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Esercizio
Un corpo di massa m = 1 kg, attaccato all’estremo destro di una molla di costante elastica k =
100 N/m, si trova all’istante t = 0 al punto di equilibrio della molla, con velocità iniziale v0 = 5 m/s.
Calcolare:

1. la legge oraria del corpo;

2. l’andamento temporale della forza elastica della molla;

3. l’elongazione massima della molla;

4. l’impulso della forza elastica tra l’istante t = 0 e l’istante della prima elongazione massima a
destra.

v0
<latexit sha1_base64="AAnf67ze/ErUnPfk7msMolmT13k=">AAAB6nicbVDLSgNBEOyNrxiNrnr0MhgET2HXizkGvHiMaB6QLGF20psMmZ1dZmYDYcknePGgiFe/xE/w5t84eRw0saChqOqmuytMBdfG876dwtb2zu5ecb90cFg+OnZPTls6yRTDJktEojoh1Si4xKbhRmAnVUjjUGA7HN/O/fYEleaJfDTTFIOYDiWPOKPGSg+Tvtd3K17VW4BsEn9FKvXyZ0YAoNF3v3qDhGUxSsME1brre6kJcqoMZwJnpV6mMaVsTIfYtVTSGHWQL06dkUurDEiUKFvSkIX6eyKnsdbTOLSdMTUjve7Nxf+8bmaiWpBzmWYGJVsuijJBTELmf5MBV8iMmFpCmeL2VsJGVFFmbDolG4K//vImaV1Xfa/q39s0arBEEc7hAq7Ahxuowx00oAkMhvAEL/DqCOfZeXPel60FZzVzBn/gfPwAOnyPMw==</latexit><latexit sha1_base64="uaATdUjCkC74hCqtN/GxroGgeKw=">AAAB6nicbVDLSgNBEOz1GaPRqEcvgyHgKex6MceAIB4jmgckS5id9CZDZmeXmdlAWPIJXjwo4lX8ED/Bm3/j5HHQxIKGoqqb7q4gEVwb1/12Nja3tnd2c3v5/YPC4VHx+KSp41QxbLBYxKodUI2CS2wYbgS2E4U0CgS2gtH1zG+NUWkeywczSdCP6EDykDNqrHQ/7rm9YsmtuHOQdeItSalW+EzLN/mPeq/41e3HLI1QGiao1h3PTYyfUWU4EzjNd1ONCWUjOsCOpZJGqP1sfuqUlK3SJ2GsbElD5urviYxGWk+iwHZG1Az1qjcT//M6qQmrfsZlkhqUbLEoTAUxMZn9TfpcITNiYgllittbCRtSRZmx6eRtCN7qy+ukeVnx3Ip3Z9OowgI5OINzuAAPrqAGt1CHBjAYwCM8w4sjnCfn1XlbtG44y5lT+APn/QeJh5Au</latexit><latexit sha1_base64="uaATdUjCkC74hCqtN/GxroGgeKw=">AAAB6nicbVDLSgNBEOz1GaPRqEcvgyHgKex6MceAIB4jmgckS5id9CZDZmeXmdlAWPIJXjwo4lX8ED/Bm3/j5HHQxIKGoqqb7q4gEVwb1/12Nja3tnd2c3v5/YPC4VHx+KSp41QxbLBYxKodUI2CS2wYbgS2E4U0CgS2gtH1zG+NUWkeywczSdCP6EDykDNqrHQ/7rm9YsmtuHOQdeItSalW+EzLN/mPeq/41e3HLI1QGiao1h3PTYyfUWU4EzjNd1ONCWUjOsCOpZJGqP1sfuqUlK3SJ2GsbElD5urviYxGWk+iwHZG1Az1qjcT//M6qQmrfsZlkhqUbLEoTAUxMZn9TfpcITNiYgllittbCRtSRZmx6eRtCN7qy+ukeVnx3Ip3Z9OowgI5OINzuAAPrqAGt1CHBjAYwCM8w4sjnCfn1XlbtG44y5lT+APn/QeJh5Au</latexit>

l0
<latexit sha1_base64="K9C75OCASIFmpnP+ZcBqj9WTPSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoMeAF48RTSIkS5id9CZDZmeXmVkhLPkELx4U8epv+AeevPk3Th4HTSxoKKq66e4KUymMpfTbK6ysrq1vFDdLW9s7u3vl/YOmSTLNscETmej7kBmUQmHDCivxPtXI4lBiKxxeTfzWA2ojEnVnRykGMesrEQnOrJNuZZd2yxVapVOQZeLPSaVW/PwAh3q3/NXpJTyLUVkumTFtn6Y2yJm2gksclzqZwZTxIetj21HFYjRBPj11TE6c0iNRol0pS6bq74mcxcaM4tB1xswOzKI3Ef/z2pmNLoNcqDSzqPhsUZRJYhMy+Zv0hEZu5cgRxrVwtxI+YJpx69IpuRD8xZeXSfOs6tOqf+PSOIcZinAEx3AKPlxADa6hDg3g0IdHeIYXT3pP3qv3NmstePOZQ/gD7/0HZtGPUg==</latexit><latexit sha1_base64="VAI8CqQWSSxfYuH1ualyGo4IGdQ=">AAAB6nicbVDLSgNBEOyNrxhfMR69DAmCp7Argh4DevAY0TwgWcLspDcZMju7zMwKYcknePGgiFfxL/wDT978GyePg0YLGoqqbrq7gkRwbVz3y8mtrK6tb+Q3C1vbO7t7xf1SU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWji6nfukOleSxvzThBP6IDyUPOqLHSjei5vWLFrbozkL/EW5BKLf/xXrp8K9d7xc9uP2ZphNIwQbXueG5i/Iwqw5nASaGbakwoG9EBdiyVNELtZ7NTJ+TIKn0SxsqWNGSm/pzIaKT1OApsZ0TNUC97U/E/r5Oa8NzPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadgg3BW375L2meVD236l3bNE5hjjwcQhmOwYMzqMEV1KEBDAZwD4/w5AjnwXl2XuatOWcxcwC/4Lx+A+U6kHA=</latexit><latexit sha1_base64="VAI8CqQWSSxfYuH1ualyGo4IGdQ=">AAAB6nicbVDLSgNBEOyNrxhfMR69DAmCp7Argh4DevAY0TwgWcLspDcZMju7zMwKYcknePGgiFfxL/wDT978GyePg0YLGoqqbrq7gkRwbVz3y8mtrK6tb+Q3C1vbO7t7xf1SU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWji6nfukOleSxvzThBP6IDyUPOqLHSjei5vWLFrbozkL/EW5BKLf/xXrp8K9d7xc9uP2ZphNIwQbXueG5i/Iwqw5nASaGbakwoG9EBdiyVNELtZ7NTJ+TIKn0SxsqWNGSm/pzIaKT1OApsZ0TNUC97U/E/r5Oa8NzPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadgg3BW375L2meVD236l3bNE5hjjwcQhmOwYMzqMEV1KEBDAZwD4/w5AjnwXl2XuatOWcxcwC/4Lx+A+U6kHA=</latexit>
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SOLUZIONE

Dati noti
m = 1 kg
k = 100 N/m
v0 = 5 m/s

Scegliamo come origine dell’asse x la posizione di equilibrio della molla. Pertanto l’allungamento della
molla vale ∆l = x e la posizione iniziale del corpo

x(0) = 0 (1)

1. Troviamo anzitutto la legge oraria:

• Dalla forza elastica della molla

Fel = ma

⇓
−k∆l = ma

[uso ∆l = x] ⇓

− k
m
x = a

(2)

Indicando

ω =

√
k

m
(3)

e ricordando che a = d2x
dt2

abbiamo che l’equazione che la legge oraria x(t) deve soddisfare è

d2x

dt2
= −ω2x(t) (4)

che è l’equazione di un moto armonico con centro nell’origine.

• Sappiamo che la soluzione dell’Eq.(4)

x(t) = C cos(ωt) +D sin(ωt) (5)

e la corrispondente velocità

v(t) = −Cω sin(ωt) +Dω cos(ωt) (6)

Le costanti C e D sono da determinarsi in base alle condizioni iniziali{
x(0) = 0
v(0) = v0

(7)

Sostituendo nell’Eq.(5) e (6) abbiamo{
C = x(0) = 0
Dω = v0

(8)
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e dunque {
C = 0

D =
v0
ω

(9)

Pertanto la legge oraria di posizione (5) è

x(t) =
v0
ω

sin(ωt) (10)

e quella della velocità (6) è
v(t) = v0 cos(ωt) (11)

2. A questo punto possiamo trovare l’accelerazione

a(t) =
dv

dt
= −v0ω sin(ωt) (12)

e la forza F (t) = ma(t)
Fel(t) = ma(t) = −mv0ω sin(ωt) (13)

che è disegnata in figura (curva nera spessa).

t
<latexit sha1_base64="KSaHXoEaRFoxN63C8xiW5mWpO/o=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2FgmYi6QLGF2cjYZMzu7zMwKYckT2FgoYutTWPkQdr6Nk0uhiT8MfPz/Ocw5J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3NWw+oNI/lnRkn6Ed0IHnIGTXWqpteseSW3ZnIKngLKF19ftyCVa1X/Or2Y5ZGKA0TVOuO5ybGz6gynAmcFLqpxoSyER1gx6KkEWo/mw06IWfW6ZMwVvZJQ2bu746MRlqPo8BWRtQM9XI2Nf/LOqkJK37GZZIalGz+UZgKYmIy3Zr0uUJmxNgCZYrbWQkbUkWZsbcp2CN4yyuvQvOi7Lllr+6WqhWYKw8ncArn4MElVOEGatAABgiP8Awvzr3z5Lw6b/PSnLPoOYY/ct5/AJp0jvE=</latexit><latexit sha1_base64="pWCtaj8WIgVNvCqMwKWf81mhtV4=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTMBdIQpidzCZjZmeXmbNCWFJa2VgoYutTpPIh7HwGX8LJpdDEHwY+/v8c5pzjx1IYdN0vZ2V1bX1jM7OV3d7Z3dvPHRzWTJRoxqsskpFu+NRwKRSvokDJG7HmNPQlr/uD60lev+faiEjd4jDm7ZD2lAgEo2itCnZyebfgTkWWwZtD/upjXPl+OBmXO7nPVjdiScgVMkmNaXpujO2UahRM8lG2lRgeUzagPd60qGjITTudDjoiZ9bpkiDS9ikkU/d3R0pDY4ahbytDin2zmE3M/7JmgkGxnQoVJ8gVm30UJJJgRCZbk67QnKEcWqBMCzsrYX2qKUN7m6w9gre48jLULgqeW/Aqbr5UhJkycAyncA4eXEIJbqAMVWDA4RGe4cW5c56cV+dtVrrizHuO4I+c9x+kb5E2</latexit><latexit sha1_base64="pWCtaj8WIgVNvCqMwKWf81mhtV4=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTMBdIQpidzCZjZmeXmbNCWFJa2VgoYutTpPIh7HwGX8LJpdDEHwY+/v8c5pzjx1IYdN0vZ2V1bX1jM7OV3d7Z3dvPHRzWTJRoxqsskpFu+NRwKRSvokDJG7HmNPQlr/uD60lev+faiEjd4jDm7ZD2lAgEo2itCnZyebfgTkWWwZtD/upjXPl+OBmXO7nPVjdiScgVMkmNaXpujO2UahRM8lG2lRgeUzagPd60qGjITTudDjoiZ9bpkiDS9ikkU/d3R0pDY4ahbytDin2zmE3M/7JmgkGxnQoVJ8gVm30UJJJgRCZbk67QnKEcWqBMCzsrYX2qKUN7m6w9gre48jLULgqeW/Aqbr5UhJkycAyncA4eXEIJbqAMVWDA4RGe4cW5c56cV+dtVrrizHuO4I+c9x+kb5E2</latexit>

Fel
<latexit sha1_base64="Pr6aGJSB0TC0aynCOhvkuv3RJOM=">AAAB7XicbVDLSgNBEOyNrxiNRj16GQyCp7DrxRwDgniMYB6QhDA76U3GzM4sM7NCWPIPXjwo4tX/8BO8+TdOHgdNLGgoqrrp7goTwY31/W8vt7G5tb2T3y3s7RcPDktHx02jUs2wwZRQuh1Sg4JLbFhuBbYTjTQOBbbC8fXMbz2iNlzJeztJsBfToeQRZ9Q6qXnTz1BM+6WyX/HnIOskWJJyrfiZEgCo90tf3YFiaYzSMkGN6QR+YnsZ1ZYzgdNCNzWYUDamQ+w4KmmMppfNr52Sc6cMSKS0K2nJXP09kdHYmEkcus6Y2pFZ9Wbif14ntVG1l3GZpBYlWyyKUkGsIrPXyYBrZFZMHKFMc3crYSOqKbMuoIILIVh9eZ00LyuBXwnuXBpVWCAPp3AGFxDAFdTgFurQAAYP8AQv8Oop79l7894XrTlvOXMCf+B9/ADQspC6</latexit><latexit sha1_base64="0gzDs4RTW3Ma6Nb/qNbwVkLCUfc=">AAAB7XicbVDLSgNBEOz1GaPRqEcviyHgKex6MceAEDxGMA9IljA76U3GzM4sM7NCWPIPXjwo4lH/w0/w5t84eRw0saChqOqmuytMONPG876djc2t7Z3d3F5+/6BweFQ8PmlpmSqKTSq5VJ2QaORMYNMww7GTKCRxyLEdjq9nfvsBlWZS3JlJgkFMhoJFjBJjpVa9nyGf9oslr+LN4a4Tf0lKtcJnWq7n3xv94ldvIGkaozCUE627vpeYICPKMMpxmu+lGhNCx2SIXUsFiVEH2fzaqVu2ysCNpLIljDtXf09kJNZ6Eoe2MyZmpFe9mfif101NVA0yJpLUoKCLRVHKXSPd2evugCmkhk8sIVQxe6tLR0QRamxAeRuCv/ryOmldVnyv4t/aNKqwQA7O4BwuwIcrqMENNKAJFO7hEZ7hxZHOk/PqvC1aN5zlzCn8gfPxAx/MkbU=</latexit><latexit sha1_base64="0gzDs4RTW3Ma6Nb/qNbwVkLCUfc=">AAAB7XicbVDLSgNBEOz1GaPRqEcviyHgKex6MceAEDxGMA9IljA76U3GzM4sM7NCWPIPXjwo4lH/w0/w5t84eRw0saChqOqmuytMONPG876djc2t7Z3d3F5+/6BweFQ8PmlpmSqKTSq5VJ2QaORMYNMww7GTKCRxyLEdjq9nfvsBlWZS3JlJgkFMhoJFjBJjpVa9nyGf9oslr+LN4a4Tf0lKtcJnWq7n3xv94ldvIGkaozCUE627vpeYICPKMMpxmu+lGhNCx2SIXUsFiVEH2fzaqVu2ysCNpLIljDtXf09kJNZ6Eoe2MyZmpFe9mfif101NVA0yJpLUoKCLRVHKXSPd2evugCmkhk8sIVQxe6tLR0QRamxAeRuCv/ryOmldVnyv4t/aNKqwQA7O4BwuwIcrqMENNKAJFO7hEZ7hxZHOk/PqvC1aN5zlzCn8gfPxAx/MkbU=</latexit>

tmax
<latexit sha1_base64="dNmXOyBS5JYma87fVWFOxx5rndA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJkZnaZ6RXDko/w4kERr/6Ef+DJm3/j5HHQxIKGoqqb7q4olcKi7397K6tr6xubha3i9s7u3n7p4LBhk8wwXmeJTEwropZLoXkdBUreSg2nKpK8GQ2vJ37znhsrEn2Ho5SHiva1iAWj6KQmdnNFH8bdUtmv+FOQZRLMSbla+PwAh1q39NXpJSxTXCOT1Np24KcY5tSgYJKPi53M8pSyIe3ztqOaKm7DfHrumJw6pUfixLjSSKbq74mcKmtHKnKdiuLALnoT8T+vnWF8FeZCpxlyzWaL4kwSTMjkd9IThjOUI0coM8LdStiAGsrQJVR0IQSLLy+Txnkl8CvBrUvjAmYowDGcwBkEcAlVuIEa1IHBEB7hGV681HvyXr23WeuKN585gj/w3n8AK9qRkA==</latexit><latexit sha1_base64="Z++64Bt6bE36ybBFnQAaS2K0bS8=">AAAB7nicbVDLSgNBEOz1GeMrxqOXIUHwFHZF0GNADx4jmAckS5idzCZDZnaXmV4xLPkILx4U8Sb+hH/gyZt/4+Rx0MSChqKqm+6uIJHCoOt+Oyura+sbm7mt/PbO7t5+4aDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMLyd+845rI+LoFkcJ9xXtRyIUjKKVmtjNFL0fdwtlt+JOQZaJNyflau7zo3j1Vqp1C1+dXsxSxSNkkhrT9twE/YxqFEzycb6TGp5QNqR93rY0ooobP5ueOybHVumRMNa2IiRT9fdERpUxIxXYTkVxYBa9ifif104xvPAzESUp8ojNFoWpJBiTye+kJzRnKEeWUKaFvZWwAdWUoU0ob0PwFl9eJo3TiudWvBubxhnMkIMjKMEJeHAOVbiGGtSBwRAe4AmencR5dF6c11nrijOfOYQ/cN5/AKpDkq4=</latexit><latexit sha1_base64="Z++64Bt6bE36ybBFnQAaS2K0bS8=">AAAB7nicbVDLSgNBEOz1GeMrxqOXIUHwFHZF0GNADx4jmAckS5idzCZDZnaXmV4xLPkILx4U8Sb+hH/gyZt/4+Rx0MSChqKqm+6uIJHCoOt+Oyura+sbm7mt/PbO7t5+4aDYMHGqGa+zWMa6FVDDpYh4HQVK3ko0pyqQvBkMLyd+845rI+LoFkcJ9xXtRyIUjKKVmtjNFL0fdwtlt+JOQZaJNyflau7zo3j1Vqp1C1+dXsxSxSNkkhrT9twE/YxqFEzycb6TGp5QNqR93rY0ooobP5ueOybHVumRMNa2IiRT9fdERpUxIxXYTkVxYBa9ifif104xvPAzESUp8ojNFoWpJBiTye+kJzRnKEeWUKaFvZWwAdWUoU0ob0PwFl9eJo3TiudWvBubxhnMkIMjKMEJeHAOVbiGGtSBwRAe4AmencR5dF6c11nrijOfOYQ/cN5/AKpDkq4=</latexit>

v
<latexit sha1_base64="19W+MN3J5h5o4/S4PYYNdL/6j/g=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hV0R9GbAi8cEzAOSJcxOepMxs7PLzGwgLPkCLx4UyU38C3/Dm3/jJFGIr4KGoqqbru4gEVwb1313lpZXVtfWcxv5za3tnd3C3n5dx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIOrqd8YotI8ljdmlKAf0Z7kIWfUWKk67BSKXsmdgbi/yJdVvHydTJ4BoNIpvLW7MUsjlIYJqnXLcxPjZ1QZzgSO8+1UY0LZgPawZamkEWo/mwUdk2OrdEkYK1vSkJm6OJHRSOtRFNjOiJq+/ulNxb+8VmrCCz/jMkkNSjZfFKaCmJhMryZdrpAZMbKEMsVtVsL6VFFm7G/yi0/4n9RPS55b8qpusXwGc+TgEI7gBDw4hzJcQwVqwADhDh7g0bl17p0nZzJvXXI+Zw7gG5yXD6PZj7M=</latexit><latexit sha1_base64="LChC7wrp7I07qJLeEXP4qopgLtk=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hV0R9GbAi8cEzAOSEGYnvcmY2dllZjYQlnyBFw+KxKN/4W9482+cTRTiq6ChqOqmq9uPBdfGdd+dpeWV1bX13EZ+c2t7Z7ewt1/XUaIY1lgkItX0qUbBJdYMNwKbsUIa+gIb/vAq8xsjVJpH8saMY+yEtC95wBk1VqqOuoWiV3JnIO4v8mUVL1+nGZ4r3cJbuxexJERpmKBatzw3Np2UKsOZwEm+nWiMKRvSPrYslTRE3UlnQSfk2Co9EkTKljRkpi5OpDTUehz6tjOkZqB/epn4l9dKTHDRSbmME4OSzRcFiSAmItnVpMcVMiPGllCmuM1K2IAqyoz9TX7xCf+T+mnJc0te1S2Wz2COHBzCEZyAB+dQhmuoQA0YINzBAzw6t8698+RM561LzufMAXyD8/IBASWReA==</latexit><latexit sha1_base64="LChC7wrp7I07qJLeEXP4qopgLtk=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hV0R9GbAi8cEzAOSEGYnvcmY2dllZjYQlnyBFw+KxKN/4W9482+cTRTiq6ChqOqmq9uPBdfGdd+dpeWV1bX13EZ+c2t7Z7ewt1/XUaIY1lgkItX0qUbBJdYMNwKbsUIa+gIb/vAq8xsjVJpH8saMY+yEtC95wBk1VqqOuoWiV3JnIO4v8mUVL1+nGZ4r3cJbuxexJERpmKBatzw3Np2UKsOZwEm+nWiMKRvSPrYslTRE3UlnQSfk2Co9EkTKljRkpi5OpDTUehz6tjOkZqB/epn4l9dKTHDRSbmME4OSzRcFiSAmItnVpMcVMiPGllCmuM1K2IAqyoz9TX7xCf+T+mnJc0te1S2Wz2COHBzCEZyAB+dQhmuoQA0YINzBAzw6t8698+RM561LzufMAXyD8/IBASWReA==</latexit>

v0
<latexit sha1_base64="RUbVrpSqG7ayXG3FA2yyfcdI5C0=">AAAB6nicdVDLSgNBEOyNrzW+oh69DAbBU9gVQY8BLx4jmgckS5id9CZDZmeXmdlAWPIJXjwo4tXf8A88efNvnCQK8VXQUFR1090VpoJr43nvTmFpeWV1zV0vbmxube+UdvcaOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTP3mCJXmibwx4xSDmPYljzijxkrXo67XLZX9ijcD8X6RL6tcdV9fwKLWLb11egnLYpSGCap12/dSE+RUGc4EToqdTGNK2ZD2sW2ppDHqIJ+dOiFHVumRKFG2pCEzdXEip7HW4zi0nTE1A/3Tm4p/ee3MROdBzmWaGZRsvijKBDEJmf5NelwhM2JsCWWK21sJG1BFmbHpFBdD+J80Tiq+V/GvbBqnMIcLB3AIx+DDGVThEmpQBwZ9uIV7eHCEc+c8Ok/z1oLzObMP3+A8fwB3jY9d</latexit><latexit sha1_base64="4gPIWjnLYZN4sIuEoBjOL1b0s60=">AAAB6nicdVDLSgNBEOyNrxhfMR69DAmCp7Argh4DevAY0TwgCWF2MpsMmZ1dZnoDYcknePGgiFfxL/wDT978GyeJQnwVNBRV3XR3+bEUBl333cksLa+srmXXcxubW9s7+d1C3USJZrzGIhnppk8Nl0LxGgqUvBlrTkNf8oY/PJv6jRHXRkTqGscx74S0r0QgGEUrXY26bjdf8sruDMT9Rb6sUiX7+lI4fy5Wu/m3di9iScgVMkmNaXlujJ2UahRM8kmunRgeUzakfd6yVNGQm046O3VCDqzSI0GkbSkkM3VxIqWhMePQt50hxYH56U3Fv7xWgsFpJxUqTpArNl8UJJJgRKZ/k57QnKEcW0KZFvZWwgZUU4Y2ndxiCP+T+lHZc8vepU3jGObIwj4U4RA8OIEKXEAVasCgDzdwB/eOdG6dB+dx3ppxPmf24Bucpw/19pB7</latexit><latexit sha1_base64="4gPIWjnLYZN4sIuEoBjOL1b0s60=">AAAB6nicdVDLSgNBEOyNrxhfMR69DAmCp7Argh4DevAY0TwgCWF2MpsMmZ1dZnoDYcknePGgiFfxL/wDT978GyeJQnwVNBRV3XR3+bEUBl333cksLa+srmXXcxubW9s7+d1C3USJZrzGIhnppk8Nl0LxGgqUvBlrTkNf8oY/PJv6jRHXRkTqGscx74S0r0QgGEUrXY26bjdf8sruDMT9Rb6sUiX7+lI4fy5Wu/m3di9iScgVMkmNaXlujJ2UahRM8kmunRgeUzakfd6yVNGQm046O3VCDqzSI0GkbSkkM3VxIqWhMePQt50hxYH56U3Fv7xWgsFpJxUqTpArNl8UJJJgRKZ/k57QnKEcW0KZFvZWwgZUU4Y2ndxiCP+T+lHZc8vepU3jGObIwj4U4RA8OIEKXEAVasCgDzdwB/eOdG6dB+dx3ppxPmf24Bucpw/19pB7</latexit>

x
<latexit sha1_base64="75z1WulsGqg7PWWAQri4CuS5Xho=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGBN1ZcOOyBXuBdiiZ9Ewbm8kMSUYsQ5/AjQtFuhPfwtdw59uYtiLa+kPg4//PIeecIBFcG9f9dJaWV1bX1nMb+c2t7Z3dwt5+XcepYlhjsYhVM6AaBZdYM9wIbCYKaRQIbASDq0neuEOleSxvzDBBP6I9yUPOqLFW9b5TKLoldyryA948FC/fx+NXAKh0Ch/tbszSCKVhgmrd8tzE+BlVhjOBo3w71ZhQNqA9bFmUNELtZ9NBR+TYOl0Sxso+acjU/d2R0UjrYRTYyoiavp7PJuZ/WSs14YWfcZmkBiWbfRSmgpiYTLYmXa6QGTG0QJnidlbC+lRRZuxt8vYICysvQv205Lklr+oWy2cwUw4O4QhOwINzKMM1VKAGDBAe4AmenVvn0XlxxrPSJee75wD+yHn7AqbPj7U=</latexit><latexit sha1_base64="dLFO+GLlnXelCpB71LvVw5Lj8UE=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGBN1ZcOOyBXuBtpRMeqaNzWSGJCOWoU/gxoUidelb+BrufBszrYi2/hD4+P9zyDnHjwXXxnU/naXlldW19dxGfnNre2e3sLdf11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wKssbd6g0j+SNGcXYCWlf8oAzaqxVve8Wim7JnYr8gDcPxcv3SabXSrfw0e5FLAlRGiao1i3PjU0npcpwJnCcbycaY8qGtI8ti5KGqDvpdNAxObZOjwSRsk8aMnV/d6Q01HoU+rYypGag57PM/C9rJSa46KRcxolByWYfBYkgJiLZ1qTHFTIjRhYoU9zOStiAKsqMvU3eHmFh5UWon5Y8t+RV3WL5DGbKwSEcwQl4cA5luIYK1IABwgM8wbNz6zw6L85kVrrkfPccwB85b18EG5F6</latexit><latexit sha1_base64="dLFO+GLlnXelCpB71LvVw5Lj8UE=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGBN1ZcOOyBXuBtpRMeqaNzWSGJCOWoU/gxoUidelb+BrufBszrYi2/hD4+P9zyDnHjwXXxnU/naXlldW19dxGfnNre2e3sLdf11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wKssbd6g0j+SNGcXYCWlf8oAzaqxVve8Wim7JnYr8gDcPxcv3SabXSrfw0e5FLAlRGiao1i3PjU0npcpwJnCcbycaY8qGtI8ti5KGqDvpdNAxObZOjwSRsk8aMnV/d6Q01HoU+rYypGag57PM/C9rJSa46KRcxolByWYfBYkgJiLZ1qTHFTIjRhYoU9zOStiAKsqMvU3eHmFh5UWon5Y8t+RV3WL5DGbKwSEcwQl4cA5luIYK1IABwgM8wbNz6zw6L85kVrrkfPccwB85b18EG5F6</latexit>

A
<latexit sha1_base64="jEdrnsjiO8VVIVE6kyhrOIQIpOA=">AAAB6HicbZDPSgMxEMZn679a/1U9egkWwVPZFUFvVrx4bMG2QruUbDrbxmazS5IVytIn8OJBkd7Et/A1vPk2pq2Itn4Q+PF9M2RmgkRwbVz308ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGr24BqFFxi3XAj8DZRSKNAYDMYXE3y5j0qzWN5Y4YJ+hHtSR5yRo21apedYsktu1ORH/DmoXTxPh6/AkC1U/xod2OWRigNE1Trlucmxs+oMpwJHBXaqcaEsgHtYcuipBFqP5sOOiJH1umSMFb2SUOm7u+OjEZaD6PAVkbU9PV8NjH/y1qpCc/9jMskNSjZ7KMwFcTEZLI16XKFzIihBcoUt7MS1qeKMmNvU7BHWFh5ERonZc8tezW3VDmFmfJwAIdwDB6cQQWuoQp1YIDwAE/w7Nw5j86LM56V5pzvnn34I+ftC1Nzj34=</latexit><latexit sha1_base64="YACP7erJ5iuYm9ySSqw3W7yITEs=">AAAB6HicbZDPSgMxEMZn679a/1U9egkWwVPZFUFvVrx4bMG2QltKNp1tY7PZJckKZekTePGgSD36Fr6GN9/GbCuirR8EfnzfDJkZPxZcG9f9dHJLyyura/n1wsbm1vZOcXevoaNEMayzSETq1qcaBZdYN9wIvI0V0tAX2PSHV1nevEeleSRvzCjGTkj7kgecUWOt2mW3WHLL7lTkB7x5KF28TzK9VrvFj3YvYkmI0jBBtW55bmw6KVWGM4HjQjvRGFM2pH1sWZQ0RN1Jp4OOyZF1eiSIlH3SkKn7uyOlodaj0LeVITUDPZ9l5n9ZKzHBeSflMk4MSjb7KEgEMRHJtiY9rpAZMbJAmeJ2VsIGVFFm7G0K9ggLKy9C46TsuWWv5pYqpzBTHg7gEI7BgzOowDVUoQ4MEB7gCZ6dO+fReXEms9Kc892zD3/kvH0BsLCRQw==</latexit><latexit sha1_base64="YACP7erJ5iuYm9ySSqw3W7yITEs=">AAAB6HicbZDPSgMxEMZn679a/1U9egkWwVPZFUFvVrx4bMG2QltKNp1tY7PZJckKZekTePGgSD36Fr6GN9/GbCuirR8EfnzfDJkZPxZcG9f9dHJLyyura/n1wsbm1vZOcXevoaNEMayzSETq1qcaBZdYN9wIvI0V0tAX2PSHV1nevEeleSRvzCjGTkj7kgecUWOt2mW3WHLL7lTkB7x5KF28TzK9VrvFj3YvYkmI0jBBtW55bmw6KVWGM4HjQjvRGFM2pH1sWZQ0RN1Jp4OOyZF1eiSIlH3SkKn7uyOlodaj0LeVITUDPZ9l5n9ZKzHBeSflMk4MSjb7KEgEMRHJtiY9rpAZMbJAmeJ2VsIGVFFm7G0K9ggLKy9C46TsuWWv5pYqpzBTHg7gEI7BgzOowDVUoQ4MEB7gCZ6dO+fReXEms9Kc892zD3/kvH0BsLCRQw==</latexit>

3. Come si vede dalla legge oraria (10) l’elongazione massima a destra si ottiene quando il sin
assume il valore massimo +1, mentre l’elongazione massima a sinistra si ottiene quando il sin
assume il valore minimo -1. Pertanto dalla (10) ricaviamo che l’elongazione massima (in valore
assoluto) è

A =
v0
ω

= v0

√
m

k
(14)

Sostituendo i valori

A = 5
m

s

√
1 kg

100 N
m

=

[uso N = kg m/s2]

=
m

s/

√√√√ 1 kg/

100 kg/
s2/

=

= 0.50 m (15)

4. Per calcolare l’impulso procediamo in questo modo:
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• Osservazione
Dall’eq.(10) notiamo che l’elongazione massima (ad esempio a destra) avviene all’istante

tmax =
π

2ω
(16)

che è quello che rende sin = +1. Ovviamente tale istante corrisponde al punto di inversione
del verso del moto, e dunque all’istante in cui la velocità si annulla, come si vede facilmente
sostituendo l’Eq.(16) nella legge oraria (11) della velocità. Al tempo stesso tale istante
corrisponde anche al massimo (in valore assoluto) dell’accelerazione, come è ovvio che sia
dato che la forza elastica è massima (in valore assoluto) proprio quando l’allugamento è
massimo. Inoltre nel moto armonico la posizione e l’accelerazione soddisfano, istante per
istante, la relazione a(t) = −ω2x(t) [vedi Eq.(4)]: Il massimo di x (in valore assoluto) cor-
risponde necessariamente al massimo di a (in valore assoluto).

NOTA BENE: Negli istanti in cui la velocità è massima (in valore assoluto) l’accelerazione
e la forza sono nulle !

• L’impulso della forza elastica è dato dall’integrale dal tempo t = 0 al tempo tmax di
elongazione massima

J =

∫ tmax

0
Fel(t) dt (17)

e per calcolarlo possiamo procedere in due modi equivalenti:

(a) Primo modo: calcolo diretto
Sostituendo la (13) nella definizione (17) abbiamo

J =

∫ tmax

0
Fel(t) dt =

= −
∫ π

2ω

0
mv0ω sin(ωt) dt =

= −mv0ω
∫ π

2ω

0
sin(ωt) dt =

= mv0 cos(ωt)|t=
π
2ω

t=0 (18)

Pertanto
J = −mv0 (19)

Sostituendo i valori:

J = −1 kg · 5 m

s
= −5

kg m

s
(20)

(b) Secondo modo: teorema dell’impulso
Sfruttiamo il teorema dell’impulso e abbiamo

J =

∫ tmax

0
Fel(t) dt = p(tmax)− p(0) (21)

dove
p(tmax) = mv(tmax) = 0
p(0) = mv0

(22)

e dunque
J = −mv0 (23)

come sopra.
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