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Esercizio (tratto dal Problema svolto 22.2 dell’Halliday Resnick Walker)

La figura mostra tre particelle con cariche Q1 = +2Q, Q2 = −2Q e Q3 = −4Q, tutte poste ad
una distanza d dall’origine.

1. Calcolare il potenziale V generato dalle tre cariche

2. Quanto vale il campo elettrico ~E nell’origine ?
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Q1
<latexit sha1_base64="ne7NeOMvVSv1jqGON7BjZCFK7Ak=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7m1hYBGwsEzQfkBxxbzOXLNnbO3b3lHDkJ9hYKGLrL7Lz37j5KDTxwcDjvRlm5gWJ4Nq47reTW1vf2NzKbxd2dvf2D4qHR00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjG6mfusRleaxvDfjBP2IDiQPOaPGSnf1ntcrltyyOwNZJd6ClKonzacHAKj1il/dfszSCKVhgmrd8dzE+BlVhjOBk0I31ZhQNqID7FgqaYTaz2anTsi5VfokjJUtachM/T2R0UjrcRTYzoiaoV72puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6BRuCt/zyKmlelj237NVtGtcwRx5O4QwuwIMKVOEWatAABgN4hld4c4Tz4rw7H/PWnLOYOYY/cD5/ANe0jvI=</latexit><latexit sha1_base64="BWXjUXjR/p1cN2awInZqZQS0e5Q=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujRYWARvLBM0DkiXMTm6SIbOzy8yssiz5BBsLRSxs/CI7P8D/cPIoNPHAhcM593LvPUEsuDau++XkVlbX1jfym4Wt7Z3dveL+QUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo+uJ37xHpXkk70waox/SgeR9zqix0m2t63WLJbfsTkGWiTcnpcpR4yFOv9+r3eJnpxexJERpmKBatz03Nn5GleFM4LjQSTTGlI3oANuWShqi9rPpqWNyapUe6UfKljRkqv6eyGiodRoGtjOkZqgXvYn4n9dOTP/Sz7iME4OSzRb1E0FMRCZ/kx5XyIxILaFMcXsrYUOqKDM2nYINwVt8eZk0zsueW/ZqNo0rmCEPx3ACZ+DBBVTgBqpQBwYDeIRneHGE8+S8Om+z1pwznzmEP3A+fgCVOZD/</latexit><latexit sha1_base64="BWXjUXjR/p1cN2awInZqZQS0e5Q=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujRYWARvLBM0DkiXMTm6SIbOzy8yssiz5BBsLRSxs/CI7P8D/cPIoNPHAhcM593LvPUEsuDau++XkVlbX1jfym4Wt7Z3dveL+QUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo+uJ37xHpXkk70waox/SgeR9zqix0m2t63WLJbfsTkGWiTcnpcpR4yFOv9+r3eJnpxexJERpmKBatz03Nn5GleFM4LjQSTTGlI3oANuWShqi9rPpqWNyapUe6UfKljRkqv6eyGiodRoGtjOkZqgXvYn4n9dOTP/Sz7iME4OSzRb1E0FMRCZ/kx5XyIxILaFMcXsrYUOqKDM2nYINwVt8eZk0zsueW/ZqNo0rmCEPx3ACZ+DBBVTgBqpQBwYDeIRneHGE8+S8Om+z1pwznzmEP3A+fgCVOZD/</latexit>

Q2
<latexit sha1_base64="rU0zjq5/5SI5GF9Bm0nC8ZBCWU4=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7NFpYBGwsEzQfkBxxbzOXLNnbO3b3lHDkJ9hYKGLrL7Lz37j5KDTxwcDjvRlm5gWJ4Nq47reTW1vf2NzKbxd2dvf2D4qHR00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjG6mfusRleaxvDfjBP2IDiQPOaPGSnf1XqVXLLlldwaySrwFKVVPmk8PAFDrFb+6/ZilEUrDBNW647mJ8TOqDGcCJ4VuqjGhbEQH2LFU0gi1n81OnZBzq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73sTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdKslD237NVtGtcwRx5O4QwuwINLqMIt1KABDAbwDK/w5gjnxXl3PuatOWcxcwx/4Hz+ANk4jvM=</latexit><latexit sha1_base64="vOYGd3ZN0981O00uUWs59lv65Is=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdhNo4VFwMYyQfOAZAmzk9lkyOzsMnNXWUI+wcZCEQsbv8jOD/A/nDwKTTxw4XDOvdx7T5BIYdB1v5yV1bX1jc3cVn57Z3dvv3Bw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDK8nfvOeayNidYdZwv2I9pUIBaNopdtat9wtFN2SOwVZJt6cFCvHjYck+36vdgufnV7M0ogrZJIa0/bcBP0R1SiY5ON8JzU8oWxI+7xtqaIRN/5oeuqYnFmlR8JY21JIpurviRGNjMmiwHZGFAdm0ZuI/3ntFMNLfyRUkiJXbLYoTCXBmEz+Jj2hOUOZWUKZFvZWwgZUU4Y2nbwNwVt8eZk0yiXPLXk1m8YVzJCDEziFc/DgAipwA1WoA4M+PMIzvDjSeXJenbdZ64oznzmCP3A+fgCWvZEA</latexit><latexit sha1_base64="vOYGd3ZN0981O00uUWs59lv65Is=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdhNo4VFwMYyQfOAZAmzk9lkyOzsMnNXWUI+wcZCEQsbv8jOD/A/nDwKTTxw4XDOvdx7T5BIYdB1v5yV1bX1jc3cVn57Z3dvv3Bw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDK8nfvOeayNidYdZwv2I9pUIBaNopdtat9wtFN2SOwVZJt6cFCvHjYck+36vdgufnV7M0ogrZJIa0/bcBP0R1SiY5ON8JzU8oWxI+7xtqaIRN/5oeuqYnFmlR8JY21JIpurviRGNjMmiwHZGFAdm0ZuI/3ntFMNLfyRUkiJXbLYoTCXBmEz+Jj2hOUOZWUKZFvZWwgZUU4Y2nbwNwVt8eZk0yiXPLXk1m8YVzJCDEziFc/DgAipwA1WoA4M+PMIzvDjSeXJenbdZ64oznzmCP3A+fgCWvZEA</latexit>

Q3
<latexit sha1_base64="g6UfZbrfw4ZqOZDRSOLeD7nBZfY=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7LbSwCNhYJmg+IDni3mYvWbK3d+zOKeHIT7CxUMTWX2Tnv3HzUWjig4HHezPMzAsSKQy67reTW1ldW9/Ibxa2tnd294r7Bw0Tp5rxOotlrFsBNVwKxesoUPJWojmNAsmbwfBm4jcfuTYiVvc4Srgf0b4SoWAUrXRX6150iyW37E5Blok3J6XKUePpAQCq3eJXpxezNOIKmaTGtD03QT+jGgWTfFzopIYnlA1pn7ctVTTixs+mp47JqVV6JIy1LYVkqv6eyGhkzCgKbGdEcWAWvYn4n9dOMbzyM6GSFLlis0VhKgnGZPI36QnNGcqRJZRpYW8lbEA1ZWjTKdgQvMWXl0njvOy5Za9m07iGGfJwDCdwBh5cQgVuoQp1YNCHZ3iFN0c6L8678zFrzTnzmUP4A+fzB9q8jvQ=</latexit><latexit sha1_base64="XIbXzO7ozlHJ8TqpqFFTAgV2LBc=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdjVQguLgI1lguYByRJmJ3eTIbOzy8ysEpZ8go2FIhY2fpGdH+B/OHkUmnjgwuGce7n3niARXBvX/XKWlldW19ZzG/nNre2d3cLefl3HqWJYY7GIVTOgGgWXWDPcCGwmCmkUCGwEg+ux37hHpXks78wwQT+iPclDzqix0m21c94pFN2SOwFZJN6MFMuH9Ydk+P1e6RQ+292YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RE6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt5bsmr2jSuYIocHMExnIIHF1CGG6hADRj04BGe4cURzpPz6rxNW5ec2cwB/IHz8QOYQZEB</latexit><latexit sha1_base64="XIbXzO7ozlHJ8TqpqFFTAgV2LBc=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdjVQguLgI1lguYByRJmJ3eTIbOzy8ysEpZ8go2FIhY2fpGdH+B/OHkUmnjgwuGce7n3niARXBvX/XKWlldW19ZzG/nNre2d3cLefl3HqWJYY7GIVTOgGgWXWDPcCGwmCmkUCGwEg+ux37hHpXks78wwQT+iPclDzqix0m21c94pFN2SOwFZJN6MFMuH9Ydk+P1e6RQ+292YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RE6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt5bsmr2jSuYIocHMExnIIHF1CGG6hADRj04BGe4cURzpPz6rxNW5ec2cwB/IHz8QOYQZEB</latexit>
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SOLUZIONE

Ogni carica sorgente Q posta in un punto S genera in un punto P dello spazio un potenziale elettro-
statico dato da

V (P ) = k
Q

rSP
(1)

dove

• rSP è la distanza che va dal punto sorgente S al punto P dello spazio;

• la costante k vale

k = 8.9875 · 109
N m2

C2
(2)

e si può anche scrivere equivalentemente come

k =
1

4πε0
con ε0 = 8.8542 · 10−12 C2

N m2
(3)

1. Consideriamo un punto P generico identificato dal vettore posizione

~r = (x, y) (4)

x
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Q1
<latexit sha1_base64="ne7NeOMvVSv1jqGON7BjZCFK7Ak=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7m1hYBGwsEzQfkBxxbzOXLNnbO3b3lHDkJ9hYKGLrL7Lz37j5KDTxwcDjvRlm5gWJ4Nq47reTW1vf2NzKbxd2dvf2D4qHR00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjG6mfusRleaxvDfjBP2IDiQPOaPGSnf1ntcrltyyOwNZJd6ClKonzacHAKj1il/dfszSCKVhgmrd8dzE+BlVhjOBk0I31ZhQNqID7FgqaYTaz2anTsi5VfokjJUtachM/T2R0UjrcRTYzoiaoV72puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6BRuCt/zyKmlelj237NVtGtcwRx5O4QwuwIMKVOEWatAABgN4hld4c4Tz4rw7H/PWnLOYOYY/cD5/ANe0jvI=</latexit><latexit sha1_base64="BWXjUXjR/p1cN2awInZqZQS0e5Q=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujRYWARvLBM0DkiXMTm6SIbOzy8yssiz5BBsLRSxs/CI7P8D/cPIoNPHAhcM593LvPUEsuDau++XkVlbX1jfym4Wt7Z3dveL+QUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo+uJ37xHpXkk70waox/SgeR9zqix0m2t63WLJbfsTkGWiTcnpcpR4yFOv9+r3eJnpxexJERpmKBatz03Nn5GleFM4LjQSTTGlI3oANuWShqi9rPpqWNyapUe6UfKljRkqv6eyGiodRoGtjOkZqgXvYn4n9dOTP/Sz7iME4OSzRb1E0FMRCZ/kx5XyIxILaFMcXsrYUOqKDM2nYINwVt8eZk0zsueW/ZqNo0rmCEPx3ACZ+DBBVTgBqpQBwYDeIRneHGE8+S8Om+z1pwznzmEP3A+fgCVOZD/</latexit><latexit sha1_base64="BWXjUXjR/p1cN2awInZqZQS0e5Q=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujRYWARvLBM0DkiXMTm6SIbOzy8yssiz5BBsLRSxs/CI7P8D/cPIoNPHAhcM593LvPUEsuDau++XkVlbX1jfym4Wt7Z3dveL+QUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo+uJ37xHpXkk70waox/SgeR9zqix0m2t63WLJbfsTkGWiTcnpcpR4yFOv9+r3eJnpxexJERpmKBatz03Nn5GleFM4LjQSTTGlI3oANuWShqi9rPpqWNyapUe6UfKljRkqv6eyGiodRoGtjOkZqgXvYn4n9dOTP/Sz7iME4OSzRb1E0FMRCZ/kx5XyIxILaFMcXsrYUOqKDM2nYINwVt8eZk0zsueW/ZqNo0rmCEPx3ACZ+DBBVTgBqpQBwYDeIRneHGE8+S8Om+z1pwznzmEP3A+fgCVOZD/</latexit>

Q2
<latexit sha1_base64="rU0zjq5/5SI5GF9Bm0nC8ZBCWU4=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7NFpYBGwsEzQfkBxxbzOXLNnbO3b3lHDkJ9hYKGLrL7Lz37j5KDTxwcDjvRlm5gWJ4Nq47reTW1vf2NzKbxd2dvf2D4qHR00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjG6mfusRleaxvDfjBP2IDiQPOaPGSnf1XqVXLLlldwaySrwFKVVPmk8PAFDrFb+6/ZilEUrDBNW647mJ8TOqDGcCJ4VuqjGhbEQH2LFU0gi1n81OnZBzq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73sTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdKslD237NVtGtcwRx5O4QwuwINLqMIt1KABDAbwDK/w5gjnxXl3PuatOWcxcwx/4Hz+ANk4jvM=</latexit><latexit sha1_base64="vOYGd3ZN0981O00uUWs59lv65Is=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdhNo4VFwMYyQfOAZAmzk9lkyOzsMnNXWUI+wcZCEQsbv8jOD/A/nDwKTTxw4XDOvdx7T5BIYdB1v5yV1bX1jc3cVn57Z3dvv3Bw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDK8nfvOeayNidYdZwv2I9pUIBaNopdtat9wtFN2SOwVZJt6cFCvHjYck+36vdgufnV7M0ogrZJIa0/bcBP0R1SiY5ON8JzU8oWxI+7xtqaIRN/5oeuqYnFmlR8JY21JIpurviRGNjMmiwHZGFAdm0ZuI/3ntFMNLfyRUkiJXbLYoTCXBmEz+Jj2hOUOZWUKZFvZWwgZUU4Y2nbwNwVt8eZk0yiXPLXk1m8YVzJCDEziFc/DgAipwA1WoA4M+PMIzvDjSeXJenbdZ64oznzmCP3A+fgCWvZEA</latexit><latexit sha1_base64="vOYGd3ZN0981O00uUWs59lv65Is=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdhNo4VFwMYyQfOAZAmzk9lkyOzsMnNXWUI+wcZCEQsbv8jOD/A/nDwKTTxw4XDOvdx7T5BIYdB1v5yV1bX1jc3cVn57Z3dvv3Bw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDK8nfvOeayNidYdZwv2I9pUIBaNopdtat9wtFN2SOwVZJt6cFCvHjYck+36vdgufnV7M0ogrZJIa0/bcBP0R1SiY5ON8JzU8oWxI+7xtqaIRN/5oeuqYnFmlR8JY21JIpurviRGNjMmiwHZGFAdm0ZuI/3ntFMNLfyRUkiJXbLYoTCXBmEz+Jj2hOUOZWUKZFvZWwgZUU4Y2nbwNwVt8eZk0yiXPLXk1m8YVzJCDEziFc/DgAipwA1WoA4M+PMIzvDjSeXJenbdZ64oznzmCP3A+fgCWvZEA</latexit>

Q3
<latexit sha1_base64="g6UfZbrfw4ZqOZDRSOLeD7nBZfY=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7LbSwCNhYJmg+IDni3mYvWbK3d+zOKeHIT7CxUMTWX2Tnv3HzUWjig4HHezPMzAsSKQy67reTW1ldW9/Ibxa2tnd294r7Bw0Tp5rxOotlrFsBNVwKxesoUPJWojmNAsmbwfBm4jcfuTYiVvc4Srgf0b4SoWAUrXRX6150iyW37E5Blok3J6XKUePpAQCq3eJXpxezNOIKmaTGtD03QT+jGgWTfFzopIYnlA1pn7ctVTTixs+mp47JqVV6JIy1LYVkqv6eyGhkzCgKbGdEcWAWvYn4n9dOMbzyM6GSFLlis0VhKgnGZPI36QnNGcqRJZRpYW8lbEA1ZWjTKdgQvMWXl0njvOy5Za9m07iGGfJwDCdwBh5cQgVuoQp1YNCHZ3iFN0c6L8678zFrzTnzmUP4A+fzB9q8jvQ=</latexit><latexit sha1_base64="XIbXzO7ozlHJ8TqpqFFTAgV2LBc=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdjVQguLgI1lguYByRJmJ3eTIbOzy8ysEpZ8go2FIhY2fpGdH+B/OHkUmnjgwuGce7n3niARXBvX/XKWlldW19ZzG/nNre2d3cLefl3HqWJYY7GIVTOgGgWXWDPcCGwmCmkUCGwEg+ux37hHpXks78wwQT+iPclDzqix0m21c94pFN2SOwFZJN6MFMuH9Ydk+P1e6RQ+292YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RE6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt5bsmr2jSuYIocHMExnIIHF1CGG6hADRj04BGe4cURzpPz6rxNW5ec2cwB/IHz8QOYQZEB</latexit><latexit sha1_base64="XIbXzO7ozlHJ8TqpqFFTAgV2LBc=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdjVQguLgI1lguYByRJmJ3eTIbOzy8ysEpZ8go2FIhY2fpGdH+B/OHkUmnjgwuGce7n3niARXBvX/XKWlldW19ZzG/nNre2d3cLefl3HqWJYY7GIVTOgGgWXWDPcCGwmCmkUCGwEg+ux37hHpXks78wwQT+iPclDzqix0m21c94pFN2SOwFZJN6MFMuH9Ydk+P1e6RQ+292YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RE6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt5bsmr2jSuYIocHMExnIIHF1CGG6hADRj04BGe4cURzpPz6rxNW5ec2cwB/IHz8QOYQZEB</latexit>

~r1
<latexit sha1_base64="NyeX0zdD0EZCqC2Qa1LX7SsnM/8=">AAAB8HicbVA9SwNBEJ3zM8avRMs0i0GwCnc2WlgEbCwjmA/JHWFvM5cs2b07dvcC4civsLFQxNafY2fnT3HzUWjig4HHezPMzAtTwbVx3S9nY3Nre2e3sFfcPzg8Oi6VT1o6yRTDJktEojoh1Sh4jE3DjcBOqpDKUGA7HN3O/PYYleZJ/GAmKQaSDmIecUaNlR79MbJcTXter1R1a+4cZJ14S1Ktl/3KNwA0eqVPv5+wTGJsmKBadz03NUFOleFM4LToZxpTykZ0gF1LYypRB/n84Ck5t0qfRImyFRsyV39P5FRqPZGh7ZTUDPWqNxP/87qZia6DnMdpZjBmi0VRJohJyOx70ucKmRETSyhT3N5K2JAqyozNqGhD8FZfXiety5rn1rx7m8YNLFCACpzBBXhwBXW4gwY0gYGEJ3iBV0c5z86b875o3XCWM6fwB87HDwxCkgY=</latexit><latexit sha1_base64="xY5lbEoC7vQuZQMZAGqbx0FkdtQ=">AAAB8HicbVC7SgNBFL0bXzG+Eq0kzWAQrMKujRYWARvLBMxDskuYncwmQ2Zml5nZQFjyFTYWitj6MRZ2+jVOHoUmHrhwOOde7r0nTDjTxnW/nNzG5tb2Tn63sLd/cHhULB23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g5HtzO/PaZKs1jem0lCA4EHkkWMYGOlB39MSaamPa9XrLhVdw60TrwlqdRKfvm7cfpR7xU//X5MUkGlIRxr3fXcxAQZVoYRTqcFP9U0wWSEB7RrqcSC6iCbHzxF51bpoyhWtqRBc/X3RIaF1hMR2k6BzVCvejPxP6+bmug6yJhMUkMlWSyKUo5MjGbfoz5TlBg+sQQTxeytiAyxwsTYjAo2BG/15XXSuqx6btVr2DRuYIE8lOEMLsCDK6jBHdShCQQEPMIzvDjKeXJenbdFa85ZzpzAHzjvP6SUkzg=</latexit><latexit sha1_base64="xY5lbEoC7vQuZQMZAGqbx0FkdtQ=">AAAB8HicbVC7SgNBFL0bXzG+Eq0kzWAQrMKujRYWARvLBMxDskuYncwmQ2Zml5nZQFjyFTYWitj6MRZ2+jVOHoUmHrhwOOde7r0nTDjTxnW/nNzG5tb2Tn63sLd/cHhULB23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g5HtzO/PaZKs1jem0lCA4EHkkWMYGOlB39MSaamPa9XrLhVdw60TrwlqdRKfvm7cfpR7xU//X5MUkGlIRxr3fXcxAQZVoYRTqcFP9U0wWSEB7RrqcSC6iCbHzxF51bpoyhWtqRBc/X3RIaF1hMR2k6BzVCvejPxP6+bmug6yJhMUkMlWSyKUo5MjGbfoz5TlBg+sQQTxeytiAyxwsTYjAo2BG/15XXSuqx6btVr2DRuYIE8lOEMLsCDK6jBHdShCQQEPMIzvDjKeXJenbdFa85ZzpzAHzjvP6SUkzg=</latexit>

~r2
<latexit sha1_base64="Kctl65pElY1pEaE7pJA9QdfTZ6I=">AAAB8HicbVA9SwNBEJ2LXzF+JVqmWQyCVbhLo4VFwMYygvmQ3BH2NpNkye7dsbsXCEd+hY2FIrb+HDs7f4qbj0ITHww83pthZl6YCK6N6345ua3tnd29/H7h4PDo+KRYOm3pOFUMmywWseqEVKPgETYNNwI7iUIqQ4HtcHw799sTVJrH0YOZJhhIOoz4gDNqrPToT5Blatar9YoVt+ouQDaJtyKVeskvfwNAo1f89PsxSyVGhgmqdddzExNkVBnOBM4KfqoxoWxMh9i1NKISdZAtDp6RC6v0ySBWtiJDFurviYxKracytJ2SmpFe9+bif143NYPrIONRkhqM2HLRIBXExGT+PelzhcyIqSWUKW5vJWxEFWXGZlSwIXjrL2+SVq3quVXv3qZxA0vkoQzncAkeXEEd7qABTWAg4Qle4NVRzrPz5rwvW3POauYM/sD5+AENxpIH</latexit><latexit sha1_base64="F7OBeUi3S+W82ZkZh0wwx8/1AUE=">AAAB8HicbVC7SgNBFJ31GeMr0UrSDAbBKuym0cIiYGOZgHlIdgmzk7vJkJnZZWY2EJZ8hY2FIrZ+jIWdfo2TR6GJBy4czrmXe+8JE860cd0vZ2Nza3tnN7eX3z84PDouFE9aOk4VhSaNeaw6IdHAmYSmYYZDJ1FARMihHY5uZ357DEqzWN6bSQKBIAPJIkaJsdKDPwaaqWmv2iuU3Yo7B14n3pKUa0W/9N04+6j3Cp9+P6apAGkoJ1p3PTcxQUaUYZTDNO+nGhJCR2QAXUslEaCDbH7wFF9YpY+jWNmSBs/V3xMZEVpPRGg7BTFDverNxP+8bmqi6yBjMkkNSLpYFKUcmxjPvsd9poAaPrGEUMXsrZgOiSLU2IzyNgRv9eV10qpWPLfiNWwaN2iBHCqhc3SJPHSFaugO1VETUSTQI3pGL45ynpxX523RuuEsZ07RHzjvP6YYkzk=</latexit><latexit sha1_base64="F7OBeUi3S+W82ZkZh0wwx8/1AUE=">AAAB8HicbVC7SgNBFJ31GeMr0UrSDAbBKuym0cIiYGOZgHlIdgmzk7vJkJnZZWY2EJZ8hY2FIrZ+jIWdfo2TR6GJBy4czrmXe+8JE860cd0vZ2Nza3tnN7eX3z84PDouFE9aOk4VhSaNeaw6IdHAmYSmYYZDJ1FARMihHY5uZ357DEqzWN6bSQKBIAPJIkaJsdKDPwaaqWmv2iuU3Yo7B14n3pKUa0W/9N04+6j3Cp9+P6apAGkoJ1p3PTcxQUaUYZTDNO+nGhJCR2QAXUslEaCDbH7wFF9YpY+jWNmSBs/V3xMZEVpPRGg7BTFDverNxP+8bmqi6yBjMkkNSLpYFKUcmxjPvsd9poAaPrGEUMXsrZgOiSLU2IzyNgRv9eV10qpWPLfiNWwaN2iBHCqhc3SJPHSFaugO1VETUSTQI3pGL45ynpxX523RuuEsZ07RHzjvP6YYkzk=</latexit>

~r3
<latexit sha1_base64="XeiKsvJMC5M5TtchTlBiwrZKrd4=">AAAB8HicbVA9SwNBEJ2LXzF+JVqmWQyCVbjTQguLgI1lBPMhuSPsbSbJkr29Y3cvEI78ChsLRWz9OXZ2/hQ3H4UmPhh4vDfDzLwwEVwb1/1ychubW9s7+d3C3v7B4VGxdNzUcaoYNlgsYtUOqUbBJTYMNwLbiUIahQJb4eh25rfGqDSP5YOZJBhEdCB5nzNqrPToj5Flatq97BYrbtWdg6wTb0kqtZJf/gaAerf46fdilkYoDRNU647nJibIqDKcCZwW/FRjQtmIDrBjqaQR6iCbHzwlZ1bpkX6sbElD5urviYxGWk+i0HZG1Az1qjcT//M6qelfBxmXSWpQssWifiqIicnse9LjCpkRE0soU9zeStiQKsqMzahgQ/BWX14nzYuq51a9e5vGDSyQhzKcwjl4cAU1uIM6NIBBBE/wAq+Ocp6dN+d90ZpzljMn8AfOxw8PSpII</latexit><latexit sha1_base64="3RmBb8fEgYT4XC5IUKBCUYNHm8Q=">AAAB8HicbVA9SwNBEN2LXzF+JVpJmsUgWIU7LbSwCNhYJmASJXeEvc1csmR379jdC4Qjv8LGQhFbf4yFnf4aNx+FJj4YeLw3w8y8MOFMG9f9cnJr6xubW/ntws7u3v5BsXTY0nGqKDRpzGN1HxINnEloGmY43CcKiAg5tMPhzdRvj0BpFss7M04gEKQvWcQoMVZ68EdAMzXpXnSLFbfqzoBXibcglVrJL383jj/q3eKn34tpKkAayonWHc9NTJARZRjlMCn4qYaE0CHpQ8dSSQToIJsdPMGnVunhKFa2pMEz9fdERoTWYxHaTkHMQC97U/E/r5Oa6CrImExSA5LOF0UpxybG0+9xjymgho8tIVQxeyumA6IINTajgg3BW355lbTOq55b9Ro2jWs0Rx6V0Qk6Qx66RDV0i+qoiSgS6BE9oxdHOU/Oq/M2b805i5kj9AfO+w+nnJM6</latexit><latexit sha1_base64="3RmBb8fEgYT4XC5IUKBCUYNHm8Q=">AAAB8HicbVA9SwNBEN2LXzF+JVpJmsUgWIU7LbSwCNhYJmASJXeEvc1csmR379jdC4Qjv8LGQhFbf4yFnf4aNx+FJj4YeLw3w8y8MOFMG9f9cnJr6xubW/ntws7u3v5BsXTY0nGqKDRpzGN1HxINnEloGmY43CcKiAg5tMPhzdRvj0BpFss7M04gEKQvWcQoMVZ68EdAMzXpXnSLFbfqzoBXibcglVrJL383jj/q3eKn34tpKkAayonWHc9NTJARZRjlMCn4qYaE0CHpQ8dSSQToIJsdPMGnVunhKFa2pMEz9fdERoTWYxHaTkHMQC97U/E/r5Oa6CrImExSA5LOF0UpxybG0+9xjymgho8tIVQxeyumA6IINTajgg3BW355lbTOq55b9Ro2jWs0Rx6V0Qk6Qx66RDV0i+qoiSgS6BE9oxdHOU/Oq/M2b805i5kj9AfO+w+nnJM6</latexit>

~r
<latexit sha1_base64="xnlOcot9QlQFyNyrMtsLM+XYe7w=">AAAB73icbZBLSgNBEIZr4ivGV9Slm8YguAozbnQhGHDjMoJ5QDKEnk5N0qSnZ+zuCYQhSy/gxoUibj2GV3DnGbyEnUREE39o+Pj/KrqqgkRwbVz3w8ktLa+sruXXCxubW9s7xd29uo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgGl5O8MUSleSxvzChBP6I9yUPOqLFWsz1Elqkx6RRLbtmdivyANw+li7fPOwIA1U7xvd2NWRqhNExQrVuemxg/o8pwJnBcaKcaE8oGtIcti5JGqP1sOu+YHFmnS8JY2ScNmbq/OzIaaT2KAlsZUdPX89nE/C9rpSY88zMuk9SgZLOPwlQQE5PJ8qTLFTIjRhYoU9zOSlifKsqMPVHBHmFh5UWon5Q9t+xdu6XKOcyUhwM4hGPw4BQqcAVVqAEDAffwCE/OrfPgPDsvs9Kc892zD3/kvH4Bdu+SdQ==</latexit><latexit sha1_base64="PnVZkMPgHM45iTvWjphzUStv0f8=">AAAB73icbZBLSgNBEIZr4ivGV9SlII1BcBVm3OhCMODGZQLmAckQejo1SZOeh909gTBk6QXcuFDErTdw6xXceQY9hJ1ERBN/aPj4/yq6qrxYcKVt+93KLCwuLa9kV3Nr6xubW/ntnZqKEsmwyiIRyYZHFQoeYlVzLbARS6SBJ7Du9S/GeX2AUvEovNLDGN2AdkPuc0a1sRqtAbJUjkg7X7CL9kTkB5xZKJy/ftzsv1Q+y+38W6sTsSTAUDNBlWo6dqzdlErNmcBRrpUojCnr0y42DYY0QOWmk3lH5NA4HeJH0rxQk4n7uyOlgVLDwDOVAdU9NZuNzf+yZqL9UzflYZxoDNn0Iz8RREdkvDzpcIlMi6EByiQ3sxLWo5IybU6UM0eYW3keasdFxy46FbtQOoOpsrAHB3AEDpxACS6hDFVgIOAW7uHBurburEfraVqasb57duGPrOcvEYaUaA==</latexit><latexit sha1_base64="PnVZkMPgHM45iTvWjphzUStv0f8=">AAAB73icbZBLSgNBEIZr4ivGV9SlII1BcBVm3OhCMODGZQLmAckQejo1SZOeh909gTBk6QXcuFDErTdw6xXceQY9hJ1ERBN/aPj4/yq6qrxYcKVt+93KLCwuLa9kV3Nr6xubW/ntnZqKEsmwyiIRyYZHFQoeYlVzLbARS6SBJ7Du9S/GeX2AUvEovNLDGN2AdkPuc0a1sRqtAbJUjkg7X7CL9kTkB5xZKJy/ftzsv1Q+y+38W6sTsSTAUDNBlWo6dqzdlErNmcBRrpUojCnr0y42DYY0QOWmk3lH5NA4HeJH0rxQk4n7uyOlgVLDwDOVAdU9NZuNzf+yZqL9UzflYZxoDNn0Iz8RREdkvDzpcIlMi6EByiQ3sxLWo5IybU6UM0eYW3keasdFxy46FbtQOoOpsrAHB3AEDpxACS6hDFVgIOAW7uHBurburEfraVqasb57duGPrOcvEYaUaA==</latexit>

punto P generico in cui 
valuto il potenziale

Il potenziale elettrico V (~r) in tale punto ~r è dato dalla somma dei tre potenziali prodotti Vi(~r)
(i = 1, 2, 3) dalle tre cariche situate nelle posizioni

~r1 = (x1, y1) = (−d cos
π

6
,+d sin

π

6
)

~r2 = (x2, y2) = (+d cos
π

6
,−d sin

π

6
)

~r3 = (x3, y3) = (+d cos
π

6
,+d sin

π

6
)

(5)
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ossia

V (~r) =

3∑
i=1

Vi(~r) =

3∑
i=1

k
Qi
|~r − ~ri|

=

3∑
i=1

1

4πε0

Qi
|~r − ~ri|

(6)

Osserviamo che
|~r − ~ri| =

√
(x− xi)2 + (y − yi)2 (7)

Pertanto

V (~r) =
1

4πε0

3∑
i=1

Qi√
(x− xi)2 + (y − yi)2

(8)

dove le coordinate xi e yi delle tre cariche sono date dalla (5).

2. Per calcolare il campo elettrico ~E(~r) utilizziamo

~E(~r) = −∇V (~r) = −
(
∂V

∂x
,
∂V

∂y

)
(9)

Inserendo la (8) nella (9) otteniamo

~E(~r) = − 1

4πε0

3∑
i=1

Qi

(
∂

∂x

1√
(x− xi)2 + (y − yi)2

,
∂

∂y

1√
(x− xi)2 + (y − yi)2

)
(10)

osserviamo che(
∂

∂x

1√
(x− xi)2 + (y − yi)2

,
∂

∂y

1√
(x− xi)2 + (y − yi)2

)
=

= −1

2

(
2(x− xi)

((x− xi)2 + (y − yi)2)3/2
,

2(y − yi)
((x− xi)2 + (y − yi)2)3/2

)
=

= − 1

|~r − ~ri|3
(x− xi, y − yi) (11)

Sostituendo (11) in (10) otteniamo

~E(~r) =
1

4πε0

3∑
i=1

Qi
|~r − ~ri|3

(x− xi, y − yi) = (12)

=
1

4πε0

2Q

|~r − ~r1|3
(x− x1 , y − y1)−

1

4πε0

2Q

|~r − ~r2|3
(x− x2 , y − y2)−

− 1

4πε0

4Q

|~r − ~r3|3
(x− x3 , y − y3) (13)

Valutiamo ora il campo elettrico nell’origine. Specifichiamo dunque ill risultato (13), valido per
un qualunque punto del piano ~r = (x, y), all’origine ~r = (0, 0). In tal caso abbiamo

~r = (0, 0) ⇒ |~r − ~ri| = d ∀i = 1, 2, 3 (14)
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Si ottiene

~E(~r = 0) =
1

4πε0

2Q

d3
(−x1 , −y1)−

1

4πε0

2Q

d3
(−x2 , −y2)−

1

4πε0

4Q

d3
(−x3 , −y3) =

=
2Q

4πε0

1

d3
((−x1 , −y1)− (−x2 , −y2)− 2 (−x3 , −y3)) =

=
2Q

4πε0

1

d3

((
d cos

π

6
, −d sin

π

6

)
−
(
−d cos

π

6
, d sin

π

6

)
− 2

(
−d cos

π

6
, −d sin

π

6

))
=

=
2Q

4πε0

1

d3

(
4d cos

π

6
, 0
)

=

=
1

4πε0

(
8Q cos π6

d2
, 0

)
(15)

e dunque il campo elettrico è diretto lungo l’asse x.
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