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Esercizio

Un proiettile di massa mP = 1 g, sparato con una velocità iniziale v0 = 100m/s, urta un blocco
di plastica di massa M = 50 g posto su un piano orizzontale scabro. Dopo l’urto il proiettile si con-
ficca nel blocco di plastica che inizia a muoversi, spostandosi di un tratto d = 60 cm prima di fermarsi.
Calcolare quanto vale il coefficiente di attrito dinamico µD tra blocco e piano.

M
<latexit sha1_base64="xAN+ihe5UmqZ1E/RljGRBnsejKA=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIWZeFAEMeDFi5CAWSAZQk+nJmnTs9DdI4SQJ/DiQRGv6oP4DF7Et7GzHDT6Q8PH/1fRVeUngivtOF9WZmFxaXklu2qvrW9sbuW2d2oqTiXDKotFLBs+VSh4hFXNtcBGIpGGvsC6378Y5/VblIrH0bUeJOiFtBvxgDOqjVW5aufyTsGZiPwFdwb58/fXT/sseSu3cx+tTszSECPNBFWq6TqJ9oZUas4EjuxWqjChrE+72DQY0RCVN5wMOiIHxumQIJbmRZpM3J8dQxoqNQh9UxlS3VPz2dj8L2umOjjxhjxKUo0Rm34UpILomIy3Jh0ukWkxMECZ5GZWwnpUUqbNbWxzBHd+5b9QKxbco0Kx4uRLpzBVFvZgHw7BhWMowSWUoQoMEO7gAR6tG+veerKep6UZa9azC79kvXwDyi6QnQ==</latexit>

v0
<latexit sha1_base64="WNL5xQXyUeZwM1840UCYu6uzR/o=">AAAB6nicbVDLSsNAFL2pr1pfUZeCDBbBVUnqQnFVcOOyon1AG8pkOmmHTiZhZlIooZ8giAtF3LrtP/gNggv/xmnahbYeuHA4517uvcePOVPacb6t3Mrq2vpGfrOwtb2zu2fvH9RVlEhCayTikWz6WFHOBK1ppjltxpLi0Oe04Q+up35jSKVikbjXo5h6Ie4JFjCCtZHuhh2nYxedkpMBLRN3TooV+3jy9fgxqXbsz3Y3IklIhSYcK9VynVh7KZaaEU7HhXaiaIzJAPdoy1CBQ6q8NDt1jE6N0kVBJE0JjTL190SKQ6VGoW86Q6z7atGbiv95rUQHl17KRJxoKshsUZBwpCM0/Rt1maRE85EhmEhmbkWkjyUm2qRTMCG4iy8vk3q55J6XyrcmjSuYIQ9HcAJn4MIFVOAGqlADAj14gGd4sbj1ZL1ab7PWnDWfOYQ/sN5/AEmLkYI=</latexit>

mP
<latexit sha1_base64="02GYvyeO9C8Q5qO7qvgpf2yH9bE=">AAAB6nicbVDLSgMxFL1TX7W+qi4FCRbBVZlpF4qrghuXFe0D2qFk0kwbmmSGJCOUoZ8giAtF3LrtP/gNggv/xvSx0NYDgcM555J7TxBzpo3rfjuZldW19Y3sZm5re2d3L79/UNdRogitkYhHqhlgTTmTtGaY4bQZK4pFwGkjGFxN/MY9VZpF8s4MY+oL3JMsZAQbK92KTrWTL7hFdwq0TLw5KVTyx+Ovx4+xzX+2uxFJBJWGcKx1y3Nj46dYGUY4HeXaiaYxJgPcoy1LJRZU++l01RE6tUoXhZGyTxo0VX9PpFhoPRSBTQps+nrRm4j/ea3EhBd+ymScGCrJ7KMw4chEaHI36jJFieFDSzBRzO6KSB8rTIxtJ2dL8BZPXib1UtErF0s3to1LmCELR3ACZ+DBOVTgGqpQAwI9eIBneHG48+S8Om+zaMaZzxzCHzjvP2xVkZk=</latexit>
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SOLUZIONE

Dati noti:
M = 0.50 kg
mp = 0.001 kg
v0 = 100 m/s
d = 0.6 m

• Il sistema proiettile+blocco è un sistema isolato?

Abbiamo

– prima dell’urto non c’è attrito → è isolato → dP
dt = 0

– dopo l’urto c’è attrito dinamico → non è isolato → dP
dt = F ext = −µD(M +mP )g < 0

Siccome agisce, almeno dopo l’urto, una forza esterna (=attrito), il sistema proiettile+blocco
NON è isolato e la quantità di moto NON si conserva nel tempo, ossia NON rimane costante
nel tempo, come si vede in figura

t
<latexit sha1_base64="KwT7xH/wLhhnrMQJx6EOokRCc6I=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIWZeFAEMeDFYwJmgSSEnk5N0qZnobtHCEOewIsHRbyqD+IzeBHfxs5y0MQfGj7+v4quKi8WXGnH+bYyS8srq2vZdXtjc2t7J7e7V1NRIhlWWSQi2fCoQsFDrGquBTZiiTTwBNa9wdU4r9+hVDwKb/QwxnZAeyH3OaPaWBXdyeWdgjMRWQR3BvnLj7cv+yJ+L3dyn61uxJIAQ80EVarpOrFup1RqzgSO7FaiMKZsQHvYNBjSAFU7nQw6IkfG6RI/kuaFmkzc3x0pDZQaBp6pDKjuq/lsbP6XNRPtn7VTHsaJxpBNP/ITQXRExluTLpfItBgaoExyMythfSop0+Y2tjmCO7/yItSKBfekUKw4+dI5TJWFAziEY3DhFEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezDH1mvPwVZkMQ=</latexit>

P
<latexit sha1_base64="V2LBkAe3hwMrcA4ezVvibefS4Mk=">AAAB6HicbVC7SgNBFL0bX3F9RS1tBoNgFXZjoQhiwMYyAfOAZJHZyd1kzOyDmVkhLPkCGwtFbNUP8RtsxL9xklho4oELh3PO5T78RHClHefLyi0sLi2v5FfttfWNza3C9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9AcXY795i1LxOLrSwwS9kPYiHnBGtZFq1etC0Sk5E5B54v6Q4vn766d9lryZ/EenG7M0xEgzQZVqu06ivYxKzZnAkd1JFSaUDWgP24ZGNETlZZNFR+TAKF0SxNJUpMlE/d2R0VCpYeibZEh1X816Y/E/r53q4MTLeJSkGiM2HRSkguiYjK8mXS6RaTE0hDLJza6E9amkTJvf2OYJ7uzJ86RRLrlHpXLNKVZOYYo87ME+HIILx1CBS6hCHRgg3MEDPFo31r31ZD1Poznrp2cX/sB6+QbOupCg</latexit>

tu
<latexit sha1_base64="UOKkFTH30LeptGOo5CY1PPHADCk=">AAAB6nicbVDLSgNBEOyNrxhfqx4FWQyCp7AbD4qngBePEc0D4hJmJ7PJkNnZZaZXCEs+QRAPinj1mn/wGwQP/o2Tx0ETCxqKqm66u4JEcI2u+23llpZXVtfy64WNza3tHXt3r67jVFFWo7GIVTMgmgkuWQ05CtZMFCNRIFgj6F+O/cY9U5rH8hYHCfMj0pU85JSgkW6wnbbtoltyJ3AWiTcjxYp9OPp6/BhV2/bnXSemacQkUkG0bnlugn5GFHIq2LBwl2qWENonXdYyVJKIaT+bnDp0jo3SccJYmZLoTNTfExmJtB5EgemMCPb0vDcW//NaKYbnfsZlkiKTdLooTIWDsTP+2+lwxSiKgSGEKm5udWiPKELRpFMwIXjzLy+SernknZbK1yaNC5giDwdwBCfgwRlU4AqqUAMKXXiAZ3ixhPVkvVpv09acNZvZhz+w3n8ArxORxQ==</latexit>

• Le forze esterne che agiscono sul sistema sono impulsive ?

– una forza impulsiva è una forza molto intensa che agisce per un intervallo di tempo molto
piccolo → P (t) presenta un salto all’istante dell’urto P (tu − ε) 6= P (tu + ε), come indicato
in figura

t
<latexit sha1_base64="KwT7xH/wLhhnrMQJx6EOokRCc6I=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIWZeFAEMeDFYwJmgSSEnk5N0qZnobtHCEOewIsHRbyqD+IzeBHfxs5y0MQfGj7+v4quKi8WXGnH+bYyS8srq2vZdXtjc2t7J7e7V1NRIhlWWSQi2fCoQsFDrGquBTZiiTTwBNa9wdU4r9+hVDwKb/QwxnZAeyH3OaPaWBXdyeWdgjMRWQR3BvnLj7cv+yJ+L3dyn61uxJIAQ80EVarpOrFup1RqzgSO7FaiMKZsQHvYNBjSAFU7nQw6IkfG6RI/kuaFmkzc3x0pDZQaBp6pDKjuq/lsbP6XNRPtn7VTHsaJxpBNP/ITQXRExluTLpfItBgaoExyMythfSop0+Y2tjmCO7/yItSKBfekUKw4+dI5TJWFAziEY3DhFEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezDH1mvPwVZkMQ=</latexit>

P
<latexit sha1_base64="V2LBkAe3hwMrcA4ezVvibefS4Mk=">AAAB6HicbVC7SgNBFL0bX3F9RS1tBoNgFXZjoQhiwMYyAfOAZJHZyd1kzOyDmVkhLPkCGwtFbNUP8RtsxL9xklho4oELh3PO5T78RHClHefLyi0sLi2v5FfttfWNza3C9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9AcXY795i1LxOLrSwwS9kPYiHnBGtZFq1etC0Sk5E5B54v6Q4vn766d9lryZ/EenG7M0xEgzQZVqu06ivYxKzZnAkd1JFSaUDWgP24ZGNETlZZNFR+TAKF0SxNJUpMlE/d2R0VCpYeibZEh1X816Y/E/r53q4MTLeJSkGiM2HRSkguiYjK8mXS6RaTE0hDLJza6E9amkTJvf2OYJ7uzJ86RRLrlHpXLNKVZOYYo87ME+HIILx1CBS6hCHRgg3MEDPFo31r31ZD1Poznrp2cX/sB6+QbOupCg</latexit>

tu
<latexit sha1_base64="UOKkFTH30LeptGOo5CY1PPHADCk=">AAAB6nicbVDLSgNBEOyNrxhfqx4FWQyCp7AbD4qngBePEc0D4hJmJ7PJkNnZZaZXCEs+QRAPinj1mn/wGwQP/o2Tx0ETCxqKqm66u4JEcI2u+23llpZXVtfy64WNza3tHXt3r67jVFFWo7GIVTMgmgkuWQ05CtZMFCNRIFgj6F+O/cY9U5rH8hYHCfMj0pU85JSgkW6wnbbtoltyJ3AWiTcjxYp9OPp6/BhV2/bnXSemacQkUkG0bnlugn5GFHIq2LBwl2qWENonXdYyVJKIaT+bnDp0jo3SccJYmZLoTNTfExmJtB5EgemMCPb0vDcW//NaKYbnfsZlkiKTdLooTIWDsTP+2+lwxSiKgSGEKm5udWiPKELRpFMwIXjzLy+SernknZbK1yaNC5giDwdwBCfgwRlU4AqqUAMKXXiAZ3ixhPVkvVpv09acNZvZhz+w3n8ArxORxQ==</latexit>

P (tu � ✏)
<latexit sha1_base64="LFsptjr0R+C+USIIhbynlh0iE8I=">AAAB+HicbVDJSgNBEO2JW4xLRgUvXhqDEA+GmQiaY8CLxwhmgWQYejqdpElPT9OLEIf8hyCIB0W8+ineRD/GznLQ6IOCx3tVVNWLBKNKe96Hk1laXlldy67nNja3tvPuzm5DJUZiUscJS2QrQoowykldU81IS0iC4oiRZjS8mPjNGyIVTfi1HgkSxKjPaY9ipK0UuvlaUYfmpEOEoizhx6Fb8EreFPAv8eekUN0XD3dfn5Va6L53ugk2MeEaM6RU2/eEDlIkNcWMjHMdo4hAeIj6pG0pRzFRQTo9fAyPrNKFvUTa4hpO1Z8TKYqVGsWR7YyRHqhFbyL+57WN7lWClHJhNOF4tqhnGNQJnKQAu1QSrNnIEoQltbdCPEASYW2zytkQ/MWX/5JGueSflspXNo0zMEMWHIBDUAQ+OAdVcAlqoA4wMOAePIFn59Z5dF6c11lrxpnP7IFfcN6+AUpmlow=</latexit>

P (tu + ✏)
<latexit sha1_base64="NEboruRIYMIFUE8FzPFuCgA6sNQ=">AAAB+HicbVDJSgNBEO2JW4xLRgUvXhqDEBHCTATNMeDFYwSzQDIMPZ1O0qSnp+lFiEP+QxDEgyJe/RRvoh9jZzlo9EHB470qqupFglGlPe/DySwtr6yuZddzG5tb23l3Z7ehEiMxqeOEJbIVIUUY5aSuqWakJSRBccRIMxpeTPzmDZGKJvxajwQJYtTntEcx0lYK3XytqENz0iFCUZbw49AteCVvCviX+HNSqO6Lh7uvz0otdN873QSbmHCNGVKq7XtCBymSmmJGxrmOUUQgPER90raUo5ioIJ0ePoZHVunCXiJtcQ2n6s+JFMVKjeLIdsZID9SiNxH/89pG9ypBSrkwmnA8W9QzDOoETlKAXSoJ1mxkCcKS2lshHiCJsLZZ5WwI/uLLf0mjXPJPS+Urm8YZmCELDsAhKAIfnIMquAQ1UAcYGHAPnsCzc+s8Oi/O66w148xn9sAvOG/fR0yWig==</latexit>

dP

dt
= F ext

<latexit sha1_base64="Nir43CkazAK2VfzkH9pGzL05GK0="></latexit>

Forza impulsiva

P (tu � ✏) 6= P (tu + ✏)
<latexit sha1_base64="a3DhmMbnU7hzw5bIYY0bFxc2iKw=">AAACDHicbVDLSgMxFM3UV62vquDGTbAIFbHMVNAuC25cVrAPaEvJpHfa0ExmTDJCKf0AN65d+QtuXCji1g9wJ/oxptMi2nogcDjnXG7ucUPOlLbtDysxN7+wuJRcTq2srq1vpDe3KiqIJIUyDXggay5RwJmAsmaaQy2UQHyXQ9XtnY386jVIxQJxqfshNH3SEcxjlGgjtdKZUla3oqMGhIrxQBw0BFzhWDv80UzKztkx8CxxJiRT3Anv774+C6VW+r3RDmjkg9CUE6Xqjh3q5oBIzSiHYaoRKQgJ7ZEO1A0VxAfVHMTHDPG+UdrYC6R5QuNY/T0xIL5Sfd81SZ/orpr2RuJ/Xj3SXqE5YCKMNAg6XuRFHOsAj5rBbSaBat43hFDJzF8x7RJJqDb9pUwJzvTJs6SSzznHufyFaeMEjZFEu2gPZZGDTlERnaMSKiOKbtADekLP1q31aL1Yr+NowprMbKM/sN6+Ab4lnn4=</latexit>

t
<latexit sha1_base64="KwT7xH/wLhhnrMQJx6EOokRCc6I=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIWZeFAEMeDFYwJmgSSEnk5N0qZnobtHCEOewIsHRbyqD+IzeBHfxs5y0MQfGj7+v4quKi8WXGnH+bYyS8srq2vZdXtjc2t7J7e7V1NRIhlWWSQi2fCoQsFDrGquBTZiiTTwBNa9wdU4r9+hVDwKb/QwxnZAeyH3OaPaWBXdyeWdgjMRWQR3BvnLj7cv+yJ+L3dyn61uxJIAQ80EVarpOrFup1RqzgSO7FaiMKZsQHvYNBjSAFU7nQw6IkfG6RI/kuaFmkzc3x0pDZQaBp6pDKjuq/lsbP6XNRPtn7VTHsaJxpBNP/ITQXRExluTLpfItBgaoExyMythfSop0+Y2tjmCO7/yItSKBfekUKw4+dI5TJWFAziEY3DhFEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezDH1mvPwVZkMQ=</latexit>

– forza non-impulsiva → P (t) magari varia, ma con continuità (senza salti). E’ una funzione
continua all’istante dell’urto P (tu − ε) = P (tu + ε), come indicato in figura
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t
<latexit sha1_base64="KwT7xH/wLhhnrMQJx6EOokRCc6I=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIWZeFAEMeDFYwJmgSSEnk5N0qZnobtHCEOewIsHRbyqD+IzeBHfxs5y0MQfGj7+v4quKi8WXGnH+bYyS8srq2vZdXtjc2t7J7e7V1NRIhlWWSQi2fCoQsFDrGquBTZiiTTwBNa9wdU4r9+hVDwKb/QwxnZAeyH3OaPaWBXdyeWdgjMRWQR3BvnLj7cv+yJ+L3dyn61uxJIAQ80EVarpOrFup1RqzgSO7FaiMKZsQHvYNBjSAFU7nQw6IkfG6RI/kuaFmkzc3x0pDZQaBp6pDKjuq/lsbP6XNRPtn7VTHsaJxpBNP/ITQXRExluTLpfItBgaoExyMythfSop0+Y2tjmCO7/yItSKBfekUKw4+dI5TJWFAziEY3DhFEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezDH1mvPwVZkMQ=</latexit>

P
<latexit sha1_base64="V2LBkAe3hwMrcA4ezVvibefS4Mk=">AAAB6HicbVC7SgNBFL0bX3F9RS1tBoNgFXZjoQhiwMYyAfOAZJHZyd1kzOyDmVkhLPkCGwtFbNUP8RtsxL9xklho4oELh3PO5T78RHClHefLyi0sLi2v5FfttfWNza3C9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9AcXY795i1LxOLrSwwS9kPYiHnBGtZFq1etC0Sk5E5B54v6Q4vn766d9lryZ/EenG7M0xEgzQZVqu06ivYxKzZnAkd1JFSaUDWgP24ZGNETlZZNFR+TAKF0SxNJUpMlE/d2R0VCpYeibZEh1X816Y/E/r53q4MTLeJSkGiM2HRSkguiYjK8mXS6RaTE0hDLJza6E9amkTJvf2OYJ7uzJ86RRLrlHpXLNKVZOYYo87ME+HIILx1CBS6hCHRgg3MEDPFo31r31ZD1Poznrp2cX/sB6+QbOupCg</latexit>

tu
<latexit sha1_base64="UOKkFTH30LeptGOo5CY1PPHADCk=">AAAB6nicbVDLSgNBEOyNrxhfqx4FWQyCp7AbD4qngBePEc0D4hJmJ7PJkNnZZaZXCEs+QRAPinj1mn/wGwQP/o2Tx0ETCxqKqm66u4JEcI2u+23llpZXVtfy64WNza3tHXt3r67jVFFWo7GIVTMgmgkuWQ05CtZMFCNRIFgj6F+O/cY9U5rH8hYHCfMj0pU85JSgkW6wnbbtoltyJ3AWiTcjxYp9OPp6/BhV2/bnXSemacQkUkG0bnlugn5GFHIq2LBwl2qWENonXdYyVJKIaT+bnDp0jo3SccJYmZLoTNTfExmJtB5EgemMCPb0vDcW//NaKYbnfsZlkiKTdLooTIWDsTP+2+lwxSiKgSGEKm5udWiPKELRpFMwIXjzLy+SernknZbK1yaNC5giDwdwBCfgwRlU4AqqUAMKXXiAZ3ixhPVkvVpv09acNZvZhz+w3n8ArxORxQ==</latexit>

dP

dt
= F ext

<latexit sha1_base64="Nir43CkazAK2VfzkH9pGzL05GK0="></latexit>

Forza non impulsiva

P (tu � ✏) = P (tu + ✏)
<latexit sha1_base64="iqdJqFjLhAJQqXGwzs/tvALOJLQ=">AAACCHicbVDLSgMxFM34rPU1KrhxYbAIFbHMVNBuhIIblxXsA9phyKSZNjSTGZKMUIYu3fgFrvwBNy4UcesnuBP9GNNpEW09EDj3nHu5uceLGJXKsj6Mmdm5+YXFzFJ2eWV1bd3c2KzJMBaYVHHIQtHwkCSMclJVVDHSiARBgcdI3eudD/36NRGShvxK9SPiBKjDqU8xUlpyzd1KXrnxUYtEkrKQH5yl9eFP7Zo5q2ClgNPEHpNceTu6v/v6LFVc873VDnEcEK4wQ1I2bStSToKEopiRQbYVSxIh3EMd0tSUo4BIJ0kPGcB9rbShHwr9uIKp+nsiQYGU/cDTnQFSXTnpDcX/vGas/JKTUB7FinA8WuTHDKoQDlOBbSoIVqyvCcKC6r9C3EUCYaWzy+oQ7MmTp0mtWLCPC8VLncYJGCEDdsAeyAMbnIIyuAAVUAUY3IAH8ASejVvj0XgxXketM8Z4Zgv8gfH2Da4SnNM=</latexit>

t
<latexit sha1_base64="KwT7xH/wLhhnrMQJx6EOokRCc6I=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIWZeFAEMeDFYwJmgSSEnk5N0qZnobtHCEOewIsHRbyqD+IzeBHfxs5y0MQfGj7+v4quKi8WXGnH+bYyS8srq2vZdXtjc2t7J7e7V1NRIhlWWSQi2fCoQsFDrGquBTZiiTTwBNa9wdU4r9+hVDwKb/QwxnZAeyH3OaPaWBXdyeWdgjMRWQR3BvnLj7cv+yJ+L3dyn61uxJIAQ80EVarpOrFup1RqzgSO7FaiMKZsQHvYNBjSAFU7nQw6IkfG6RI/kuaFmkzc3x0pDZQaBp6pDKjuq/lsbP6XNRPtn7VTHsaJxpBNP/ITQXRExluTLpfItBgaoExyMythfSop0+Y2tjmCO7/yItSKBfekUKw4+dI5TJWFAziEY3DhFEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezDH1mvPwVZkMQ=</latexit>

Nel nostro caso la forza esterna è l’attrito dinamico, che NON è una forza impulsiva. Pertanto,
anche se la quantità di moto totale non rimane costante nel tempo, P si conserva attraverso
l’urto, ossia è una funzione continua all’istante dell’urto

P (tu − ε)︸ ︷︷ ︸
immediatamente

prima dell’urto

= P (tu + ε)︸ ︷︷ ︸
immediatamente

dopo l’urto

⇓
mP v0 + 0 = (M +mp)v

′

⇓
v′ =

mP

M +mp
v0 (1)

Sostituendo i valori abbiamo

v′ =
0.001 kg/

(0.05 + 0.001) kg/
100

m

s
= 1.96

m

s
(2)

• Dopo l’urto (completamente anelastico) c’è un’unica massa M +mP che si muove sotto l’azione
della forza di attrito dinamico (non conservativa). Applicando il teorema di variazione dell’energia
meccanica

∆Em = Wnon−cons

⇓
0− 1

2
(M +mP )v′

2
=

∫
~Fatt · d~s = ~Fatt ·

∫
d~s︸ ︷︷ ︸

∆~s

= −|~Fatt||∆~s|

⇓
0− 1

2
(M +mP )v′

2
= −µD(M +mP )g d

⇓

µD =
v′2

2gd
(3)

Sostituendo i valori

µD =
(1.96m

s )2

2 · 9.81 m
s2
· 0.6 m

= 0.33 (4)
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