexit sha1_base64="esJTDyb34AYxzARkEWMIgatMY2s=">AAACC3icbVDLSsNAFJ3UV62vqks3g0WoiCGpgroQim5cVjBpoQ1hMp20QyeTMDMRSugHuPFX3LhQcesPuPNvnKZZaPXCXA7nnMude4KEUaks68soLSwuLa+UVytr6xubW9XtHVfGqcDEwTGLRSdAkjDKiaOoYqSTCIKigJF2MLqe6u17IiSN+Z0aJ8SL0IDTkGKkNOVXa66fxamawEt4DOuub8Mj6PqNvJ/obprmoXZZppUX/AvsAtRAUS2/+tnrxziNCFeYISm7tpUoL0NCUczIpNJLJUkQHqEB6WrIUUSkl+XHTOCBZvowjIV+XMGc/TmRoUjKcRRoZ4TUUM5rU/I/rZuq8NzLKE9SRTieLQpTBlUMp8nAPhUEKzbWAGFB9V8hHiKBsNL5VXQI9vzJf4HTMC9M+/a01rwq0iiDPbAP6sAGZ6AJbkALOACDB/AEXsCr8Wg8G2/G+8xaMoqZXfCrjI9vuBCWfQ==</latexit><latexit sha1_base64="esJTDyb34AYxzARkEWMIgatMY2s=">AAACC3icbVDLSsNAFJ3UV62vqks3g0WoiCGpgroQim5cVjBpoQ1hMp20QyeTMDMRSugHuPFX3LhQcesPuPNvnKZZaPXCXA7nnMude4KEUaks68soLSwuLa+UVytr6xubW9XtHVfGqcDEwTGLRSdAkjDKiaOoYqSTCIKigJF2MLqe6u17IiSN+Z0aJ8SL0IDTkGKkNOVXa66fxamawEt4DOuub8Mj6PqNvJ/obprmoXZZppUX/AvsAtRAUS2/+tnrxziNCFeYISm7tpUoL0NCUczIpNJLJUkQHqEB6WrIUUSkl+XHTOCBZvowjIV+XMGc/TmRoUjKcRRoZ4TUUM5rU/I/rZuq8NzLKE9SRTieLQpTBlUMp8nAPhUEKzbWAGFB9V8hHiKBsNL5VXQI9vzJf4HTMC9M+/a01rwq0iiDPbAP6sAGZ6AJbkALOACDB/AEXsCr8Wg8G2/G+8xaMoqZXfCrjI9vuBCWfQ==</latexit><latexit sha1_base64="esJTDyb34AYxzARkEWMIgatMY2s=">AAACC3icbVDLSsNAFJ3UV62vqks3g0WoiCGpgroQim5cVjBpoQ1hMp20QyeTMDMRSugHuPFX3LhQcesPuPNvnKZZaPXCXA7nnMude4KEUaks68soLSwuLa+UVytr6xubW9XtHVfGqcDEwTGLRSdAkjDKiaOoYqSTCIKigJF2MLqe6u17IiSN+Z0aJ8SL0IDTkGKkNOVXa66fxamawEt4DOuub8Mj6PqNvJ/obprmoXZZppUX/AvsAtRAUS2/+tnrxziNCFeYISm7tpUoL0NCUczIpNJLJUkQHqEB6WrIUUSkl+XHTOCBZvowjIV+XMGc/TmRoUjKcRRoZ4TUUM5rU/I/rZuq8NzLKE9SRTieLQpTBlUMp8nAPhUEKzbWAGFB9V8hHiKBsNL5VXQI9vzJf4HTMC9M+/a01rwq0iiDPbAP6sAGZ6AJbkALOACDB/AEXsCr8Wg8G2/G+8xaMoqZXfCrjI9vuBCWfQ==</latexit>



Amplificatore sommatore
Possibili applicazioni

Sommatore di segnali 
da diverse sorgenti 

per analisi combinata

Digital-to-Analog 
converter (DAC)

I bit digitali di una parola 
sono convertiti in tensione 
in base alla loro posizione 

nella parola.



Integratore / Filtro passa basso

Iin = If ! Vin

R
= �C

dVout

dt
<latexit sha1_base64="lGOYii1WZAjoyMaHfJ3A096KFJ4="></latexit><latexit sha1_base64="lGOYii1WZAjoyMaHfJ3A096KFJ4="></latexit><latexit sha1_base64="lGOYii1WZAjoyMaHfJ3A096KFJ4="></latexit><latexit sha1_base64="lGOYii1WZAjoyMaHfJ3A096KFJ4="></latexit>

Vout = � 1

RC

Z
Vin dt

<latexit sha1_base64="MnaD9vjcQu3UJPwo9cBLMEJYReQ=">AAACF3icbVDLSsNAFJ34rPVVdelmsAgutCQi6EYoduOyin1AE8JkOmmHTjJh5kYsIX/hxl9x40IRt7rzb5w+Ftp6YOBwzr3MPSdIBNdg29/WwuLS8spqYa24vrG5tV3a2W1qmSrKGlQKqdoB0UzwmDWAg2DtRDESBYK1gkFt5LfumdJcxncwTJgXkV7MQ04JGMkvVZp+JlPI8SU+cUNFaObk2W0txy6PARuTx7l77EaBfMi6Ofilsl2xx8DzxJmSMpqi7pe+3K6kacRioIJo3XHsBLyMKOBUsLzoppolhA5Ij3UMjUnEtJeNc+X40ChdHEplnrlmrP7eyEik9TAKzGREoK9nvZH4n9dJIbzwTLQkBRbTyUdhKjBIPCoJd7liFMTQEEIVN7di2iemHTBVFk0JzmzkedI8rTh2xbk5K1evpnUU0D46QEfIQeeoiq5RHTUQRY/oGb2iN+vJerHerY/J6II13dlDf2B9/gC3z5+p</latexit><latexit sha1_base64="MnaD9vjcQu3UJPwo9cBLMEJYReQ=">AAACF3icbVDLSsNAFJ34rPVVdelmsAgutCQi6EYoduOyin1AE8JkOmmHTjJh5kYsIX/hxl9x40IRt7rzb5w+Ftp6YOBwzr3MPSdIBNdg29/WwuLS8spqYa24vrG5tV3a2W1qmSrKGlQKqdoB0UzwmDWAg2DtRDESBYK1gkFt5LfumdJcxncwTJgXkV7MQ04JGMkvVZp+JlPI8SU+cUNFaObk2W0txy6PARuTx7l77EaBfMi6Ofilsl2xx8DzxJmSMpqi7pe+3K6kacRioIJo3XHsBLyMKOBUsLzoppolhA5Ij3UMjUnEtJeNc+X40ChdHEplnrlmrP7eyEik9TAKzGREoK9nvZH4n9dJIbzwTLQkBRbTyUdhKjBIPCoJd7liFMTQEEIVN7di2iemHTBVFk0JzmzkedI8rTh2xbk5K1evpnUU0D46QEfIQeeoiq5RHTUQRY/oGb2iN+vJerHerY/J6II13dlDf2B9/gC3z5+p</latexit><latexit sha1_base64="MnaD9vjcQu3UJPwo9cBLMEJYReQ=">AAACF3icbVDLSsNAFJ34rPVVdelmsAgutCQi6EYoduOyin1AE8JkOmmHTjJh5kYsIX/hxl9x40IRt7rzb5w+Ftp6YOBwzr3MPSdIBNdg29/WwuLS8spqYa24vrG5tV3a2W1qmSrKGlQKqdoB0UzwmDWAg2DtRDESBYK1gkFt5LfumdJcxncwTJgXkV7MQ04JGMkvVZp+JlPI8SU+cUNFaObk2W0txy6PARuTx7l77EaBfMi6Ofilsl2xx8DzxJmSMpqi7pe+3K6kacRioIJo3XHsBLyMKOBUsLzoppolhA5Ij3UMjUnEtJeNc+X40ChdHEplnrlmrP7eyEik9TAKzGREoK9nvZH4n9dJIbzwTLQkBRbTyUdhKjBIPCoJd7liFMTQEEIVN7di2iemHTBVFk0JzmzkedI8rTh2xbk5K1evpnUU0D46QEfIQeeoiq5RHTUQRY/oGb2iN+vJerHerY/J6II13dlDf2B9/gC3z5+p</latexit><latexit sha1_base64="MnaD9vjcQu3UJPwo9cBLMEJYReQ=">AAACF3icbVDLSsNAFJ34rPVVdelmsAgutCQi6EYoduOyin1AE8JkOmmHTjJh5kYsIX/hxl9x40IRt7rzb5w+Ftp6YOBwzr3MPSdIBNdg29/WwuLS8spqYa24vrG5tV3a2W1qmSrKGlQKqdoB0UzwmDWAg2DtRDESBYK1gkFt5LfumdJcxncwTJgXkV7MQ04JGMkvVZp+JlPI8SU+cUNFaObk2W0txy6PARuTx7l77EaBfMi6Ofilsl2xx8DzxJmSMpqi7pe+3K6kacRioIJo3XHsBLyMKOBUsLzoppolhA5Ij3UMjUnEtJeNc+X40ChdHEplnrlmrP7eyEik9TAKzGREoK9nvZH4n9dJIbzwTLQkBRbTyUdhKjBIPCoJd7liFMTQEEIVN7di2iemHTBVFk0JzmzkedI8rTh2xbk5K1evpnUU0D46QEfIQeeoiq5RHTUQRY/oGb2iN+vJerHerY/J6II13dlDf2B9/gC3z5+p</latexit>

�����
Ṽout(f)

Ṽin(f)

����� =
1

2⇡RCf
=

1
f
fC

<latexit sha1_base64="HWGki5/g/CsA/6EvW9skw7gcaXw="></latexit><latexit sha1_base64="HWGki5/g/CsA/6EvW9skw7gcaXw="></latexit><latexit sha1_base64="HWGki5/g/CsA/6EvW9skw7gcaXw="></latexit><latexit sha1_base64="HWGki5/g/CsA/6EvW9skw7gcaXw="></latexit>

fC =
1

2⇡RC
<latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit><latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit><latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit><latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit>

Caso semplice, Vin sinusoidale:

quindi:

con

<latexit sha1_base64="MqIMzFClyz2rLIUdXZNUe9ECju8="></latexit>Z
sin (!t) dt / 1

!
sin (!t)



Integratore / Filtro passa basso

Iin = If ! Vin

R
= �C

dVout

dt
<latexit sha1_base64="lGOYii1WZAjoyMaHfJ3A096KFJ4="></latexit><latexit sha1_base64="lGOYii1WZAjoyMaHfJ3A096KFJ4="></latexit><latexit sha1_base64="lGOYii1WZAjoyMaHfJ3A096KFJ4="></latexit><latexit sha1_base64="lGOYii1WZAjoyMaHfJ3A096KFJ4="></latexit>

Vout = � 1

RC

Z
Vin dt

<latexit sha1_base64="MnaD9vjcQu3UJPwo9cBLMEJYReQ=">AAACF3icbVDLSsNAFJ34rPVVdelmsAgutCQi6EYoduOyin1AE8JkOmmHTjJh5kYsIX/hxl9x40IRt7rzb5w+Ftp6YOBwzr3MPSdIBNdg29/WwuLS8spqYa24vrG5tV3a2W1qmSrKGlQKqdoB0UzwmDWAg2DtRDESBYK1gkFt5LfumdJcxncwTJgXkV7MQ04JGMkvVZp+JlPI8SU+cUNFaObk2W0txy6PARuTx7l77EaBfMi6Ofilsl2xx8DzxJmSMpqi7pe+3K6kacRioIJo3XHsBLyMKOBUsLzoppolhA5Ij3UMjUnEtJeNc+X40ChdHEplnrlmrP7eyEik9TAKzGREoK9nvZH4n9dJIbzwTLQkBRbTyUdhKjBIPCoJd7liFMTQEEIVN7di2iemHTBVFk0JzmzkedI8rTh2xbk5K1evpnUU0D46QEfIQeeoiq5RHTUQRY/oGb2iN+vJerHerY/J6II13dlDf2B9/gC3z5+p</latexit><latexit sha1_base64="MnaD9vjcQu3UJPwo9cBLMEJYReQ=">AAACF3icbVDLSsNAFJ34rPVVdelmsAgutCQi6EYoduOyin1AE8JkOmmHTjJh5kYsIX/hxl9x40IRt7rzb5w+Ftp6YOBwzr3MPSdIBNdg29/WwuLS8spqYa24vrG5tV3a2W1qmSrKGlQKqdoB0UzwmDWAg2DtRDESBYK1gkFt5LfumdJcxncwTJgXkV7MQ04JGMkvVZp+JlPI8SU+cUNFaObk2W0txy6PARuTx7l77EaBfMi6Ofilsl2xx8DzxJmSMpqi7pe+3K6kacRioIJo3XHsBLyMKOBUsLzoppolhA5Ij3UMjUnEtJeNc+X40ChdHEplnrlmrP7eyEik9TAKzGREoK9nvZH4n9dJIbzwTLQkBRbTyUdhKjBIPCoJd7liFMTQEEIVN7di2iemHTBVFk0JzmzkedI8rTh2xbk5K1evpnUU0D46QEfIQeeoiq5RHTUQRY/oGb2iN+vJerHerY/J6II13dlDf2B9/gC3z5+p</latexit><latexit sha1_base64="MnaD9vjcQu3UJPwo9cBLMEJYReQ=">AAACF3icbVDLSsNAFJ34rPVVdelmsAgutCQi6EYoduOyin1AE8JkOmmHTjJh5kYsIX/hxl9x40IRt7rzb5w+Ftp6YOBwzr3MPSdIBNdg29/WwuLS8spqYa24vrG5tV3a2W1qmSrKGlQKqdoB0UzwmDWAg2DtRDESBYK1gkFt5LfumdJcxncwTJgXkV7MQ04JGMkvVZp+JlPI8SU+cUNFaObk2W0txy6PARuTx7l77EaBfMi6Ofilsl2xx8DzxJmSMpqi7pe+3K6kacRioIJo3XHsBLyMKOBUsLzoppolhA5Ij3UMjUnEtJeNc+X40ChdHEplnrlmrP7eyEik9TAKzGREoK9nvZH4n9dJIbzwTLQkBRbTyUdhKjBIPCoJd7liFMTQEEIVN7di2iemHTBVFk0JzmzkedI8rTh2xbk5K1evpnUU0D46QEfIQeeoiq5RHTUQRY/oGb2iN+vJerHerY/J6II13dlDf2B9/gC3z5+p</latexit><latexit sha1_base64="MnaD9vjcQu3UJPwo9cBLMEJYReQ=">AAACF3icbVDLSsNAFJ34rPVVdelmsAgutCQi6EYoduOyin1AE8JkOmmHTjJh5kYsIX/hxl9x40IRt7rzb5w+Ftp6YOBwzr3MPSdIBNdg29/WwuLS8spqYa24vrG5tV3a2W1qmSrKGlQKqdoB0UzwmDWAg2DtRDESBYK1gkFt5LfumdJcxncwTJgXkV7MQ04JGMkvVZp+JlPI8SU+cUNFaObk2W0txy6PARuTx7l77EaBfMi6Ofilsl2xx8DzxJmSMpqi7pe+3K6kacRioIJo3XHsBLyMKOBUsLzoppolhA5Ij3UMjUnEtJeNc+X40ChdHEplnrlmrP7eyEik9TAKzGREoK9nvZH4n9dJIbzwTLQkBRbTyUdhKjBIPCoJd7liFMTQEEIVN7di2iemHTBVFk0JzmzkedI8rTh2xbk5K1evpnUU0D46QEfIQeeoiq5RHTUQRY/oGb2iN+vJerHerY/J6II13dlDf2B9/gC3z5+p</latexit>

�����
Ṽout(f)

Ṽin(f)

����� =
1

2⇡RCf
=

1
f
fC

<latexit sha1_base64="HWGki5/g/CsA/6EvW9skw7gcaXw="></latexit><latexit sha1_base64="HWGki5/g/CsA/6EvW9skw7gcaXw="></latexit><latexit sha1_base64="HWGki5/g/CsA/6EvW9skw7gcaXw="></latexit><latexit sha1_base64="HWGki5/g/CsA/6EvW9skw7gcaXw="></latexit>

a basse frequenze raggiungo la saturazione.

fC =
1

2⇡RC
<latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit><latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit><latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit><latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit>



Integratore / Filtro passa basso
Aggiungo una resistenza ed estendo il 
calcolo precedente

Zin = R1
<latexit sha1_base64="cNyXGH5P/FT9Dwsr8cF+15Yx5xY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxiv3ANoTNdtou3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2iHVKLjEhuFGYDtRSKNQYCsc3Uz91hMqzWP5YMYJ+hEdSN7njBordR+DjMsJuSL3gReUK27VnYEsEy8nFchRD8pf3V7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mN0/IiVV6pB8rW9KQmfp7IqOR1uMotJ0RNUO96E3F/7xOavqXvv0qSQ1KNl/UTwUxMZkGQHpcITNibAllittbCRtSRZmxMZVsCN7iy8ukeVb13Kp3d16pXedxFOEIjuEUPLiAGtxCHRrAIIFneIU3J3VenHfnY95acPKZQ/gD5/MHyS6Q2Q==</latexit><latexit sha1_base64="cNyXGH5P/FT9Dwsr8cF+15Yx5xY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxiv3ANoTNdtou3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2iHVKLjEhuFGYDtRSKNQYCsc3Uz91hMqzWP5YMYJ+hEdSN7njBordR+DjMsJuSL3gReUK27VnYEsEy8nFchRD8pf3V7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mN0/IiVV6pB8rW9KQmfp7IqOR1uMotJ0RNUO96E3F/7xOavqXvv0qSQ1KNl/UTwUxMZkGQHpcITNibAllittbCRtSRZmxMZVsCN7iy8ukeVb13Kp3d16pXedxFOEIjuEUPLiAGtxCHRrAIIFneIU3J3VenHfnY95acPKZQ/gD5/MHyS6Q2Q==</latexit><latexit sha1_base64="cNyXGH5P/FT9Dwsr8cF+15Yx5xY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxiv3ANoTNdtou3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2iHVKLjEhuFGYDtRSKNQYCsc3Uz91hMqzWP5YMYJ+hEdSN7njBordR+DjMsJuSL3gReUK27VnYEsEy8nFchRD8pf3V7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mN0/IiVV6pB8rW9KQmfp7IqOR1uMotJ0RNUO96E3F/7xOavqXvv0qSQ1KNl/UTwUxMZkGQHpcITNibAllittbCRtSRZmxMZVsCN7iy8ukeVb13Kp3d16pXedxFOEIjuEUPLiAGtxCHRrAIIFneIU3J3VenHfnY95acPKZQ/gD5/MHyS6Q2Q==</latexit><latexit sha1_base64="cNyXGH5P/FT9Dwsr8cF+15Yx5xY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxiv3ANoTNdtou3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2iHVKLjEhuFGYDtRSKNQYCsc3Uz91hMqzWP5YMYJ+hEdSN7njBordR+DjMsJuSL3gReUK27VnYEsEy8nFchRD8pf3V7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mN0/IiVV6pB8rW9KQmfp7IqOR1uMotJ0RNUO96E3F/7xOavqXvv0qSQ1KNl/UTwUxMZkGQHpcITNibAllittbCRtSRZmxMZVsCN7iy8ukeVb13Kp3d16pXedxFOEIjuEUPLiAGtxCHRrAIIFneIU3J3VenHfnY95acPKZQ/gD5/MHyS6Q2Q==</latexit>

Zout = ZC k ZR
<latexit sha1_base64="ojJmEeau1ZBbK/WyEeYjh/HLf3s=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdCMUu3FZxT6wCWUynbZDJ5MwcyOUmA9w46+4caGIWz/AnX/jpM1CWw8MHM45l7n3+JHgGmz72yosLa+srhXXSxubW9s75d29lg5jRVmThiJUHZ9oJrhkTeAgWCdSjAS+YG1/XM/89j1TmofyFiYR8wIylHzAKQEj9cqVu14SxpDiC2xYPcVuQGDkc5m4D2km3aQlk7Kr9hR4kTg5qaAcjV75y+2HNA6YBCqI1l3HjsBLiAJOBUtLbqxZROiYDFnXUEkCpr1kekyKj4zSx4NQmScBT9XfEwkJtJ4Evklmq+p5LxP/87oxDM69hMsoBibp7KNBLDCEOGsG97liFMTEEEIVN7tiOiKKUDD9ZSU48ycvktZJ1bGrzvVppXaZ11FEB+gQHSMHnaEaukIN1EQUPaJn9IrerCfrxXq3PmbRgpXP7KM/sD5/AOcjmt8=</latexit><latexit sha1_base64="ojJmEeau1ZBbK/WyEeYjh/HLf3s=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdCMUu3FZxT6wCWUynbZDJ5MwcyOUmA9w46+4caGIWz/AnX/jpM1CWw8MHM45l7n3+JHgGmz72yosLa+srhXXSxubW9s75d29lg5jRVmThiJUHZ9oJrhkTeAgWCdSjAS+YG1/XM/89j1TmofyFiYR8wIylHzAKQEj9cqVu14SxpDiC2xYPcVuQGDkc5m4D2km3aQlk7Kr9hR4kTg5qaAcjV75y+2HNA6YBCqI1l3HjsBLiAJOBUtLbqxZROiYDFnXUEkCpr1kekyKj4zSx4NQmScBT9XfEwkJtJ4Evklmq+p5LxP/87oxDM69hMsoBibp7KNBLDCEOGsG97liFMTEEEIVN7tiOiKKUDD9ZSU48ycvktZJ1bGrzvVppXaZ11FEB+gQHSMHnaEaukIN1EQUPaJn9IrerCfrxXq3PmbRgpXP7KM/sD5/AOcjmt8=</latexit><latexit sha1_base64="ojJmEeau1ZBbK/WyEeYjh/HLf3s=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdCMUu3FZxT6wCWUynbZDJ5MwcyOUmA9w46+4caGIWz/AnX/jpM1CWw8MHM45l7n3+JHgGmz72yosLa+srhXXSxubW9s75d29lg5jRVmThiJUHZ9oJrhkTeAgWCdSjAS+YG1/XM/89j1TmofyFiYR8wIylHzAKQEj9cqVu14SxpDiC2xYPcVuQGDkc5m4D2km3aQlk7Kr9hR4kTg5qaAcjV75y+2HNA6YBCqI1l3HjsBLiAJOBUtLbqxZROiYDFnXUEkCpr1kekyKj4zSx4NQmScBT9XfEwkJtJ4Evklmq+p5LxP/87oxDM69hMsoBibp7KNBLDCEOGsG97liFMTEEEIVN7tiOiKKUDD9ZSU48ycvktZJ1bGrzvVppXaZ11FEB+gQHSMHnaEaukIN1EQUPaJn9IrerCfrxXq3PmbRgpXP7KM/sD5/AOcjmt8=</latexit><latexit sha1_base64="ojJmEeau1ZBbK/WyEeYjh/HLf3s=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdCMUu3FZxT6wCWUynbZDJ5MwcyOUmA9w46+4caGIWz/AnX/jpM1CWw8MHM45l7n3+JHgGmz72yosLa+srhXXSxubW9s75d29lg5jRVmThiJUHZ9oJrhkTeAgWCdSjAS+YG1/XM/89j1TmofyFiYR8wIylHzAKQEj9cqVu14SxpDiC2xYPcVuQGDkc5m4D2km3aQlk7Kr9hR4kTg5qaAcjV75y+2HNA6YBCqI1l3HjsBLiAJOBUtLbqxZROiYDFnXUEkCpr1kekyKj4zSx4NQmScBT9XfEwkJtJ4Evklmq+p5LxP/87oxDM69hMsoBibp7KNBLDCEOGsG97liFMTEEEIVN7tiOiKKUDD9ZSU48ycvktZJ1bGrzvVppXaZ11FEB+gQHSMHnaEaukIN1EQUPaJn9IrerCfrxXq3PmbRgpXP7KM/sD5/AOcjmt8=</latexit>

Ṽout(f)

Ṽin(f)
=

Zout

Zin
=

1
1

R2
+j!C

R1
=

R2
R1

1 + j!R2C
<latexit sha1_base64="FLws3P/8mf7shIlVroCoUgFjNW8="></latexit><latexit sha1_base64="FLws3P/8mf7shIlVroCoUgFjNW8="></latexit><latexit sha1_base64="FLws3P/8mf7shIlVroCoUgFjNW8="></latexit><latexit sha1_base64="FLws3P/8mf7shIlVroCoUgFjNW8="></latexit>�����
Ṽout(f)

Ṽin(f)

����� =
R2

R1
· 1p

1 + (f/fC)2
fC = 2⇡R2C

<latexit sha1_base64="G5TC5dDghIPBcEdLLW/Q4bd0P5M="></latexit><latexit sha1_base64="G5TC5dDghIPBcEdLLW/Q4bd0P5M="></latexit><latexit sha1_base64="G5TC5dDghIPBcEdLLW/Q4bd0P5M="></latexit><latexit sha1_base64="G5TC5dDghIPBcEdLLW/Q4bd0P5M="></latexit>

R2

R1
<latexit sha1_base64="OOQJlhcUNliTr3klmSYXDeSk3dc=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpQl0W3bisYh/QhjCZTtqhk0mYmQg15EvcuFDErZ/izr9x2mahrQfu5XDOvcydEyScKe0431ZpY3Nre6e8W9nbPzis2kfHXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F05u533ukUrFYPOhZQr0IjwULGcHaSL5dHYYSk+zeb+Smublv15y6swBaJ25BalCg7dtfw1FM0ogKTThWauA6ifYyLDUjnOaVYapogskUj+nAUIEjqrxscXiOzo0yQmEsTQmNFurvjQxHSs2iwExGWE/UqjcX//MGqQ6vvIyJJNVUkOVDYcqRjtE8BTRikhLNZ4ZgIpm5FZEJNklok1XFhOCufnmddBt116m7d5e11nURRxlO4QwuwIUmtOAW2tABAik8wyu8WU/Wi/VufSxHS1axcwJ/YH3+AHCWku4=</latexit><latexit sha1_base64="OOQJlhcUNliTr3klmSYXDeSk3dc=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpQl0W3bisYh/QhjCZTtqhk0mYmQg15EvcuFDErZ/izr9x2mahrQfu5XDOvcydEyScKe0431ZpY3Nre6e8W9nbPzis2kfHXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F05u533ukUrFYPOhZQr0IjwULGcHaSL5dHYYSk+zeb+Smublv15y6swBaJ25BalCg7dtfw1FM0ogKTThWauA6ifYyLDUjnOaVYapogskUj+nAUIEjqrxscXiOzo0yQmEsTQmNFurvjQxHSs2iwExGWE/UqjcX//MGqQ6vvIyJJNVUkOVDYcqRjtE8BTRikhLNZ4ZgIpm5FZEJNklok1XFhOCufnmddBt116m7d5e11nURRxlO4QwuwIUmtOAW2tABAik8wyu8WU/Wi/VufSxHS1axcwJ/YH3+AHCWku4=</latexit><latexit sha1_base64="OOQJlhcUNliTr3klmSYXDeSk3dc=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpQl0W3bisYh/QhjCZTtqhk0mYmQg15EvcuFDErZ/izr9x2mahrQfu5XDOvcydEyScKe0431ZpY3Nre6e8W9nbPzis2kfHXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F05u533ukUrFYPOhZQr0IjwULGcHaSL5dHYYSk+zeb+Smublv15y6swBaJ25BalCg7dtfw1FM0ogKTThWauA6ifYyLDUjnOaVYapogskUj+nAUIEjqrxscXiOzo0yQmEsTQmNFurvjQxHSs2iwExGWE/UqjcX//MGqQ6vvIyJJNVUkOVDYcqRjtE8BTRikhLNZ4ZgIpm5FZEJNklok1XFhOCufnmddBt116m7d5e11nURRxlO4QwuwIUmtOAW2tABAik8wyu8WU/Wi/VufSxHS1axcwJ/YH3+AHCWku4=</latexit><latexit sha1_base64="OOQJlhcUNliTr3klmSYXDeSk3dc=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpQl0W3bisYh/QhjCZTtqhk0mYmQg15EvcuFDErZ/izr9x2mahrQfu5XDOvcydEyScKe0431ZpY3Nre6e8W9nbPzis2kfHXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F05u533ukUrFYPOhZQr0IjwULGcHaSL5dHYYSk+zeb+Smublv15y6swBaJ25BalCg7dtfw1FM0ogKTThWauA6ifYyLDUjnOaVYapogskUj+nAUIEjqrxscXiOzo0yQmEsTQmNFurvjQxHSs2iwExGWE/UqjcX//MGqQ6vvIyJJNVUkOVDYcqRjtE8BTRikhLNZ4ZgIpm5FZEJNklok1XFhOCufnmddBt116m7d5e11nURRxlO4QwuwIUmtOAW2tABAik8wyu8WU/Wi/VufSxHS1axcwJ/YH3+AHCWku4=</latexit>

⇡ 1

R2C<latexit sha1_base64="x/Xi20xZtdzHsbvUeDuZkLPgYFY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkCLosduOyin1AE8JkOmmHTibDzEQsMQt/xY0LRdz6G+78G6dtFtp64MLhnHu5955QMKq043xbpZXVtfWN8mZla3tnd8/eP+ioJJWYtHHCEtkLkSKMctLWVDPSE5KgOGSkG46bU797T6SiCb/TE0H8GA05jShG2kiBfeQhIWTyAL1IIpy5eXYb1Jt5YFedmjMDXCZuQaqgQCuwv7xBgtOYcI0ZUqrvOkL7GZKaYkbyipcqIhAeoyHpG8pRTJSfze7P4alRBjBKpCmu4Uz9PZGhWKlJHJrOGOmRWvSm4n9eP9XRpZ9RLlJNOJ4vilIGdQKnYcABlQRrNjEEYUnNrRCPkAlCm8gqJgR38eVl0qnXXKfm3pxXG1dFHGVwDE7AGXDBBWiAa9ACbYDBI3gGr+DNerJerHfrY95asoqZQ/AH1ucPrMyV3A==</latexit><latexit sha1_base64="x/Xi20xZtdzHsbvUeDuZkLPgYFY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkCLosduOyin1AE8JkOmmHTibDzEQsMQt/xY0LRdz6G+78G6dtFtp64MLhnHu5955QMKq043xbpZXVtfWN8mZla3tnd8/eP+ioJJWYtHHCEtkLkSKMctLWVDPSE5KgOGSkG46bU797T6SiCb/TE0H8GA05jShG2kiBfeQhIWTyAL1IIpy5eXYb1Jt5YFedmjMDXCZuQaqgQCuwv7xBgtOYcI0ZUqrvOkL7GZKaYkbyipcqIhAeoyHpG8pRTJSfze7P4alRBjBKpCmu4Uz9PZGhWKlJHJrOGOmRWvSm4n9eP9XRpZ9RLlJNOJ4vilIGdQKnYcABlQRrNjEEYUnNrRCPkAlCm8gqJgR38eVl0qnXXKfm3pxXG1dFHGVwDE7AGXDBBWiAa9ACbYDBI3gGr+DNerJerHfrY95asoqZQ/AH1ucPrMyV3A==</latexit><latexit sha1_base64="x/Xi20xZtdzHsbvUeDuZkLPgYFY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkCLosduOyin1AE8JkOmmHTibDzEQsMQt/xY0LRdz6G+78G6dtFtp64MLhnHu5955QMKq043xbpZXVtfWN8mZla3tnd8/eP+ioJJWYtHHCEtkLkSKMctLWVDPSE5KgOGSkG46bU797T6SiCb/TE0H8GA05jShG2kiBfeQhIWTyAL1IIpy5eXYb1Jt5YFedmjMDXCZuQaqgQCuwv7xBgtOYcI0ZUqrvOkL7GZKaYkbyipcqIhAeoyHpG8pRTJSfze7P4alRBjBKpCmu4Uz9PZGhWKlJHJrOGOmRWvSm4n9eP9XRpZ9RLlJNOJ4vilIGdQKnYcABlQRrNjEEYUnNrRCPkAlCm8gqJgR38eVl0qnXXKfm3pxXG1dFHGVwDE7AGXDBBWiAa9ACbYDBI3gGr+DNerJerHfrY95asoqZQ/AH1ucPrMyV3A==</latexit><latexit sha1_base64="x/Xi20xZtdzHsbvUeDuZkLPgYFY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkCLosduOyin1AE8JkOmmHTibDzEQsMQt/xY0LRdz6G+78G6dtFtp64MLhnHu5955QMKq043xbpZXVtfWN8mZla3tnd8/eP+ioJJWYtHHCEtkLkSKMctLWVDPSE5KgOGSkG46bU797T6SiCb/TE0H8GA05jShG2kiBfeQhIWTyAL1IIpy5eXYb1Jt5YFedmjMDXCZuQaqgQCuwv7xBgtOYcI0ZUqrvOkL7GZKaYkbyipcqIhAeoyHpG8pRTJSfze7P4alRBjBKpCmu4Uz9PZGhWKlJHJrOGOmRWvSm4n9eP9XRpZ9RLlJNOJ4vilIGdQKnYcABlQRrNjEEYUnNrRCPkAlCm8gqJgR38eVl0qnXXKfm3pxXG1dFHGVwDE7AGXDBBWiAa9ACbYDBI3gGr+DNerJerHfrY95asoqZQ/AH1ucPrMyV3A==</latexit>

⇡ 1

R1C<latexit sha1_base64="F7uUQ6pT89cCV6dQAWcFSfuPXSA=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIRQZfFblxWsQ9ohyGTZtrQTDIkGbGMs/BX3LhQxK2/4c6/MW1noa0HLhzOuZd77wkTzrTxvG9naXlldW29tFHe3Nre2XX39ltaporQJpFcqk6INeVM0KZhhtNOoiiOQ07b4ag+8dv3VGkmxZ0ZJ9SP8UCwiBFsrBS4hz2cJEo+wF6kMMlQnt0GqJ4HbsWrelPARYIKUgEFGoH71etLksZUGMKx1l3kJcbPsDKMcJqXe6mmCSYjPKBdSwWOqfaz6f05PLFKH0ZS2RIGTtXfExmOtR7Hoe2MsRnqeW8i/ud1UxNd+hkTSWqoILNFUcqhkXASBuwzRYnhY0swUczeCskQ2yCMjaxsQ0DzLy+S1lkVeVV0c16pXRVxlMAROAanAIELUAPXoAGagIBH8AxewZvz5Lw4787HrHXJKWYOwB84nz+rRpXb</latexit><latexit sha1_base64="F7uUQ6pT89cCV6dQAWcFSfuPXSA=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIRQZfFblxWsQ9ohyGTZtrQTDIkGbGMs/BX3LhQxK2/4c6/MW1noa0HLhzOuZd77wkTzrTxvG9naXlldW29tFHe3Nre2XX39ltaporQJpFcqk6INeVM0KZhhtNOoiiOQ07b4ag+8dv3VGkmxZ0ZJ9SP8UCwiBFsrBS4hz2cJEo+wF6kMMlQnt0GqJ4HbsWrelPARYIKUgEFGoH71etLksZUGMKx1l3kJcbPsDKMcJqXe6mmCSYjPKBdSwWOqfaz6f05PLFKH0ZS2RIGTtXfExmOtR7Hoe2MsRnqeW8i/ud1UxNd+hkTSWqoILNFUcqhkXASBuwzRYnhY0swUczeCskQ2yCMjaxsQ0DzLy+S1lkVeVV0c16pXRVxlMAROAanAIELUAPXoAGagIBH8AxewZvz5Lw4787HrHXJKWYOwB84nz+rRpXb</latexit><latexit sha1_base64="F7uUQ6pT89cCV6dQAWcFSfuPXSA=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIRQZfFblxWsQ9ohyGTZtrQTDIkGbGMs/BX3LhQxK2/4c6/MW1noa0HLhzOuZd77wkTzrTxvG9naXlldW29tFHe3Nre2XX39ltaporQJpFcqk6INeVM0KZhhtNOoiiOQ07b4ag+8dv3VGkmxZ0ZJ9SP8UCwiBFsrBS4hz2cJEo+wF6kMMlQnt0GqJ4HbsWrelPARYIKUgEFGoH71etLksZUGMKx1l3kJcbPsDKMcJqXe6mmCSYjPKBdSwWOqfaz6f05PLFKH0ZS2RIGTtXfExmOtR7Hoe2MsRnqeW8i/ud1UxNd+hkTSWqoILNFUcqhkXASBuwzRYnhY0swUczeCskQ2yCMjaxsQ0DzLy+S1lkVeVV0c16pXRVxlMAROAanAIELUAPXoAGagIBH8AxewZvz5Lw4787HrHXJKWYOwB84nz+rRpXb</latexit><latexit sha1_base64="F7uUQ6pT89cCV6dQAWcFSfuPXSA=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIRQZfFblxWsQ9ohyGTZtrQTDIkGbGMs/BX3LhQxK2/4c6/MW1noa0HLhzOuZd77wkTzrTxvG9naXlldW29tFHe3Nre2XX39ltaporQJpFcqk6INeVM0KZhhtNOoiiOQ07b4ag+8dv3VGkmxZ0ZJ9SP8UCwiBFsrBS4hz2cJEo+wF6kMMlQnt0GqJ4HbsWrelPARYIKUgEFGoH71etLksZUGMKx1l3kJcbPsDKMcJqXe6mmCSYjPKBdSwWOqfaz6f05PLFKH0ZS2RIGTtXfExmOtR7Hoe2MsRnqeW8i/ud1UxNd+hkTSWqoILNFUcqhkXASBuwzRYnhY0swUczeCskQ2yCMjaxsQ0DzLy+S1lkVeVV0c16pXRVxlMAROAanAIELUAPXoAGagIBH8AxewZvz5Lw4787HrHXJKWYOwB84nz+rRpXb</latexit>

La resistenza di controllo regolarizza il 
guadagno a basse frequenze

Ṽout(f)

Ṽin(f)
=

Zout

Zin
<latexit sha1_base64="S59VgNrZ4m99bjlix5CMFMyb6vM=">AAACLnicbVDLSsNAFJ34rPUVdelmsAh1UxIRdCMURXBZwT6wLWEymbRDJw9mboQS8kVu/BVdCCri1s9wknZRWw8MHM45lzv3uLHgCizr3VhaXlldWy9tlDe3tnd2zb39looSSVmTRiKSHZcoJnjImsBBsE4sGQlcwdru6Dr3249MKh6F9zCOWT8gg5D7nBLQkmPe9HxJaNoDLjyWtjInjRLIqv5JNqvxsJDwJZ7EHyaxLCfayxyzYtWsAniR2FNSQVM0HPO150U0CVgIVBClurYVQz8lEjgVLCv3EsViQkdkwLqahiRgqp8W52b4WCse9iOpXwi4UGcnUhIoNQ5cnQwIDNW8l4v/ed0E/Iu+PihOgIV0sshPBIYI591hj0tGQYw1IVRy/VdMh0QXArrhsi7Bnj95kbROa7ZVs+/OKvWraR0ldIiOUBXZ6BzV0S1qoCai6Am9oA/0aTwbb8aX8T2JLhnTmQP0B8bPLxdvqv4=</latexit><latexit sha1_base64="S59VgNrZ4m99bjlix5CMFMyb6vM=">AAACLnicbVDLSsNAFJ34rPUVdelmsAh1UxIRdCMURXBZwT6wLWEymbRDJw9mboQS8kVu/BVdCCri1s9wknZRWw8MHM45lzv3uLHgCizr3VhaXlldWy9tlDe3tnd2zb39looSSVmTRiKSHZcoJnjImsBBsE4sGQlcwdru6Dr3249MKh6F9zCOWT8gg5D7nBLQkmPe9HxJaNoDLjyWtjInjRLIqv5JNqvxsJDwJZ7EHyaxLCfayxyzYtWsAniR2FNSQVM0HPO150U0CVgIVBClurYVQz8lEjgVLCv3EsViQkdkwLqahiRgqp8W52b4WCse9iOpXwi4UGcnUhIoNQ5cnQwIDNW8l4v/ed0E/Iu+PihOgIV0sshPBIYI591hj0tGQYw1IVRy/VdMh0QXArrhsi7Bnj95kbROa7ZVs+/OKvWraR0ldIiOUBXZ6BzV0S1qoCai6Am9oA/0aTwbb8aX8T2JLhnTmQP0B8bPLxdvqv4=</latexit><latexit sha1_base64="S59VgNrZ4m99bjlix5CMFMyb6vM=">AAACLnicbVDLSsNAFJ34rPUVdelmsAh1UxIRdCMURXBZwT6wLWEymbRDJw9mboQS8kVu/BVdCCri1s9wknZRWw8MHM45lzv3uLHgCizr3VhaXlldWy9tlDe3tnd2zb39looSSVmTRiKSHZcoJnjImsBBsE4sGQlcwdru6Dr3249MKh6F9zCOWT8gg5D7nBLQkmPe9HxJaNoDLjyWtjInjRLIqv5JNqvxsJDwJZ7EHyaxLCfayxyzYtWsAniR2FNSQVM0HPO150U0CVgIVBClurYVQz8lEjgVLCv3EsViQkdkwLqahiRgqp8W52b4WCse9iOpXwi4UGcnUhIoNQ5cnQwIDNW8l4v/ed0E/Iu+PihOgIV0sshPBIYI591hj0tGQYw1IVRy/VdMh0QXArrhsi7Bnj95kbROa7ZVs+/OKvWraR0ldIiOUBXZ6BzV0S1qoCai6Am9oA/0aTwbb8aX8T2JLhnTmQP0B8bPLxdvqv4=</latexit><latexit sha1_base64="S59VgNrZ4m99bjlix5CMFMyb6vM=">AAACLnicbVDLSsNAFJ34rPUVdelmsAh1UxIRdCMURXBZwT6wLWEymbRDJw9mboQS8kVu/BVdCCri1s9wknZRWw8MHM45lzv3uLHgCizr3VhaXlldWy9tlDe3tnd2zb39looSSVmTRiKSHZcoJnjImsBBsE4sGQlcwdru6Dr3249MKh6F9zCOWT8gg5D7nBLQkmPe9HxJaNoDLjyWtjInjRLIqv5JNqvxsJDwJZ7EHyaxLCfayxyzYtWsAniR2FNSQVM0HPO150U0CVgIVBClurYVQz8lEjgVLCv3EsViQkdkwLqahiRgqp8W52b4WCse9iOpXwi4UGcnUhIoNQ5cnQwIDNW8l4v/ed0E/Iu+PihOgIV0sshPBIYI591hj0tGQYw1IVRy/VdMh0QXArrhsi7Bnj95kbROa7ZVs+/OKvWraR0ldIiOUBXZ6BzV0S1qoCai6Am9oA/0aTwbb8aX8T2JLhnTmQP0B8bPLxdvqv4=</latexit>

fC =
1

2⇡RC
<latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit><latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit><latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit><latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit>

<latexit sha1_base64="ippJSUVYq7RkDKgzQyfcpFXcDrI="></latexit>

z = x+ iy ! |z| =
p

x2 + y2



Iin = If ! C
dVin

dt
= �Vout

R
<latexit sha1_base64="Tw42mf+AjtLcAMIjIW163Fvgdiw="></latexit><latexit sha1_base64="Tw42mf+AjtLcAMIjIW163Fvgdiw="></latexit><latexit sha1_base64="Tw42mf+AjtLcAMIjIW163Fvgdiw="></latexit><latexit sha1_base64="Tw42mf+AjtLcAMIjIW163Fvgdiw="></latexit>

Derivatore/ Filtro passa alto

Vout = �RC
dVin

dt
<latexit sha1_base64="pmGEdrIS8GSm29OB85pq39q6y68=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4aZkRQTdCsRuXVewD2mHIpJk2NDMZkjtiGeYr3Pgrblwo4lbc+TemD0RbDwROzrmX5Bw/FlyDbX9ZuaXlldW1/HphY3Nre6e4u9fUMlGUNagUUrV9opngEWsAB8HasWIk9AVr+cPa2G/dMaW5jG5hFDM3JP2IB5wSMJJXLDe9VCaQ4Qtcvql1A0Vo2g19eZ/2MmPxKMt+7pB5xZJdsSfAi8SZkRKaoe4VP7s9SZOQRUAF0brj2DG4KVHAqWBZoZtoFhM6JH3WMTQiIdNuOomV4SOj9HAglTkR4In6eyMlodaj0DeTIYGBnvfG4n9eJ4Hg3DXZ4gRYRKcPBYnAIPG4I9zjilEQI0MIVdz8FdMBMdWAabJgSnDmIy+S5knFsSvO9WmpejmrI48O0CE6Rg46Q1V0heqogSh6QE/oBb1aj9az9Wa9T0dz1mxnH/2B9fENycqgbQ==</latexit><latexit sha1_base64="pmGEdrIS8GSm29OB85pq39q6y68=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4aZkRQTdCsRuXVewD2mHIpJk2NDMZkjtiGeYr3Pgrblwo4lbc+TemD0RbDwROzrmX5Bw/FlyDbX9ZuaXlldW1/HphY3Nre6e4u9fUMlGUNagUUrV9opngEWsAB8HasWIk9AVr+cPa2G/dMaW5jG5hFDM3JP2IB5wSMJJXLDe9VCaQ4Qtcvql1A0Vo2g19eZ/2MmPxKMt+7pB5xZJdsSfAi8SZkRKaoe4VP7s9SZOQRUAF0brj2DG4KVHAqWBZoZtoFhM6JH3WMTQiIdNuOomV4SOj9HAglTkR4In6eyMlodaj0DeTIYGBnvfG4n9eJ4Hg3DXZ4gRYRKcPBYnAIPG4I9zjilEQI0MIVdz8FdMBMdWAabJgSnDmIy+S5knFsSvO9WmpejmrI48O0CE6Rg46Q1V0heqogSh6QE/oBb1aj9az9Wa9T0dz1mxnH/2B9fENycqgbQ==</latexit><latexit sha1_base64="pmGEdrIS8GSm29OB85pq39q6y68=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4aZkRQTdCsRuXVewD2mHIpJk2NDMZkjtiGeYr3Pgrblwo4lbc+TemD0RbDwROzrmX5Bw/FlyDbX9ZuaXlldW1/HphY3Nre6e4u9fUMlGUNagUUrV9opngEWsAB8HasWIk9AVr+cPa2G/dMaW5jG5hFDM3JP2IB5wSMJJXLDe9VCaQ4Qtcvql1A0Vo2g19eZ/2MmPxKMt+7pB5xZJdsSfAi8SZkRKaoe4VP7s9SZOQRUAF0brj2DG4KVHAqWBZoZtoFhM6JH3WMTQiIdNuOomV4SOj9HAglTkR4In6eyMlodaj0DeTIYGBnvfG4n9eJ4Hg3DXZ4gRYRKcPBYnAIPG4I9zjilEQI0MIVdz8FdMBMdWAabJgSnDmIy+S5knFsSvO9WmpejmrI48O0CE6Rg46Q1V0heqogSh6QE/oBb1aj9az9Wa9T0dz1mxnH/2B9fENycqgbQ==</latexit><latexit sha1_base64="pmGEdrIS8GSm29OB85pq39q6y68=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4aZkRQTdCsRuXVewD2mHIpJk2NDMZkjtiGeYr3Pgrblwo4lbc+TemD0RbDwROzrmX5Bw/FlyDbX9ZuaXlldW1/HphY3Nre6e4u9fUMlGUNagUUrV9opngEWsAB8HasWIk9AVr+cPa2G/dMaW5jG5hFDM3JP2IB5wSMJJXLDe9VCaQ4Qtcvql1A0Vo2g19eZ/2MmPxKMt+7pB5xZJdsSfAi8SZkRKaoe4VP7s9SZOQRUAF0brj2DG4KVHAqWBZoZtoFhM6JH3WMTQiIdNuOomV4SOj9HAglTkR4In6eyMlodaj0DeTIYGBnvfG4n9eJ4Hg3DXZ4gRYRKcPBYnAIPG4I9zjilEQI0MIVdz8FdMBMdWAabJgSnDmIy+S5knFsSvO9WmpejmrI48O0CE6Rg46Q1V0heqogSh6QE/oBb1aj9az9Wa9T0dz1mxnH/2B9fENycqgbQ==</latexit>

�����
Ṽout(f)

Ṽin(f)

����� = 2⇡RCf =
f

fC
<latexit sha1_base64="JYS8fBKFqCm5SMlHn5OQrAwb3go="></latexit><latexit sha1_base64="JYS8fBKFqCm5SMlHn5OQrAwb3go="></latexit><latexit sha1_base64="JYS8fBKFqCm5SMlHn5OQrAwb3go="></latexit><latexit sha1_base64="JYS8fBKFqCm5SMlHn5OQrAwb3go="></latexit>

fC =
1

2⇡RC
<latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit><latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit><latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit><latexit sha1_base64="rGkDhbWYs393SxQLLNr/fG80fQc=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkpSBN0IxW5cVrEPaEKYTCft0MmDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPm1O/+0CFZHF0ryYJdUM8jFjACFZa8syjwGuiK+QEApPMzrM6chKG7lAz98yqVbNmQMvELkgVCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOKkkiaYjPGQ9jWNcEilm81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgks3Y1GSKhqR+aIg5UjFaJoHGjBBieITTTARTN+KyAjrNJROraJDsBdfXiades22avbtebVxXcRRhmM4gTOw4QIacAMtaAOBR3iGV3gznowX4934mLeWjGLmEP7A+PwBmF6Vnw==</latexit>



Risposta in frequenza di op-amp

Op-amp ideale: nessuna dipendenza da f, amplifica ugualmente segnali a 
qualunque frequenza
Op-amp reale: banda limitata, il guadagno a loop aperto dipende dalla 
frequenza del segnale

Risposta in frequenza di op-amp ideale
(A infinito)

Guadagno a loop aperto di un op-amp
reale
• massimo e “piatta” fino a c.a 10 Hz
• decresce con pendenza -

20dB/decade



Risposta in frequenza di op-amp

frequenza normalizzata (f / fC)

G
ua

dg
an

o 
(d

B)
“Diagramma di Bode”



Risposta in frequenza di op-amp

In presenza di feedback invertente, il guadagno dell’amplificatore diminuisce e la banda 
passante aumenta in maniera da mantenere costante il prodotto tra guadagno e banda passante

!C,f = !C(1 + �A0)
<latexit sha1_base64="+50YBbxJtQk39mbi5f4a3nrdxoU=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpKCURQTdCtRuXFewDmhAm05s6dPJgZiKU0D9w46+4caGIW7fu/BunbRbaeuDCmXPuZe49fsKZVJb1bRQWFpeWV4qrpbX1jc0tc3unJeNUUGjSmMei4xMJnEXQVExx6CQCSOhzaPuD+thvP4CQLI7u1DABNyT9iAWMEqUlzzx04hD6xMvqJ8EIX+L8Wa/Y+Bg7PiiCrzzryDPLVtWaAM8TOydllKPhmV9OL6ZpCJGinEjZta1EuRkRilEOo5KTSkgIHZA+dDWNSAjSzSb3jPCBVno4iIWuSOGJ+nsiI6GUw9DXnSFR93LWG4v/ed1UBRduxqIkVRDR6UdByrGK8Tgc3GMCqOJDTQgVTO+K6T0RhCodYUmHYM+ePE9ap1Xbqtq3Z+XadR5HEe2hfVRBNjpHNXSDGqiJKHpEz+gVvRlPxovxbnxMWwtGPrOL/sD4/AEC8ZoR</latexit><latexit sha1_base64="+50YBbxJtQk39mbi5f4a3nrdxoU=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpKCURQTdCtRuXFewDmhAm05s6dPJgZiKU0D9w46+4caGIW7fu/BunbRbaeuDCmXPuZe49fsKZVJb1bRQWFpeWV4qrpbX1jc0tc3unJeNUUGjSmMei4xMJnEXQVExx6CQCSOhzaPuD+thvP4CQLI7u1DABNyT9iAWMEqUlzzx04hD6xMvqJ8EIX+L8Wa/Y+Bg7PiiCrzzryDPLVtWaAM8TOydllKPhmV9OL6ZpCJGinEjZta1EuRkRilEOo5KTSkgIHZA+dDWNSAjSzSb3jPCBVno4iIWuSOGJ+nsiI6GUw9DXnSFR93LWG4v/ed1UBRduxqIkVRDR6UdByrGK8Tgc3GMCqOJDTQgVTO+K6T0RhCodYUmHYM+ePE9ap1Xbqtq3Z+XadR5HEe2hfVRBNjpHNXSDGqiJKHpEz+gVvRlPxovxbnxMWwtGPrOL/sD4/AEC8ZoR</latexit><latexit sha1_base64="+50YBbxJtQk39mbi5f4a3nrdxoU=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpKCURQTdCtRuXFewDmhAm05s6dPJgZiKU0D9w46+4caGIW7fu/BunbRbaeuDCmXPuZe49fsKZVJb1bRQWFpeWV4qrpbX1jc0tc3unJeNUUGjSmMei4xMJnEXQVExx6CQCSOhzaPuD+thvP4CQLI7u1DABNyT9iAWMEqUlzzx04hD6xMvqJ8EIX+L8Wa/Y+Bg7PiiCrzzryDPLVtWaAM8TOydllKPhmV9OL6ZpCJGinEjZta1EuRkRilEOo5KTSkgIHZA+dDWNSAjSzSb3jPCBVno4iIWuSOGJ+nsiI6GUw9DXnSFR93LWG4v/ed1UBRduxqIkVRDR6UdByrGK8Tgc3GMCqOJDTQgVTO+K6T0RhCodYUmHYM+ePE9ap1Xbqtq3Z+XadR5HEe2hfVRBNjpHNXSDGqiJKHpEz+gVvRlPxovxbnxMWwtGPrOL/sD4/AEC8ZoR</latexit><latexit sha1_base64="+50YBbxJtQk39mbi5f4a3nrdxoU=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpKCURQTdCtRuXFewDmhAm05s6dPJgZiKU0D9w46+4caGIW7fu/BunbRbaeuDCmXPuZe49fsKZVJb1bRQWFpeWV4qrpbX1jc0tc3unJeNUUGjSmMei4xMJnEXQVExx6CQCSOhzaPuD+thvP4CQLI7u1DABNyT9iAWMEqUlzzx04hD6xMvqJ8EIX+L8Wa/Y+Bg7PiiCrzzryDPLVtWaAM8TOydllKPhmV9OL6ZpCJGinEjZta1EuRkRilEOo5KTSkgIHZA+dDWNSAjSzSb3jPCBVno4iIWuSOGJ+nsiI6GUw9DXnSFR93LWG4v/ed1UBRduxqIkVRDR6UdByrGK8Tgc3GMCqOJDTQgVTO+K6T0RhCodYUmHYM+ePE9ap1Xbqtq3Z+XadR5HEe2hfVRBNjpHNXSDGqiJKHpEz+gVvRlPxovxbnxMWwtGPrOL/sD4/AEC8ZoR</latexit>

A0,f =
A0

(1 + �A0)
<latexit sha1_base64="2UcNa2iB2jfyCYMJ+EryotxMKVI=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQUUpGBN0IrW5cVrAP6JQhk2ba0ExmSDJCGeYL3Pgrblwo4ta1O//GtJ2FVg9cODnnXnLv8WPOlEboyyosLa+srhXXSxubW9s79u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Hrqd+6pVCwSd3oS036Ih4IFjGBtJM+uNLwUnQQZvIRuIDFJGx7K0qoDj6HrU42heR9lnl1GNTQD/EucnJRBjqZnf7qDiCQhFZpwrFTPQbHup1hqRjjNSm6iaIzJGA9pz1CBQ6r66eycDFaMMoBBJE0JDWfqz4kUh0pNQt90hliP1KI3Ff/zeokOLvopE3GiqSDzj4KEQx3BaTZwwCQlmk8MwUQysyskI2xS0SbBkgnBWTz5L2mf1hxUc27PyvWrPI4iOACHoAoccA7q4AY0QQsQ8ACewAt4tR6tZ+vNep+3Fqx8Zh/8gvXxDfU0mYE=</latexit><latexit sha1_base64="2UcNa2iB2jfyCYMJ+EryotxMKVI=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQUUpGBN0IrW5cVrAP6JQhk2ba0ExmSDJCGeYL3Pgrblwo4ta1O//GtJ2FVg9cODnnXnLv8WPOlEboyyosLa+srhXXSxubW9s79u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Hrqd+6pVCwSd3oS036Ih4IFjGBtJM+uNLwUnQQZvIRuIDFJGx7K0qoDj6HrU42heR9lnl1GNTQD/EucnJRBjqZnf7qDiCQhFZpwrFTPQbHup1hqRjjNSm6iaIzJGA9pz1CBQ6r66eycDFaMMoBBJE0JDWfqz4kUh0pNQt90hliP1KI3Ff/zeokOLvopE3GiqSDzj4KEQx3BaTZwwCQlmk8MwUQysyskI2xS0SbBkgnBWTz5L2mf1hxUc27PyvWrPI4iOACHoAoccA7q4AY0QQsQ8ACewAt4tR6tZ+vNep+3Fqx8Zh/8gvXxDfU0mYE=</latexit><latexit sha1_base64="2UcNa2iB2jfyCYMJ+EryotxMKVI=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQUUpGBN0IrW5cVrAP6JQhk2ba0ExmSDJCGeYL3Pgrblwo4ta1O//GtJ2FVg9cODnnXnLv8WPOlEboyyosLa+srhXXSxubW9s79u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Hrqd+6pVCwSd3oS036Ih4IFjGBtJM+uNLwUnQQZvIRuIDFJGx7K0qoDj6HrU42heR9lnl1GNTQD/EucnJRBjqZnf7qDiCQhFZpwrFTPQbHup1hqRjjNSm6iaIzJGA9pz1CBQ6r66eycDFaMMoBBJE0JDWfqz4kUh0pNQt90hliP1KI3Ff/zeokOLvopE3GiqSDzj4KEQx3BaTZwwCQlmk8MwUQysyskI2xS0SbBkgnBWTz5L2mf1hxUc27PyvWrPI4iOACHoAoccA7q4AY0QQsQ8ACewAt4tR6tZ+vNep+3Fqx8Zh/8gvXxDfU0mYE=</latexit><latexit sha1_base64="2UcNa2iB2jfyCYMJ+EryotxMKVI=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQUUpGBN0IrW5cVrAP6JQhk2ba0ExmSDJCGeYL3Pgrblwo4ta1O//GtJ2FVg9cODnnXnLv8WPOlEboyyosLa+srhXXSxubW9s79u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Hrqd+6pVCwSd3oS036Ih4IFjGBtJM+uNLwUnQQZvIRuIDFJGx7K0qoDj6HrU42heR9lnl1GNTQD/EucnJRBjqZnf7qDiCQhFZpwrFTPQbHup1hqRjjNSm6iaIzJGA9pz1CBQ6r66eycDFaMMoBBJE0JDWfqz4kUh0pNQt90hliP1KI3Ff/zeokOLvopE3GiqSDzj4KEQx3BaTZwwCQlmk8MwUQysyskI2xS0SbBkgnBWTz5L2mf1hxUc27PyvWrPI4iOACHoAoccA7q4AY0QQsQ8ACewAt4tR6tZ+vNep+3Fqx8Zh/8gvXxDfU0mYE=</latexit>

A0 · !C = A0,f · !C,f
<latexit sha1_base64="XFSXBcBFuPvqP9FCpDs6C2kq32g=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwIWUigm6E1m5cVrAPaEKYTCbt0EkmzEyEEvobbvwVNy4Ucakr/8Zpm4W2HrhwOOde7r0nSDlTGqFvq7Syura+Ud6sbG3v7O7Z+wcdJTJJaJsILmQvwIpyltC2ZprTXiopjgNOu8GoOfW7D1QqJpJ7PU6pF+NBwiJGsDaSb6OGj6BLQqGhK2I6wH7enMBr2PBzdBZNFhyj+HYV1dAMcJk4BamCAi3f/nRDQbKYJppwrFTfQan2ciw1I5xOKm6maIrJCA9o39AEx1R5+eyzCTwxSggjIU0lGs7U3xM5jpUax4HpjLEeqkVvKv7n9TMdXXk5S9JM04TMF0UZh1rAaUwwZJISzceGYCKZuRWSIZaYaBNmxYTgLL68TDrnNQfVnLuLav2miKMMjsAxOAUOuAR1cAtaoA0IeATP4BW8WU/Wi/VufcxbS1Yxcwj+wPr6AS6Jny4=</latexit><latexit sha1_base64="XFSXBcBFuPvqP9FCpDs6C2kq32g=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwIWUigm6E1m5cVrAPaEKYTCbt0EkmzEyEEvobbvwVNy4Ucakr/8Zpm4W2HrhwOOde7r0nSDlTGqFvq7Syura+Ud6sbG3v7O7Z+wcdJTJJaJsILmQvwIpyltC2ZprTXiopjgNOu8GoOfW7D1QqJpJ7PU6pF+NBwiJGsDaSb6OGj6BLQqGhK2I6wH7enMBr2PBzdBZNFhyj+HYV1dAMcJk4BamCAi3f/nRDQbKYJppwrFTfQan2ciw1I5xOKm6maIrJCA9o39AEx1R5+eyzCTwxSggjIU0lGs7U3xM5jpUax4HpjLEeqkVvKv7n9TMdXXk5S9JM04TMF0UZh1rAaUwwZJISzceGYCKZuRWSIZaYaBNmxYTgLL68TDrnNQfVnLuLav2miKMMjsAxOAUOuAR1cAtaoA0IeATP4BW8WU/Wi/VufcxbS1Yxcwj+wPr6AS6Jny4=</latexit><latexit sha1_base64="XFSXBcBFuPvqP9FCpDs6C2kq32g=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwIWUigm6E1m5cVrAPaEKYTCbt0EkmzEyEEvobbvwVNy4Ucakr/8Zpm4W2HrhwOOde7r0nSDlTGqFvq7Syura+Ud6sbG3v7O7Z+wcdJTJJaJsILmQvwIpyltC2ZprTXiopjgNOu8GoOfW7D1QqJpJ7PU6pF+NBwiJGsDaSb6OGj6BLQqGhK2I6wH7enMBr2PBzdBZNFhyj+HYV1dAMcJk4BamCAi3f/nRDQbKYJppwrFTfQan2ciw1I5xOKm6maIrJCA9o39AEx1R5+eyzCTwxSggjIU0lGs7U3xM5jpUax4HpjLEeqkVvKv7n9TMdXXk5S9JM04TMF0UZh1rAaUwwZJISzceGYCKZuRWSIZaYaBNmxYTgLL68TDrnNQfVnLuLav2miKMMjsAxOAUOuAR1cAtaoA0IeATP4BW8WU/Wi/VufcxbS1Yxcwj+wPr6AS6Jny4=</latexit><latexit sha1_base64="XFSXBcBFuPvqP9FCpDs6C2kq32g=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwIWUigm6E1m5cVrAPaEKYTCbt0EkmzEyEEvobbvwVNy4Ucakr/8Zpm4W2HrhwOOde7r0nSDlTGqFvq7Syura+Ud6sbG3v7O7Z+wcdJTJJaJsILmQvwIpyltC2ZprTXiopjgNOu8GoOfW7D1QqJpJ7PU6pF+NBwiJGsDaSb6OGj6BLQqGhK2I6wH7enMBr2PBzdBZNFhyj+HYV1dAMcJk4BamCAi3f/nRDQbKYJppwrFTfQan2ciw1I5xOKm6maIrJCA9o39AEx1R5+eyzCTwxSggjIU0lGs7U3xM5jpUax4HpjLEeqkVvKv7n9TMdXXk5S9JM04TMF0UZh1rAaUwwZJISzceGYCKZuRWSIZaYaBNmxYTgLL68TDrnNQfVnLuLav2miKMMjsAxOAUOuAR1cAtaoA0IeATP4BW8WU/Wi/VufcxbS1Yxcwj+wPr6AS6Jny4=</latexit>

Gain-BandWidth (GBW) product

Open Loop

GBP constant

log (Guadagno)

A0

A=1
ωC

alto guadagno, bassa banda

basso guadagno, alta banda

ω

frequenza a 
guadagno unitario



Amplificatori operazionali
https://www.st.com/content/ccc/resource/technical/document/datasheet/group1/d6/9e/
4e/8a/fa/65/4c/d0/CD00001252/files/CD00001252.pdf/jcr:content/translations/en.CD0
0001252.pdf

https://www.st.com/content/ccc/resource/technical/document/datasheet/group1/d6/9e/4e/8a/fa/65/4c/d0/CD00001252/files/CD00001252.pdf/jcr:content/translations/en.CD00001252.pdf


Risposta in frequenza di op-amp

G =
1

1 + j!/!C
<latexit sha1_base64="i3sxJGFuheD4EeolSvORU+UFHuE=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApCEKdEUE3QrELXVawF+gMJZNm2thMMiQZoQzzBG58FTcuFHHr2p1vY9rOQlt/CHz85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawag+qbcfiFRU8Ds9jokfoQGnIcVIG6tnV67hJfRCiXDqZqkLj+E99EREBgie5NCrZz277FSdqeAiuDmUQa5Gz/7y+gInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNcgRxFRfjo9J4MV4/RhKKR5XMOp+3siRZFS4ygwnRHSQzVfm5j/1bqJDi/8lPI40YTj2aIwYVALOMkG9qkkWLOxAYQlNX+FeIhMNtokWDIhuPMnL0LrtOo6Vff2rFy7yuMoggNwCI6AC85BDdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwCpb5n7</latexit><latexit sha1_base64="i3sxJGFuheD4EeolSvORU+UFHuE=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApCEKdEUE3QrELXVawF+gMJZNm2thMMiQZoQzzBG58FTcuFHHr2p1vY9rOQlt/CHz85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawag+qbcfiFRU8Ds9jokfoQGnIcVIG6tnV67hJfRCiXDqZqkLj+E99EREBgie5NCrZz277FSdqeAiuDmUQa5Gz/7y+gInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNcgRxFRfjo9J4MV4/RhKKR5XMOp+3siRZFS4ygwnRHSQzVfm5j/1bqJDi/8lPI40YTj2aIwYVALOMkG9qkkWLOxAYQlNX+FeIhMNtokWDIhuPMnL0LrtOo6Vff2rFy7yuMoggNwCI6AC85BDdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwCpb5n7</latexit><latexit sha1_base64="i3sxJGFuheD4EeolSvORU+UFHuE=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApCEKdEUE3QrELXVawF+gMJZNm2thMMiQZoQzzBG58FTcuFHHr2p1vY9rOQlt/CHz85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawag+qbcfiFRU8Ds9jokfoQGnIcVIG6tnV67hJfRCiXDqZqkLj+E99EREBgie5NCrZz277FSdqeAiuDmUQa5Gz/7y+gInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNcgRxFRfjo9J4MV4/RhKKR5XMOp+3siRZFS4ygwnRHSQzVfm5j/1bqJDi/8lPI40YTj2aIwYVALOMkG9qkkWLOxAYQlNX+FeIhMNtokWDIhuPMnL0LrtOo6Vff2rFy7yuMoggNwCI6AC85BDdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwCpb5n7</latexit><latexit sha1_base64="i3sxJGFuheD4EeolSvORU+UFHuE=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApCEKdEUE3QrELXVawF+gMJZNm2thMMiQZoQzzBG58FTcuFHHr2p1vY9rOQlt/CHz85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawag+qbcfiFRU8Ds9jokfoQGnIcVIG6tnV67hJfRCiXDqZqkLj+E99EREBgie5NCrZz277FSdqeAiuDmUQa5Gz/7y+gInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNcgRxFRfjo9J4MV4/RhKKR5XMOp+3siRZFS4ygwnRHSQzVfm5j/1bqJDi/8lPI40YTj2aIwYVALOMkG9qkkWLOxAYQlNX+FeIhMNtokWDIhuPMnL0LrtOo6Vff2rFy7yuMoggNwCI6AC85BDdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwCpb5n7</latexit>

Af =
xo

xs
=

A

1 + �A
<latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit>

Verifichiamo la risposta in frequenza di un op-amp con feedback negativo

Af =
xo

xs
=

A

1 + �A
<latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit>

Af =
xo

xs
=

A

1 + �A
<latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit><latexit sha1_base64="NOmfyNtl+itFVjDHIiHxY3XQHHY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQCiURQV0IrW5cVjC20IQwmU7aoZNJmJmIJeQj3PgrblyouHXjzr9x2gbR1gP3cjjnXmbuCRJGpbKsL6O0sLi0vFJeraytb2xumds7tzJOBSYOjlksOgGShFFOHEUVI51EEBQFjLSD4eXYb98RIWnMb9QoIV6E+pyGFCOlJd+sNf0QnkM3FAhn936c6ybzH6WZZ3bNDYhCsJn7ZtWqWxPAeWIXpAoKtHzz0+3FOI0IV5ghKbu2lSgvQ0JRzEhecVNJEoSHqE+6mnIUEellk6NyeKCVHgxjoYsrOFF/b2QoknIUBXoyQmogZ72x+J/XTVV46mWUJ6kiHE8fClMGVQzHCcEeFQQrNtIEYUH1XyEeIJ2G0jlWdAj27MnzxDmqn9Xt6+Nq46JIowz2wD44BDY4AQ1wBVrAARg8gCfwAl6NR+PZeDPep6Mlo9jZBX9gfHwDn3Cdgw==</latexit>

guadagno a loop aperto
guadagno rete feedback

G =
1

1 + j!/!C
<latexit sha1_base64="i3sxJGFuheD4EeolSvORU+UFHuE=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApCEKdEUE3QrELXVawF+gMJZNm2thMMiQZoQzzBG58FTcuFHHr2p1vY9rOQlt/CHz85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawag+qbcfiFRU8Ds9jokfoQGnIcVIG6tnV67hJfRCiXDqZqkLj+E99EREBgie5NCrZz277FSdqeAiuDmUQa5Gz/7y+gInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNcgRxFRfjo9J4MV4/RhKKR5XMOp+3siRZFS4ygwnRHSQzVfm5j/1bqJDi/8lPI40YTj2aIwYVALOMkG9qkkWLOxAYQlNX+FeIhMNtokWDIhuPMnL0LrtOo6Vff2rFy7yuMoggNwCI6AC85BDdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwCpb5n7</latexit><latexit sha1_base64="i3sxJGFuheD4EeolSvORU+UFHuE=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApCEKdEUE3QrELXVawF+gMJZNm2thMMiQZoQzzBG58FTcuFHHr2p1vY9rOQlt/CHz85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawag+qbcfiFRU8Ds9jokfoQGnIcVIG6tnV67hJfRCiXDqZqkLj+E99EREBgie5NCrZz277FSdqeAiuDmUQa5Gz/7y+gInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNcgRxFRfjo9J4MV4/RhKKR5XMOp+3siRZFS4ygwnRHSQzVfm5j/1bqJDi/8lPI40YTj2aIwYVALOMkG9qkkWLOxAYQlNX+FeIhMNtokWDIhuPMnL0LrtOo6Vff2rFy7yuMoggNwCI6AC85BDdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwCpb5n7</latexit><latexit sha1_base64="i3sxJGFuheD4EeolSvORU+UFHuE=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApCEKdEUE3QrELXVawF+gMJZNm2thMMiQZoQzzBG58FTcuFHHr2p1vY9rOQlt/CHz85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawag+qbcfiFRU8Ds9jokfoQGnIcVIG6tnV67hJfRCiXDqZqkLj+E99EREBgie5NCrZz277FSdqeAiuDmUQa5Gz/7y+gInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNcgRxFRfjo9J4MV4/RhKKR5XMOp+3siRZFS4ygwnRHSQzVfm5j/1bqJDi/8lPI40YTj2aIwYVALOMkG9qkkWLOxAYQlNX+FeIhMNtokWDIhuPMnL0LrtOo6Vff2rFy7yuMoggNwCI6AC85BDdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwCpb5n7</latexit><latexit sha1_base64="i3sxJGFuheD4EeolSvORU+UFHuE=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApCEKdEUE3QrELXVawF+gMJZNm2thMMiQZoQzzBG58FTcuFHHr2p1vY9rOQlt/CHz85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawag+qbcfiFRU8Ds9jokfoQGnIcVIG6tnV67hJfRCiXDqZqkLj+E99EREBgie5NCrZz277FSdqeAiuDmUQa5Gz/7y+gInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNcgRxFRfjo9J4MV4/RhKKR5XMOp+3siRZFS4ygwnRHSQzVfm5j/1bqJDi/8lPI40YTj2aIwYVALOMkG9qkkWLOxAYQlNX+FeIhMNtokWDIhuPMnL0LrtOo6Vff2rFy7yuMoggNwCI6AC85BDdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwCpb5n7</latexit>

attenuazione filtro passa basso 1°ordineG =
1

1 + j!/!C
<latexit sha1_base64="i3sxJGFuheD4EeolSvORU+UFHuE=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApCEKdEUE3QrELXVawF+gMJZNm2thMMiQZoQzzBG58FTcuFHHr2p1vY9rOQlt/CHz85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawag+qbcfiFRU8Ds9jokfoQGnIcVIG6tnV67hJfRCiXDqZqkLj+E99EREBgie5NCrZz277FSdqeAiuDmUQa5Gz/7y+gInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNcgRxFRfjo9J4MV4/RhKKR5XMOp+3siRZFS4ygwnRHSQzVfm5j/1bqJDi/8lPI40YTj2aIwYVALOMkG9qkkWLOxAYQlNX+FeIhMNtokWDIhuPMnL0LrtOo6Vff2rFy7yuMoggNwCI6AC85BDdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwCpb5n7</latexit><latexit sha1_base64="i3sxJGFuheD4EeolSvORU+UFHuE=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApCEKdEUE3QrELXVawF+gMJZNm2thMMiQZoQzzBG58FTcuFHHr2p1vY9rOQlt/CHz85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawag+qbcfiFRU8Ds9jokfoQGnIcVIG6tnV67hJfRCiXDqZqkLj+E99EREBgie5NCrZz277FSdqeAiuDmUQa5Gz/7y+gInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNcgRxFRfjo9J4MV4/RhKKR5XMOp+3siRZFS4ygwnRHSQzVfm5j/1bqJDi/8lPI40YTj2aIwYVALOMkG9qkkWLOxAYQlNX+FeIhMNtokWDIhuPMnL0LrtOo6Vff2rFy7yuMoggNwCI6AC85BDdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwCpb5n7</latexit><latexit sha1_base64="i3sxJGFuheD4EeolSvORU+UFHuE=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApCEKdEUE3QrELXVawF+gMJZNm2thMMiQZoQzzBG58FTcuFHHr2p1vY9rOQlt/CHz85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawag+qbcfiFRU8Ds9jokfoQGnIcVIG6tnV67hJfRCiXDqZqkLj+E99EREBgie5NCrZz277FSdqeAiuDmUQa5Gz/7y+gInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNcgRxFRfjo9J4MV4/RhKKR5XMOp+3siRZFS4ygwnRHSQzVfm5j/1bqJDi/8lPI40YTj2aIwYVALOMkG9qkkWLOxAYQlNX+FeIhMNtokWDIhuPMnL0LrtOo6Vff2rFy7yuMoggNwCI6AC85BDdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwCpb5n7</latexit><latexit sha1_base64="i3sxJGFuheD4EeolSvORU+UFHuE=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApCEKdEUE3QrELXVawF+gMJZNm2thMMiQZoQzzBG58FTcuFHHr2p1vY9rOQlt/CHz85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawag+qbcfiFRU8Ds9jokfoQGnIcVIG6tnV67hJfRCiXDqZqkLj+E99EREBgie5NCrZz277FSdqeAiuDmUQa5Gz/7y+gInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNcgRxFRfjo9J4MV4/RhKKR5XMOp+3siRZFS4ygwnRHSQzVfm5j/1bqJDi/8lPI40YTj2aIwYVALOMkG9qkkWLOxAYQlNX+FeIhMNtokWDIhuPMnL0LrtOo6Vff2rFy7yuMoggNwCI6AC85BDdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwCpb5n7</latexit>

frequenza di taglio

Af (!) =
A(!)

1 + �A(!)
=

A0
1+j !

!C

1 + �A0

1+j !
!C

=
A0

1 + �A0 + j !
!C

<latexit sha1_base64="cDXSlXARmdk2RrLLcOl/svWhPZA="></latexit><latexit sha1_base64="cDXSlXARmdk2RrLLcOl/svWhPZA="></latexit><latexit sha1_base64="cDXSlXARmdk2RrLLcOl/svWhPZA="></latexit><latexit sha1_base64="cDXSlXARmdk2RrLLcOl/svWhPZA="></latexit>

=
A0

1+�A0

1 + j !
!C(1+�A0)

=
A0,f

1 + !
!C,f

<latexit sha1_base64="y8LSDzaVYkoTt0pUBsGMbjzAuH8="></latexit><latexit sha1_base64="y8LSDzaVYkoTt0pUBsGMbjzAuH8="></latexit><latexit sha1_base64="y8LSDzaVYkoTt0pUBsGMbjzAuH8="></latexit><latexit sha1_base64="y8LSDzaVYkoTt0pUBsGMbjzAuH8="></latexit>

guadagno di feedback

!C,f = !C(1 + �A0)
<latexit sha1_base64="+50YBbxJtQk39mbi5f4a3nrdxoU=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpKCURQTdCtRuXFewDmhAm05s6dPJgZiKU0D9w46+4caGIW7fu/BunbRbaeuDCmXPuZe49fsKZVJb1bRQWFpeWV4qrpbX1jc0tc3unJeNUUGjSmMei4xMJnEXQVExx6CQCSOhzaPuD+thvP4CQLI7u1DABNyT9iAWMEqUlzzx04hD6xMvqJ8EIX+L8Wa/Y+Bg7PiiCrzzryDPLVtWaAM8TOydllKPhmV9OL6ZpCJGinEjZta1EuRkRilEOo5KTSkgIHZA+dDWNSAjSzSb3jPCBVno4iIWuSOGJ+nsiI6GUw9DXnSFR93LWG4v/ed1UBRduxqIkVRDR6UdByrGK8Tgc3GMCqOJDTQgVTO+K6T0RhCodYUmHYM+ePE9ap1Xbqtq3Z+XadR5HEe2hfVRBNjpHNXSDGqiJKHpEz+gVvRlPxovxbnxMWwtGPrOL/sD4/AEC8ZoR</latexit><latexit sha1_base64="+50YBbxJtQk39mbi5f4a3nrdxoU=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpKCURQTdCtRuXFewDmhAm05s6dPJgZiKU0D9w46+4caGIW7fu/BunbRbaeuDCmXPuZe49fsKZVJb1bRQWFpeWV4qrpbX1jc0tc3unJeNUUGjSmMei4xMJnEXQVExx6CQCSOhzaPuD+thvP4CQLI7u1DABNyT9iAWMEqUlzzx04hD6xMvqJ8EIX+L8Wa/Y+Bg7PiiCrzzryDPLVtWaAM8TOydllKPhmV9OL6ZpCJGinEjZta1EuRkRilEOo5KTSkgIHZA+dDWNSAjSzSb3jPCBVno4iIWuSOGJ+nsiI6GUw9DXnSFR93LWG4v/ed1UBRduxqIkVRDR6UdByrGK8Tgc3GMCqOJDTQgVTO+K6T0RhCodYUmHYM+ePE9ap1Xbqtq3Z+XadR5HEe2hfVRBNjpHNXSDGqiJKHpEz+gVvRlPxovxbnxMWwtGPrOL/sD4/AEC8ZoR</latexit><latexit sha1_base64="+50YBbxJtQk39mbi5f4a3nrdxoU=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpKCURQTdCtRuXFewDmhAm05s6dPJgZiKU0D9w46+4caGIW7fu/BunbRbaeuDCmXPuZe49fsKZVJb1bRQWFpeWV4qrpbX1jc0tc3unJeNUUGjSmMei4xMJnEXQVExx6CQCSOhzaPuD+thvP4CQLI7u1DABNyT9iAWMEqUlzzx04hD6xMvqJ8EIX+L8Wa/Y+Bg7PiiCrzzryDPLVtWaAM8TOydllKPhmV9OL6ZpCJGinEjZta1EuRkRilEOo5KTSkgIHZA+dDWNSAjSzSb3jPCBVno4iIWuSOGJ+nsiI6GUw9DXnSFR93LWG4v/ed1UBRduxqIkVRDR6UdByrGK8Tgc3GMCqOJDTQgVTO+K6T0RhCodYUmHYM+ePE9ap1Xbqtq3Z+XadR5HEe2hfVRBNjpHNXSDGqiJKHpEz+gVvRlPxovxbnxMWwtGPrOL/sD4/AEC8ZoR</latexit><latexit sha1_base64="+50YBbxJtQk39mbi5f4a3nrdxoU=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpKCURQTdCtRuXFewDmhAm05s6dPJgZiKU0D9w46+4caGIW7fu/BunbRbaeuDCmXPuZe49fsKZVJb1bRQWFpeWV4qrpbX1jc0tc3unJeNUUGjSmMei4xMJnEXQVExx6CQCSOhzaPuD+thvP4CQLI7u1DABNyT9iAWMEqUlzzx04hD6xMvqJ8EIX+L8Wa/Y+Bg7PiiCrzzryDPLVtWaAM8TOydllKPhmV9OL6ZpCJGinEjZta1EuRkRilEOo5KTSkgIHZA+dDWNSAjSzSb3jPCBVno4iIWuSOGJ+nsiI6GUw9DXnSFR93LWG4v/ed1UBRduxqIkVRDR6UdByrGK8Tgc3GMCqOJDTQgVTO+K6T0RhCodYUmHYM+ePE9ap1Xbqtq3Z+XadR5HEe2hfVRBNjpHNXSDGqiJKHpEz+gVvRlPxovxbnxMWwtGPrOL/sD4/AEC8ZoR</latexit>

A0,f =
A0

(1 + �A0)
<latexit sha1_base64="2UcNa2iB2jfyCYMJ+EryotxMKVI=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQUUpGBN0IrW5cVrAP6JQhk2ba0ExmSDJCGeYL3Pgrblwo4ta1O//GtJ2FVg9cODnnXnLv8WPOlEboyyosLa+srhXXSxubW9s79u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Hrqd+6pVCwSd3oS036Ih4IFjGBtJM+uNLwUnQQZvIRuIDFJGx7K0qoDj6HrU42heR9lnl1GNTQD/EucnJRBjqZnf7qDiCQhFZpwrFTPQbHup1hqRjjNSm6iaIzJGA9pz1CBQ6r66eycDFaMMoBBJE0JDWfqz4kUh0pNQt90hliP1KI3Ff/zeokOLvopE3GiqSDzj4KEQx3BaTZwwCQlm k8MwUQysyskI2xS0SbBkgnBWTz5L2mf1hxUc27PyvWrPI4iOACHoAoccA7q4AY0QQsQ8ACewAt4tR6tZ+vNep+3Fqx8Zh/8gvXxDfU0mYE=</latexit><latexit sha1_base64="2UcNa2iB2jfyCYMJ+EryotxMKVI=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQUUpGBN0IrW5cVrAP6JQhk2ba0ExmSDJCGeYL3Pgrblwo4ta1O//GtJ2FVg9cODnnXnLv8WPOlEboyyosLa+srhXXSxubW9s79u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Hrqd+6pVCwSd3oS036Ih4IFjGBtJM+uNLwUnQQZvIRuIDFJGx7K0qoDj6HrU42heR9lnl1GNTQD/EucnJRBjqZnf7qDiCQhFZpwrFTPQbHup1hqRjjNSm6iaIzJGA9pz1CBQ6r66eycDFaMMoBBJE0JDWfqz4kUh0pNQt90hliP1KI3Ff/zeokOLvopE3GiqSDzj4KEQx3BaTZwwCQlm k8MwUQysyskI2xS0SbBkgnBWTz5L2mf1hxUc27PyvWrPI4iOACHoAoccA7q4AY0QQsQ8ACewAt4tR6tZ+vNep+3Fqx8Zh/8gvXxDfU0mYE=</latexit><latexit sha1_base64="2UcNa2iB2jfyCYMJ+EryotxMKVI=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQUUpGBN0IrW5cVrAP6JQhk2ba0ExmSDJCGeYL3Pgrblwo4ta1O//GtJ2FVg9cODnnXnLv8WPOlEboyyosLa+srhXXSxubW9s79u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Hrqd+6pVCwSd3oS036Ih4IFjGBtJM+uNLwUnQQZvIRuIDFJGx7K0qoDj6HrU42heR9lnl1GNTQD/EucnJRBjqZnf7qDiCQhFZpwrFTPQbHup1hqRjjNSm6iaIzJGA9pz1CBQ6r66eycDFaMMoBBJE0JDWfqz4kUh0pNQt90hliP1KI3Ff/zeokOLvopE3GiqSDzj4KEQx3BaTZwwCQlm k8MwUQysyskI2xS0SbBkgnBWTz5L2mf1hxUc27PyvWrPI4iOACHoAoccA7q4AY0QQsQ8ACewAt4tR6tZ+vNep+3Fqx8Zh/8gvXxDfU0mYE=</latexit><latexit sha1_base64="2UcNa2iB2jfyCYMJ+EryotxMKVI=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQUUpGBN0IrW5cVrAP6JQhk2ba0ExmSDJCGeYL3Pgrblwo4ta1O//GtJ2FVg9cODnnXnLv8WPOlEboyyosLa+srhXXSxubW9s79u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Hrqd+6pVCwSd3oS036Ih4IFjGBtJM+uNLwUnQQZvIRuIDFJGx7K0qoDj6HrU42heR9lnl1GNTQD/EucnJRBjqZnf7qDiCQhFZpwrFTPQbHup1hqRjjNSm6iaIzJGA9pz1CBQ6r66eycDFaMMoBBJE0JDWfqz4kUh0pNQt90hliP1KI3Ff/zeokOLvopE3GiqSDzj4KEQx3BaTZwwCQlm k8MwUQysyskI2xS0SbBkgnBWTz5L2mf1hxUc27PyvWrPI4iOACHoAoccA7q4AY0QQsQ8ACewAt4tR6tZ+vNep+3Fqx8Zh/8gvXxDfU0mYE=</latexit>

frequenza di taglio di feedback


