
Oscar Éboli 18 de maio de 2022

Dinâmica de muitos corpos
quarta aula

1. Colisões unidimensionais inelásticas


2. Colisões bidimensionais elásticas


3. Colisões bidimensionais inelásticas



0. Recordação

• Em um sistema, cuja força externa total é nula,  o momento linear total é conservado!
d

dt
(M~vCM ) =

d

dt

⇣
~PCM

⌘
=

d

dt

0

@
X

j

~pj

1

A = 0

<latexit sha1_base64="fUicPkDNcXGiAOlDEe0vs4+cFnc="></latexit>

configuração inicial

região de interação

~p1i

<latexit sha1_base64="xBfPsbIUuNssFfPzHu6QctgxDAs=">AAAB83icbZBLS8NAFIUn9VXrq+rSzWARXJVEq+2y4KbLCvYBTSiT6W07dJIMM5NCCfkbblwo4tY/485/4zSNoNYDAx/n3Mtcji84U9q2P63CxubW9k5xt7S3f3B4VD4+6aoolhQ6NOKR7PtEAWchdDTTHPpCAgl8Dj1/drfMe3OQikXhg14I8AIyCdmYUaKN5bpzoIlIh4nD0mG5YlftTHgdnBwqKFd7WP5wRxGNAwg15USpgWML7SVEakY5pCU3ViAInZEJDAyGJADlJdnNKb4wzgiPI2leqHHm/txISKDUIvDNZED0VP3NluZ/2SDW44aXsFDEGkK6+mgcc6wjvCwAj5gEqvnCAKGSmVsxnRJJqDY1lbISbuuN2rWD1+G7hO5V1alVb+5rlWYrr6OIztA5ukQOqqMmaqE26iCKBHpEz+jFiq0n69V6W40WrHznFP2S9f4Fi0WSRw==</latexit>

~p2i

<latexit sha1_base64="7UfilcEz+du/v+SknVs9x7bLi1c=">AAAB83icbZBLS8NAFIUnPmt9VV26GSyCq5LUarssuOmygn1AE8pketsOnSTDzKRQQv6GGxeKuPXPuPPfOE0jqPXAwMc59zKX4wvOlLbtT2tjc2t7Z7ewV9w/ODw6Lp2cdlUUSwodGvFI9n2igLMQOpppDn0hgQQ+h54/u1vmvTlIxaLwQS8EeAGZhGzMKNHGct050ESkw6TK0mGpbFfsTHgdnBzKKFd7WPpwRxGNAwg15USpgWML7SVEakY5pEU3ViAInZEJDAyGJADlJdnNKb40zgiPI2leqHHm/txISKDUIvDNZED0VP3NluZ/2SDW44aXsFDEGkK6+mgcc6wjvCwAj5gEqvnCAKGSmVsxnRJJqDY1FbMSbuuN2rWD1+G7hG614tQqN/e1crOV11FA5+gCXSEH1VETtVAbdRBFAj2iZ/RixdaT9Wq9rUY3rHznDP2S9f4FjMuSSA==</latexit>

m1

<latexit sha1_base64="iQy2R8lLUZTGI4Y3IMgeaKyasjE=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtabY8FLz1WsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtl1BrQ8GHu/NMDMviDnTxnU/nbX1jc2t7cJOcXdv/+CwdHTc0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mZ+94EqzSJ5b2Yx9QUeSxYygk0miaFXHJbKbsVdAK0SLydlyNEalj4Go4gkgkpDONa677mx8VOsDCOczouDRNMYkyke076lEguq/XRx6xydW2WEwkjZkgYt1J8TKRZaz0RgOwU2E/3Xy8T/vH5iwrqfMhknhkqyXBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4liHc1OrVKw+tku8QOpcVr1q5vquWG808jgKcwhlcgAc1aEATWtAGAhN4hGd4cYTz5Lw6b8vWNSefOYFfcN6/AFh/jgs=</latexit>

m2

<latexit sha1_base64="yOWp18cpbPtn9h65mTaBG6o8JA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqtD0WvPRYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlvTNoIan0w8Hhvhpl5fsSZNrb9aRU2Nre2d4q7pb39g8Oj8vFJV4exIrRDQh6qvo815UzSjmGG036kKBY+pz1/dpv5vQeqNAvlvZlH1BN4IlnACDaZJEa10qhcsav2EmidODmpQI72qPwxHIckFlQawrHWA8eOjJdgZRjhdFEaxppGmMzwhA5SKrGg2kuWty7QRaqMURCqtKRBS/XnRIKF1nPhp50Cm6n+62Xif94gNkHDS5iMYkMlWS0KYo5MiLLH0ZgpSgyfpwQTxdJbEZlihYlJ41mFcFNvuFcOWiffIXRrVcetXt+5lWYrj6MIZ3AOl+BAHZrQgjZ0gMAUHuEZXixhPVmv1tuqtWDlM6fwC9b7F1oEjgw=</latexit>

região de interação

~p1f

<latexit sha1_base64="PqSoaRsOu0uFS31KC/4/oWdHi80=">AAAB83icbZBLS8NAFIUn9VXrq+rSzWARXJVEq+2y4KbLCvYBTSiT6U07dJIMM5NCCf0bblwo4tY/485/4zSNoNYDAx/n3Mtcji84U9q2P63CxubW9k5xt7S3f3B4VD4+6ao4kRQ6NOax7PtEAWcRdDTTHPpCAgl9Dj1/erfMezOQisXRg54L8EIyjljAKNHGct0Z0FQshqkTLIblil21M+F1cHKooFztYfnDHcU0CSHSlBOlBo4ttJcSqRnlsCi5iQJB6JSMYWAwIiEoL81uXuAL44xwEEvzIo0z9+dGSkKl5qFvJkOiJ+pvtjT/ywaJDhpeyiKRaIjo6qMg4VjHeFkAHjEJVPO5AUIlM7diOiGSUG1qKmUl3NYbtWsHr8N3Cd2rqlOr3tzXKs1WXkcRnaFzdIkcVEdN1EJt1EEUCfSIntGLlVhP1qv1thotWPnOKfol6/0LhraSRA==</latexit>

~p2f

<latexit sha1_base64="RINP0ys6Zg6oU7/8ZVH1Q3UqzLI=">AAAB83icbZBLS8NAFIVvfNb6qrp0M1gEVyWp1XZZcNNlBfuAJpTJdNIOnSTDzKRQQv+GGxeKuPXPuPPfOE0jqPXAwMc59zKX4wvOlLbtT2tjc2t7Z7ewV9w/ODw6Lp2cdlWcSEI7JOax7PtYUc4i2tFMc9oXkuLQ57TnT++WeW9GpWJx9KDngnohHkcsYARrY7nujJJULIZpNVgMS2W7YmdC6+DkUIZc7WHpwx3FJAlppAnHSg0cW2gvxVIzwumi6CaKCkymeEwHBiMcUuWl2c0LdGmcEQpiaV6kUeb+3EhxqNQ89M1kiPVE/c2W5n/ZINFBw0tZJBJNI7L6KEg40jFaFoBGTFKi+dwAJpKZWxGZYImJNjUVsxJu643atYPW4buEbrXi1Co397Vys5XXUYBzuIArcKAOTWhBGzpAQMAjPMOLlVhP1qv1thrdsPKdM/gl6/0LiDySRQ==</latexit>

configuração final

• Tipos de colisão: 1. A colisão é dita elástica se conserva energia cinética


2. A colisão é ineslástica se não conserva energia cinética 



 Colisões unidimensionais elásticas

a situação inicial é m1

<latexit sha1_base64="iQy2R8lLUZTGI4Y3IMgeaKyasjE=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtabY8FLz1WsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtl1BrQ8GHu/NMDMviDnTxnU/nbX1jc2t7cJOcXdv/+CwdHTc0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mZ+94EqzSJ5b2Yx9QUeSxYygk0miaFXHJbKbsVdAK0SLydlyNEalj4Go4gkgkpDONa677mx8VOsDCOczouDRNMYkyke076lEguq/XRx6xydW2WEwkjZkgYt1J8TKRZaz0RgOwU2E/3Xy8T/vH5iwrqfMhknhkqyXBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4liHc1OrVKw+tku8QOpcVr1q5vquWG808jgKcwhlcgAc1aEATWtAGAhN4hGd4cYTz5Lw6b8vWNSefOYFfcN6/AFh/jgs=</latexit>

m2

<latexit sha1_base64="yOWp18cpbPtn9h65mTaBG6o8JA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqtD0WvPRYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlvTNoIan0w8Hhvhpl5fsSZNrb9aRU2Nre2d4q7pb39g8Oj8vFJV4exIrRDQh6qvo815UzSjmGG036kKBY+pz1/dpv5vQeqNAvlvZlH1BN4IlnACDaZJEa10qhcsav2EmidODmpQI72qPwxHIckFlQawrHWA8eOjJdgZRjhdFEaxppGmMzwhA5SKrGg2kuWty7QRaqMURCqtKRBS/XnRIKF1nPhp50Cm6n+62Xif94gNkHDS5iMYkMlWS0KYo5MiLLH0ZgpSgyfpwQTxdJbEZlihYlJ41mFcFNvuFcOWiffIXRrVcetXt+5lWYrj6MIZ3AOl+BAHZrQgjZ0gMAUHuEZXixhPVmv1tuqtWDlM6fwC9b7F1oEjgw=</latexit>

v1i

<latexit sha1_base64="E/0IcA80wLpNP0W0eOR152tfVik=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVansseOmxgv2AdinZNNuGZpMlyRbK0h/hxYMiXv093vw3pu0Kan0w8Hhvhpl5QcyZNq776eQ2Nre2d/K7hb39g8Oj4vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3C38zpQqzaR4MLOY+hEeCRYygo2VOtNB6rF5YVAsuWV3CbROvIyUIENzUPzoDyVJIioM4VjrnufGxk+xMoxwOi/0E01jTCZ4RHuWChxR7afLc+fowipDFEplSxi0VH9OpDjSehYFtjPCZqz/egvxP6+XmLDmp0zEiaGCrBaFCUdGosXvaMgUJYbPLMFEMXsrImOsMDE2oVUIt9Va5dpD6+Q7hPZV2auUb+4rpXojiyMPZ3AOl+BBFerQgCa0gMAEHuEZXpzYeXJenbdVa87JZk7hF5z3L/JAj5M=</latexit>

v2i

<latexit sha1_base64="wtzUyZ2v2EzMyAyT3A2ftDfTGPs=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBE8ld1abY8FLz1WsB/QLiWbZtvQbHZJsoWy9Ed48aCIV3+PN/+NabuCWh8MPN6bYWaeHwuujeN8oo3Nre2d3dxefv/g8Oi4cHLa1lGiKGvRSESq6xPNBJesZbgRrBsrRkJfsI4/uVv4nSlTmkfywcxi5oVkJHnAKTFW6kwHaZnP84NC0Sk5S+B14makCBmag8JHfxjRJGTSUEG07rlObLyUKMOpYPN8P9EsJnRCRqxnqSQh0166PHeOL60yxEGkbEmDl+rPiZSEWs9C33aGxIz1X28h/uf1EhPUvJTLODFM0tWiIBHYRHjxOx5yxagRM0sIVdzeiumYKEKNTWgVwm21Vrl28Tr5DqFdLrmV0s19pVhvZHHk4Bwu4ApcqEIdGtCEFlCYwCM8wwuK0RN6RW+r1g2UzZzBL6D3L/PHj5Q=</latexit>

v1i > v2i

<latexit sha1_base64="/w38qy2mmvATOJidCFqlLg6JY3w=">AAAB+XicbZBLS8NAFIVv6qvWV9Slm8EiuCpJrbYrKbjpsoJ9QBvCZDpph04ezEwKJeSfuHGhiFv/iTv/jdM2gloPDHyccy9zOV7MmVSW9WkUNja3tneKu6W9/YPDI/P4pCujRBDaIRGPRN/DknIW0o5iitN+LCgOPE573vRukfdmVEgWhQ9qHlMnwOOQ+YxgpS3XNGduarMM3SINVZaVXLNsVayl0DrYOZQhV9s1P4ajiCQBDRXhWMqBbcXKSbFQjHCalYaJpDEmUzymA40hDqh00uXlGbrQzgj5kdAvVGjp/txIcSDlPPD0ZIDVRP7NFuZ/2SBRfsNJWRgnioZk9ZGfcKQitKgBjZigRPG5BkwE07ciMsECE6XLWpVwU2/Urmy0Dt8ldKsVu1a5vq+Vm628jiKcwTlcgg11aEIL2tABAjN4hGd4MVLjyXg13lajBSPfOYVfMt6/AD3MkwQ=</latexit>

enquanto a final é
v1f

<latexit sha1_base64="QExzO+44gYryE0OZS+au0LXcYkk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0k02h4LXnqsYD+gDWWz3bRLN5uwuymU0B/hxYMiXv093vw3btMIan0w8Hhvhpl5fsyZ0rb9aRU2Nre2d4q7pb39g8Oj8vFJR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+9G7pd2dUKhaJBz2PqRfisWABI1gbqTsbpk6wQMNyxa7aGdA6cXJSgRytYfljMIpIElKhCcdK9R071l6KpWaE00VpkCgaYzLFY9o3VOCQKi/Nzl2gC6OMUBBJU0KjTP05keJQqXnom84Q64n66y3F/7x+ooO6lzIRJ5oKsloUJBzpCC1/RyMmKdF8bggmkplbEZlgiYk2CZWyEG5rdffaQevkO4TOVdVxqzf3bqXRzOMowhmcwyU4UIMGNKEFbSAwhUd4hhcrtp6sV+tt1Vqw8plT+AXr/QsPFY+m</latexit>

v2f

<latexit sha1_base64="2Jjq0/LCRgl0WUXsbFlUu5+OY+I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqa3sseOmxgv2ANpTNdtMu3WzC7qZQQn+EFw+KePX3ePPfuE0jqPXBwOO9GWbmeRFnStv2p5Xb2t7Z3cvvFw4Oj45PiqdnXRXGktAOCXko+x5WlDNBO5ppTvuRpDjwOO15s7uV35tTqVgoHvQiom6AJ4L5jGBtpN58lFT8JRoVS3bZToE2iZOREmRoj4ofw3FI4oAKTThWauDYkXYTLDUjnC4Lw1jRCJMZntCBoQIHVLlJeu4SXRlljPxQmhIaperPiQQHSi0Cz3QGWE/VX28l/ucNYu033ISJKNZUkPUiP+ZIh2j1OxozSYnmC0MwkczcisgUS0y0SaiQhnBbb1RvHLRJvkPoVspOtVy7r5aarSyOPFzAJVyDA3VoQgva0AECM3iEZ3ixIuvJerXe1q05K5s5h1+w3r8AEJyPpw==</latexit>

v1f =
m1 �m2

m1 +m2
v1i +

2m2

m1 +m2
v2i

v2f =
2m1

m1 +m2
v1i +

m2 �m1

m1 +m2
v2i

<latexit sha1_base64="Mer+kevWBTWlDv3beOS0fuse5zE="></latexit>



1. Colisões unidimensionais inelásticas :

• Numa colisão totalmente inelástica os corpos movem-se juntos após o impacto

v1f = v2f = vf

<latexit sha1_base64="3u0Iw1lHn6Ej2pr62pxzYqyxj3A=">AAAB/nicbZBLSwMxFIXv1Fetr1Fx5SZYBFdlplbbjVBw02UF+4B2KJk004ZmHiSZQhkK/hU3LhRx6+9w578xnY6g1gOBj3PuJZfjRpxJZVmfRm5tfWNzK79d2Nnd2z8wD4/aMowFoS0S8lB0XSwpZwFtKaY47UaCYt/ltONObhd5Z0qFZGFwr2YRdXw8CpjHCFbaGpgn00Fie3N0gzSUM/AGZtEqWanQKtgZFCFTc2B+9IchiX0aKMKxlD3bipSTYKEY4XRe6MeSRphM8Ij2NAbYp9JJ0vPn6Fw7Q+SFQr9AodT9uZFgX8qZ7+pJH6ux/JstzP+yXqy8mpOwIIoVDcjyIy/mSIVo0QUaMkGJ4jMNmAimb0VkjAUmSjdWSEu4rtYqlzZahe8S2uWSXSld3VWK9UZWRx5O4QwuwIYq1KEBTWgBgQQe4RlejAfjyXg13pajOSPbOYZfMt6/AJY8lN0=</latexit>

m1

<latexit sha1_base64="iQy2R8lLUZTGI4Y3IMgeaKyasjE=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtabY8FLz1WsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtl1BrQ8GHu/NMDMviDnTxnU/nbX1jc2t7cJOcXdv/+CwdHTc0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mZ+94EqzSJ5b2Yx9QUeSxYygk0miaFXHJbKbsVdAK0SLydlyNEalj4Go4gkgkpDONa677mx8VOsDCOczouDRNMYkyke076lEguq/XRx6xydW2WEwkjZkgYt1J8TKRZaz0RgOwU2E/3Xy8T/vH5iwrqfMhknhkqyXBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4liHc1OrVKw+tku8QOpcVr1q5vquWG808jgKcwhlcgAc1aEATWtAGAhN4hGd4cYTz5Lw6b8vWNSefOYFfcN6/AFh/jgs=</latexit>

m2

<latexit sha1_base64="yOWp18cpbPtn9h65mTaBG6o8JA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqtD0WvPRYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlvTNoIan0w8Hhvhpl5fsSZNrb9aRU2Nre2d4q7pb39g8Oj8vFJV4exIrRDQh6qvo815UzSjmGG036kKBY+pz1/dpv5vQeqNAvlvZlH1BN4IlnACDaZJEa10qhcsav2EmidODmpQI72qPwxHIckFlQawrHWA8eOjJdgZRjhdFEaxppGmMzwhA5SKrGg2kuWty7QRaqMURCqtKRBS/XnRIKF1nPhp50Cm6n+62Xif94gNkHDS5iMYkMlWS0KYo5MiLLH0ZgpSgyfpwQTxdJbEZlihYlJ41mFcFNvuFcOWiffIXRrVcetXt+5lWYrj6MIZ3AOl+BAHZrQgjZ0gMAUHuEZXixhPVmv1tuqtWDlM6fwC9b7F1oEjgw=</latexit>

v1i

<latexit sha1_base64="E/0IcA80wLpNP0W0eOR152tfVik=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVansseOmxgv2AdinZNNuGZpMlyRbK0h/hxYMiXv093vw3pu0Kan0w8Hhvhpl5QcyZNq776eQ2Nre2d/K7hb39g8Oj4vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3C38zpQqzaR4MLOY+hEeCRYygo2VOtNB6rF5YVAsuWV3CbROvIyUIENzUPzoDyVJIioM4VjrnufGxk+xMoxwOi/0E01jTCZ4RHuWChxR7afLc+fowipDFEplSxi0VH9OpDjSehYFtjPCZqz/egvxP6+XmLDmp0zEiaGCrBaFCUdGosXvaMgUJYbPLMFEMXsrImOsMDE2oVUIt9Va5dpD6+Q7hPZV2auUb+4rpXojiyMPZ3AOl+BBFerQgCa0gMAEHuEZXpzYeXJenbdVa87JZk7hF5z3L/JAj5M=</latexit>

v2i

<latexit sha1_base64="wtzUyZ2v2EzMyAyT3A2ftDfTGPs=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBE8ld1abY8FLz1WsB/QLiWbZtvQbHZJsoWy9Ed48aCIV3+PN/+NabuCWh8MPN6bYWaeHwuujeN8oo3Nre2d3dxefv/g8Oi4cHLa1lGiKGvRSESq6xPNBJesZbgRrBsrRkJfsI4/uVv4nSlTmkfywcxi5oVkJHnAKTFW6kwHaZnP84NC0Sk5S+B14makCBmag8JHfxjRJGTSUEG07rlObLyUKMOpYPN8P9EsJnRCRqxnqSQh0166PHeOL60yxEGkbEmDl+rPiZSEWs9C33aGxIz1X28h/uf1EhPUvJTLODFM0tWiIBHYRHjxOx5yxagRM0sIVdzeiumYKEKNTWgVwm21Vrl28Tr5DqFdLrmV0s19pVhvZHHk4Bwu4ApcqEIdGtCEFlCYwCM8wwuK0RN6RW+r1g2UzZzBL6D3L/PHj5Q=</latexit>

m1

<latexit sha1_base64="iQy2R8lLUZTGI4Y3IMgeaKyasjE=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtabY8FLz1WsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtl1BrQ8GHu/NMDMviDnTxnU/nbX1jc2t7cJOcXdv/+CwdHTc0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mZ+94EqzSJ5b2Yx9QUeSxYygk0miaFXHJbKbsVdAK0SLydlyNEalj4Go4gkgkpDONa677mx8VOsDCOczouDRNMYkyke076lEguq/XRx6xydW2WEwkjZkgYt1J8TKRZaz0RgOwU2E/3Xy8T/vH5iwrqfMhknhkqyXBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4liHc1OrVKw+tku8QOpcVr1q5vquWG808jgKcwhlcgAc1aEATWtAGAhN4hGd4cYTz5Lw6b8vWNSefOYFfcN6/AFh/jgs=</latexit>

m2

<latexit sha1_base64="yOWp18cpbPtn9h65mTaBG6o8JA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqtD0WvPRYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlvTNoIan0w8Hhvhpl5fsSZNrb9aRU2Nre2d4q7pb39g8Oj8vFJV4exIrRDQh6qvo815UzSjmGG036kKBY+pz1/dpv5vQeqNAvlvZlH1BN4IlnACDaZJEa10qhcsav2EmidODmpQI72qPwxHIckFlQawrHWA8eOjJdgZRjhdFEaxppGmMzwhA5SKrGg2kuWty7QRaqMURCqtKRBS/XnRIKF1nPhp50Cm6n+62Xif94gNkHDS5iMYkMlWS0KYo5MiLLH0ZgpSgyfpwQTxdJbEZlihYlJ41mFcFNvuFcOWiffIXRrVcetXt+5lWYrj6MIZ3AOl+BAHZrQgjZ0gMAUHuEZXixhPVmv1tuqtWDlM6fwC9b7F1oEjgw=</latexit>

vf

<latexit sha1_base64="3ke9TmD0M6bvfPH3ifNy4LWH9oU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m02h4LXnqsYD+gDWWz3bRLdzdhd1MooX/BiwdFvPqHvPlvTNIIan0w8Hhvhpl5XsiZNrb9aRU2Nre2d4q7pb39g8Oj8vFJVweRIrRDAh6ovoc15UzSjmGG036oKBYepz1vdpf6vTlVmgXywSxC6go8kcxnBJtUQvORPypX7KqdAa0TJycVyNEelT+G44BEgkpDONZ64NihcWOsDCOcLkvDSNMQkxme0EFCJRZUu3F26xJdJMoY+YFKShqUqT8nYiy0Xggv6RTYTPVfLxX/8waR8RtuzGQYGSrJapEfcWQClD6OxkxRYvgiIZgoltyKyBQrTEwSTykL4bbeqF07aJ18h9C9qjq16s19rdJs5XEU4QzO4RIcqEMTWtCGDhCYwiM8w4slrCfr1XpbtRasfOYUfsF6/wLXRI5f</latexit>

note que 

m1v1i +m2v2i = m1v1f +m2v2f = PCM

<latexit sha1_base64="bUIqa9v0HJNF8/NPq3q9bj6Xja8=">AAACJHicbVDLSgMxFM3UVx1foy7dBIsgCGWmVluQQqGbboQKthXaMmTSTBuazAxJplCGfowbf8WNCx+4cOO3mL6gWg8EzuNekhwvYlQq2/4yUmvrG5tb6W1zZ3dv/8A6PGrIMBaY1HHIQvHgIUkYDUhdUcXIQyQI4h4jTW9QmeTNIRGShsG9GkWkw1EvoD7FSGnLtW6468Chmzh0DC8gd3MTkdPCLJmLyF+OtCjBmptUbseulbGz9hRwlThzkgFz1Fzrvd0NccxJoDBDUrYcO1KdBAlFMSNjsx1LEiE8QD3S0jRAnMhOMv3kGJ5ppwv9UOgTKDh1lzcSxKUccU9PcqT68m82Mf/LWrHyi52EBlGsSIBnF/kxgyqEk8ZglwqCFRtpgrCg+q0Q95FAWOlezWkJ14Vi/tKBq2RRQiOXdfLZq7t8plyd15EGJ+AUnAMHFEAZVEEN1AEGj+AZvII348l4MT6Mz9loypjvHINfML5/AJ1koWQ=</latexit>

TS =
1

2

X

j

mj~v
2
j = TCM +

1

2
M~v2CM

<latexit sha1_base64="ioF7cSDZ8gDrq4B0Vhjcytzr+Ic="></latexit>

v01f = v02f = 0

<latexit sha1_base64="aZ+g3HIi69sxZY30A8C29QnbVs8=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSlKr7UYouOmygn1AG8NkOmmHzkzCzKRQQtdu/BU3LhRx6xe4829M04iPeuDCuefcy8w9Xsio0pb1YSwtr6yurec28ptb2zu75t5+SwWRxKSJAxbIjocUYVSQpqaakU4oCeIeI21vdDXz22MiFQ3EjZ6ExOFoIKhPMdKJ5JpH49teKCknbmz7U3gJv/tS2luuWbCKVgq4SOyMFECGhmu+9/oBjjgRGjOkVNe2Qu3ESGqKGZnme5EiIcIjNCDdhArEiXLi9JQpPEmUPvQDmZTQMFV/bsSIKzXhXjLJkR6qv95M/M/rRtqvOjEVYaSJwPOH/IhBHcBZLrBPJcGaTRKCsKTJXyEeIomwTtLLpyFcVKrlMxsukq8QWqWiXS6eX5cLtXoWRw4cgmNwCmxQATVQBw3QBBjcgQfwBJ6Ne+PReDFe56NLRrZzAH7BePsE21mZ+A==</latexit>

• No referencial do CM:

•Vimos que logo a energia cinética final é mínima
0

PCM = m1vf +m2vf = (m1 +m2)vCM =) vf = vCM =
m1v1i +m2v2i

m1 +m2

<latexit sha1_base64="70NqjlHBY3l6XW1c4VIx9Lpmyvw="></latexit>



Exemplo: pêndulo balístico

x

✓

<latexit sha1_base64="wEmkI93pvgR76gjNEMgIGfC6jOQ=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwFZIam7oruOmygn1AG8pkOmnHTh7M3Agl9B/cuFDErf/jzr9x0lbQ4oELh3Pu5d57/ERwBZb1ZRQ2Nre2d4q7pb39g8Oj8vFJR8WppKxNYxHLnk8UEzxibeAgWC+RjIS+YF1/epv73UcmFY+je5glzAvJOOIBpwS01BnAhAEZliuWeVOvVZ0atkzLcu2qnZOq61w52NZKjgpaoTUsfw5GMU1DFgEVRKm+bSXgZUQCp4LNS4NUsYTQKRmzvqYRCZnyssW1c3yhlREOYqkrArxQf09kJFRqFvq6MyQwUeteLv7n9VMI6l7GoyQFFtHloiAVGGKcv45HXDIKYqYJoZLrWzGdEEko6IBKixBqbt25yn9fJz8hdKqm7ZjXd06l0VzFUURn6BxdIhu5qIGaqIXaiKIH9IRe0KsRG8/Gm/G+bC0Yq5lT9AfGxzcsmY/M</latexit>

`

<latexit sha1_base64="gJQ2Mvt0SykjrM7M9mR7TThbW98=">AAAB63icbVDLSsNAFJ3UV62vqks3g0VwFZI2NnVXcNNlBfuANpTJdNIOnZmEmYlQQn/BjQtF3PpD7vwbJ20FLR64cDjnXu69J0wYVdpxvqzC1vbO7l5xv3RweHR8Uj4966o4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXzu5yv/dIpKKxeNDzhAQcTQSNKEY6l4aEsVG54ti3jXrVq0PHdhzfrbo5qfpezYOuUXJUwBrtUflzOI5xyonQmCGlBq6T6CBDUlPMyKI0TBVJEJ6hCRkYKhAnKsiWty7glVHGMIqlKaHhUv09kSGu1JyHppMjPVWbXi7+5w1SHTWCjIok1UTg1aIoZVDHMH8cjqkkWLO5IQhLam6FeIokwtrEU1qGUPcbXi3/fZP8hNCt2q5n39x7lWZrHUcRXIBLcA1c4IMmaIE26AAMpuAJvIBXi1vP1pv1vmotWOuZc/AH1sc3lfmO3w==</latexit>

• Após a colisão vf =
m

m+M
v

<latexit sha1_base64="PvzyMEa6ZgdM1HhMRO/DOpVq4Ug=">AAAB/nicbZBLS8NAFIUn9VXrKyqu3AwWQRBKotV2IxTcdCNUsA9oQ5hMJ+3QmSTMTAolVPwrblwo4tbf4c5/4zSNoNYDA4dz7mUunxcxKpVlfRq5peWV1bX8emFjc2t7x9zda8kwFpg0cchC0fGQJIwGpKmoYqQTCYK4x0jbG13P+vaYCEnD4E5NIuJwNAioTzFSOnLNg7HrwyvY8wXCCZ8m/PRmej92zaJVslLBRWNnpggyNVzzo9cPccxJoDBDUnZtK1JOgoSimJFpoRdLEiE8QgPS1TZAnEgnSc+fwmOd9KEfCv0CBdP050aCuJQT7ulJjtRQ/u1m4X9dN1Z+1UloEMWKBHj+kR8zqEI4YwH7VBCs2EQbhAXVt0I8RJqE0sQKKYTLSrV8bsNF8w2hdVayy6WL23KxVs9w5MEhOAInwAYVUAN10ABNgEECHsEzeDEejCfj1Xibj+aMbGcf/JLx/gX4HZXF</latexit>

• Conservação de energia:
1

2
(m+M)v2f = (m+M)gh =) vf =

p
2gh

<latexit sha1_base64="6PRtrFb0Soacl/Mr07sy2TORlJI="></latexit>

• Podemos determinar a velocidade de bala medindo a altura que o bloco sobe

v =
m+M

m

p
2gh

<latexit sha1_base64="SoCR61rN4SeDawaBalH63mwGybI=">AAACBXicbZBNS8MwHMZTX+d8q3rUQ3AIgjDaOd0uwsDLLsIE9wLrGGmWbmFJW5N0MEo9ePGrePGgiFe/gze/jVk3QZ0PBB6e5/8nyc8NGZXKsj6NhcWl5ZXVzFp2fWNza9vc2W3IIBKY1HHAAtFykSSM+qSuqGKkFQqCuMtI0x1eTvrmiAhJA/9GjUPS4ajvU49ipHTUNQ9G8AI6nkA45idXScyTO0feChUX+oOka+asvJUKzht7ZnJgplrX/HB6AY448RVmSMq2bYWqEyOhKGYkyTqRJCHCQ9QnbW19xInsxOkvEnikkx70AqGPr2Ca/tyIEZdyzF09yZEayL/dJPyva0fKK3di6oeRIj6eXuRFDKoATpDAHhUEKzbWBmFB9VshHiCNRGlw2RTCealcPLXhvPmG0Cjk7WL+7LqYq1RnODJgHxyCY2CDEqiAKqiBOsDgHjyCZ/BiPBhPxqvxNh1dMGY7e+CXjPcvnG2Y7w==</latexit>

• Para m = 10 g , M = 10 kg , v = 200 m/s =) h ' 2 mm

<latexit sha1_base64="Jszt4TodWxHHZsaHTNikuWDXM8A="></latexit>

• Como medir a velocidade com precisão?



https://www.youtube.com/watch?v=tO6ZL1P6qnI

https://www.youtube.com/watch?v=tO6ZL1P6qnI


2. Colisões bidimensionais elásticas
m1

<latexit sha1_base64="iQy2R8lLUZTGI4Y3IMgeaKyasjE=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtabY8FLz1WsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtl1BrQ8GHu/NMDMviDnTxnU/nbX1jc2t7cJOcXdv/+CwdHTc0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mZ+94EqzSJ5b2Yx9QUeSxYygk0miaFXHJbKbsVdAK0SLydlyNEalj4Go4gkgkpDONa677mx8VOsDCOczouDRNMYkyke076lEguq/XRx6xydW2WEwkjZkgYt1J8TKRZaz0RgOwU2E/3Xy8T/vH5iwrqfMhknhkqyXBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4liHc1OrVKw+tku8QOpcVr1q5vquWG808jgKcwhlcgAc1aEATWtAGAhN4hGd4cYTz5Lw6b8vWNSefOYFfcN6/AFh/jgs=</latexit>

m2

<latexit sha1_base64="yOWp18cpbPtn9h65mTaBG6o8JA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqtD0WvPRYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlvTNoIan0w8Hhvhpl5fsSZNrb9aRU2Nre2d4q7pb39g8Oj8vFJV4exIrRDQh6qvo815UzSjmGG036kKBY+pz1/dpv5vQeqNAvlvZlH1BN4IlnACDaZJEa10qhcsav2EmidODmpQI72qPwxHIckFlQawrHWA8eOjJdgZRjhdFEaxppGmMzwhA5SKrGg2kuWty7QRaqMURCqtKRBS/XnRIKF1nPhp50Cm6n+62Xif94gNkHDS5iMYkMlWS0KYo5MiLLH0ZgpSgyfpwQTxdJbEZlihYlJ41mFcFNvuFcOWiffIXRrVcetXt+5lWYrj6MIZ3AOl+BAHZrQgjZ0gMAUHuEZXixhPVmv1tuqtWDlM6fwC9b7F1oEjgw=</latexit>

~v1i

<latexit sha1_base64="vgZlI1B2UkRYfFYgpmk4qZ5JV88=">AAAB83icbZBLS8NAFIVv6qvWV9Wlm8EiuCqJVttlwU2XFewDmlAm02k7dDIJM5NCCfkbblwo4tY/485/4zSNoNYDAx/n3Mtcjh9xprRtf1qFjc2t7Z3ibmlv/+DwqHx80lVhLAntkJCHsu9jRTkTtKOZ5rQfSYoDn9OeP7tb5r05lYqF4kEvIuoFeCLYmBGsjeW6c0qSeTpMHJYOyxW7amdC6+DkUIFc7WH5wx2FJA6o0IRjpQaOHWkvwVIzwmlacmNFI0xmeEIHBgUOqPKS7OYUXRhnhMahNE9olLk/NxIcKLUIfDMZYD1Vf7Ol+V82iPW44SVMRLGmgqw+Gscc6RAtC0AjJinRfGEAE8nMrYhMscREm5pKWQm39Ubt2kHr8F1C96rq1Ko397VKs5XXUYQzOIdLcKAOTWhBGzpAIIJHeIYXK7aerFfrbTVasPKdU/gl6/0LlIGSTQ==</latexit>

~v2i

<latexit sha1_base64="NRsd53juL72WYCZPE+HHCWinfmE=">AAAB83icbZBLS8NAFIUnPmt9VV26GSyCq5LUarssuOmygn1AE8pketsOnUzCzKRQQv6GGxeKuPXPuPPfOE0jqPXAwMc59zKX40ecKW3bn9bG5tb2zm5hr7h/cHh0XDo57aowlhQ6NOSh7PtEAWcCOpppDv1IAgl8Dj1/drfMe3OQioXiQS8i8AIyEWzMKNHGct050GSeDpMqS4elsl2xM+F1cHIoo1ztYenDHYU0DkBoyolSA8eOtJcQqRnlkBbdWEFE6IxMYGBQkACUl2Q3p/jSOCM8DqV5QuPM/bmRkECpReCbyYDoqfqbLc3/skGsxw0vYSKKNQi6+mgcc6xDvCwAj5gEqvnCAKGSmVsxnRJJqDY1FbMSbuuN2rWD1+G7hG614tQqN/e1crOV11FA5+gCXSEH1VETtVAbdRBFEXpEz+jFiq0n69V6W41uWPnOGfol6/0LlgeSTg==</latexit>

~PCM = m1~v1i +m2~v2i = m1~v1f +m2~v2f

= ~p1i + ~p2i = ~p1f + ~p2f

<latexit sha1_base64="9WBzLcKVvkLZElQLvHFd84faZUE="></latexit>

• Sabemos que

• Propriedade geral: a colisão ocorre num plano:

No referencial do CM:

~p1i = �~p2i

~p1f = �~p2f

<latexit sha1_base64="XFpatjqmeOU5MVD4pejLYxEogIc="></latexit>

definem um plano no qual 


também está a partícula 2

~p1i e ~p1f

<latexit sha1_base64="ZJgg7QhlUlN13YCRxjGbfl6ljIY="></latexit>

[vide livro do Nussenzveig que  mostra no referencial de repouso do corpo 2]

m1

<latexit sha1_base64="iQy2R8lLUZTGI4Y3IMgeaKyasjE=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtabY8FLz1WsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtl1BrQ8GHu/NMDMviDnTxnU/nbX1jc2t7cJOcXdv/+CwdHTc0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mZ+94EqzSJ5b2Yx9QUeSxYygk0miaFXHJbKbsVdAK0SLydlyNEalj4Go4gkgkpDONa677mx8VOsDCOczouDRNMYkyke076lEguq/XRx6xydW2WEwkjZkgYt1J8TKRZaz0RgOwU2E/3Xy8T/vH5iwrqfMhknhkqyXBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4liHc1OrVKw+tku8QOpcVr1q5vquWG808jgKcwhlcgAc1aEATWtAGAhN4hGd4cYTz5Lw6b8vWNSefOYFfcN6/AFh/jgs=</latexit>

m2

<latexit sha1_base64="yOWp18cpbPtn9h65mTaBG6o8JA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqtD0WvPRYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlvTNoIan0w8Hhvhpl5fsSZNrb9aRU2Nre2d4q7pb39g8Oj8vFJV4exIrRDQh6qvo815UzSjmGG036kKBY+pz1/dpv5vQeqNAvlvZlH1BN4IlnACDaZJEa10qhcsav2EmidODmpQI72qPwxHIckFlQawrHWA8eOjJdgZRjhdFEaxppGmMzwhA5SKrGg2kuWty7QRaqMURCqtKRBS/XnRIKF1nPhp50Cm6n+62Xif94gNkHDS5iMYkMlWS0KYo5MiLLH0ZgpSgyfpwQTxdJbEZlihYlJ41mFcFNvuFcOWiffIXRrVcetXt+5lWYrj6MIZ3AOl+BAHZrQgjZ0gMAUHuEZXixhPVmv1tuqtWDlM6fwC9b7F1oEjgw=</latexit>

~v1f

<latexit sha1_base64="owATHq7np6affqgs0BoCZKLmOv4=">AAAB83icbZBLS8NAFIVv6qvWV9Wlm8EiuCqJVttlwU2XFewDmlAm00k7dDIJM5NCCf0bblwo4tY/485/4zSNoNYDAx/n3Mtcjh9zprRtf1qFjc2t7Z3ibmlv/+DwqHx80lVRIgntkIhHsu9jRTkTtKOZ5rQfS4pDn9OeP71b5r0ZlYpF4kHPY+qFeCxYwAjWxnLdGSXpbDFMnWAxLFfsqp0JrYOTQwVytYflD3cUkSSkQhOOlRo4dqy9FEvNCKeLkpsoGmMyxWM6MChwSJWXZjcv0IVxRiiIpHlCo8z9uZHiUKl56JvJEOuJ+pstzf+yQaKDhpcyESeaCrL6KEg40hFaFoBGTFKi+dwAJpKZWxGZYImJNjWVshJu643atYPW4buE7lXVqVVv7muVZiuvowhncA6X4EAdmtCCNnSAQAyP8AwvVmI9Wa/W22q0YOU7p/BL1vsXj/KSSg==</latexit>

~v2f

<latexit sha1_base64="nFeIps/zRBV2ROvixH+dOEkmIKo=">AAAB83icbZBLS8NAFIUnPmt9VV26GSyCq5LUarssuOmygn1AE8pketMOnUzCzKRQQv+GGxeKuPXPuPPfOE0jqPXAwMc59zKX48ecKW3bn9bG5tb2zm5hr7h/cHh0XDo57aookRQ6NOKR7PtEAWcCOpppDv1YAgl9Dj1/erfMezOQikXiQc9j8EIyFixglGhjue4MaDpbDNNqsBiWynbFzoTXwcmhjHK1h6UPdxTRJAShKSdKDRw71l5KpGaUw6LoJgpiQqdkDAODgoSgvDS7eYEvjTPCQSTNExpn7s+NlIRKzUPfTIZET9TfbGn+lw0SHTS8lIk40SDo6qMg4VhHeFkAHjEJVPO5AUIlM7diOiGSUG1qKmYl3NYbtWsHr8N3Cd1qxalVbu5r5WYrr6OAztEFukIOqqMmaqE26iCKYvSIntGLlVhP1qv1thrdsPKdM/RL1vsXkXiSSw==</latexit>



• Subproduto: como no caso unidimensional ~v1i = �m2

m1
~v2i

~v1f = �m2

m1
~v2f

<latexit sha1_base64="QEjSEqofXd24orB0XBgaIWta8lk="></latexit>

• Número de incógnitas: 

• Por conveniência tomamos este plano como sendo  Oxy

4 = 2 componentes de ~v1f e 2 componentes de ~v2f

<latexit sha1_base64="Liaa/pbqE7o4ATOxyGBUueRTl5w="></latexit>

• Conservação de momento fornece 2 equações

• Conservação de energia cinética fornece 1 equação adicional

• Logo, precisamos de informação adicional!

• Por exemplo o parâmetro de impacto e forças



• Logo, precisamos de informação adicional!

• Por exemplo o parâmetro de impacto b e forças

• Informação que podemos obter para colisão elástica no CM: ~p1i

<latexit sha1_base64="7JJKUHzL4pUhFTuDOlKeTbw4cCk=">AAAB9XicbZBLSwMxFIUz9VXrq+rSTbAIrsqMVttlwU2XFewD2rFk0jttaCYzJJlKGfo/3LhQxK3/xZ3/xnQ6gloPBD7OuZdcjhdxprRtf1q5tfWNza38dmFnd2//oHh41FZhLCm0aMhD2fWIAs4EtDTTHLqRBBJ4HDre5GaRd6YgFQvFnZ5F4AZkJJjPKNHGusf9KdAkmg8Sh83xoFiyy3YqvApOBiWUqTkofvSHIY0DEJpyolTPsSPtJkRqRjnMC/1YQUTohIygZ1CQAJSbpFfP8ZlxhtgPpXlC49T9uZGQQKlZ4JnJgOix+pstzP+yXqz9mpswEcUaBF1+5Mcc6xAvKsBDJoFqPjNAqGTmVkzHRBKqTVGFtITraq1y6eBV+C6hfVF2KuWr20qp3sjqyKMTdIrOkYOqqI4aqIlaiCKJHtEzerEerCfr1XpbjuasbOcY/ZL1/gU83ZKb</latexit>

~p2i

<latexit sha1_base64="EbyQelhLdt3vgC++muXg/keeHao=">AAAB9XicbZBLSwMxFIUzPmt9VV26CRbBVZmp1XZZcNNlBfuAdiyZ9E4bmskMSaZShv4PNy4Ucet/cee/MZ2OoNYDgY9z7iWX40WcKW3bn9ba+sbm1nZuJ7+7t39wWDg6bqswlhRaNOSh7HpEAWcCWpppDt1IAgk8Dh1vcrPIO1OQioXiTs8icAMyEsxnlGhj3eP+FGgSzQdJmc3xoFC0S3YqvApOBkWUqTkofPSHIY0DEJpyolTPsSPtJkRqRjnM8/1YQUTohIygZ1CQAJSbpFfP8blxhtgPpXlC49T9uZGQQKlZ4JnJgOix+pstzP+yXqz9mpswEcUaBF1+5Mcc6xAvKsBDJoFqPjNAqGTmVkzHRBKqTVH5tITraq1y6eBV+C6hXS45ldLVbaVYb2R15NApOkMXyEFVVEcN1EQtRJFEj+gZvVgP1pP1ar0tR9esbOcE/ZL1/gU+ZJKc</latexit>

~p2f

<latexit sha1_base64="Utir9IPNlmPhcN6hD/8Lobxw9N0=">AAAB9XicbZBLSwMxFIXv+Kz1VXXpJlgEV2WmVttlwU2XFewD2rFk0kwbmskMSaZShv4PNy4Ucet/cee/MZ2OoNYDgY9z7iWX40WcKW3bn9ba+sbm1nZuJ7+7t39wWDg6bqswloS2SMhD2fWwopwJ2tJMc9qNJMWBx2nHm9ws8s6USsVCcadnEXUDPBLMZwRrY92j/pSSJJoPkrI/R4NC0S7ZqdAqOBkUIVNzUPjoD0MSB1RowrFSPceOtJtgqRnhdJ7vx4pGmEzwiPYMChxQ5Sbp1XN0bpwh8kNpntAodX9uJDhQahZ4ZjLAeqz+Zgvzv6wXa7/mJkxEsaaCLD/yY450iBYVoCGTlGg+M4CJZOZWRMZYYqJNUfm0hOtqrXLpoFX4LqFdLjmV0tVtpVhvZHXk4BTO4AIcqEIdGtCEFhCQ8AjP8GI9WE/Wq/W2HF2zsp0T+CXr/Qs50pKZ</latexit>

~p1f

<latexit sha1_base64="a1LdHo9BtxV4NDEJRsrTUMVRLfk=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuCozWm2XBTddVrAPaMeSSTNtaCYzJJlKGfo/3LhQxK3/xZ3/xnQ6gloPBD7OuZdcjhdxprRtf1q5tfWNza38dmFnd2//oHh41FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7lZ5J0plYqF4k7PIuoGeCSYzwjWxrpH/SklSTQfJI4/R4NiyS7bqdAqOBmUIFNzUPzoD0MSB1RowrFSPceOtJtgqRnhdF7ox4pGmEzwiPYMChxQ5Sbp1XN0Zpwh8kNpntAodX9uJDhQahZ4ZjLAeqz+Zgvzv6wXa7/mJkxEsaaCLD/yY450iBYVoCGTlGg+M4CJZOZWRMZYYqJNUYW0hOtqrXLpoFX4LqF9UXYq5avbSqneyOrIwwmcwjk4UIU6NKAJLSAg4RGe4cV6sJ6sV+ttOZqzsp1j+CXr/Qs4S5KY</latexit>

✓1

<latexit sha1_base64="/PrmG2Pob74Bv1DsShHt+aPkMu0=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexqtT0WvPRYwX5Iu5RsmrahSXZJZoWy9Fd48aCIV3+ON/+N6XYFtT4YeLw3w8y8IBLcgOt+Orm19Y3Nrfx2YWd3b/+geHjUNmGsKWvRUIS6GxDDBFesBRwE60aaERkI1gmmNwu/88C04aG6g1nEfEnGio84JWCle9yHCQMy8AbFklt2U+BV4mWkhDI0B8WP/jCksWQKqCDG9Dw3Aj8hGjgVbF7ox4ZFhE7JmPUsVUQy4yfpwXN8ZpUhHoXalgKcqj8nEiKNmcnAdkoCE/PXW4j/eb0YRjU/4SqKgSm6XDSKBYYQL77HQ64ZBTGzhFDN7a2YTogmFGxGhTSE62qtcunhVfIdQvui7FXKV7eVUr2RxZFHJ+gUnSMPVVEdNVATtRBFEj2iZ/TiaOfJeXXelq05J5s5Rr/gvH8BTGyQWA==</latexit>

~p1i = �~p2i = ~pi

~p1f = �~p2f = ~pf

<latexit sha1_base64="+FJQUtIFY/UBZ4gwvjBCTIMDfFo="></latexit>

conservação de 
energia cinética:

~p 2
1i

2m1
+

~p 2
2i

2m2
=

~p 2
1f

2m1
+

~p 2
2f

2m2

<latexit sha1_base64="i4NT6EhAfRX8IlscZ6BWNVVhq78="></latexit>

=)
✓

1

2m1
+

1

2m2

◆
~p 2
i =

✓
1

2m1
+

1

2m2

◆
~p 2
f

<latexit sha1_base64="EZixdfhQP7zmj5rhVGVP8JtdINk="></latexit>

logo, |~pi| = |~pf |

<latexit sha1_base64="+6X5FNoWPLuZBLO0BfqEIqBZs5o="></latexit>



• Caso 1: massas iguais m1 = m2 = m

<latexit sha1_base64="v2Iq7EJcZNP/4o13arWYWvTRb2Y=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4Kkmttheh4KXHCvYD2lg22027dDcJuxulhP4PLx4U8ep/8ea/cZtGUOuDGR7vzTDD8yLOlLbtT2tldW19YzO3ld/e2d3bLxwctlUYS0JbJOSh7HpYUc4C2tJMc9qNJMXC47TjTa7nfueeSsXC4FZPI+oKPAqYzwjWRrpDYuCgK9PLaS8U7ZKdAi0TJyNFyNAcFD76w5DEggaacKxUz7Ej7SZYakY4neX7saIRJhM8oj1DAyyocpP06xk6NcoQ+aE0FWiUqj83EiyUmgrPTAqsx+qvNxf/83qx9mtuwoIo1jQgi0N+zJEO0TwCNGSSEs2nhmAimfkVkTGWmGgTVD4N4bJaq5w7aJl8h9Aul5xK6eKmUqw3sjhycAwncAYOVKEODWhCCwhIeIRneLEerCfr1XpbjK5Y2c4R/IL1/gWhTJDq</latexit>

• No referencial do CM: já resolvido |~pi| = |~pf | = mv

<latexit sha1_base64="6zJcgvdk7JOIsOyTfjvteegIvks="></latexit>

• No referencial de repouso do segundo corpo: ✓1

<latexit sha1_base64="/PrmG2Pob74Bv1DsShHt+aPkMu0=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexqtT0WvPRYwX5Iu5RsmrahSXZJZoWy9Fd48aCIV3+ON/+N6XYFtT4YeLw3w8y8IBLcgOt+Orm19Y3Nrfx2YWd3b/+geHjUNmGsKWvRUIS6GxDDBFesBRwE60aaERkI1gmmNwu/88C04aG6g1nEfEnGio84JWCle9yHCQMy8AbFklt2U+BV4mWkhDI0B8WP/jCksWQKqCDG9Dw3Aj8hGjgVbF7ox4ZFhE7JmPUsVUQy4yfpwXN8ZpUhHoXalgKcqj8nEiKNmcnAdkoCE/PXW4j/eb0YRjU/4SqKgSm6XDSKBYYQL77HQ64ZBTGzhFDN7a2YTogmFGxGhTSE62qtcunhVfIdQvui7FXKV7eVUr2RxZFHJ+gUnSMPVVEdNVATtRBFEj2iZ/TiaOfJeXXelq05J5s5Rr/gvH8BTGyQWA==</latexit>

~vi1

<latexit sha1_base64="b8Je4qVJ7/IvvHMWqWJI/zaWrzU=">AAAB9XicbZBLSwMxFIUzPmt9VV26CRbBVZnU2k53BTddVrAPaMeSSTNtaCYzJJlKGeZ/uHGhiFv/izv/jZm2ghYPBA7n3EsunxdxprRtf1kbm1vbO7u5vfz+weHRceHktKPCWBLaJiEPZc/DinImaFszzWkvkhQHHqddb3qb9d0ZlYqF4l7PI+oGeCyYzwjWJnqAgxklySwdJgyl+WGhaJds20YIwcygWtU2pl53ysiBKKuMimCl1rDwORiFJA6o0IRjpfrIjrSbYKkZ4TTND2JFI0ymeEz7xgocUOUmi6tTeGmSEfRDaZ7QcJH+3khwoNQ88MxkgPVErXdZ+F/Xj7XvuAkTUaypIMuP/JhDHcIMARwxSYnmc2MwkczcCskES0y0AbWEUK05lesMwrr5gdApl1CldHNXKTaaKxw5cA4uwBVAoAYaoAlaoA0IkOAJvIBX69F6tt6s9+XohrXaOQN/ZH18A3H1ksE=</latexit>

~v1f

<latexit sha1_base64="056YqU8UpFxoHFm445HS0cdWgSA=">AAAB9XicbZBLSwMxFIUz9VXrq+rSTbAIrsqMVttlwU2XFewD2rFk0jttaCYzJJlKGeZ/uHGhiFv/izv/jWk7gloPBD7OuZdcjhdxprRtf1q5tfWNza38dmFnd2//oHh41FZhLCm0aMhD2fWIAs4EtDTTHLqRBBJ4HDre5Gaed6YgFQvFnZ5F4AZkJJjPKNHGusf9KdBkmg4Sx08Lg2LJLtsL4VVwMiihTM1B8aM/DGkcgNCUE6V6jh1pNyFSM8ohLfRjBRGhEzKCnkFBAlBusrg6xWfGGWI/lOYJjRfuz42EBErNAs9MBkSP1d9sbv6X9WLt19yEiSjWIOjyIz/mWId4XgEeMglU85kBQiUzt2I6JpJQbYpalnBdrVUuHbwK3yW0L8pOpXx1WynVG1kdeXSCTtE5clAV1VEDNVELUSTRI3pGL9aD9WS9Wm/L0ZyV7RyjX7LevwAgNZKI</latexit>

~v2f

<latexit sha1_base64="Lg9g+i2g1wy3jMAf9GsG2Ct8AFM=">AAAB9XicbZBLSwMxFIUzPmt9VV26CRbBVZmp1XZZcNNlBfuAdiyZ9E4bmskMSaZShvkfblwo4tb/4s5/Y9qOoNYDgY9z7iWX40WcKW3bn9ba+sbm1nZuJ7+7t39wWDg6bqswlhRaNOSh7HpEAWcCWpppDt1IAgk8Dh1vcjPPO1OQioXiTs8icAMyEsxnlGhj3eP+FGgyTQdJ2U/zg0LRLtkL4VVwMiiiTM1B4aM/DGkcgNCUE6V6jh1pNyFSM8ohzfdjBRGhEzKCnkFBAlBusrg6xefGGWI/lOYJjRfuz42EBErNAs9MBkSP1d9sbv6X9WLt19yEiSjWIOjyIz/mWId4XgEeMglU85kBQiUzt2I6JpJQbYpalnBdrVUuHbwK3yW0yyWnUrq6rRTrjayOHDpFZ+gCOaiK6qiBmqiFKJLoET2jF+vBerJerbfl6JqV7ZygX7LevwAhvJKJ</latexit>

✓2

<latexit sha1_base64="CR4m5irAryeF/xBD2GfdShilsnk=">AAAB73icbVDLSgNBEJz1GeMr6tHLYBA8hZ0Yk80t4CXHCOYByRJmJ7PJkNmHM71CWPITXjwo4tXf8ebfOJtE0GBBQ1HVTXeXF0uhwba/rI3Nre2d3dxefv/g8Oi4cHLa0VGiGG+zSEaq51HNpQh5GwRI3osVp4Enedeb3mZ+95ErLaLwHmYxdwM6DoUvGAUj9QYw4UCH5WGhaJds2yaE4IyQWtU2pF53ysTBJLMMimiF1rDwORhFLAl4CExSrfvEjsFNqQLBJJ/nB4nmMWVTOuZ9Q0MacO2mi3vn+NIoI+xHylQIeKH+nkhpoPUs8ExnQGGi171M/M/rJ+A7birCOAEesuUiP5EYIpw9j0dCcQZyZghlSphbMZtQRRmYiPKLEKo1p3KdhbBOfkLolEukUrq5qxQbzVUcOXSOLtAVIqiGGqiJWqiNGJLoCb2gV+vBerberPdl64a1mjlDf2B9fANEdJBl</latexit>

~vCM =
~v1i
2

<latexit sha1_base64="x8WxOr224fGoajJyN9/tWlgwZuo=">AAACDnicbZDLSgMxGIUz9VbrbdSlm2ApuCoztdpuhEI33QgV7AU6Q8mkmTY0cyHJFMowT+DGV3HjQhG3rt35NqbTUdR6IHA45/9J8jkho0IaxoeWW1vf2NzKbxd2dvf2D/TDo64IIo5JBwcs4H0HCcKoTzqSSkb6ISfIcxjpOdPmou/NCBc08G/lPCS2h8Y+dSlGUkVDvWTNCI5nyTBuXifwClouRzj+Dk2aJHElGepFo2ykgq vGzEwRZGoP9XdrFODII77EDAkxMI1Q2jHikmJGkoIVCRIiPEVjMlDWRx4Rdpx+J4EllYygG3B1fAnT9OdGjDwh5p6jJj0kJ+Jvtwj/6waRdOt2TP0wksTHy4vciEEZwAUbOKKcYMnmyiDMqXorxBOkgEhFsJBCuKzVq+cmXDVfELqVslktX9xUi41WhiMPTsApOAMmqIEGaIE26AAM7sADeALP2r32qL1or8vRnJbtHINf0t4+AQORnP4=</latexit>

~v1f = ~v 0
1f + ~vCM

~v2f = ~v 0
2f + ~vCM

<latexit sha1_base64="GwnrVn5fgrVqMA2B/ZVBW0409T0="></latexit>

• o ângulo entre as partículas finais é de 90 graus!

|~vCM | = v

<latexit sha1_base64="x6in0QvhkvLu8xJs0IgT6iSARBI=">AAAB/HicbZBLS8NAFIUn9VXrK9qlm8EiuCqJVtuNUOimG6GCtYU2hMl00g6dPJiZBEJa/4obF4q49Ye48984TSOo9cDAxzn3MpfjhIwKaRifWmFtfWNzq7hd2tnd2z/QD4/uRRBxTLo4YAHvO0gQRn3SlVQy0g85QZ7DSM+ZthZ5LyZc0MC/k0lILA+NfepSjKSybL08g8OY4DSe22nrZg5n1zC29YpRNTLBVTBzqIBcHVv/GI4CHHnEl5ghIQamEUorRVxSzMi8NIwECRGeojEZKPSRR4SVZsfP4alyRtANuHq+hJn7cyNFnhCJ56hJD8mJ+JstzP+yQSTdhpVSP4wk8fHyIzdiUAZw0QQcUU6wZIkChDlVt0I8QRxhqfoqZSVc1Ru1CxOuwncJ9+dVs1a9vK1Vmu28jiI4BifgDJigDpqgDTqgCzBIwCN4Bi/ag/akvWpvy9GClu+UwS9p718/mpTF</latexit>

~v1f · ~v2f = (~v 0
1f + ~vCM ) · (~v 0

2f + ~vCM )

= ~v 0
1f · ~v 0

2f + ~vCM · ~vCM + ~vCM · (~v 0
1f + ~v 0

2f )

= �v2 + v2

= 0

<latexit sha1_base64="TS5sbF+XppdzIiwInu/BQmesMyE="></latexit>



• Trabalhando direto o referencial de repouso do corpo 2

~p1i = ~p1f + ~p2f

~p 2
1i

2m
=

~p 2
1f

2m
+

~p 2
2f

2m

<latexit sha1_base64="ZoQ2+0HLaVoez4oDu9du1yIWhX8="></latexit>

~p 2
1i = (~p1f + ~p2f )

2

= ~p 2
1f + ~p 2

2f + 2~p1f · ~p2f

<latexit sha1_base64="mjoIKuBTD/WRUNjMJ0vKp+BS5qA="></latexit>

mas

logo
~p1f · ~p2f = 0

<latexit sha1_base64="iGfOOcCDQArneyyPrY+VGSXRemQ=">AAACDXicbZDLSgMxGIUz9VbrbdSlm2AVXJWZWm03QsFNlxXsBTrDkMlk2tDMhSRTKMO8gBtfxY0LRdy6d+fbmLYjXuqBwOE7/0+S48aMCmkYH1phZXVtfaO4Wdra3tnd0/cPuiJKOCYdHLGI910kCKMh6UgqGenHnKDAZaTnjq9neW9CuKBReCunMbEDNAypTzGSCjn6CbQmBKdx5qSmn0ELe5H8RlWFrqDh6GWjYswFl42ZmzLI1Xb0d8uLcBKQUGKGhBiYRiztFHFJMSNZyUoEiREeoyEZKBuigAg7nf8mg6eKeNCPuDqhhHP6cyNFgRDTwFWTAZIj8Tebwf+yQSL9hp3SME4kCfHiIj9hUEZwVg30KCdYsqkyCHOq3grxCHGEpSqwNC/hst6onZtw2XyV0K1WzFrl4qZWbrbyOorgCByDM2CCOmiCFmiDDsDgDjyAJ/Cs3WuP2ov2uhgtaPnOIfgl7e0TcpubaQ==</latexit>



Motivação: Voyager 2



• Caso 2 m2 >> m1

<latexit sha1_base64="NjuQ7aP7OzCJoVuWmFrZwY0YVrQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjO12q5KwU2XFewDpkPJpGkbmseQZIQy9DPcuFDErV/jzr8xnY6g1gOXezjnXnJzwohRbVz308ltbG5t7+R3C3v7B4dHxeOTrpaxwqSDJZOqHyJNGBWkY6hhpB8pgnjISC+c3S793gNRmkpxb+YRCTiaCDqmGBkr+ZAPK7DRsM0bFktu2U0B14mXkRLI0B4WPwYjiWNOhMEMae17bmSCBClDMSOLwiDWJEJ4hibEt1QgTnSQpCcv4IVVRnAslS1hYKr+3EgQ13rOQzvJkZnqv95S/M/zYzOuBwkVUWyIwKuHxjGDRsLl/+GIKoINm1uCsKL2VoinSCFsbEqFNISbWr165cF18h1Ct1L2quXru2qp2criyIMzcA4ugQdqoAlaoA06AAMJHsEzeHGM8+S8Om+r0ZyT7ZyCX3DevwAmR5Ah</latexit>

• No referencial de repouso do corpo 2

~p1i = ~p1f + ~p2f =) ~v2f =
m1

m2
(~v1i � ~v1f )

<latexit sha1_base64="ETKtrvXjghdq39z0CFC1DyeY6go="></latexit>

• a velocidade do corpo 2 é pequena.

• usando a conservação de energia cinética:

• logo é uma excelente aproximação que 

|~v1i| ' |~v1f |

<latexit sha1_base64="S1a8A/2dJZ5TmQn2UZMd0XBEBj4=">AAACDXicbZBLSwMxFIUzPmt9jbp0E6yCqzKj1XZZcNNlBfuAdiiZ9E4bmnmYZAplOn/AjX/FjQtF3Lp3578xfQjVeiDwcc69JDluxJlUlvVlrKyurW9sZray2zu7e/vmwWFdhrGgUKMhD0XTJRI4C6CmmOLQjAQQ3+XQcAc3k7wxBCFZGNypUQSOT3oB8xglSlsd83TcHgJNhmknsVk6xm3JfLjHC66XjjtmzspbU+FlsOeQQ3NVO+ZnuxvS2IdAUU6kbNlWpJyECMUohzTbjiVEhA5ID1oaA+KDdJLpb1J8pp0u9kKhT6Dw1F3cSIgv5ch39aRPVF/+zSbmf1krVl7JSVgQxQoCOrvIizlWIZ5Ug7tMAFV8pIFQwfRbMe0TQajSBWanJVwXS4VLGy/DTwn1i7xdyF/dFnLlyryODDpGJ+gc2aiIyqiCqqiGKHpAT+gFvRqPxrPxZrzPRleM+c4R+iXj4xsF6Z0P</latexit>

• Como fica num referencial em que o 
segundo corpo está em movimento?

[white board: 
reflexão numa 
parede]

<latexit sha1_base64="rhW13hXSUcq+eVnV9Kb39476/5w="></latexit>

Ti = Tf =) m1

2
~v 2
1i =

m1

2
~v 2
1f +

m2

2
~v 2
2f

=) m1

2
~v 2
1i =

m1

2
~v 2
1f +

m2
1

2m2
(~v1i � ~v1f )

2



• No referencial em que a velocidade inicial de 2 é 

~v 0
2i

<latexit sha1_base64="wPIHlrjTRNOjE4hiVugTO4aukfo=">AAACAHicbZBLS8NAFIUnPmt9RV24cDNYBBdSklptlwU3XVawD2himExv2qGTBzOTQgnZ+FfcuFDErT/Dnf/GtI2g1gMDH+fcy8wcN+JMKsP41FZW19Y3Ngtbxe2d3b19/eCwI8NYUGjTkIei5xIJnAXQVkxx6EUCiO9y6Lrjm1nenYCQLAzu1DQC2yfDgHmMEpVZjn5sTYAmk9RJKiy9T6wLKxLMh9TRS0bZmAsvg5lDCeVqOfqHNQhp7EOgKCdS9k0jUnZChGKUQ1q0YgkRoWMyhH6GAfFB2sn8Ayk+y5wB9kKRnUDhuftzIyG+lFPfzSZ9okbybzYz/8v6sfLqdsKCKFYQ0MVFXsyxCvGsDTxgAqji0wwIFSx7K6YjIghVWWfFeQnXtXr10sTL8F1Cp1I2q+Wr22qp0czrKKATdIrOkYlqqIGaqIXaiKIUPaJn9KI9aE/aq/a2GF3R8p0j9Eva+xeFrpdE</latexit>

~v 0
1i

<latexit sha1_base64="KX+OYqsmPi5bmbe4WiVnp0Zq0xI=">AAACAHicbZBLS8NAFIUn9VXrK+rChZvBIriQkmi1XRbcdFnBPqCJYTK9bYdOHsxMCiVk419x40IRt/4Md/4b0zSCWg8MfJxzLzNz3JAzqQzjUyusrK6tbxQ3S1vbO7t7+v5BRwaRoNCmAQ9EzyUSOPOhrZji0AsFEM/l0HUnN/O8OwUhWeDfqVkItkdGPhsySlRqOfqRNQUaTxMnNllyH1vnViiYB4mjl42KkQkvg5lDGeVqOfqHNQho5IGvKCdS9k0jVHZMhGKUQ1KyIgkhoRMygn6KPvFA2nH2gQSfps4ADwORHl/hzP25ERNPypnnppMeUWP5N5ub/2X9SA3rdsz8MFLg08VFw4hjFeB5G3jABFDFZykQKlj6VkzHRBCq0s5KWQnXtXr10sTL8F1C56JiVitXt9Vyo5nXUUTH6ASdIRPVUAM1UQu1EUUJekTP6EV70J60V+1tMVrQ8p1D9Eva+xeEHZdD</latexit>

região de 


interação
~v 0
2i

<latexit sha1_base64="wPIHlrjTRNOjE4hiVugTO4aukfo=">AAACAHicbZBLS8NAFIUnPmt9RV24cDNYBBdSklptlwU3XVawD2himExv2qGTBzOTQgnZ+FfcuFDErT/Dnf/GtI2g1gMDH+fcy8wcN+JMKsP41FZW19Y3Ngtbxe2d3b19/eCwI8NYUGjTkIei5xIJnAXQVkxx6EUCiO9y6Lrjm1nenYCQLAzu1DQC2yfDgHmMEpVZjn5sTYAmk9RJKiy9T6wLKxLMh9TRS0bZmAsvg5lDCeVqOfqHNQhp7EOgKCdS9k0jUnZChGKUQ1q0YgkRoWMyhH6GAfFB2sn8Ayk+y5wB9kKRnUDhuftzIyG+lFPfzSZ9okbybzYz/8v6sfLqdsKCKFYQ0MVFXsyxCvGsDTxgAqji0wwIFSx7K6YjIghVWWfFeQnXtXr10sTL8F1Cp1I2q+Wr22qp0czrKKATdIrOkYlqqIGaqIXaiKIUPaJn9KI9aE/aq/a2GF3R8p0j9Eva+xeFrpdE</latexit>

~v 0
1f

<latexit sha1_base64="M0n5E7OA5Cs/uWAN4UfNvDK3Z8g=">AAACAHicbZBLS8NAFIUn9VXrK+rChZvBIriQkmi1XRbcdFnBPqCJZTK9aYdOHsxMCiVk419x40IRt/4Md/4b0zSCWg8MfJxzLzNznJAzqQzjUyusrK6tbxQ3S1vbO7t7+v5BRwaRoNCmAQ9EzyESOPOhrZji0AsFEM/h0HUmN/O8OwUhWeDfqVkItkdGPnMZJSq1BvqRNQUaT5NBbLrJfWydW6FgHiQDvWxUjEx4GcwcyihXa6B/WMOARh74inIiZd80QmXHRChGOSQlK5IQEjohI+in6BMPpB1nH0jwaeoMsRuI9PgKZ+7PjZh4Us48J530iBrLv9nc/C/rR8qt2zHzw0iBTxcXuRHHKsDzNvCQCaCKz1IgVLD0rZiOiSBUpZ2VshKua/XqpYmX4buEzkXFrFaubqvlRjOvo4iO0Qk6QyaqoQZqohZqI4oS9Iie0Yv2oD1pr9rbYrSg5TuH6Je09y9/bZdA</latexit>

região de 


interação

~v 0
1i = ~v1i + ~v 0

2i

~v 0
1f = ~v1f + ~v 0

2i

<latexit sha1_base64="7GJhEGMawNydDTHjDtlK0NCHl7Y="></latexit>

|~v 0
1i|2 = |~v1i|2 + |~v 0

2i|2 + 2~v1i · ~v 0
2i

|~v 0
1f |2 = |~v1f |2 + |~v 0

2i|2 + 2~v1f · ~v 0
2i

<latexit sha1_base64="IhSOqSkPLLaOMtVJfJHt9Dghxhg="></latexit>

se 
~v1i · ~v 0

2i < 0

~v1f · ~v 0
2i > 0

<latexit sha1_base64="DZZjRUsdZnLu1xF7qR0btl9xKbk="></latexit>

há ganho de velocidade pelo corpo 1.





• Caso geral com segundo corpo em repouso

✓1

<latexit sha1_base64="/PrmG2Pob74Bv1DsShHt+aPkMu0=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexqtT0WvPRYwX5Iu5RsmrahSXZJZoWy9Fd48aCIV3+ON/+N6XYFtT4YeLw3w8y8IBLcgOt+Orm19Y3Nrfx2YWd3b/+geHjUNmGsKWvRUIS6GxDDBFesBRwE60aaERkI1gmmNwu/88C04aG6g1nEfEnGio84JWCle9yHCQMy8AbFklt2U+BV4mWkhDI0B8WP/jCksWQKqCDG9Dw3Aj8hGjgVbF7ox4ZFhE7JmPUsVUQy4yfpwXN8ZpUhHoXalgKcqj8nEiKNmcnAdkoCE/PXW4j/eb0YRjU/4SqKgSm6XDSKBYYQL77HQ64ZBTGzhFDN7a2YTogmFGxGhTSE62qtcunhVfIdQvui7FXKV7eVUr2RxZFHJ+gUnSMPVVEdNVATtRBFEj2iZ/TiaOfJeXXelq05J5s5Rr/gvH8BTGyQWA==</latexit>

~vi1

<latexit sha1_base64="b8Je4qVJ7/IvvHMWqWJI/zaWrzU=">AAAB9XicbZBLSwMxFIUzPmt9VV26CRbBVZnU2k53BTddVrAPaMeSSTNtaCYzJJlKGeZ/uHGhiFv/izv/jZm2ghYPBA7n3EsunxdxprRtf1kbm1vbO7u5vfz+weHRceHktKPCWBLaJiEPZc/DinImaFszzWkvkhQHHqddb3qb9d0ZlYqF4l7PI+oGeCyYzwjWJnqAgxklySwdJgyl+WGhaJds20YIwcygWtU2pl53ysiBKKuMimCl1rDwORiFJA6o0IRjpfrIjrSbYKkZ4TTND2JFI0ymeEz7xgocUOUmi6tTeGmSEfRDaZ7QcJH+3khwoNQ88MxkgPVErXdZ+F/Xj7XvuAkTUaypIMuP/JhDHcIMARwxSYnmc2MwkczcCskES0y0AbWEUK05lesMwrr5gdApl1CldHNXKTaaKxw5cA4uwBVAoAYaoAlaoA0IkOAJvIBX69F6tt6s9+XohrXaOQN/ZH18A3H1ksE=</latexit>

~v1f

<latexit sha1_base64="056YqU8UpFxoHFm445HS0cdWgSA=">AAAB9XicbZBLSwMxFIUz9VXrq+rSTbAIrsqMVttlwU2XFewD2rFk0jttaCYzJJlKGeZ/uHGhiFv/izv/jWk7gloPBD7OuZdcjhdxprRtf1q5tfWNza38dmFnd2//oHh41FZhLCm0aMhD2fWIAs4EtDTTHLqRBBJ4HDre5Gaed6YgFQvFnZ5F4AZkJJjPKNHGusf9KdBkmg4Sx08Lg2LJLtsL4VVwMiihTM1B8aM/DGkcgNCUE6V6jh1pNyFSM8ohLfRjBRGhEzKCnkFBAlBusrg6xWfGGWI/lOYJjRfuz42EBErNAs9MBkSP1d9sbv6X9WLt19yEiSjWIOjyIz/mWId4XgEeMglU85kBQiUzt2I6JpJQbYpalnBdrVUuHbwK3yW0L8pOpXx1WynVG1kdeXSCTtE5clAV1VEDNVELUSTRI3pGL9aD9WS9Wm/L0ZyV7RyjX7LevwAgNZKI</latexit>

~v2f

<latexit sha1_base64="Lg9g+i2g1wy3jMAf9GsG2Ct8AFM=">AAAB9XicbZBLSwMxFIUzPmt9VV26CRbBVZmp1XZZcNNlBfuAdiyZ9E4bmskMSaZShvkfblwo4tb/4s5/Y9qOoNYDgY9z7iWX40WcKW3bn9ba+sbm1nZuJ7+7t39wWDg6bqswlhRaNOSh7HpEAWcCWpppDt1IAgk8Dh1vcjPPO1OQioXiTs8icAMyEsxnlGhj3eP+FGgyTQdJ2U/zg0LRLtkL4VVwMiiiTM1B4aM/DGkcgNCUE6V6jh1pNyFSM8ohzfdjBRGhEzKCnkFBAlBusrg6xefGGWI/lOYJjRfuz42EBErNAs9MBkSP1d9sbv6X9WLt19yEiSjWIOjyIz/mWId4XgEeMglU85kBQiUzt2I6JpJQbYpalnBdrVUuHbwK3yW0yyWnUrq6rRTrjayOHDpFZ+gCOaiK6qiBmqiFKJLoET2jF+vBerJerbfl6JqV7ZygX7LevwAhvJKJ</latexit>

✓2

<latexit sha1_base64="CR4m5irAryeF/xBD2GfdShilsnk=">AAAB73icbVDLSgNBEJz1GeMr6tHLYBA8hZ0Yk80t4CXHCOYByRJmJ7PJkNmHM71CWPITXjwo4tXf8ebfOJtE0GBBQ1HVTXeXF0uhwba/rI3Nre2d3dxefv/g8Oi4cHLa0VGiGG+zSEaq51HNpQh5GwRI3osVp4Enedeb3mZ+95ErLaLwHmYxdwM6DoUvGAUj9QYw4UCH5WGhaJds2yaE4IyQWtU2pF53ysTBJLMMimiF1rDwORhFLAl4CExSrfvEjsFNqQLBJJ/nB4nmMWVTOuZ9Q0MacO2mi3vn+NIoI+xHylQIeKH+nkhpoPUs8ExnQGGi171M/M/rJ+A7birCOAEesuUiP5EYIpw9j0dCcQZyZghlSphbMZtQRRmYiPKLEKo1p3KdhbBOfkLolEukUrq5qxQbzVUcOXSOLtAVIqiGGqiJWqiNGJLoCb2gV+vBerberPdl64a1mjlDf2B9fANEdJBl</latexit>

~p1i = ~p1f + ~p2f

~p 2
1i

2m1
=

~p 2
1f

2m1
+

~p 2
2f

2m2

<latexit sha1_base64="YluJGR47DKVHKYXkQQfqiN5qtUw="></latexit>

~p 2
2f =

m2

m1
(~p 2

1i � ~p 2
1f )

= (~p1i � ~p1f )
2

= ~p 2
1i + ~p 2

1f � 2|~p 2
1i| |~p 2

1f | cos ✓1

<latexit sha1_base64="BX2oXOf5BK/qjZ6GgLcx10BH1zI="></latexit>

=)

<latexit sha1_base64="xYcmM2Y1WOGOhaob/Y6mQ3V2Nh8=">AAAB+XicbZBLSwMxFIUz9VXra9Slm2ARXJUZrbbLgpsuXFSwD2iHkkkzbWgmGZI7lTL0n7hxoYhb/4k7/43TdgS1Hgh8nHMvuRw/EtyA43xaubX1jc2t/HZhZ3dv/8A+PGoZFWvKmlQJpTs+MUxwyZrAQbBOpBkJfcHa/vhmnrcnTBuu5D1MI+aFZCh5wCmB1Orbdu9WyaHmwxEQrdVDoW8XnZKzEF4FN4MiytTo2x+9gaJxyCRQQYzpuk4EXkI0cCrYrNCLDYsIHZMh66YoSciMlywun+Gz1BngQOn0ScAL9+dGQkJjpqGfToYERuZvNjf/y7oxBFUv4TKKgUm6/CiIBQaF5zXgAdeMgpimQKjm6a2YjogmFNKyliVcV6rlSxevwncJrYuSWy5d3ZWLtXpWRx6doFN0jlxUQTVURw3URBRN0CN6Ri9WYj1Zr9bbcjRnZTvH6Jes9y+jGJPs</latexit>

escrevendo � = m2/m1 e p1X = |~p1X |

<latexit sha1_base64="h04c/WBvBUVNcTq0flfSGV3MT9s="></latexit>

=) (1 + �)p21f � 2p1i cos ✓1p1f + (1� �)p21i = 0

<latexit sha1_base64="dt/93lqypR46cxll2Nl+V45MzRM="></latexit>

a condição para existir solução é 

I. Para                                                                      sempre há solução 


II. Para                                                                     há limites para o ângulo!

m2 > m1 =) � > 1 �! 0  ✓1  ⇡

<latexit sha1_base64="MVErNrUEM92HqDiQ16zvC7Pzssg="></latexit>

m2 < m1 =) � < 1 �! sin ✓max
1 = �

<latexit sha1_base64="JTPRhy1GF2tlKaBJ0FoUbuOOmyE="></latexit>

Vejamos o caso do espalhamento Rutherford

<latexit sha1_base64="g9xa4b2yZ8WfUlhOLxGghV7GAy4="></latexit>

4p21i cos
2 ✓1 � 4p21i(1� �2) � 0 =) sin2 ✓1  �2



I. Para                                                                      sempre há solução 


II. Para                                                                     há limites para o ângulo!

m2 > m1 =) � > 1 �! 0  ✓1  ⇡

<latexit sha1_base64="MVErNrUEM92HqDiQ16zvC7Pzssg="></latexit>

m2 < m1 =) � < 1 �! sin ✓max
1 = �

<latexit sha1_base64="JTPRhy1GF2tlKaBJ0FoUbuOOmyE="></latexit>

Vejamos o caso do espalhamento Rutherford

Núcleo de ouro reflete, elétrons não



3. Colisões inelásticas
m1

<latexit sha1_base64="iQy2R8lLUZTGI4Y3IMgeaKyasjE=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtabY8FLz1WsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtl1BrQ8GHu/NMDMviDnTxnU/nbX1jc2t7cJOcXdv/+CwdHTc0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mZ+94EqzSJ5b2Yx9QUeSxYygk0miaFXHJbKbsVdAK0SLydlyNEalj4Go4gkgkpDONa677mx8VOsDCOczouDRNMYkyke076lEguq/XRx6xydW2WEwkjZkgYt1J8TKRZaz0RgOwU2E/3Xy8T/vH5iwrqfMhknhkqyXBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4liHc1OrVKw+tku8QOpcVr1q5vquWG808jgKcwhlcgAc1aEATWtAGAhN4hGd4cYTz5Lw6b8vWNSefOYFfcN6/AFh/jgs=</latexit>

m2

<latexit sha1_base64="yOWp18cpbPtn9h65mTaBG6o8JA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqtD0WvPRYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlvTNoIan0w8Hhvhpl5fsSZNrb9aRU2Nre2d4q7pb39g8Oj8vFJV4exIrRDQh6qvo815UzSjmGG036kKBY+pz1/dpv5vQeqNAvlvZlH1BN4IlnACDaZJEa10qhcsav2EmidODmpQI72qPwxHIckFlQawrHWA8eOjJdgZRjhdFEaxppGmMzwhA5SKrGg2kuWty7QRaqMURCqtKRBS/XnRIKF1nPhp50Cm6n+62Xif94gNkHDS5iMYkMlWS0KYo5MiLLH0ZgpSgyfpwQTxdJbEZlihYlJ41mFcFNvuFcOWiffIXRrVcetXt+5lWYrj6MIZ3AOl+BAHZrQgjZ0gMAUHuEZXixhPVmv1tuqtWDlM6fwC9b7F1oEjgw=</latexit>

~v1i

<latexit sha1_base64="vgZlI1B2UkRYfFYgpmk4qZ5JV88=">AAAB83icbZBLS8NAFIVv6qvWV9Wlm8EiuCqJVttlwU2XFewDmlAm02k7dDIJM5NCCfkbblwo4tY/485/4zSNoNYDAx/n3Mtcjh9xprRtf1qFjc2t7Z3ibmlv/+DwqHx80lVhLAntkJCHsu9jRTkTtKOZ5rQfSYoDn9OeP7tb5r05lYqF4kEvIuoFeCLYmBGsjeW6c0qSeTpMHJYOyxW7amdC6+DkUIFc7WH5wx2FJA6o0IRjpQaOHWkvwVIzwmlacmNFI0xmeEIHBgUOqPKS7OYUXRhnhMahNE9olLk/NxIcKLUIfDMZYD1Vf7Ol+V82iPW44SVMRLGmgqw+Gscc6RAtC0AjJinRfGEAE8nMrYhMscREm5pKWQm39Ubt2kHr8F1C96rq1Ko397VKs5XXUYQzOIdLcKAOTWhBGzpAIIJHeIYXK7aerFfrbTVasPKdU/gl6/0LlIGSTQ==</latexit>

~v2i

<latexit sha1_base64="NRsd53juL72WYCZPE+HHCWinfmE=">AAAB83icbZBLS8NAFIUnPmt9VV26GSyCq5LUarssuOmygn1AE8pketsOnUzCzKRQQv6GGxeKuPXPuPPfOE0jqPXAwMc59zKX40ecKW3bn9bG5tb2zm5hr7h/cHh0XDo57aowlhQ6NOSh7PtEAWcCOpppDv1IAgl8Dj1/drfMe3OQioXiQS8i8AIyEWzMKNHGct050GSeDpMqS4elsl2xM+F1cHIoo1ztYenDHYU0DkBoyolSA8eOtJcQqRnlkBbdWEFE6IxMYGBQkACUl2Q3p/jSOCM8DqV5QuPM/bmRkECpReCbyYDoqfqbLc3/skGsxw0vYSKKNQi6+mgcc6xDvCwAj5gEqvnCAKGSmVsxnRJJqDY1FbMSbuuN2rWD1+G7hG614tQqN/e1crOV11FA5+gCXSEH1VETtVAbdRBFEXpEz+jFiq0n69V6W41uWPnOGfol6/0LlgeSTg==</latexit>

m1

<latexit sha1_base64="iQy2R8lLUZTGI4Y3IMgeaKyasjE=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtabY8FLz1WsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtl1BrQ8GHu/NMDMviDnTxnU/nbX1jc2t7cJOcXdv/+CwdHTc0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mZ+94EqzSJ5b2Yx9QUeSxYygk0miaFXHJbKbsVdAK0SLydlyNEalj4Go4gkgkpDONa677mx8VOsDCOczouDRNMYkyke076lEguq/XRx6xydW2WEwkjZkgYt1J8TKRZaz0RgOwU2E/3Xy8T/vH5iwrqfMhknhkqyXBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4liHc1OrVKw+tku8QOpcVr1q5vquWG808jgKcwhlcgAc1aEATWtAGAhN4hGd4cYTz5Lw6b8vWNSefOYFfcN6/AFh/jgs=</latexit>

m2

<latexit sha1_base64="yOWp18cpbPtn9h65mTaBG6o8JA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqtD0WvPRYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlvTNoIan0w8Hhvhpl5fsSZNrb9aRU2Nre2d4q7pb39g8Oj8vFJV4exIrRDQh6qvo815UzSjmGG036kKBY+pz1/dpv5vQeqNAvlvZlH1BN4IlnACDaZJEa10qhcsav2EmidODmpQI72qPwxHIckFlQawrHWA8eOjJdgZRjhdFEaxppGmMzwhA5SKrGg2kuWty7QRaqMURCqtKRBS/XnRIKF1nPhp50Cm6n+62Xif94gNkHDS5iMYkMlWS0KYo5MiLLH0ZgpSgyfpwQTxdJbEZlihYlJ41mFcFNvuFcOWiffIXRrVcetXt+5lWYrj6MIZ3AOl+BAHZrQgjZ0gMAUHuEZXixhPVmv1tuqtWDlM6fwC9b7F1oEjgw=</latexit>

~v1f

<latexit sha1_base64="owATHq7np6affqgs0BoCZKLmOv4=">AAAB83icbZBLS8NAFIVv6qvWV9Wlm8EiuCqJVttlwU2XFewDmlAm00k7dDIJM5NCCf0bblwo4tY/485/4zSNoNYDAx/n3Mtcjh9zprRtf1qFjc2t7Z3ibmlv/+DwqHx80lVRIgntkIhHsu9jRTkTtKOZ5rQfS4pDn9OeP71b5r0ZlYpF4kHPY+qFeCxYwAjWxnLdGSXpbDFMnWAxLFfsqp0JrYOTQwVytYflD3cUkSSkQhOOlRo4dqy9FEvNCKeLkpsoGmMyxWM6MChwSJWXZjcv0IVxRiiIpHlCo8z9uZHiUKl56JvJEOuJ+pstzf+yQaKDhpcyESeaCrL6KEg40hFaFoBGTFKi+dwAJpKZWxGZYImJNjWVshJu643atYPW4buE7lXVqVVv7muVZiuvowhncA6X4EAdmtCCNnSAQAyP8AwvVmI9Wa/W22q0YOU7p/BL1vsXj/KSSg==</latexit>

~v2f

<latexit sha1_base64="nFeIps/zRBV2ROvixH+dOEkmIKo=">AAAB83icbZBLS8NAFIUnPmt9VV26GSyCq5LUarssuOmygn1AE8pketMOnUzCzKRQQv+GGxeKuPXPuPPfOE0jqPXAwMc59zKX48ecKW3bn9bG5tb2zm5hr7h/cHh0XDo57aookRQ6NOKR7PtEAWcCOpppDv1YAgl9Dj1/erfMezOQikXiQc9j8EIyFixglGhjue4MaDpbDNNqsBiWynbFzoTXwcmhjHK1h6UPdxTRJAShKSdKDRw71l5KpGaUw6LoJgpiQqdkDAODgoSgvDS7eYEvjTPCQSTNExpn7s+NlIRKzUPfTIZET9TfbGn+lw0SHTS8lIk40SDo6qMg4VhHeFkAHjEJVPO5AUIlM7diOiGSUG1qKmYl3NYbtWsHr8N3Cd1qxalVbu5r5WYrr6OAztEFukIOqqMmaqE26iCKYvSIntGLlVhP1qv1thrdsPKdM/RL1vsXkXiSSw==</latexit>

• Caso extremo de um único corpo no estado final: nada novo! É unidimensional no CM!

• Inelasticidade pode ser devida: 1. Perda de energia cinética (eg, para calor)


2. Partículas diferentes no estado final! 

Exemplo: 1-colisão de dois carros


                2- reações nucleares 2
H +2

H ! p+3
H

<latexit sha1_base64="XVzi56HnWC0McdtSYVr1W6G/pNQ=">AAAB/nicbZBNS8MwGMdTX+d8q4onL8EhCMJot+l2HHjpcYJ7ga2ONEu3sDQtSSqMMvCrePGgiFc/hze/jWlXQZ0PJPz4/5+HPPl7EaNSWdansbK6tr6xWdgqbu/s7u2bB4cdGcYCkzYOWSh6HpKEUU7aiipGepEgKPAY6XrT69Tv3hMhachv1SwiboDGnPoUI6WloXl8V3HgBUzvgQphlHLVGZolq2xlBZfBzqEE8moNzY/BKMRxQLjCDEnZt61IuQkSimJG5sVBLEmE8BSNSV8jRwGRbpKtP4dnWhlBPxT6cAUz9edEggIpZ4GnOwOkJvKvl4r/ef1Y+Q03oTyKFeF48ZAfM6g/mmYBR1QQrNhMA8KC6l0hniCBsNKJFbMQruqNWtWGy/AdQqdStmvly5taqenkcRTACTgF58AGddAEDmiBNsAgAY/gGbwYD8aT8Wq8LVpXjHzmCPwq4/0L8/CTLQ==</latexit>



• Vimos que TS =
1

2

X

j

mj~v
2
j = TCM +

1

2
M~v2CM

<latexit sha1_base64="ioF7cSDZ8gDrq4B0Vhjcytzr+Ic="></latexit>

logo se M é constante diferenças de energia cinética independem do referencial

OK no limite não relativístico

Tf,S � Ti,S = Tf,CM +
1

2
M~v2CM � Ti,CM � 1

2
M~v2CM = Tf,CM � Ti,CM

<latexit sha1_base64="xdpv77Buop95J+Q+c1H49LVZ60M="></latexit>

• Definimos Q ⌘ Tf,S � Ti,S

<latexit sha1_base64="nXHgKhWO1sWFKVybbCgqAhL/hp4=">AAACBXicbZDLSgMxGIUz9VbrbdSlLoJFcKFlRqvtsuCmyxZ7g3YomTTThmYyY5IplKEbN76KGxeKuPUd3Pk2ZtoRvB0IfJzz/yQ5bsioVJb1YWSWlldW17LruY3Nre0dc3evJYNIYNLEAQtEx0WSMMpJU1HFSCcUBPkuI213fJ3k7QkRkga8oaYhcXw05NSjGClt9c3DOuyR24hOYKMfe6c3M3iWEE0o1zfzVsGaC/4FO4U8SFXrm++9QYAjn3CFGZKya1uhcmIkFMWMzHK9SJIQ4TEakq5GjnwinXj+ixk81s4AeoHQhys4d79vxMiXcuq7etJHaiR/Z4n5X9aNlFd2YsrDSBGOFxd5EYMqgEklcEAFwYpNNSAsqH4rxCMkEFa6uEUJV6Vy8cKGf+GrhNZ5wS4WLuvFfKWa1pEFB+AInAAblEAFVEENNAEGd+ABPIFn4954NF6M18Voxkh39sEPGW+flPOW9g==</latexit>

Q < 0 =) aumento da energia interna (endoergica)

Q > 0 =) diminuição da energia interna (exoergica)

<latexit sha1_base64="fgrNeP2aYwr6Kj/V9Sq/GEw7ips="></latexit>



• No caso “geral" 1 + 2 -> 3 + 4 temos que

• Novamente temos 3 equações e 4 incógnitas

• Além disso não conhecemos Q!

• Precisamos de 2 informações adicionais (eg medidas, conhecer as forças,….)

~p1 + ~p2 = ~p3 + ~p4

~p 2
1

2m1
+

~p 2
2

2m2
+Q =

~p 2
3

2m3
+

~p 2
4

2m4

<latexit sha1_base64="34gU02EQ/w9+RWM0ET0fa1CW9pc="></latexit>

• No referencial do CM
✓1

<latexit sha1_base64="/PrmG2Pob74Bv1DsShHt+aPkMu0=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexqtT0WvPRYwX5Iu5RsmrahSXZJZoWy9Fd48aCIV3+ON/+N6XYFtT4YeLw3w8y8IBLcgOt+Orm19Y3Nrfx2YWd3b/+geHjUNmGsKWvRUIS6GxDDBFesBRwE60aaERkI1gmmNwu/88C04aG6g1nEfEnGio84JWCle9yHCQMy8AbFklt2U+BV4mWkhDI0B8WP/jCksWQKqCDG9Dw3Aj8hGjgVbF7ox4ZFhE7JmPUsVUQy4yfpwXN8ZpUhHoXalgKcqj8nEiKNmcnAdkoCE/PXW4j/eb0YRjU/4SqKgSm6XDSKBYYQL77HQ64ZBTGzhFDN7a2YTogmFGxGhTSE62qtcunhVfIdQvui7FXKV7eVUr2RxZFHJ+gUnSMPVVEdNVATtRBFEj2iZ/TiaOfJeXXelq05J5s5Rr/gvH8BTGyQWA==</latexit>

~p1

<latexit sha1_base64="t2J6H68+t9VxAbkoGP6lvVoPGMg=">AAAB83icbZBLS8NAFIUn9VXrq+rSzWARXJVEq+2y4KbLCvYBTSiT6W07dJIMM5NCCfkbblwo4tY/485/4zSNoNYDAx/n3Mtcji84U9q2P63CxubW9k5xt7S3f3B4VD4+6aoolhQ6NOKR7PtEAWchdDTTHPpCAgl8Dj1/drfMe3OQikXhg14I8AIyCdmYUaKN5bpzoIlIh4mT4mG5YlftTHgdnBwqKFd7WP5wRxGNAwg15USpgWML7SVEakY5pCU3ViAInZEJDAyGJADlJdnNKb4wzgiPI2leqHHm/txISKDUIvDNZED0VP3NluZ/2SDW44aXsFDEGkK6+mgcc6wjvCwAj5gEqvnCAKGSmVsxnRJJqDY1lbISbuuN2rWD1+G7hO5V1alVb+5rlWYrr6OIztA5ukQOqqMmaqE26iCKBHpEz+jFiq0n69V6W40WrHznFP2S9f4FHLWR/g==</latexit>

~p2

<latexit sha1_base64="5fweBOS/tjDc8ywWk6y7bCMn//8=">AAAB83icbZBLS8NAFIUnPmt9VV26GSyCq5LUarssuOmygn1AE8pketsOnSTDzKRQQv6GGxeKuPXPuPPfOE0jqPXAwMc59zKX4wvOlLbtT2tjc2t7Z7ewV9w/ODw6Lp2cdlUUSwodGvFI9n2igLMQOpppDn0hgQQ+h54/u1vmvTlIxaLwQS8EeAGZhGzMKNHGct050ESkw6Sa4mGpbFfsTHgdnBzKKFd7WPpwRxGNAwg15USpgWML7SVEakY5pEU3ViAInZEJDAyGJADlJdnNKb40zgiPI2leqHHm/txISKDUIvDNZED0VP3NluZ/2SDW44aXsFDEGkK6+mgcc6wjvCwAj5gEqvnCAKGSmVsxnRJJqDY1FbMSbuuN2rWD1+G7hG614tQqN/e1crOV11FA5+gCXSEH1VETtVAbdRBFAj2iZ/RixdaT9Wq9rUY3rHznDP2S9f4FHjuR/w==</latexit>

~p3

<latexit sha1_base64="EhNXF7U0saEwoa9Vjz/oPJzcdpw=">AAAB83icbZBLS8NAFIUn9VXrq+rSzWARXJVEq+2y4KbLCvYBTSiT6W07dJIMM5NCCfkbblwo4tY/485/4zSNoNYDAx/n3Mtcji84U9q2P63CxubW9k5xt7S3f3B4VD4+6aoolhQ6NOKR7PtEAWchdDTTHPpCAgl8Dj1/drfMe3OQikXhg14I8AIyCdmYUaKN5bpzoIlIh8l1ioflil21M+F1cHKooFztYfnDHUU0DiDUlBOlBo4ttJcQqRnlkJbcWIEgdEYmMDAYkgCUl2Q3p/jCOCM8jqR5ocaZ+3MjIYFSi8A3kwHRU/U3W5r/ZYNYjxtewkIRawjp6qNxzLGO8LIAPGISqOYLA4RKZm7FdEokodrUVMpKuK03atcOXofvErpXVadWvbmvVZqtvI4iOkPn6BI5qI6aqIXaqIMoEugRPaMXK7aerFfrbTVasPKdU/RL1vsXH8GSAA==</latexit>

~p4

<latexit sha1_base64="QmysOiVUj6Pia9sIooZd8mNbEHM=">AAAB83icbZDNS8MwGMbT+TXn19Sjl+AQPI1Wq9tx4GXHCe4D1jLSLN3C0jQk6WCU/htePCji1X/Gm/+NWVdBnQ8EfjzP+5KXJxCMKm3bn1ZpY3Nre6e8W9nbPzg8qh6f9FScSEy6OGaxHARIEUY56WqqGRkISVAUMNIPZnfLvD8nUtGYP+iFIH6EJpyGFCNtLM+bE5yKbJS6GRxVa3bdzgXXwSmgBgp1RtUPbxzjJCJcY4aUGjq20H6KpKaYkaziJYoIhGdoQoYGOYqI8tP85gxeGGcMw1iaxzXM3Z8bKYqUWkSBmYyQnqq/2dL8LxsmOmz6KeUi0YTj1UdhwqCO4bIAOKaSYM0WBhCW1NwK8RRJhLWpqZKXcNtoutcOXIfvEnpXdcet39y7tVa7qKMMzsA5uAQOaIAWaIMO6AIMBHgEz+DFSqwn69V6W42WrGLnFPyS9f4FIUeSAQ==</latexit>

|~p1| = |~p2| = pi

|~p3| = |~p4| = pf

<latexit sha1_base64="Pg+BvS89NLVCw8PC+LNSV9vshLQ="></latexit>

p2i
2m1

+
p2i
2m2

+Q =
p2f
2m3

+
p2f
2m4

=) 1

2

✓
1

m1
+

1

m2

◆
p2i +Q =

1

2

✓
1

m3
+

1

m4

◆
p2f

<latexit sha1_base64="7FVOIGZWt6liTzgHF49guVJe1yA="></latexit>



• Exemplo 1: processo de um tiro (cápsula + bala no estado final) com Q conhecido

Q =
1

2

✓
1

m3
+

1

m4

◆
p2f

<latexit sha1_base64="rX4vybuS6hMjHYlaE3Gb7WpUvuU="></latexit>

pi = 0

<latexit sha1_base64="Koiyj7ErKAyE0iT2GWcQKcpjI28=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m02l6EgpceK9gPaEPZbDft0s0m3d0IJfRPePGgiFf/jjf/jds0glofDDzem2FmnhdxprRtf1q5tfWNza38dmFnd2//oHh41FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7ld+J0HKhULxb2eRdQN8EgwnxGsjdRF0YDd2AgNiiW7bKdAq8TJSAkyNAfFj/4wJHFAhSYcK9Vz7Ei7CZaaEU7nhX6saITJBI9oz1CBA6rcJL13js6MMkR+KE0JjVL150SCA6VmgWc6A6zH6q+3EP/zerH2a27CRBRrKshykR9zpEO0eB4NmaRE85khmEhmbkVkjCUm2kRUSEO4rtYqlw5aJd8htC/KTqV8dVcp1RtZHHk4gVM4BweqUIcGNKEFBDg8wjO8WFPryXq13patOSubOYZfsN6/AHNJjzE=</latexit>

✓1

<latexit sha1_base64="/PrmG2Pob74Bv1DsShHt+aPkMu0=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexqtT0WvPRYwX5Iu5RsmrahSXZJZoWy9Fd48aCIV3+ON/+N6XYFtT4YeLw3w8y8IBLcgOt+Orm19Y3Nrfx2YWd3b/+geHjUNmGsKWvRUIS6GxDDBFesBRwE60aaERkI1gmmNwu/88C04aG6g1nEfEnGio84JWCle9yHCQMy8AbFklt2U+BV4mWkhDI0B8WP/jCksWQKqCDG9Dw3Aj8hGjgVbF7ox4ZFhE7JmPUsVUQy4yfpwXN8ZpUhHoXalgKcqj8nEiKNmcnAdkoCE/PXW4j/eb0YRjU/4SqKgSm6XDSKBYYQL77HQ64ZBTGzhFDN7a2YTogmFGxGhTSE62qtcunhVfIdQvui7FXKV7eVUr2RxZFHJ+gUnSMPVVEdNVATtRBFEj2iZ/TiaOfJeXXelq05J5s5Rr/gvH8BTGyQWA==</latexit>

~p1

<latexit sha1_base64="t2J6H68+t9VxAbkoGP6lvVoPGMg=">AAAB83icbZBLS8NAFIUn9VXrq+rSzWARXJVEq+2y4KbLCvYBTSiT6W07dJIMM5NCCfkbblwo4tY/485/4zSNoNYDAx/n3Mtcji84U9q2P63CxubW9k5xt7S3f3B4VD4+6aoolhQ6NOKR7PtEAWchdDTTHPpCAgl8Dj1/drfMe3OQikXhg14I8AIyCdmYUaKN5bpzoIlIh4mT4mG5YlftTHgdnBwqKFd7WP5wRxGNAwg15USpgWML7SVEakY5pCU3ViAInZEJDAyGJADlJdnNKb4wzgiPI2leqHHm/txISKDUIvDNZED0VP3NluZ/2SDW44aXsFDEGkK6+mgcc6wjvCwAj5gEqvnCAKGSmVsxnRJJqDY1lbISbuuN2rWD1+G7hO5V1alVb+5rlWYrr6OIztA5ukQOqqMmaqE26iCKBHpEz+jFiq0n69V6W40WrHznFP2S9f4FHLWR/g==</latexit>

~p2

<latexit sha1_base64="5fweBOS/tjDc8ywWk6y7bCMn//8=">AAAB83icbZBLS8NAFIUnPmt9VV26GSyCq5LUarssuOmygn1AE8pketsOnSTDzKRQQv6GGxeKuPXPuPPfOE0jqPXAwMc59zKX4wvOlLbtT2tjc2t7Z7ewV9w/ODw6Lp2cdlUUSwodGvFI9n2igLMQOpppDn0hgQQ+h54/u1vmvTlIxaLwQS8EeAGZhGzMKNHGct050ESkw6Sa4mGpbFfsTHgdnBzKKFd7WPpwRxGNAwg15USpgWML7SVEakY5pEU3ViAInZEJDAyGJADlJdnNKb40zgiPI2leqHHm/txISKDUIvDNZED0VP3NluZ/2SDW44aXsFDEGkK6+mgcc6wjvCwAj5gEqvnCAKGSmVsxnRJJqDY1FbMSbuuN2rWD1+G7hG614tQqN/e1crOV11FA5+gCXSEH1VETtVAbdRBFAj2iZ/RixdaT9Wq9rUY3rHznDP2S9f4FHjuR/w==</latexit>

~p3

<latexit sha1_base64="EhNXF7U0saEwoa9Vjz/oPJzcdpw=">AAAB83icbZBLS8NAFIUn9VXrq+rSzWARXJVEq+2y4KbLCvYBTSiT6W07dJIMM5NCCfkbblwo4tY/485/4zSNoNYDAx/n3Mtcji84U9q2P63CxubW9k5xt7S3f3B4VD4+6aoolhQ6NOKR7PtEAWchdDTTHPpCAgl8Dj1/drfMe3OQikXhg14I8AIyCdmYUaKN5bpzoIlIh8l1ioflil21M+F1cHKooFztYfnDHUU0DiDUlBOlBo4ttJcQqRnlkJbcWIEgdEYmMDAYkgCUl2Q3p/jCOCM8jqR5ocaZ+3MjIYFSi8A3kwHRU/U3W5r/ZYNYjxtewkIRawjp6qNxzLGO8LIAPGISqOYLA4RKZm7FdEokodrUVMpKuK03atcOXofvErpXVadWvbmvVZqtvI4iOkPn6BI5qI6aqIXaqIMoEugRPaMXK7aerFfrbTVasPKdU/RL1vsXH8GSAA==</latexit>

~p4

<latexit sha1_base64="QmysOiVUj6Pia9sIooZd8mNbEHM=">AAAB83icbZDNS8MwGMbT+TXn19Sjl+AQPI1Wq9tx4GXHCe4D1jLSLN3C0jQk6WCU/htePCji1X/Gm/+NWVdBnQ8EfjzP+5KXJxCMKm3bn1ZpY3Nre6e8W9nbPzg8qh6f9FScSEy6OGaxHARIEUY56WqqGRkISVAUMNIPZnfLvD8nUtGYP+iFIH6EJpyGFCNtLM+bE5yKbJS6GRxVa3bdzgXXwSmgBgp1RtUPbxzjJCJcY4aUGjq20H6KpKaYkaziJYoIhGdoQoYGOYqI8tP85gxeGGcMw1iaxzXM3Z8bKYqUWkSBmYyQnqq/2dL8LxsmOmz6KeUi0YTj1UdhwqCO4bIAOKaSYM0WBhCW1NwK8RRJhLWpqZKXcNtoutcOXIfvEnpXdcet39y7tVa7qKMMzsA5uAQOaIAWaIMO6AIMBHgEz+DFSqwn69V6W42WrGLnFPyS9f4FIUeSAQ==</latexit>

definindo
1

µf
=

1

m3
+

1

m4

<latexit sha1_base64="YA22IdE5zfjxSvkZXkXNfAD0OhE=">AAACGnicbZBNS8MwGMfT+TbnW9Wjl+AQBGG0rrpdhIGXHSe4F9hGSbN0C0vakqTCKP0cXvwqXjwo4k28+G3MtirT+YfAP//neXiSnxcxKpVlfRq5ldW19Y38ZmFre2d3z9w/aMkwFpg0cchC0fGQJIwGpKmoYqQTCYK4x0jbG19P6+07IiQNg1s1iUifo2FAfYqR0pFr2j1fIJzYadLjseun8ArCn4i75RSeLd6dFLpm0SpZM8FlY2emCDI1XPO9NwhxzEmgMENSdm0rUv0ECUUxI2mhF0sSITxGQ9LVNkCcyH4y+1oKT3QygH4o9AkUnKWLEwniUk64pzs5UiP5tzYN/6t1Y+VX+wkNoliRAM8X+TGDKoRTTnBABcGKTbRBWFD9VohHSINQmmZhBuGyUnXKNlw23xBa5yXbKV3cOMVaPcORB0fgGJwCG1RADdRBAzQBBvfgETyDF+PBeDJejbd5a87IZg7BLxkfX+vwoGw=</latexit>

temos pf =
p

2µfQ

<latexit sha1_base64="fWrdWN+TCn6tiHJqZRvSGULErXI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkVtuNUHDTZQv2AU0Ik+mkHTqTxJmJUGIX/oobF4q49Tfc+TdO0wpqPXDh3HPu5V6OHzMqlWV9GrmV1bX1jfxmYWt7Z3fP3D/oyCgRmLRxxCLR85EkjIakrahipBcLgrjPSNcfX8/87h0RkkbhjZrExOVoGNKAYqS05JlHsRfAK+jIW6HSMnR4ovvW1DOLVsnKAJeJvSBFsEDTMz+cQYQTTkKFGZKyb1uxclMkFMWMTAtOIkmM8BgNSV/TEHEi3TT7fwpPtTKAQSR0hQpm6s+NFHEpJ9zXkxypkfzrzcT/vH6igpqb0jBOFAnx/FCQMKgiOAsDDqggWLGJJggLqn+FeIQEwkpHVshCuKzWKuc2XCbfIXTKJbtSumhVivXGIo48OAYn4AzYoArqoAGaoA0wuAeP4Bm8GA/Gk/FqvM1Hc8Zi5xD8gvH+BahglX8=</latexit>



• Exemplo 2 2
H +2

H ! p+3
H

<latexit sha1_base64="XVzi56HnWC0McdtSYVr1W6G/pNQ=">AAAB/nicbZBNS8MwGMdTX+d8q4onL8EhCMJot+l2HHjpcYJ7ga2ONEu3sDQtSSqMMvCrePGgiFc/hze/jWlXQZ0PJPz4/5+HPPl7EaNSWdansbK6tr6xWdgqbu/s7u2bB4cdGcYCkzYOWSh6HpKEUU7aiipGepEgKPAY6XrT69Tv3hMhachv1SwiboDGnPoUI6WloXl8V3HgBUzvgQphlHLVGZolq2xlBZfBzqEE8moNzY/BKMRxQLjCDEnZt61IuQkSimJG5sVBLEmE8BSNSV8jRwGRbpKtP4dnWhlBPxT6cAUz9edEggIpZ4GnOwOkJvKvl4r/ef1Y+Q03oTyKFeF48ZAfM6g/mmYBR1QQrNhMA8KC6l0hniCBsNKJFbMQruqNWtWGy/AdQqdStmvly5taqenkcRTACTgF58AGddAEDmiBNsAgAY/gGbwYD8aT8Wq8LVpXjHzmCPwq4/0L8/CTLQ==</latexit>

• Podemos obter Q sabendo a energia cinética do próton final e seu ângulo

• Referencial de repouso do corpo 2

~p4 = ~p1 � ~p3 =) p24 = (~p1 � ~p3)
2 = p21 + p23 + 2p1p3 cos ✓1

<latexit sha1_base64="UlBVVbU9HNg1jJewLmfmSpFMJ6Y="></latexit>

~p1

<latexit sha1_base64="t2J6H68+t9VxAbkoGP6lvVoPGMg=">AAAB83icbZBLS8NAFIUn9VXrq+rSzWARXJVEq+2y4KbLCvYBTSiT6W07dJIMM5NCCfkbblwo4tY/485/4zSNoNYDAx/n3Mtcji84U9q2P63CxubW9k5xt7S3f3B4VD4+6aoolhQ6NOKR7PtEAWchdDTTHPpCAgl8Dj1/drfMe3OQikXhg14I8AIyCdmYUaKN5bpzoIlIh4mT4mG5YlftTHgdnBwqKFd7WP5wRxGNAwg15USpgWML7SVEakY5pCU3ViAInZEJDAyGJADlJdnNKb4wzgiPI2leqHHm/txISKDUIvDNZED0VP3NluZ/2SDW44aXsFDEGkK6+mgcc6wjvCwAj5gEqvnCAKGSmVsxnRJJqDY1lbISbuuN2rWD1+G7hO5V1alVb+5rlWYrr6OIztA5ukQOqqMmaqE26iCKBHpEz+jFiq0n69V6W40WrHznFP2S9f4FHLWR/g==</latexit>

~p3

<latexit sha1_base64="EhNXF7U0saEwoa9Vjz/oPJzcdpw=">AAAB83icbZBLS8NAFIUn9VXrq+rSzWARXJVEq+2y4KbLCvYBTSiT6W07dJIMM5NCCfkbblwo4tY/485/4zSNoNYDAx/n3Mtcji84U9q2P63CxubW9k5xt7S3f3B4VD4+6aoolhQ6NOKR7PtEAWchdDTTHPpCAgl8Dj1/drfMe3OQikXhg14I8AIyCdmYUaKN5bpzoIlIh8l1ioflil21M+F1cHKooFztYfnDHUU0DiDUlBOlBo4ttJcQqRnlkJbcWIEgdEYmMDAYkgCUl2Q3p/jCOCM8jqR5ocaZ+3MjIYFSi8A3kwHRU/U3W5r/ZYNYjxtewkIRawjp6qNxzLGO8LIAPGISqOYLA4RKZm7FdEokodrUVMpKuK03atcOXofvErpXVadWvbmvVZqtvI4iOkPn6BI5qI6aqIXaqIMoEugRPaMXK7aerFfrbTVasPKdU/RL1vsXH8GSAA==</latexit>

✓1

<latexit sha1_base64="/PrmG2Pob74Bv1DsShHt+aPkMu0=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexqtT0WvPRYwX5Iu5RsmrahSXZJZoWy9Fd48aCIV3+ON/+N6XYFtT4YeLw3w8y8IBLcgOt+Orm19Y3Nrfx2YWd3b/+geHjUNmGsKWvRUIS6GxDDBFesBRwE60aaERkI1gmmNwu/88C04aG6g1nEfEnGio84JWCle9yHCQMy8AbFklt2U+BV4mWkhDI0B8WP/jCksWQKqCDG9Dw3Aj8hGjgVbF7ox4ZFhE7JmPUsVUQy4yfpwXN8ZpUhHoXalgKcqj8nEiKNmcnAdkoCE/PXW4j/eb0YRjU/4SqKgSm6XDSKBYYQL77HQ64ZBTGzhFDN7a2YTogmFGxGhTSE62qtcunhVfIdQvui7FXKV7eVUr2RxZFHJ+gUnSMPVVEdNVATtRBFEj2iZ/TiaOfJeXXelq05J5s5Rr/gvH8BTGyQWA==</latexit>

~p4

<latexit sha1_base64="QmysOiVUj6Pia9sIooZd8mNbEHM=">AAAB83icbZDNS8MwGMbT+TXn19Sjl+AQPI1Wq9tx4GXHCe4D1jLSLN3C0jQk6WCU/htePCji1X/Gm/+NWVdBnQ8EfjzP+5KXJxCMKm3bn1ZpY3Nre6e8W9nbPzg8qh6f9FScSEy6OGaxHARIEUY56WqqGRkISVAUMNIPZnfLvD8nUtGYP+iFIH6EJpyGFCNtLM+bE5yKbJS6GRxVa3bdzgXXwSmgBgp1RtUPbxzjJCJcY4aUGjq20H6KpKaYkaziJYoIhGdoQoYGOYqI8tP85gxeGGcMw1iaxzXM3Z8bKYqUWkSBmYyQnqq/2dL8LxsmOmz6KeUi0YTj1UdhwqCO4bIAOKaSYM0WBhCW1NwK8RRJhLWpqZKXcNtoutcOXIfvEnpXdcet39y7tVa7qKMMzsA5uAQOaIAWaIMO6AIMBHgEz+DFSqwn69V6W42WrGLnFPyS9f4FIUeSAQ==</latexit>

logo

após álgebra temos que Q =

✓
1 +

m3

m4

◆
T3 �

✓
1� m1

m4
T1

◆
� 2

p
m1m3T1T3

m4
cos ✓1

<latexit sha1_base64="pj9DD5gReWY8o4QvFR+zPZuss4U="></latexit>

T4 =
m1

m4
T1 +

m3

m4
T3 � 2

p
m1m3T1T3

m4
cos ✓1

= T1 � T3 +Q

<latexit sha1_base64="G6hFjSOtuRPBX8kCz+MdQk7Q9FQ="></latexit>
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