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Esercizio (tratto dal Problema 3.6 del Mazzoldi)

Un pendolo semplice (l = 0.4 m) è appeso al supporto di un vagone di un treno che avanza con
accelerazione A = 5 m/s2. Calcolare:

1. l’angolo θ di equilibrio rispetto alla verticale;

2. il periodo delle piccole oscillazioni rispetto alla posizione di equilibrio
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SOLUZIONE

DATI NOTI

A = 5 m/s2

l = 0.4 m

1. Ci mettiamo nel sistema di riferimento del treno. Essendo accelerato rispetto al sistema
inerziale del suolo, il treno non è un sistema inerziale. Pertanto, nello scrivere le leggi della
dinamica, dobbiamo considerare non solo le forze reali, ma anche le forze apparenti che
derivano dal fatto che il sistema non è inerziale. Scriveremo dunque

~F + ~Fapp = m~a (1)

dove

• ~F è la somma delle forze reali (=forza peso + tensione del filo);

•

~Fapp = −m ~A (2)

è la forza apparente dovuta al fatto che il treno si muove con accelerazione A verso destra
rispetto al suolo (si noti il segno ‘-’ nella forza apparente);

• ~a è l’accelerazione del corpo di massa m del pendolo nel sistema non inerziale del treno
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Le forze reali che compaiono nella (11) si scrivono

~F = m~g + ~T (3)

e, indicando con θ l’angolo lungo la verticale e con T il modulo della tensione ~T del filo,
possiamo scrivere {

m~g = −mg ûy
~T = T sin θ ûx + T cos θ ûy

(4)

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
Dipart. di Scienza Applicata e Tecnologia, Politecnico di Torino - Esercitazioni di Fisica I



3

Inserendo la (2) e le (3)-(4) nella (11) otteniamo

−mg ûy + T sin θ ûx + T cos θ ûy −mA~ux = m(ax ûx + ay ûy) (5)

e uguagliando le componenti di ûx e le componenti di ûy{
T sin θ −mA = max
−mg + T cos θ = may

(6)

2. La condizione di equilibrio si ha quando l’accelerazione è nulla (ax = ay = 0). In tal caso le
(6) si riducono a{

T sin θ −mA = 0
−mg + T cos θ = 0

⇒
{
T sin θ = mA
T cos θ = mg

(7)

da cui otteniamo 
T = m

√
g2 +A2

tan θ = A
g

(8)

Pertanto l’angolo di equilibrio vale

θ = arctan
A

g
(9)

Sostituendo i valori

θ = arctan
5 m/
s2/

9.81 m/
s2/

= 0.47 (10)

3. Per determinare le oscillazioni attorno alla posizione di equilibrio, osserviamo che nel sistema
non inerziale del treno, tutto avviene come se ci fosse una forza di gravità efficace ~Fpeso eff

diretta in maniera obliqua, dovuta alla somma (vettoriale!) della forza reale di gravità m~g e
dalla forza apparente ~Fapp = −m~A

~T +m~g + ~Fapp︸ ︷︷ ︸
~Fpeso eff

= m~a (11)

con ~Fapp = −m~A e
~Fpeso eff = m~geff = m~g −m~A (12)

di modulo pari a
|~Fpeso eff | = mgeff = m

√
g2 +A2 (13)

Guardando allora il problema in un sistema di assi ruotato dell’angolo θ, la direzione di
equilibrio (9) diventa verticale, e il problema è dunque uguale a quello di un pendolo semplice,
soggetto ad una forza di gravità efficace. Il pendolo oscilla dunque attorno alla posizione di
equilibrio ’obliqua’. Denotiamo con ϕ lo scostamento angolare dalla posizione di equilibrio θ
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<latexit sha1_base64="XdxMuJ80vVB4MBZfxG1d5G+C2tY=">AAAB7nicbVA9SwNBEJ3zM8aoUUubxSBYhbs0WgZsLBMwH5CEsLeZS5bs7S27e4Fw5EfYWChi60/wd9jZ+VPcfBSa+GDg8d4MM/NCJbixvv/lbW3v7O7t5w7yh4Wj45Pi6VnTJKlm2GCJSHQ7pAYFl9iw3ApsK400DgW2wvHd3G9NUBueyAc7VdiL6VDyiDNqndTqTqhWI94vlvyyvwDZJMGKlKqFj/o3ANT6xc/uIGFpjNIyQY3pBL6yvYxqy5nAWb6bGlSUjekQO45KGqPpZYtzZ+TKKQMSJdqVtGSh/p7IaGzMNA5dZ0ztyKx7c/E/r5Pa6LaXcalSi5ItF0WpIDYh89/JgGtkVkwdoUxzdythI6opsy6hvAshWH95kzQr5cAvB3WXRgWWyMEFXMI1BHADVbiHGjSAwRge4RlePOU9ea/e27J1y1vNnMMfeO8/b4SRxw==</latexit><latexit sha1_base64="1ySpro9awMUyDvt3PAz2ZfHkGVw=">AAAB7nicbVDLSgNBEOyNrxijRj0KMhgET2E3Fz0GvHhMwDwgWcLsZDYZMjs7zMwGwpKjH+DFgyJe/YR8hze/wZ9wks1BEwsaiqpuursCyZk2rvvl5La2d3b38vuFg+Lh0XHp5LSl40QR2iQxj1UnwJpyJmjTMMNpRyqKo4DTdjC+W/jtCVWaxeLBTCX1IzwULGQEGyu1exOs5Ij1S2W34i6BNom3IuVacd74fryY1/ulz94gJklEhSEca931XGn8FCvDCKezQi/RVGIyxkPatVTgiGo/XZ47Q1dWGaAwVraEQUv190SKI62nUWA7I2xGet1biP953cSEt37KhEwMFSRbFCYcmRgtfkcDpigxfGoJJorZWxEZYYWJsQkVbAje+subpFWteG7Fa9g0qpAhD+dwCdfgwQ3U4B7q0AQCY3iCF3h1pPPsvDnvWWvOWc2cwR84Hz9NyZMt</latexit><latexit sha1_base64="1ySpro9awMUyDvt3PAz2ZfHkGVw=">AAAB7nicbVDLSgNBEOyNrxijRj0KMhgET2E3Fz0GvHhMwDwgWcLsZDYZMjs7zMwGwpKjH+DFgyJe/YR8hze/wZ9wks1BEwsaiqpuursCyZk2rvvl5La2d3b38vuFg+Lh0XHp5LSl40QR2iQxj1UnwJpyJmjTMMNpRyqKo4DTdjC+W/jtCVWaxeLBTCX1IzwULGQEGyu1exOs5Ij1S2W34i6BNom3IuVacd74fryY1/ulz94gJklEhSEca931XGn8FCvDCKezQi/RVGIyxkPatVTgiGo/XZ47Q1dWGaAwVraEQUv190SKI62nUWA7I2xGet1biP953cSEt37KhEwMFSRbFCYcmRgtfkcDpigxfGoJJorZWxEZYYWJsQkVbAje+subpFWteG7Fa9g0qpAhD+dwCdfgwQ3U4B7q0AQCY3iCF3h1pPPsvDnvWWvOWc2cwR84Hz9NyZMt</latexit>

'
<latexit sha1_base64="XdxMuJ80vVB4MBZfxG1d5G+C2tY=">AAAB7nicbVA9SwNBEJ3zM8aoUUubxSBYhbs0WgZsLBMwH5CEsLeZS5bs7S27e4Fw5EfYWChi60/wd9jZ+VPcfBSa+GDg8d4MM/NCJbixvv/lbW3v7O7t5w7yh4Wj45Pi6VnTJKlm2GCJSHQ7pAYFl9iw3ApsK400DgW2wvHd3G9NUBueyAc7VdiL6VDyiDNqndTqTqhWI94vlvyyvwDZJMGKlKqFj/o3ANT6xc/uIGFpjNIyQY3pBL6yvYxqy5nAWb6bGlSUjekQO45KGqPpZYtzZ+TKKQMSJdqVtGSh/p7IaGzMNA5dZ0ztyKx7c/E/r5Pa6LaXcalSi5ItF0WpIDYh89/JgGtkVkwdoUxzdythI6opsy6hvAshWH95kzQr5cAvB3WXRgWWyMEFXMI1BHADVbiHGjSAwRge4RlePOU9ea/e27J1y1vNnMMfeO8/b4SRxw==</latexit><latexit sha1_base64="1ySpro9awMUyDvt3PAz2ZfHkGVw=">AAAB7nicbVDLSgNBEOyNrxijRj0KMhgET2E3Fz0GvHhMwDwgWcLsZDYZMjs7zMwGwpKjH+DFgyJe/YR8hze/wZ9wks1BEwsaiqpuursCyZk2rvvl5La2d3b38vuFg+Lh0XHp5LSl40QR2iQxj1UnwJpyJmjTMMNpRyqKo4DTdjC+W/jtCVWaxeLBTCX1IzwULGQEGyu1exOs5Ij1S2W34i6BNom3IuVacd74fryY1/ulz94gJklEhSEca931XGn8FCvDCKezQi/RVGIyxkPatVTgiGo/XZ47Q1dWGaAwVraEQUv190SKI62nUWA7I2xGet1biP953cSEt37KhEwMFSRbFCYcmRgtfkcDpigxfGoJJorZWxEZYYWJsQkVbAje+subpFWteG7Fa9g0qpAhD+dwCdfgwQ3U4B7q0AQCY3iCF3h1pPPsvDnvWWvOWc2cwR84Hz9NyZMt</latexit><latexit sha1_base64="1ySpro9awMUyDvt3PAz2ZfHkGVw=">AAAB7nicbVDLSgNBEOyNrxijRj0KMhgET2E3Fz0GvHhMwDwgWcLsZDYZMjs7zMwGwpKjH+DFgyJe/YR8hze/wZ9wks1BEwsaiqpuursCyZk2rvvl5La2d3b38vuFg+Lh0XHp5LSl40QR2iQxj1UnwJpyJmjTMMNpRyqKo4DTdjC+W/jtCVWaxeLBTCX1IzwULGQEGyu1exOs5Ij1S2W34i6BNom3IuVacd74fryY1/ulz94gJklEhSEca931XGn8FCvDCKezQi/RVGIyxkPatVTgiGo/XZ47Q1dWGaAwVraEQUv190SKI62nUWA7I2xGet1biP953cSEt37KhEwMFSRbFCYcmRgtfkcDpigxfGoJJorZWxEZYYWJsQkVbAje+subpFWteG7Fa9g0qpAhD+dwCdfgwQ3U4B7q0AQCY3iCF3h1pPPsvDnvWWvOWc2cwR84Hz9NyZMt</latexit>

~F p
es

o
e↵

<latexit sha1_base64="/1oP0aU9C9ZTEWrMpK/afwJVCGg=">AAACAHicdVDJSgNBEK2JW4xb1IOHXBqD4EHCjBdzDAriMYJZIBNCT6cmadKz0N0TCMNc/BUvHhTx6md48zf8AjuJQtweFDzeq6KqnhcLrrRtv1m5peWV1bX8emFjc2t7p7i711RRIhk2WCQi2faoQsFDbGiuBbZjiTTwBLa80cXUb41RKh6FN3oSYzegg5D7nFFtpF7xwB0jSy+zXurKgMSoIvcEfT/rFctOxZ6B2L/Il1Wuld7PwaDeK766/YglAYaaCapUx7Fj3U2p1JwJzApuojCmbEQH2DE0pAGqbjp7ICNHRukTP5KmQk1m6uJESgOlJoFnOgOqh+qnNxX/8jqJ9qvdlIdxojFk80V+IoiOyDQN0ucSmRYTQyiT3NxK2JBKyrTJrLAYwv+keVpx7IpzbdKowhx5KMEhHIMDZ1CDK6hDAxhkcAcP8GjdWvfWk/U8b81ZnzP78A3WywfvL5gN</latexit><latexit sha1_base64="pimHi2N18oXj9YroBHCVjupo8IY=">AAACAHicdVC7SgNBFJ2Nj8TEx6qFRZrBIFhI2LUxZVAQywjmAdmwzE7uJkNmH8zMBsKyjbV/YWOhiK2fYedvWFs4SRTi68CFwzn3cu89XsyZVJb1auSWlldW84W1Yml9Y3PL3N5pySgRFJo04pHoeEQCZyE0FVMcOrEAEngc2t7obOq3xyAki8IrNYmhF5BByHxGidKSa+45Y6DpeeamjghwDDJyjsD3M9es2FVrBmz9Il9WpV5+O82Xbt4brvni9COaBBAqyomUXduKVS8lQjHKISs6iYSY0BEZQFfTkAQge+nsgQwfaKWP/UjoChWeqYsTKQmknASe7gyIGsqf3lT8y+smyq/1UhbGiYKQzhf5CccqwtM0cJ8JoIpPNCFUMH0rpkMiCFU6s+JiCP+T1nHVtqr2pU6jhuYooDLaR4fIRieoji5QAzURRRm6Rffowbg27oxH42nemjM+Z3bRNxjPHxI1mac=</latexit><latexit sha1_base64="pimHi2N18oXj9YroBHCVjupo8IY=">AAACAHicdVC7SgNBFJ2Nj8TEx6qFRZrBIFhI2LUxZVAQywjmAdmwzE7uJkNmH8zMBsKyjbV/YWOhiK2fYedvWFs4SRTi68CFwzn3cu89XsyZVJb1auSWlldW84W1Yml9Y3PL3N5pySgRFJo04pHoeEQCZyE0FVMcOrEAEngc2t7obOq3xyAki8IrNYmhF5BByHxGidKSa+45Y6DpeeamjghwDDJyjsD3M9es2FVrBmz9Il9WpV5+O82Xbt4brvni9COaBBAqyomUXduKVS8lQjHKISs6iYSY0BEZQFfTkAQge+nsgQwfaKWP/UjoChWeqYsTKQmknASe7gyIGsqf3lT8y+smyq/1UhbGiYKQzhf5CccqwtM0cJ8JoIpPNCFUMH0rpkMiCFU6s+JiCP+T1nHVtqr2pU6jhuYooDLaR4fIRieoji5QAzURRRm6Rffowbg27oxH42nemjM+Z3bRNxjPHxI1mac=</latexit>

~Fpeso e↵
<latexit sha1_base64="/1oP0aU9C9ZTEWrMpK/afwJVCGg=">AAACAHicdVDJSgNBEK2JW4xb1IOHXBqD4EHCjBdzDAriMYJZIBNCT6cmadKz0N0TCMNc/BUvHhTx6md48zf8AjuJQtweFDzeq6KqnhcLrrRtv1m5peWV1bX8emFjc2t7p7i711RRIhk2WCQi2faoQsFDbGiuBbZjiTTwBLa80cXUb41RKh6FN3oSYzegg5D7nFFtpF7xwB0jSy+zXurKgMSoIvcEfT/rFctOxZ6B2L/Il1Wuld7PwaDeK766/YglAYaaCapUx7Fj3U2p1JwJzApuojCmbEQH2DE0pAGqbjp7ICNHRukTP5KmQk1m6uJESgOlJoFnOgOqh+qnNxX/8jqJ9qvdlIdxojFk80V+IoiOyDQN0ucSmRYTQyiT3NxK2JBKyrTJrLAYwv+keVpx7IpzbdKowhx5KMEhHIMDZ1CDK6hDAxhkcAcP8GjdWvfWk/U8b81ZnzP78A3WywfvL5gN</latexit><latexit sha1_base64="pimHi2N18oXj9YroBHCVjupo8IY=">AAACAHicdVC7SgNBFJ2Nj8TEx6qFRZrBIFhI2LUxZVAQywjmAdmwzE7uJkNmH8zMBsKyjbV/YWOhiK2fYedvWFs4SRTi68CFwzn3cu89XsyZVJb1auSWlldW84W1Yml9Y3PL3N5pySgRFJo04pHoeEQCZyE0FVMcOrEAEngc2t7obOq3xyAki8IrNYmhF5BByHxGidKSa+45Y6DpeeamjghwDDJyjsD3M9es2FVrBmz9Il9WpV5+O82Xbt4brvni9COaBBAqyomUXduKVS8lQjHKISs6iYSY0BEZQFfTkAQge+nsgQwfaKWP/UjoChWeqYsTKQmknASe7gyIGsqf3lT8y+smyq/1UhbGiYKQzhf5CccqwtM0cJ8JoIpPNCFUMH0rpkMiCFU6s+JiCP+T1nHVtqr2pU6jhuYooDLaR4fIRieoji5QAzURRRm6Rffowbg27oxH42nemjM+Z3bRNxjPHxI1mac=</latexit><latexit sha1_base64="pimHi2N18oXj9YroBHCVjupo8IY=">AAACAHicdVC7SgNBFJ2Nj8TEx6qFRZrBIFhI2LUxZVAQywjmAdmwzE7uJkNmH8zMBsKyjbV/YWOhiK2fYedvWFs4SRTi68CFwzn3cu89XsyZVJb1auSWlldW84W1Yml9Y3PL3N5pySgRFJo04pHoeEQCZyE0FVMcOrEAEngc2t7obOq3xyAki8IrNYmhF5BByHxGidKSa+45Y6DpeeamjghwDDJyjsD3M9es2FVrBmz9Il9WpV5+O82Xbt4brvni9COaBBAqyomUXduKVS8lQjHKISs6iYSY0BEZQFfTkAQge+nsgQwfaKWP/UjoChWeqYsTKQmknASe7gyIGsqf3lT8y+smyq/1UhbGiYKQzhf5CccqwtM0cJ8JoIpPNCFUMH0rpkMiCFU6s+JiCP+T1nHVtqr2pU6jhuYooDLaR4fIRieoji5QAzURRRm6Rffowbg27oxH42nemjM+Z3bRNxjPHxI1mac=</latexit>

ûr
<latexit sha1_base64="dXBzTfTcFPLxnsW7Mhak1i6kEpA=">AAAB8HicbVDLSgNBEOz1EWN8RT16GQyCp7Cbix4DXjwmYB6ShDA7mU2GzMwuM71CWPIVXjwo4tWv8Bu8iT/jJBHRxIKGoqqb7q4wkcKi7394a+sbm7mt/HZhZ3dv/6B4eNS0cWoYb7BYxqYdUsul0LyBAiVvJ4ZTFUreCsdXM791x40Vsb7BScJ7ig61iASj6KTb7ohilk77pl8s+WV/DvJDgmVSqubqn28AUOsX37uDmKWKa2SSWtsJ/AR7GTUomOTTQje1PKFsTIe846imitteNj94Ss6cMiBRbFxpJHP190RGlbUTFbpORXFkl72Z+J/XSTG67GVCJylyzRaLolQSjMnsezIQhjOUE0coM8LdStiIGsrQZVRwIay8vEqalXLgl4O6S6MCC+ThBE7hHAK4gCpcQw0awEDBPTzCk2e8B+/Ze1m0rnnfM8fwB97rFyomkso=</latexit><latexit sha1_base64="DivndNlRR3zLJREuwbwpBJ3nd2c=">AAAB8HicbVA9SwNBEJ2LGmP8ilraHAbBKtyl0TJgY5mA+ZAkhL3NXrJkd+/YnRPCkR8hglgoYiX4UyztxD/jJhHRxAcDj/dmmJkXxIIb9LwPJ7OyupZdz23kN7e2d3YLe/sNEyWasjqNRKRbATFMcMXqyFGwVqwZkYFgzWB0PvWb10wbHqlLHMesK8lA8ZBTgla66gwJpsmkp3uFolfyZnB/iL9IipVs7fPt7ual2iu8d/oRTSRTSAUxpu17MXZTopFTwSb5TmJYTOiIDFjbUkUkM910dvDEPbZK3w0jbUuhO1N/T6REGjOWge2UBIdm0ZuK/3ntBMOzbspVnCBTdL4oTISLkTv93u1zzSiKsSWEam5vdemQaELRZpS3ISy9vEwa5ZLvlfyaTaMMc+TgEI7gBHw4hQpcQBXqQEHCLTzAo6Ode+fJeZ63ZpzvmQP4A+f1C6DXlKI=</latexit><latexit sha1_base64="DivndNlRR3zLJREuwbwpBJ3nd2c=">AAAB8HicbVA9SwNBEJ2LGmP8ilraHAbBKtyl0TJgY5mA+ZAkhL3NXrJkd+/YnRPCkR8hglgoYiX4UyztxD/jJhHRxAcDj/dmmJkXxIIb9LwPJ7OyupZdz23kN7e2d3YLe/sNEyWasjqNRKRbATFMcMXqyFGwVqwZkYFgzWB0PvWb10wbHqlLHMesK8lA8ZBTgla66gwJpsmkp3uFolfyZnB/iL9IipVs7fPt7ual2iu8d/oRTSRTSAUxpu17MXZTopFTwSb5TmJYTOiIDFjbUkUkM910dvDEPbZK3w0jbUuhO1N/T6REGjOWge2UBIdm0ZuK/3ntBMOzbspVnCBTdL4oTISLkTv93u1zzSiKsSWEam5vdemQaELRZpS3ISy9vEwa5ZLvlfyaTaMMc+TgEI7gBHw4hQpcQBXqQEHCLTzAo6Ode+fJeZ63ZpzvmQP4A+f1C6DXlKI=</latexit>

û✓
<latexit sha1_base64="dgFxxP1PNTBmEPY747CLnl6FOJw=">AAAB9XicbVBNS8NAEJ1UrbV+VT16CRbBU0l60WPBi8cW7Ac0sWy2m2bpZhN2J0oJ/R9ePCji1b/gb/Am/hm3rYi2Phh4vDfDzLwgFVyj43xYhbX1jeJmaau8vbO7t185OOzoJFOUtWkiEtULiGaCS9ZGjoL1UsVIHAjWDcaXM797y5TmibzGScr8mIwkDzklaKQbLyKYZ9OBhxFDMqhUnZozh/1D3GVSbRRbn28A0BxU3r1hQrOYSaSCaN13nRT9nCjkVLBp2cs0SwkdkxHrGypJzLSfz6+e2qdGGdphokxJtOfq74mcxFpP4sB0xgQjvezNxP+8fobhhZ9zmWbIJF0sCjNhY2LPIrCHXDGKYmIIoYqbW20aEUUomqDKJoSVl1dJp15znZrbMmnUYYESHMMJnIEL59CAK2hCGygouIdHeLLurAfr2XpZtBas75kj+APr9QsCRZT8</latexit><latexit sha1_base64="R3xH3CVBuaR2773+OG6T3wPIpkU=">AAAB9XicbVA9SwNBEN3zI8b4FbW0OQyCVbhLo2XAxjIB8wHJGfY2c7kle3vH7pwSjvwIG7GxUERL/4elnfhn3CQimvhg4PHeDDPz/ERwjY7zYS0tr6zm1vLrhY3Nre2d4u5eU8epYtBgsYhV26caBJfQQI4C2okCGvkCWv7wbOK3rkBpHssLHCXgRXQgecAZRSNddkOKWTrudTEEpL1iySk7U9g/xJ0npWqu/vl2e/NS6xXfu/2YpRFIZIJq3XGdBL2MKuRMwLjQTTUklA3pADqGShqB9rLp1WP7yCh9O4iVKYn2VP09kdFI61Hkm86IYqjnvYn4n9dJMTj1Mi6TFEGy2aIgFTbG9iQCu88VMBQjQyhT3Nxqs5AqytAEVTAhLLy8SJqVsuuU3bpJo0JmyJMDckiOiUtOSJWckxppEEYUuSMP5NG6tu6tJ+t51rpkfc/skz+wXr8AePaW1A==</latexit><latexit sha1_base64="R3xH3CVBuaR2773+OG6T3wPIpkU=">AAAB9XicbVA9SwNBEN3zI8b4FbW0OQyCVbhLo2XAxjIB8wHJGfY2c7kle3vH7pwSjvwIG7GxUERL/4elnfhn3CQimvhg4PHeDDPz/ERwjY7zYS0tr6zm1vLrhY3Nre2d4u5eU8epYtBgsYhV26caBJfQQI4C2okCGvkCWv7wbOK3rkBpHssLHCXgRXQgecAZRSNddkOKWTrudTEEpL1iySk7U9g/xJ0npWqu/vl2e/NS6xXfu/2YpRFIZIJq3XGdBL2MKuRMwLjQTTUklA3pADqGShqB9rLp1WP7yCh9O4iVKYn2VP09kdFI61Hkm86IYqjnvYn4n9dJMTj1Mi6TFEGy2aIgFTbG9iQCu88VMBQjQyhT3Nxqs5AqytAEVTAhLLy8SJqVsuuU3bpJo0JmyJMDckiOiUtOSJWckxppEEYUuSMP5NG6tu6tJ+t51rpkfc/skz+wXr8AePaW1A==</latexit>

(=la verticale nel sistema ruotato). Possiamo scomporre la forza peso efficace rispetto ai
versori radiale ûr e ûθ

~Fpeso eff + ~T = m~a

⇓
(mgeff cosϕ− T )ûr −mgeff sinϕ ûθ = marûr +maθûθ

⇓

(mgeff cosϕ− T )ûr −mgeff sinϕ ûθ = −ml
(
dϕ

dt

)2

︸ ︷︷ ︸
=ω2

ûr +ml
d2ϕ

dt2︸︷︷︸
=α

ûθ

(14)

Uguagliando le componenti omologhe
mgeff cosϕ− T = −ml

(
dϕ

dt

)2

−mgeff sinϕ = ml
d2ϕ

dt2

(15)

La prima equazione ci dà il valore della tensione

T = m

(
geff cosϕ+ l

(
dϕ

dt

)2
)

(16)

mentre la seconda è un’equazione differenziale per l’angolo ϕ(t)

ml2
d2ϕ

dt2
= −ml geff sinϕ

⇓ [semplifico per ml e uso la (13)]

l
d2ϕ

dt2
= −

√
g2 +A2 sinϕ (17)

⇓
d2ϕ

dt2
= −

√
g2 +A2

l
sinϕ (18)

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
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Per piccoli oscillazioni approssimiamo

sinϕ ' ϕ (19)

e la (18) si riduce a

d2ϕ

dt2
= −

√
g2 +A2

l
ϕ (20)

che è l’equazione delle piccoli oscillazioni di un pendolo

d2ϕ

dt2
= −Ω2ϕ (21)

con pulsazione

Ω =

√√
g2 +A2

l
(22)

e periodo

Tosc =
2π

Ω
= 2π

√
l√

g2 +A2
(23)

Sostituendo i valori

Tosc = 2π

√√√√ 0.4 m/√
9.812 m2/

s4 + 52 m2/
s4

=

= 2π

√
0.4

11.2
s2 =

= 1.2 s (24)
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