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Dinâmica de muitos corpos
terceira aula

1. Energia de um sistema de partículas


2. Colisões


3. Colisões unidimensionais



0. Recordação

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

• Centro de massa de um sistema

~R ⌘
P

k mk~xk

M

<latexit sha1_base64="q6oAgz+QhDAkPWLoL+okEPQJddc="></latexit>

posição de cada partícula

massa total

• Coordenada relativas ~x0
j = ~xj � ~R

<latexit sha1_base64="YGkiijKjnbocyBEDyzyDuEZXgyE="></latexit>

~x0
1

<latexit sha1_base64="pF4Q3wB2tbQo4i/KULW1q+Ytwnk=">AAAB+nicbZBLSwMxFIUzPmt9tbp0E1qErsqMVttl0Y3LCvYBnTpk0ts2NPMgyVTL2F8iblwo4tY/4dad6I8xfQhqPRD4OOdecjluyJlUpvluLCwuLa+sJtaS6xubW9up9E5NBpGgUKUBD0TDJRI486GqmOLQCAUQz+VQd/un47w+ACFZ4F+oYQgtj3R91mGUKG05qbQ9ABpfjy7tUDAPHAs7qayZNyfC82DNIFvO5D4/iq+3FSf1ZrcDGnngK8qJlE3LDFUrJkIxymGUtCMJIaF90oWmRp94IFvx5PQR3tdOG3cCoZ+v8MT9uRETT8qh5+pJj6ie/JuNzf+yZqQ6pVbM/DBS4NPpR52IYxXgcQ+4zQRQxYcaCBVM34ppjwhClW4rOSnhuFgqHFp4Hr5LqB3krUL+6Fy3cYKmSqA9lEE5ZKEiKqMzVEFVRNEVukMP6NG4Me6NJ+N5OrpgzHZ20S8ZL195Kpga</latexit>

~x0
2

<latexit sha1_base64="H2gR+/e5VZ4hSXLhivoWj4zEdB4=">AAAB+nicbZBLTwIxFIU7+EJ8Dbp000BMWJEZRGFJdOMSE3kkgKRTLtDQeaTtoGTklxg3LjTGrX/CrTujP8byMFHxJE2+nHNvenOcgDOpLOvdiC0tr6yuxdcTG5tb2ztmcrcq/VBQqFCf+6LuEAmceVBRTHGoBwKI63CoOYPTSV4bgpDM9y7UKICWS3oe6zJKlLbaZrI5BBpdjy+bgWAutHO4baatrDUVXgR7DulSKvP5UXi9LbfNt2bHp6ELnqKcSNmwrUC1IiIUoxzGiWYoISB0QHrQ0OgRF2Qrmp4+xgfa6eCuL/TzFJ66Pzci4ko5ch096RLVl3+ziflf1ghVt9iKmBeECjw6+6gbcqx8POkBd5gAqvhIA6GC6Vsx7RNBqNJtJaYlHBeK+UMbL8J3CdVc1s5nj851GydopjjaRymUQTYqoBI6Q2VUQRRdoTv0gB6NG+PeeDKeZ6MxY76zh37JePkCeq+YGw==</latexit>

~x2

<latexit sha1_base64="CBTMT4cuhLHgD5vuh6ck/zRj47w=">AAAB8XicbVDLTgJBEOz1ifhCTbx4mUhMPJFdROFI8OIREnlEIGR2GGDC7OxmZpZINvyFFw8a49X4F36BNy9+i8OCiYqVdFKp6k53lxtwprRtf1hLyyura+uJjeTm1vbObmpvv6b8UBJaJT73ZcPFinImaFUzzWkjkBR7Lqd1d3g59esjKhXzxbUeB7Tt4b5gPUawNtJNa0RJdDvpZFEnlbYzdgy0SJw5SRcPK5/stfRW7qTeW12fhB4VmnCsVNOxA92OsNSMcDpJtkJFA0yGuE+bhgrsUdWO4osn6MQoXdTzpSmhUaz+nIiwp9TYc02nh/VA/fWm4n9eM9S9QjtiIgg1FWS2qBdypH00fR91maRE87EhmEhmbkVkgCUm2oSUjEO4yBdyZw5aJN8h1LIZJ5c5r5g0SjBDAo7gGE7BgTwU4QrKUAUCAu7gAR4tZd1bT9bzrHXJms8cwC9YL188h5SS</latexit>

~x1

<latexit sha1_base64="o4KSmGfbwLYFyFf5bGWk+heTXxE=">AAAB8HicbVDLSgMxFM3UV62vquDGTbAIrsqMVttlqRuXLdiHtEPJpJk2NMkMSaZYhn6FGxeKuBX8C7/AnRu/xXRaQa0HLhzOuZd77/FCRpW27Q8rtbS8srqWXs9sbG5t72R39xoqiCQmdRywQLY8pAijgtQ11Yy0QkkQ9xhpesPLqd8cEaloIK71OCQuR31BfYqRNtJNZ0RwfDvpOt1szs7bCeAiceYkVz6ofdLXylu1m33v9AIccSI0ZkiptmOH2o2R1BQzMsl0IkVChIeoT9qGCsSJcuPk4Ak8NkoP+oE0JTRM1J8TMeJKjblnOjnSA/XXm4r/ee1I+yU3piKMNBF4tsiPGNQBnH4Pe1QSrNnYEIQlNbdCPEASYW0yyiQhXBRLhTMHLpLvEBqneaeQP6+ZNCpghjQ4BEfgBDigCMrgClRBHWDAwR14AI+WtO6tJ+t51pqy5jP74Besly/h5ZRn</latexit>

~R

<latexit sha1_base64="WAoXFsSmAAyejckWCI7ligsRQ1M=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVWa02m7EohuXVewD2qFk0kwbmsmEJFMoQz/CjQtFXLjxT9y7Ef/GdFpBrQcuHM65l3vv8QWjSjvOp5VZWFxaXsmu2mvrG5tbue2duopiiUkNRyySTR8pwignNU01I00hCQp9Rhr+4HLiN4ZEKhrxWz0SxAtRj9OAYqSN1GgPCU5uxp1c3ik4KeA8cWckf/5mn4mXD7vayb23uxGOQ8I1ZkiplusI7SVIaooZGdvtWBGB8AD1SMtQjkKivCQ9dwwPjNKFQSRNcQ1T9edEgkKlRqFvOkOk++qvNxH/81qxDspeQrmINeF4uiiIGdQRnPwOu1QSrNnIEIQlNbdC3EcSYW0SstMQTkvl4rEL58l3CPWjglssnFw7+coFmCIL9sA+OAQuKIEKuAJVUAMYDMAdeACPlrDurSfredqasWYzu+AXrNcv/mKTPQ==</latexit>
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<latexit sha1_base64="jW1dK4/qsnh1jlx0oYkZ/R+NuTY="></latexit>
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<latexit sha1_base64="fUicPkDNcXGiAOlDEe0vs4+cFnc="></latexit>



• Na ausência de forças externas todos os pontos são equivalentes


• Existe uma simetria: experimentos podem ser transladados e dão o mesmo resultado


• Teorema geral (Noether): simetrias (contínuas) implicam em leis de conservação.

1. Translação espacial está associada à conservação de momento linear


2. Translação temporal está associada à conservação de energia


3. Rotação está associada à conservação de momento angular



1. Energia de um sistema de partículas

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

• Vimos que a energia cinética (T) de um sistema é

• Consideremos um sistema cujas interações são através de forças conservativas cujas 
energias potenciais são

Uext(~xj) =) ~F ext
j (~xj) = �r~xjUext(~xj)

Uint(~xj , ~xk) =) ~Fjk(~xj , ~xk) = �r~xjUint(~xj , ~xk)

<latexit sha1_base64="3CXhutNTSjsFwgbt5mTolsUurwM="></latexit>

• A energia potencial total do sistema chamamos de Epot(~x1, . . . , ~xN )

<latexit sha1_base64="4qqSwEu5dd8aC3eL5bsthPi7Rdk=">AAACC3icbVDLSgMxFM3UV62vUZduQotQoZQZrbbLgghdSQXbCm0ZMmnahmYeJHeKZejejb/ixoUibv0Bd/6N6QvUeiBwcs69uTfHDQVXYFlfRmJldW19I7mZ2tre2d0z9w/qKogkZTUaiEDeuUQxwX1WAw6C3YWSEc8VrOEOLid+Y8ik4oF/C6OQtT3S83mXUwJacsz0lROHAYyzrSGj8f3YsXOtTgAqt7hfnzhmxspbU+BlYs9JBs1RdcxP/QSNPOYDFUSppm2F0I6JBE4FG6dakWIhoQPSY01NfeIx1Y6nfxnjY610cDeQ+viAp+rPjph4So08V1d6BPrqrzcR//OaEXRL7Zj7YQTMp7NB3UhgCPAkGNzhklEQI00IlVzvimmfSEJBx5eahnBRLBXObLxMFiHUT/N2IX9+U8iUK/M4kugIpVEW2aiIyqiCqqiGKHpAT+gFvRqPxrPxZrzPShPGvOcQ/YLx8Q0mIptg</latexit>



• Por exemplo para montar um sistema a energia necessária é

N = 1 =) Epot(~x1) = Uext(~x1)

N = 2 =) Epot(~x1, ~x2) = Uext(~x1) + Uext(~x2) + Uint(~x1, ~x2)

N = 3 =) Epot(~x1, ~x2, ~x3) = Uext(~x1) + Uext(~x2) + Uext(~x3) + Uint(~x1, ~x2) + +Uint(~x1, ~x3) + Uint(~x2, ~x3)

<latexit sha1_base64="wZZ0rvGRPa3o7dsOYrbDxTC05SQ="></latexit>

• Desafio: mostre que no caso geral a expressão pode ser escrita como

Epot(~x1, . . . , ~x3) =
NX

j=1

Uext(~xj) +
NX

j=1

X

j>k

Uint(~xj , ~xk)

<latexit sha1_base64="PTDDV8/OwSkemtOolGtiqm1PK8A="></latexit>

• A energia total do sistema é Etotal = TS + Epot

<latexit sha1_base64="jLh2hhTf/kCagmQEX1hzEPBk0qk=">AAACA3icbZBLSwMxFIUzPmt9jbrTTbAIglBmtNpuhIIIXVbsC9phyKRpG5qZDMkdoQwFN/4VNy4UceufcOe/caatoNYDgY9z7iXJ8ULBNVjWp7GwuLS8sppZy65vbG5tmzu7DS0jRVmdSiFVyyOaCR6wOnAQrBUqRnxPsKY3vErz5h1TmsugBqOQOT7pB7zHKYHEcs19fO3GIIGIMb7ENfcWn6ROKGHsmjkrb02E58GeQQ7NVHXNj05X0shnAVBBtG7bVghOTBRwKtg424k0Cwkdkj5rJxgQn2knnvxhjI8Sp4t7UiUnADxxf27ExNd65HvJpE9goP9mqflf1o6gV3JiHoQRsIBOL+pFAoPEaSG4yxWjIEYJEKp48lZMB0QRCklt2UkJF8VS4czG8/BdQuM0bxfy5zeFXLkyqyODDtAhOkY2KqIyqqAqqiOK7tEjekYvxoPxZLwab9PRBWO2s4d+yXj/AhjKls4=</latexit>



2. Colisões
• Colisões são processos muito comuns:

1. Vemos objetos usando a luz espalhada

2. O estudo da estrutura da matéria, eg a descoberta do núcleo atômico



3. Colisões são frequentes em mecânica clássica



• Fases de uma colisão
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 



3. Impulso de uma força
• Avaliamos o efeito de uma força entre dois instante de tempo pelo IMPULSO:

Z tf

ti

dt ~F =

Z tf

ti

dt
d~p

dt
= ~pf � ~pi ⌘ �~p

<latexit sha1_base64="8A0vRF1skkx+lywg1az7falDJ7E="></latexit>

• Durante uma colisão as forças são intensas durante o contato

• Integrando no intervalo de tempo do contato

d~p1
dt

= ~F12 = �~F21 = �d~p2
dt

<latexit sha1_base64="BjfLaWlDJ5jHNVtZY++mXx0rzQ4="></latexit>

�~p1 = �~p2 =) ~p1f � ~p1i = �(~p2f � ~p2i) =) ~p1i + ~p2i = ~p1f + ~p2f

<latexit sha1_base64="sGn3sMlahnxCJ9pBUfGWalpU1TY="></latexit>

como já sabíamos para um sistema isolado!
• Mas isso é uma excelente aproximação na presença de forças externas se as forças de 
contato são muito maiores!



Exemplo: bate estaca

mmartelo = 103 kg

hqueda = 10 m

<latexit sha1_base64="ykvum/uQ6Zp266RVyD4ShszAZis="></latexit>

O impulso da força de contato para o martelo
�����

Z �t

0
dt ~F

����� = m⇥
p

2gh = |~F |�t

<latexit sha1_base64="Ri2bv3lDT8gE2oq95r/7ShOzqg8="></latexit>

força constante

• Se �t = 0, 1 s =) |~F | = m
p
2gh

�t
' 1, 4⇥ 106 N

<latexit sha1_base64="QhggWjb4F3VyydNP78mM8TvYmP4="></latexit>

isso equivale ao peso de 140 toneladas!



4. Colisões Unidimensionais
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>

• a conservação de momento implica que

m1v1i +m2v2i = m1v1f +m2v2f

<latexit sha1_base64="KhzxqPktTMfva5mZNuraHvymjIU=">AAACHHicbVBNS8MwGE7n16xfU49egkMQhNFu0+0iDLzsOMF9wDZKmqVbWNKWJB2Msh/ixb/ixYMiXjwI/hvTboPpfCDwfLwvSR43ZFQqy/o2MhubW9s72V1zb//g8Ch3fNKSQSQwaeKABaLjIkkY9UlTUcVIJxQEcZeRtju+S/L2hAhJA/9BTUPS52joU49ipLTl5ErcseHEiW06g1eQO8VEFLUwb81l5K1GWji5vFWwUsB1Yi9IHizQcHKfvUGAI058hRmSsmtboerHSCiKGZmZvUiSEOExGpKupj7iRPbj9HMzeKGdAfQCoY+vYOqubsSISznlrp7kSI3k3ywx/8u6kfKq/Zj6YaSIj+cXeRGDKoBJU3BABcGKTTVBWFD9VohHSCCsdJ9mWsJNpVou2XCdLEtoFQt2uXB9X87X6os6suAMnINLYIMKqIE6aIAmwOARPINX8GY8GS/Gu/ExH80Yi51T8AvG1w8F9p6A</latexit>

temos 2 incógnitas e 1 equação. Precisamos de mais informação (sobre energia cinética)



Colisões elásticas :

também temos

m1v1i +m2v2i = m1v1f +m2v2f

<latexit sha1_base64="KhzxqPktTMfva5mZNuraHvymjIU=">AAACHHicbVBNS8MwGE7n16xfU49egkMQhNFu0+0iDLzsOMF9wDZKmqVbWNKWJB2Msh/ixb/ixYMiXjwI/hvTboPpfCDwfLwvSR43ZFQqy/o2MhubW9s72V1zb//g8Ch3fNKSQSQwaeKABaLjIkkY9UlTUcVIJxQEcZeRtju+S/L2hAhJA/9BTUPS52joU49ipLTl5ErcseHEiW06g1eQO8VEFLUwb81l5K1GWji5vFWwUsB1Yi9IHizQcHKfvUGAI058hRmSsmtboerHSCiKGZmZvUiSEOExGpKupj7iRPbj9HMzeKGdAfQCoY+vYOqubsSISznlrp7kSI3k3ywx/8u6kfKq/Zj6YaSIj+cXeRGDKoBJU3BABcGKTTVBWFD9VohHSCCsdJ9mWsJNpVou2XCdLEtoFQt2uXB9X87X6os6suAMnINLYIMKqIE6aIAmwOARPINX8GY8GS/Gu/ExH80Yi51T8AvG1w8F9p6A</latexit>

1

2
m1v

2
1i +

1

2
m2v

2
2i =

1

2
m1v

2
1f +

1

2
m2v

2
2f =)

<latexit sha1_base64="+ov9vZKcfx/AxX/tqI10GdrsGvM="></latexit>

a velocidade relativa entre 1 e 2 troca de sinal

(1)

=) 1

m1

⇥
(m1 v1i)

2 � (m1 v1f )
2
⇤
=

1

m2

⇥
(m2 v2f )

2 � (m2 v2i)
2
⇤

=) 1

m1
[m1 v1i �m1 v1f ] [m1 v1i +m1 v1f ] =

1

m2
[m2 v2f �m2 v2i] [m2 v2f +m2 v2i]

=)(1) 1

m1
[m1 v1i +m1 v1f ] =

1

m2
[m2 v2f +m2 v2i]

=) v1i � v2i = �(v1f � v2f )

<latexit sha1_base64="0oYskRgxj+HCLiozB4BfWRs/Pn8="></latexit>

• Agora temos 2 equações e duas incógnitas. Resolvendo (1) + (2)

(2)



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>

• As equações originais eram simétricas por 1<-> 2 e a solução também

•Casos:
1. Massas iguais: v1f = v2i e v2f = v1i

<latexit sha1_base64="ZaQbmg9khOkJibKZnd0eoG7R1uo=">AAACKnicbVDLSgMxFM3UV62vUZdugkVwVWZqtQURKm66rGAf0A4lk2ba0MyDJFMsw3yPG3/FTRdKceuHmJmOotYTcjmcey43OXbAqJCGsdBya+sbm1v57cLO7t7+gX541BZ+yDFpYZ/5vGsjQRj1SEtSyUg34AS5NiMde3KX9DtTwgX1vQc5C4jlopFHHYqRVNJAv4XTQWQ6MbyBCSvTuNC/Ts/Y9h8jqECSEi/VQmr6tps0hgO9aJSMFHCVmBkpggzNgT7vD30cusSTmCEheqYRSCtCXFLMiNofChIgPEEj0lPUQy4RVpR+NYZnShlCx+fqehKm6s+JCLlCzFxbOV0kx+JvLxH/6/VC6dSsiHpBKImHl4uckEHpwyQ3OKScYMlmiiDMqXorxGPEEZYq3UIawlW1Vrkw4Sr5CqFdLpmV0uV9pVhvZHHkwQk4BefABFVQBw3QBC2AwRN4Aa/gTXvW5tpCe19ac1o2cwx+Qfv4BLSlotE=</latexit>

(pense no referencial do CM)

2. Alvo parado: (v2i = 0)

<latexit sha1_base64="Xp6y9JpUtgaVoKelpQoojxhSbP8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSLUTZmp1XYjFNx0WcE+YDqUTJppQzPJkGQKZehnuHGhiFu/xp1/YzodQa0HLhzOuZd77/EjRpW27U8rt7G5tb2T3y3s7R8cHhWPT7pKxBKTDhZMyL6PFGGUk46mmpF+JAkKfUZ6/vRu6fdmRCoq+IOeR8QL0ZjTgGKkjeTC8myYVOni1r4cFkt2xU4B14mTkRLI0B4WPwYjgeOQcI0ZUsp17Eh7CZKaYkYWhUGsSITwFI2JayhHIVFekp68gBdGGcFASFNcw1T9OZGgUKl56JvOEOmJ+ustxf88N9ZBw0soj2JNOF4tCmIGtYDL/+GISoI1mxuCsKTmVognSCKsTUqFNISbeqN25cB18h1Ct1pxapXr+1qp2criyIMzcA7KwAF10AQt0AYdgIEAj+AZvFjaerJerbdVa87KZk7BL1jvX9EjkJA=</latexit>

2.1 

2.2

m2 >> m1 =) v1f ' �v1i e v2f ' 2
m1

m2
v1i

<latexit sha1_base64="FNgDwOn/SKwRR7uJuPtSbRk1/KI="></latexit>

m1 >> m2 =) v1f ' v1i e v2f ' 2v1i

<latexit sha1_base64="leBsvqPHH+r3DhCGoVuqyjQJsfI="></latexit>

(pense no referencial do CM)

https://www.youtube.com/watch?v=51IFubnEAsU



•Exemplo 1: canhão de Galileu

Soltamos o sistema de uma altura h

Pergunta: a bola menor subirá a uma altura


igual, maior ou menor que h?



•Exemplo 1: canhão de Galileu

Simplificação: só 2 bolas e colisões elásticas
m1

<latexit sha1_base64="FZghOoyIVz1fjcOjkZWuVd42bhk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0tT0WvPRYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlvTNIIan0w8Hhvhpl5XsiZNrb9aRU2Nre2d4q7pb39g8Oj8vFJTweRIrRLAh6ogYc15UzSrmGG00GoKBYep31vfpv6/QeqNAvkvVmE1BV4KpnPCDapJMYOGpcrdtXOgNaJk5MK5OiMyx+jSUAiQaUhHGs9dOzQuDFWhhFOl6VRpGmIyRxP6TChEguq3Ti7dYkuEmWC/EAlJQ3K1J8TMRZaL4SXdApsZvqvl4r/ecPI+E03ZjKMDJVktciPODIBSh9HE6YoMXyREEwUS25FZIYVJiaJp5SFcNNo1q4dtE6+Q+hdVZ1atX5Xq7TaeRxFOINzuAQHGtCCNnSgCwRm8AjP8GIJ68l6td5WrQUrnzmFX7DevwB5144h</latexit>

m2

<latexit sha1_base64="4I0fQyns8jHH0r8RjRqXSRWNQk8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqtT0WvPRYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlvTNIIan0w8Hhvhpl5XsiZNrb9aRU2Nre2d4q7pb39g8Oj8vFJTweRIrRLAh6ogYc15UzSrmGG00GoKBYep31vfpv6/QeqNAvkvVmE1BV4KpnPCDapJMY1NC5X7KqdAa0TJycVyNEZlz9Gk4BEgkpDONZ66NihcWOsDCOcLkujSNMQkzme0mFCJRZUu3F26xJdJMoE+YFKShqUqT8nYiy0Xggv6RTYzPRfLxX/84aR8ZtuzGQYGSrJapEfcWQClD6OJkxRYvgiIZgoltyKyAwrTEwSTykL4abRrF85aJ18h9CrVZ169fquXmm18ziKcAbncAkONKAFbehAFwjM4BGe4cUS1pP1ar2tWgtWPnMKv2C9fwF7XI4i</latexit>

no referencial do soloy

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>

logo a bola pequena sobe a uma altura hfinal =
v21f
2g

= 9h

<latexit sha1_base64="cdBLtvvpWkS8vZel6rsFUHcOGYU="></latexit>

https://www.youtube.com/watch?v=2UHS883_P60video bem interessante

veja também https://www.youtube.com/watch?v=X0y6CzopNCE

v1i = �
p

2gh = �vs e v2i = vs =)
v1f ' �v1i + 2v2i = 3vs

<latexit sha1_base64="gjhlupTACzpFMo9ygQGs9JHeau4="></latexit>



•Exemplo 1: canhão de Galileu

Simplificação: só 2 bolas e colisões elásticas
m1

<latexit sha1_base64="FZghOoyIVz1fjcOjkZWuVd42bhk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0tT0WvPRYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlvTNIIan0w8Hhvhpl5XsiZNrb9aRU2Nre2d4q7pb39g8Oj8vFJTweRIrRLAh6ogYc15UzSrmGG00GoKBYep31vfpv6/QeqNAvkvVmE1BV4KpnPCDapJMYOGpcrdtXOgNaJk5MK5OiMyx+jSUAiQaUhHGs9dOzQuDFWhhFOl6VRpGmIyRxP6TChEguq3Ti7dYkuEmWC/EAlJQ3K1J8TMRZaL4SXdApsZvqvl4r/ecPI+E03ZjKMDJVktciPODIBSh9HE6YoMXyREEwUS25FZIYVJiaJp5SFcNNo1q4dtE6+Q+hdVZ1atX5Xq7TaeRxFOINzuAQHGtCCNnSgCwRm8AjP8GIJ68l6td5WrQUrnzmFX7DevwB5144h</latexit>

m2

<latexit sha1_base64="4I0fQyns8jHH0r8RjRqXSRWNQk8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqtT0WvPRYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlvTNIIan0w8Hhvhpl5XsiZNrb9aRU2Nre2d4q7pb39g8Oj8vFJTweRIrRLAh6ogYc15UzSrmGG00GoKBYep31vfpv6/QeqNAvkvVmE1BV4KpnPCDapJMY1NC5X7KqdAa0TJycVyNEZlz9Gk4BEgkpDONZ66NihcWOsDCOcLkujSNMQkzme0mFCJRZUu3F26xJdJMoE+YFKShqUqT8nYiy0Xggv6RTYzPRfLxX/84aR8ZtuzGQYGSrJapEfcWQClD6OJkxRYvgiIZgoltyKyAwrTEwSTykL4abRrF85aJ18h9CrVZ169fquXmm18ziKcAbncAkONKAFbehAFwjM4BGe4cUS1pP1ar2tWgtWPnMKv2C9fwF7XI4i</latexit>

no referencial do soloy

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>

logo a bola pequena sobe a uma altura hfinal =
v21f
2g

= 9h

<latexit sha1_base64="cdBLtvvpWkS8vZel6rsFUHcOGYU="></latexit>

no referencial da bola maior (quase CM): v01i = �2vs =) v01i ' 2vs

<latexit sha1_base64="TNL8ftHkk+7NSjqyTAhvY+1fZeg="></latexit>

v1i = v01i + vs =) v1f = 3vs

<latexit sha1_base64="WAiTPm6lwwBsSeNqJB+qpHmDOEY="></latexit>

de volta ao referencial do solo

v1i = �
p

2gh = �vs e v2i = vs =)
v1f ' �v1i + 2v2i = 3vs

<latexit sha1_base64="gjhlupTACzpFMo9ygQGs9JHeau4="></latexit>



Exemplo 2: jato de ar

m

<latexit sha1_base64="H245W34zypAT4I/gctbI0I7azuo=">AAAB6HicbVBNSwMxEM36WetX1aOXYBE8lV2ttseClx5bsB/QLiWbTtvYJLskWaEs/QVePCji1Z/kzX9jul1BrQ8GHu/NMDMviDjTxnU/nbX1jc2t7dxOfndv/+CwcHTc1mGsKLRoyEPVDYgGziS0DDMcupECIgIOnWB6u/A7D6A0C+WdmUXgCzKWbMQoMVZqikGh6JbcFHiVeBkpogyNQeGjPwxpLEAayonWPc+NjJ8QZRjlMM/3Yw0RoVMyhp6lkgjQfpIeOsfnVhniUahsSYNT9edEQoTWMxHYTkHMRP/1FuJ/Xi82o6qfMBnFBiRdLhrFHJsQL77GQ6aAGj6zhFDF7K2YTogi1Nhs8mkIN5Vq+crDq+Q7hPZlySuXrpvlYq2exZFDp+gMXSAPVVAN1VEDtRBFgB7RM3px7p0n59V5W7auOdnMCfoF5/0L/hGNUw==</latexit>

v

<latexit sha1_base64="sWCKNPYP37M6cAkyA+p+fD9NeMk=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0m02h4LXnpswX5AG8pmO2nXbjZhd1Moob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPzvIgzpW3708ptbG5t7+R3C3v7B4dHxeOTjgpjSaFNQx7KnkcUcCagrZnm0IskkMDj0PWmd0u/OwOpWCju9TwCNyBjwXxGiTZSazYsluyynQKvEycjJZShOSx+DEYhjQMQmnKiVN+xI+0mRGpGOSwKg1hBROiUjKFvqCABKDdJD13gC6OMsB9KU0LjVP05kZBAqXngmc6A6In66y3F/7x+rP2amzARxRoEXS3yY451iJdf4xGTQDWfG0KoZOZWTCdEEqpNNoU0hNtqrXLt4HXyHULnquxUyjetSqneyOLIozN0ji6Rg6qojhqoidqIIkCP6Bm9WA/Wk/Vqva1ac1Y2c4p+wXr/AgvEjVw=</latexit>

n colisões/s

<latexit sha1_base64="L4upwI6eZMlUCnF5To/zNdzSbCs=">AAACEXicbVDLSgMxFL3js9bX+Ni5CRbBVZ3RarssuOmygn1AW0omTdvQTDIkGbEM/QU3/oobF4q4defOD3Fv+hDUeuCGk3Pu5SYniDjTxvM+nIXFpeWV1dRaen1jc2vb3dmtahkrQitEcqnqAdaUM0ErhhlO65GiOAw4rQWDy7Ffu6FKMymuzTCirRD3BOsygo2VpLsPAhA0oQ8BSLiFxN6IZRwYaPgEas8TW6O2m/Gy3gRonvgzkoEZym33vdmRJA6pMIRjrRu+F5lWgpVhhNNRuhlrGmEywD3asFTgkOpWMvnRCB1ZpYO6UtkSBk3UnxMJDrUehoHtDLHp67/eWPzPa8SmW2glTESxoYJMF3VjjoxE43hQhylKDB9agoli9q2I9LHCxNgQ05MQLvKF3JmP5sl3CNXTrJ/Lnl/lMsXSLI4UHMAhHIMPeShCCcpQsTHfwQM8wbNz7zw6L87rtHXBmc3swS84b1+AOpbV</latexit>

• Para colisões elásticas cada partícula troca o sinal da velocidade e  

�p = 2mv

<latexit sha1_base64="iFwqT9WNzpHmVFY77+yRR13BO4I=">AAAB9XicbZBPSwJBGMZn7Z/ZP6tjlyEJOsmuWXoJhDp4NMgUdJPZ8V0dnJ1dZmYNEb9Hlw5FdO27dOvbNK4bVPbAwI/neV/m5fEizpS27U8rs7K6tr6R3cxtbe/s7uX3D+5UGEsKTRryULY9ooAzAU3NNId2JIEEHoeWN7qa560xSMVCcasnEbgBGQjmM0q0se6718A1wRG+xKVg3MsX7KKdCC+Dk0IBpWr08h/dfkjjAISmnCjVcexIu1MiNaMcZrlurCAidEQG0DEoSADKnSZXz/CJcfrYD6V5QuPE/bkxJYFSk8AzkwHRQ/U3m5v/ZZ1Y+1V3ykQUaxB08ZEfc6xDPK8A95kEqvnEAKGSmVsxHRJJqDZF5ZISLirV8pmDl+G7hLtS0SkXz2/KhVo9rSOLjtAxOkUOqqAaqqMGaiKKJHpEz+jFerCerFfrbTGasdKdQ/RL1vsXBQCR0A==</latexit>

• A força sobre a parede é  

Z �t

0
dt F = 2mvn�t

F̄�t = 2mnv�t

<latexit sha1_base64="9DUhbzF4SDqhXod99Qz+fPVGWGY="></latexit>

F̄ = 2mnv

<latexit sha1_base64="yO2x11jWHbpQ7cLPnE8HP9LTp1M=">AAAB+nicbZBLSwMxFIUz9VXra6pLN8EiuCoztdpuhIIgXVawD2iHkkkzbWiSGZJMpYz9KW5cKOLWX+LOf2M6raDWA4GPc+4ll+NHjCrtOJ9WZm19Y3Mru53b2d3bP7Dzhy0VxhKTJg5ZKDs+UoRRQZqaakY6kSSI+4y0/fH1PG9PiFQ0FHd6GhGPo6GgAcVIG6tv53s+ksnNDMIrWOICTmDfLjhFJxVcBXcJBbBUo29/9AYhjjkRGjOkVNd1Iu0lSGqKGZnlerEiEcJjNCRdgwJxorwkPX0GT40zgEEozRMapu7PjQRxpabcN5Mc6ZH6m83N/7JurIOql1ARxZoIvPgoiBnUIZz3AAdUEqzZ1ADCkppbIR4hibA2beXSEi4r1fK5C1fhu4RWqeiWixe35UKtvqwjC47BCTgDLqiAGqiDBmgCDO7BI3gGL9aD9WS9Wm+L0Yy13DkCv2S9fwEpWJLm</latexit>



Colisões 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?



Referências
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