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Matemática -  

a Linguagem da Física IV
Física I - Módulo I - Noções Básicas



Considere um vetor ~A(t) que muda com o tempo

A mudança em ~A(t) no intervalo t e t+𝛥t é

Em completa analogia com o que fizemos para ~r
definimos a derivada de ~A por

d ~A

dt
= lim

�t!0

~A(t+�t)� ~A(t)

�t

� ~A(t) = ~A(t+�t)� ~A(t)

~A(t)

~A(t+�t) � ~A

novo vetor:
pequeno, grande e apontar em qualquer direção !
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Taxa de Variação de um Vetor

pode mudar de magnitude & direção~A

~A

� ~A� ~A?

� ~Ak

� ~A = � ~A? +� ~Ak

� ~Ak só muda a magnitude de ~A (não muda sua direção)

� ~A? muda a direção de ~A (não muda a magnitude)

~A

~A0
~A00~A000

� ~A0

� ~A00
� ~A000

roda~A

~A aumenta de tamanho

~A

~A0

~A0

~A00

� ~A0 � ~A00
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Movimento Circular (aula 4)

~a

~v

~r

x

y

Vim
os

~r · ~v = 0 = ~r · d~r
dt

! ~r ? d~r

dt
! magnitude de ~r

é constante

Trajetória é um círculo de raio constante (     roda em torno da origem)~r

a única mudança possível em    é devido à rotação~r

~a = �!2~r

! ~a · ~v =
d~v

dt
· ~v

= �!2~r · ~v = 0

! d~v

dt
? ~v

~r · ~v = 0como

magnitude de ~v
constante

ele só pode rodar também
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Taxa de Variação de um Vetor

Suponha que 
d ~A

dt
? ~A

~A(t1)

~A(t2)
� ~A�✓

Qual a magnitude de d
~A

dt
?

Série de Taylor

f(x� x0) = f(x0) +
df(x0)

dx
(x� x0) +

1

2!

d2f(x0)

dx2
(x� x0)

2 + ...

sin(
�✓

2
� 0) ⇡ sin 0 + cos 0 (

�✓

2
� 0) + ... ⇡ �✓

2
�✓ ⌧ 1
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<latexit sha1_base64="Szf0OTzeAQOkvHIsWuTb0EQv3uQ="></latexit>

=) |� ~A| ⇡ 2A
�✓

2
= A�✓
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assim como <latexit sha1_base64="LuP2Ks0UnBb+n9RTGSs+pyevhPE=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBg4SZIOpFCHrxGMEskBlCT6eSNOlZ6K4R4hD8FS8eFPHqf3jzb+wsB018UPB4r4qqekEihUbH+bZyS8srq2v59cLG5tb2jr27V9dxqjjUeCxj1QyYBikiqKFACc1EAQsDCY1gcDP2Gw+gtIijexwm4IesF4mu4AyN1LYPPOwDMnpFvTiEHqPeKdK2XXRKzgR0kbgzUiQzVNv2l9eJeRpChFwyrVuuk6CfMYWCSxgVvFRDwviA9aBlaMRC0H42uX5Ej43Sod1YmYqQTtTfExkLtR6GgekMGfb1vDcW//NaKXYv/UxESYoQ8emibiopxnQcBe0IBRzl0BDGlTC3Ut5ninE0gRVMCO78y4ukXi6556Xy3Vmxcj2LI08OyRE5IS65IBVyS6qkRjh5JM/klbxZT9aL9W59TFtz1mxmn/yB9fkDnruUCg==</latexit>

✓ = ! t no movimento circular uniforme

<latexit sha1_base64="ijnfSVdUN8nQwnO0O9zptI05DtA="></latexit>

|� ~A| ⇡ 2A
�✓

2
= A�✓

no limite 
<latexit sha1_base64="O6scBo/0HLMin7PXPO5e33RYCrE=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BPXiMYB6QXcPsZDYZMvtgplcJS/7DiwdFvPov3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqxpsslrHq+FRzKSLeRIGSdxLFaehL3vZH11O//ciVFnF0j+OEeyEdRCIQjKKRHtwbLpESJC7GxO6VK3bVnoEsEycnFcjR6JW/3H7M0pBHyCTVuuvYCXoZVSiY5JOSm2qeUDaiA941NKIh1142u3pCTozSJ0GsTEVIZurviYyGWo9D33SGFId60ZuK/3ndFINLLxNRkiKP2HxRkEpiXpxGQPpCcYZybAhlSphbCRtSRRmaoEomBGfx5WXSqlWd82rt7qxSv8rjKMIRHMMpOHABdbiFBjSBgYJneIU368l6sd6tj3lrwcpnDuEPrM8fEoeRlg==</latexit>

�t ! 0

<latexit sha1_base64="AhSgVuhT1zVt5t0ItqmdIjmZpH0="></latexit>

lim
�t!0

�����
� ~A

�t

����� = lim
�t!0

A
�✓

�t

<latexit sha1_base64="h5jvtHuoc9hK3D6a+BGoqiCa8nk=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFclKaJuhKoblxXsBZpQJpNJO3RyYeZEKCFufBU3LhRx61u4822ctllo6w8DH/85hzPn9xLBFVjWt1FaWl5ZXSuvVzY2t7Z3zN29topTSVmLxiKWXY8oJnjEWsBBsG4iGQk9wTre6GZS7zwwqXgc3cM4YW5IBhEPOCWgrb55cImvsBNIQjMfOzBkQHJNkPfNqlWzpsKLYBdQRYWaffPL8WOahiwCKohSPdtKwM2IBE4FyytOqlhC6IgMWE9jREKm3Gx6QY6PtePjIJb6RYCn7u+JjIRKjUNPd4YEhmq+NjH/q/VSCC7cjEdJCiyis0VBKjDEeBIH9rlkFMRYA6GS679iOiQ6DtChVXQI9vzJi9Cu1+yzWv3utNq4LuIoo0N0hE6Qjc5RA92iJmohih7RM3pFb8aT8WK8Gx+z1pJRzOyjPzI+fwBY/JY2</latexit>

= A
d✓

dt

<latexit sha1_base64="hmZ9q6vqdCHr0h+cpts1vWDZJ78=">AAACKHicbVDLSsNAFJ34tr6qLt0MFqFuSiKibkTRjcsK1haaUiaTm3Zw8mDmplBiPseNv+JGRJFu/RKnNYJWDwwczjmXO/d4iRQabXtkzczOzS8sLi2XVlbX1jfKm1u3Ok4VhwaPZaxaHtMgRQQNFCihlShgoSeh6d1djv3mAJQWcXSDwwQ6IetFIhCcoZG65TNXQoD0nrqBYjzz3QHwTOV55mPuKtHrj71Tqr79qhuH0GMU9ycR2i1X7Jo9Af1LnIJUSIF6t/zi+jFPQ4iQS6Z127ET7GRMoeAS8pKbakgYv2M9aBsasRB0J5scmtM9o/g0iJV5EdKJ+nMiY6HWw9AzyZBhX097Y/E/r51icNLJRJSkCBH/WhSkkmJMx61RXyjgKIeGMK6E+SvlfWYaQdNtyZTgTJ/8l9we1Jyj2sH1YeX8oqhjieyQXVIlDjkm5+SK1EmDcPJAnsgrebMerWfr3Rp9RWesYmab/IL18Qlm2KbG</latexit>����
d~r

dt

���� = r
d(!t)

dt
<latexit sha1_base64="sG3G8zvRxstrn0YlFWEW3Xt0Nqw=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBA8SNgNol6EoBePEcwDskuYnfQmQ+axzMwKIeQ3vHhQxKs/482/cZLsQRMLGoqqbrq74pQzY33/21tZXVvf2CxsFbd3dvf2SweHTaMyTaFBFVe6HRMDnEloWGY5tFMNRMQcWvHwbuq3nkAbpuSjHaUQCdKXLGGUWCeFN1jj8DxUAvqkWyr7FX8GvEyCnJRRjnq39BX2FM0ESEs5MaYT+KmNxkRbRjlMimFmICV0SPrQcVQSASYaz26e4FOn9HCitCtp8Uz9PTEmwpiRiF2nIHZgFr2p+J/XyWxyHY2ZTDMLks4XJRnHVuFpALjHNFDLR44Qqpm7FdMB0YRaF1PRhRAsvrxMmtVKcFmpPlyUa7d5HAV0jE7QGQrQFaqhe1RHDURRip7RK3rzMu/Fe/c+5q0rXj5zhP7A+/wBtSOQ1Q==</latexit>= r ! <latexit sha1_base64="z+z/CA5ZE02saQBGSIT74PXuvfs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUS9C0IvHiOYByRJmJ73JkNnZZWY2EEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8aug4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDfzmyNUmsfyyYwT9CPalzzkjBorPd6QUbdYcsvuHGSVeBkpQYZat/jV6cUsjVAaJqjWbc9NjD+hynAmcFropBoTyoa0j21LJY1Q+5P5qVNyZpUeCWNlSxoyV39PTGik9TgKbGdEzUAvezPxP6+dmvDan3CZpAYlWywKU0FMTGZ/kx5XyIwYW0KZ4vZWwgZUUWZsOgUbgrf88ippVMreZbnycFGq3mZx5OEETuEcPLiCKtxDDerAoA/P8ApvjnBenHfnY9Gac7KZY/gD5/MHvOKNcg==</latexit>= v

é a velocidade angular de 
<latexit sha1_base64="JGFifOvgMh0yTID5KrgZfq92+2k=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGC/YA2lM120i7dbMLuplBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0P/NbY1Sax/LJTBL0IzqQPOSMGiu1umNk2e20Vyq7FXcOskq8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFrupxoSyER1gx1JJI9R+Nj93Ss6t0idhrGxJQ+bq74mMRlpPosB2RtQM9bI3E//zOqkJb/yMyyQ1KNliUZgKYmIy+530uUJmxMQSyhS3txI2pIoyYxMq2hC85ZdXSbNa8a4q1cfLcu0uj6MAp3AGF+DBNdTgAerQAAYjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gBgmo+a</latexit>

~A

<latexit sha1_base64="bsWdAEeV3DlWXVjR/sSXTjFTeV4=">AAACDnicbVDJSgNBEO2JW4xb1KOXxhDwFGaCqBfB5eIxglkgE0JPT03SpGehu0YIY77Ai7/ixYMiXj1782/sLAdNfFDweK+KqnpeIoVG2/62ckvLK6tr+fXCxubW9k5xd6+h41RxqPNYxqrlMQ1SRFBHgRJaiQIWehKa3uB67DfvQWkRR3c4TKATsl4kAsEZGqlbLJ9TV0KA9IG6gWI886l7D5xejjIfR64Svb7xusWSXbEnoIvEmZESmaHWLX65fszTECLkkmndduwEOxlTKLiEUcFNNSSMD1gP2oZGLATdySbvjGjZKD4NYmUqQjpRf09kLNR6GHqmM2TY1/PeWPzPa6cYnHUyESUpQsSni4JUUozpOBvqCwUc5dAQxpUwt1LeZyYVNAkWTAjO/MuLpFGtOCeV6u1x6eJqFkeeHJBDckQcckouyA2pkTrh5JE8k1fyZj1ZL9a79TFtzVmzmX3yB9bnDzA5m5k=</latexit>

=

�����
d ~A

dt

�����

como esperado !



Recapitulando …

~A(t)

� ~A

� ~A = � ~A? +� ~Ak

�
~A?

causa mudança 

de direção

�
~Ak

causa mudança 

de magnitude
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~A(t+�t)

 rotação & mudança 

de magnitude

para         suficientemente pequeno 
<latexit sha1_base64="JatiVGbUxgqL5rAJwf3ONL0JAWs=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BPXiMYB6QXcLspDcZMvtwpjcQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXn0ih0ba/rcLa+sbmVnG7tLO7t39QPjxq6ThVHJo8lrHq+EyDFBE0UaCETqKAhb6Etj+6nfntMSgt4ugRJwl4IRtEIhCcoZE89w4kMuriEJD1yhW7as9BV4mTkwrJ0eiVv9x+zNMQIuSSad117AS9jCkUXMK05KYaEsZHbABdQyMWgvay+dFTemaUPg1iZSpCOld/T2Qs1HoS+qYzZDjUy95M/M/rphhce5mIkhQh4otFQSopxnSWAO0LBRzlxBDGlTC3Uj5kinE0OZVMCM7yy6ukVas6l9Xaw0WlfpPHUSQn5JScE4dckTq5Jw3SJJw8kWfySt6ssfVivVsfi9aClc8ckz+wPn8AYdGR2w==</latexit>

�✓

<latexit sha1_base64="8uM01E0r8iF5dAVW0Wsh2ECE5j4=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4kDJTfG2EVl24rGAf0Cklk962oZkHyR2hDP0SN/6KGxeKCK70b0wfiLYeCJyccy7JPV4khUbb/rJSC4tLyyvp1cza+sbmVnZ7p6rDWHGo8FCGqu4xDVIEUEGBEuqRAuZ7Empe/2rk1+5BaREGdziIoOmzbiA6gjM0Uit74hoXqXsNEhk1F56Uhi03AhXRiXVBS9Q9+klgD5C1sjk7b49B54kzJTkyRbmV/XDbIY99CJBLpnXDsSNsJkyh4BKGGTfWEDHeZ11oGBowH3QzGa83pAdGadNOqMwJkI7V3xMJ87Ue+J5J+gx7etYbif95jRg7581EBFGMEPDJQ51YUgzpqCvaFgo4yoEhjCth/kp5jynG0TSaMSU4syvPk2oh75zmC7fHueLltI402SP75JA45IwUyQ0pkwrh5IE8kRfyaj1az9ab9T6JpqzpzC75A+vzGzWPoUc=</latexit>

|� ~A?| = A�✓
<latexit sha1_base64="Ocbrxtl1eJvbt5TKmfFi89H/QpU=">AAACGXicbVDLSgMxFM3UV62vUZdugkVwVWaKqBuhVRcuK9gHdErJpLdtaOZBckcoQ3/Djb/ixoUiLnXl35g+BG09EDg551ySe/xYCo2O82VllpZXVtey67mNza3tHXt3r6ajRHGo8khGquEzDVKEUEWBEhqxAhb4Eur+4Grs1+9BaRGFdziMoRWwXii6gjM0Utt2POMi9a5BIqPmwtPyqO3FTDEpQdKpffETKNO2nXcKzgR0kbgzkiczVNr2h9eJeBJAiFwyrZuuE2MrZQoFlzDKeYmGmPEB60HT0JAFoFvpZLMRPTJKh3YjZU6IdKL+nkhZoPUw8E0yYNjX895Y/M9rJtg9b6UijBOEkE8f6iaSYkTHNdGOUMBRDg1hXAnzV8r7phSOpsycKcGdX3mR1IoF97RQvD3Jly5ndWTJATkkx8QlZ6REbkiFVAknD+SJvJBX69F6tt6s92k0Y81m9skfWJ/f48ufkQ==</latexit>

|� ~Ak| = �A

dividindo por         e tomando o limite de 
<latexit sha1_base64="pgpCV8JT9HJNl/qO+OTJoiUBb/g=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VjUg8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildveWS6QEe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn83unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUtCF4iy8vk2a14l1Uqvfn5dp1HkcBjuEEzsCDS6jBHdShAQwkPMMrvDmPzovz7nzMW1ecfOYI/sD5/AGRv4+r</latexit>

�t
<latexit sha1_base64="O6scBo/0HLMin7PXPO5e33RYCrE=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BPXiMYB6QXcPsZDYZMvtgplcJS/7DiwdFvPov3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqxpsslrHq+FRzKSLeRIGSdxLFaehL3vZH11O//ciVFnF0j+OEeyEdRCIQjKKRHtwbLpESJC7GxO6VK3bVnoEsEycnFcjR6JW/3H7M0pBHyCTVuuvYCXoZVSiY5JOSm2qeUDaiA941NKIh1142u3pCTozSJ0GsTEVIZurviYyGWo9D33SGFId60ZuK/3ndFINLLxNRkiKP2HxRkEpiXpxGQPpCcYZybAhlSphbCRtSRRmaoEomBGfx5WXSqlWd82rt7qxSv8rjKMIRHMMpOHABdbiFBjSBgYJneIU368l6sd6tj3lrwcpnDuEPrM8fEoeRlg==</latexit>

�t ! 0
<latexit sha1_base64="yRyGZpaA/J4QQ4sXDwPw1nu4AO8="></latexit>�����
d ~A?
dt

����� = A
d✓

dt

<latexit sha1_base64="uGk6jEbGfJBX6jV3jRcYkeZXuLM="></latexit>�����
d ~Ak

dt

����� =
dA

dt



Recapitulando …

~A(t)

� ~A

� ~A = � ~A? +� ~Ak

�
~A?

causa mudança 

de direção

�
~Ak

causa mudança 

de magnitude

Renata Zukanovich Funchal                                                                                                          Aula 5

<latexit sha1_base64="yRyGZpaA/J4QQ4sXDwPw1nu4AO8="></latexit>�����
d ~A?
dt

����� = A
d✓

dt

<latexit sha1_base64="uGk6jEbGfJBX6jV3jRcYkeZXuLM="></latexit>�����
d ~Ak

dt

����� =
dA

dt

<latexit sha1_base64="R+wUvM0sqLtcGMD+n5Dv7KvqTGU=">AAACCXicdVDLSgNBEJz1bXxFPXoZDIKnMBNE40HwcfEYwZhANoTZ2d5kyOyDmVkhLHv14q948aCIV//Am3/jbBJBRQsaiqpuuru8RAptCPlwZmbn5hcWl5ZLK6tr6xvlza0bHaeKQ5PHMlZtj2mQIoKmEUZCO1HAQk9CyxteFH7rFpQWcXRtRgl0Q9aPRCA4M1bqlbEbKMYzH7u3wLOzvOcmoJI8802O8QkmuFeukCohhFKKC0KPDoklx8f1Gq1jWlgWFTRFo1d+d/2YpyFEhkumdYeSxHQzpozgEvKSm2pIGB+yPnQsjVgIupuNP8nxnlV8HMTKVmTwWP0+kbFQ61Ho2c6QmYH+7RXiX14nNUG9m4koSQ1EfLIoSCU2MS5iwb5QwI0cWcK4EvZWzAfMRmNseCUbwten+H9yU6vSw2rt6qByej6NYwntoF20jyg6QqfoEjVQE3F0hx7QE3p27p1H58V5nbTOONOZbfQDztsnlP2Zng==</latexit>

d ~A?
dt

= 0

<latexit sha1_base64="1xUfioaQV65UI9IivRI4K4ESCHk=">AAACA3icdVBNSwMxEM36WevXqje9BIvgqSRFaj0IRS8eFawK3aVks9k2NPtBMiuUpeDFv+LFgyJe/RPe/DdmtYKKPhh4vDfDzLwgU9IAIW/O1PTM7Nx8ZaG6uLS8suqurV+YNNdcdHiqUn0VMCOUTEQHJChxlWnB4kCJy2B4XPqX10IbmSbnMMqEH7N+IiPJGVip525iL9KMFyH2YCCAjYsQxhgfYoJ7bo3UCSGUUlwSut8klhwctBq0hWlpWdTQBKc999ULU57HIgGumDFdSjLwC6ZBciXGVS83ImN8yPqia2nCYmH84uOHMd6xSoijVNtKAH+o3ycKFhszigPbGTMYmN9eKf7ldXOIWn4hkywHkfDPRVGuMKS4DASHUgsOamQJ41raWzEfMJsJ2NiqNoSvT/H/5KJRp81642yv1j6axFFBW2gb7SKK9lEbnaBT1EEc3aA79IAenVvn3nlynj9bp5zJzAb6AeflHVQ3lq8=</latexit>

d✓

dt
= 0

<latexit sha1_base64="i8tW1LYfggKOEHFEBnNrGlML5sw=">AAACCXicdVDLSgNBEJyNrxhfUY9eBoPgKcwEyeMgRL14VDBRyIYwO9urg7MPZmYDYdmrF3/FiwdFvPoH3vwbZzWCihY0FFXddHd5iRTaEPLmlGZm5+YXyouVpeWV1bXq+kZfx6ni0OOxjNWFxzRIEUHPCCPhIlHAQk/CuXd9VPjnY1BaxNGZmSQwDNllJALBmbHSqIqxGyjGM98dA88O8pGbMMWkBJlnvsn3yahaI3VCCKUUF4S2msSSTqfdoG1MC8uihqY4GVVfXT/maQiR4ZJpPaAkMcOMKSO4hLziphoSxq/ZJQwsjVgIeph9fJLjHav4OIiVrcjgD/X7RMZCrSehZztDZq70b68Q//IGqQnaw0xESWog4p+LglRiE+MiFuwLBdzIiSWMK2FvxfzKJsGNDa9iQ/j6FP9P+o06bdYbp3u17uE0jjLaQttoF1HUQl10jE5QD3F0g+7QA3p0bp1758l5/mwtOdOZTfQDzss7OoWatA==</latexit>

d ~Ak

dt
= 0

<latexit sha1_base64="aJqo8YxATVScQPVWwXF7dKlFvX4=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgKewEyeMW9eIxgnlAsoTZSScZMju7zswGwpKf8OJBEa/+jjf/xtkkgooWNBRV3XR3+ZHg2rjuh5NZW9/Y3Mpu53Z29/YP8odHLR3GikGThSJUHZ9qEFxC03AjoBMpoIEvoO1PrlO/PQWleSjvzCwCL6AjyYecUWOlDu5NgSWX836+4BZd1yWE4JSQStm1pFarlkgVk9SyKKAVGv38e28QsjgAaZigWneJGxkvocpwJmCe68UaIsomdARdSyUNQHvJ4t45PrPKAA9DZUsavFC/TyQ00HoW+LYzoGasf3up+JfXjc2w6iVcRrEByZaLhrHAJsTp83jAFTAjZpZQpri9FbMxVZQZG1HOhvD1Kf6ftEpFUi6Wbi8K9atVHFl0gk7ROSKoguroBjVQEzEk0AN6Qs/OvfPovDivy9aMs5o5Rj/gvH0CA++P+g==</latexit>

~Ase não rodar  i.e.

~A(t+�t)

 rotação & mudança 

de magnitude

<latexit sha1_base64="aJqo8YxATVScQPVWwXF7dKlFvX4=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgKewEyeMW9eIxgnlAsoTZSScZMju7zswGwpKf8OJBEa/+jjf/xtkkgooWNBRV3XR3+ZHg2rjuh5NZW9/Y3Mpu53Z29/YP8odHLR3GikGThSJUHZ9qEFxC03AjoBMpoIEvoO1PrlO/PQWleSjvzCwCL6AjyYecUWOlDu5NgSWX836+4BZd1yWE4JSQStm1pFarlkgVk9SyKKAVGv38e28QsjgAaZigWneJGxkvocpwJmCe68UaIsomdARdSyUNQHvJ4t45PrPKAA9DZUsavFC/TyQ00HoW+LYzoGasf3up+JfXjc2w6iVcRrEByZaLhrHAJsTp83jAFTAjZpZQpri9FbMxVZQZG1HOhvD1Kf6ftEpFUi6Wbi8K9atVHFl0gk7ROSKoguroBjVQEzEk0AN6Qs/OvfPovDivy9aMs5o5Rj/gvH0CA++P+g==</latexit>

~Ase           não mudar de magnitude
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<latexit sha1_base64="07u/Ao+Ty+ttd5M0pcuP0WYQf3I=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUmKqBuh6sZlBfuAppTJ5KYdOnkwMymUkKUbf8WNC0Xc+gnu/BunbRbaeuDC4Zx7ufceN+ZMKsv6NpaWV1bX1gsbxc2t7Z1dc2+/KaNEUGjQiEei7RIJnIXQUExxaMcCSOByaLnD24nfGoGQLAof1DiGbkD6IfMZJUpLPfPI8QWhqZelnsrKDuHxgGBnBDS9zk7xFe6ZJatiTYEXiZ2TEspR75lfjhfRJIBQUU6k7NhWrLopEYpRDlnRSSTEhA5JHzqahiQA2U2nj2T4RCse9iOhK1R4qv6eSEkg5ThwdWdA1EDOexPxP6+TKP+ym7IwThSEdLbITzhWEZ6kgj0mgCo+1oRQwfStmA6ITkbp7Io6BHv+5UXSrFbs80r1/qxUu8njKKBDdIzKyEYXqIbuUB01EEWP6Bm9ojfjyXgx3o2PWeuSkc8coD8wPn8A03CZLw==</latexit>

d

dt
(↵ ~A) =

<latexit sha1_base64="uo4rm90+3xdYcgLlGMd3MxU6qQY=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0UQlJIUURcuqm5cVrAPaEqZTCbt0MkkzEwKJeRn3PgrblxYRHDlrzhNstDWAwOHc87lzj1uxKhUlvVllFZW19Y3ypuVre2d3T1z/6Atw1hg0sIhC0XXRZIwyklLUcVINxIEBS4jHXd8P/c7EyIkDfmTmkakH6Ahpz7FSGlpYN44vkA48RzEohFKE0+l0DmHzoTg5DY9y+VMKXK5kQcHZtWqWRngMrELUgUFmgNz5nghjgPCFWZIyp5tRaqfIKEoZiStOLEkEcJjNCQ9TTkKiOwn2ZUpPNGKB/1Q6McVzNTfEwkKpJwGrk4GSI3kojcX//N6sfKv+wnlUawIx/kiP2ZQhXBeGfSoIFixqSYIC6r/CvEI6TqULraiS7AXT14m7XrNvqzVHy+qjbuijjI4AsfgFNjgCjTAA2iCFsDgGbyCdzAzXow348P4zKMlo5g5BH9gfP8ACXmllw==</latexit>

d↵

dt
~A+ ↵

d ~A

dt

<latexit sha1_base64="xEAxX+oVqe2PFmYQDgyKenSCx0w=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GITdgNojZCjI1lBPOAbAizs7PJkNkHM3cDYdkfsPFXbCwUsbW382+cPApNPHDhzDn3MvceNxZcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqiiRlDVoJCLZdoligoesARwEa8eSkcAVrOUObyd+a8Sk4lH4AOOYdQPSD7nPKQEt9cwTx5eEpl6WepCVnBGj6U3mUC8CPH3UsjN83TOLVtmaAi8Te06KaI56z/xyvIgmAQuBCqJUx7Zi6KZEAqeCZQUnUSwmdEj6rKNpSAKmuun0mgyfasXDfiR1hYCn6u+JlARKjQNXdwYEBmrRm4j/eZ0E/KtuysM4ARbS2Ud+IjBEeBIN9rhkFMRYE0Il17tiOiA6HtABFnQI9uLJy6RZKdsX5cr9ebFam8eRR0foGJWQjS5RFd2hOmogih7RM3pFb8aT8WK8Gx+z1pwxnzlEf2B8/gBfqZu5</latexit>

d

dt
( ~A · ~B) =

<latexit sha1_base64="xUrqV+KSjk9Ph4WbRrgaDEYriA4=">AAACK3icbVDLSsNAFJ3UV62vqks3g0UQhJIUUZe1blxWsA9oSplMJu3QyYOZm0IJ+R83/ooLXfjArf/hNM2ith4YOJxzLnfucSLBFZjmp1FYW9/Y3Cpul3Z29/YPyodHbRXGkrIWDUUouw5RTPCAtYCDYN1IMuI7gnWc8d3M70yYVDwMHmEasb5PhgH3OCWgpUG5YXuS0MS1J4wmt2mauJDa1A0BZ0ojxRe5hTN5Md6Yxwflilk1M+BVYuWkgnI0B+VX2w1p7LMAqCBK9Swzgn5CJHAqWFqyY8UiQsdkyHqaBsRnqp9kt6b4TCsu9kKpXwA4UxcnEuIrNfUdnfQJjNSyNxP/83oxeDf9hAdRDCyg80VeLDCEeFYcdrlkFMRUE0Il13/FdER0G6DrLekSrOWTV0m7VrWuqrWHy0q9kddRRCfoFJ0jC12jOrpHTdRCFD2hF/SOPoxn4834Mr7n0YKRzxyjPzB+fgEbvalz</latexit>

d ~A

dt
· ~B + ~A · d

~B

dt
<latexit sha1_base64="SP/LaNIigv+fSb1C6rgEkdqti44="></latexit>

=) d

dt
( ~A · ~A) =

dA2

dt

<latexit sha1_base64="Tz8kxHBxdkGfOnDorkxdM4b6+CU=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclaSIuhGqblxWsA9oQplMJu3QyYOZm0IJ+QI3/oobF4q4de3Ov3HaZqGtBy4czrmXe+/xEsEVWNa3sbK6tr6xWdoqb+/s7u2bB4dtFaeSshaNRSy7HlFM8Ii1gINg3UQyEnqCdbzR7dTvjJlUPI4eYJIwNySDiAecEtBS36xe4Tp2xoxm1zl2qB8DdgJJaOYXYp75kPfNilWzZsDLxC5IBRVo9s0vx49pGrIIqCBK9WwrATcjEjgVLC87qWIJoSMyYD1NIxIy5Wazd3Jc1YqPg1jqigDP1N8TGQmVmoSe7gwJDNWiNxX/83opBJduxqMkBRbR+aIgFRhiPM0G+1wyCmKiCaGS61sxHRKdBugEyzoEe/HlZdKu1+zzWv3+rNK4KeIooWN0gk6RjS5QA92hJmohih7RM3pFb8aT8WK8Gx/z1hWjmDlCf2B8/gCZ95vj</latexit>

= 2 ~A · d
~A

dt

<latexit sha1_base64="xoOUgY5L9tShw9OlWVcOKFbgMkI=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1U5Ii6kaodeOygn1AE8pkMmmHTh7M3BRK6Ae48VfcuFDErR/gzr9xmmahrQcGzj3nXu7c48aCKzDNb2NldW19Y7OwVdze2d3bLx0ctlWUSMpaNBKR7LpEMcFD1gIOgnVjyUjgCtZxR7czvzNmUvEofIBJzJyADELuc0pAS/1S2fYloak3TT2YVuwxo/gG28ADpnBWNc6udZdZNTPgZWLlpIxyNPulL9uLaBKwEKggSvUsMwYnJRI4FWxatBPFYkJHZMB6moZEb3PS7JgpPtWKh/1I6hcCztTfEykJlJoEru4MCAzVojcT//N6CfhXTsrDOAEW0vkiPxEYIjxLBntcMgpiogmhkuu/YjokOh3Q+RV1CNbiycukXataF9Xa/Xm53sjjKKBjdIIqyEKXqI7uUBO1EEWP6Bm9ojfjyXgx3o2PeeuKkc8coT8wPn8ASHqadw==</latexit>

d

dt
( ~A⇥ ~B) =

<latexit sha1_base64="Byu766lQ/ZGJSoyAG92aUe0mEdw=">AAACL3icbVDLSgMxFM3UV62vqks3wSIIQpkpoi5rBXFZwT6gU0omk2lDMw+SO4UyzB+58Ve6EVHErX9h2o5QWw8EDufcw809TiS4AtN8M3Jr6xubW/ntws7u3v5B8fCoqcJYUtagoQhl2yGKCR6wBnAQrB1JRnxHsJYzvJv6rRGTiofBE4wj1vVJP+AepwS01Cve254kNHHtEaPJbZomLqQ2cJ8pPJNqKb7AmYl/jYVIbR7pFUtm2ZwBrxIrIyWUod4rTmw3pLHPAqCCKNWxzAi6CZHAqWBpwY4Viwgdkj7raBoQvbibzO5N8ZlWXOyFUr8A8ExdTCTEV2rsO3rSJzBQy95U/M/rxODddBMeRDGwgM4XebHAEOJpedjlklEQY00IlVz/FdMB0W2ArrigS7CWT14lzUrZuipXHi9L1VpWRx6doFN0jix0jaroAdVRA1H0jCboHX0YL8ar8Wl8zUdzRpY5Rn9gfP8A3/aqyw==</latexit>

d ~A

dt
⇥ ~B + ~A⇥ d ~B

dt
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<latexit sha1_base64="x1uwqz5e6K4GS0/X0epr58lkw8s=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwRo5ZEG0tMBIlwIXvLABv29i67eyTkwr+wsdAYW/+Nnf/GBa5Q8CWTvLw3k5l5QSy4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU0eJYthgkYhUK6AaBZfYMNwIbMUKaRgIfAxGtzP/cYxK80g+mEmMfkgHkvc5o8ZKT50xslRNy+55t1hyK+4cZJV4GSlBhnq3+NXpRSwJURomqNZtz4 2Nn1JlOBM4LXQSjTFlIzrAtqWShqj9dH7xlJxZpUf6kbIlDZmrvydSGmo9CQPbGVIz1MveTPzPayemf+2nXMaJQckWi/qJICYis/dJjytkRkwsoUxxeythQ6ooMzakgg3BW355lTSrFe+yUr2/KNVusjjycAKnUAYPrqAGd1CHBjCQ8Ayv8OZo58V5dz4WrTknmzmGP3A+fwDnBJBq</latexit>

~r(0)

✓

<latexit sha1_base64="3K5LwQN5mZJyNqlQe2BaIWnZoYQ=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmIzHBhtwRo5ZEG0tMBIlwIXvLABv29i67cyTkwr+wsdAYW/+Nnf/GBa5Q8CWTvLw3k5l5QSyFQdf9dnJr6xubW/ntws7u3v5B8fCoaaJEc2jwSEa6FTADUihooEAJrVgDCwMJj8HoduY/jkEbEakHnMTgh2ygRF9whlZ66oyBp3paxvNuseRW3DnoKvEyUiIZ6t3iV6cX8SQEhVwyY9qeG6OfMo2CS5gWOomBmPERG0DbUsVCMH46v3hKz6zSo/1I21JI5+rviZSFxkzCwHaGDIdm2ZuJ/3ntBPvXfipUnCAovljUTyTFiM7epz2hgaOcWMK4FvZWyodMM442pIINwVt+eZU0qxXvslK9vyjVbrI48uSEnJIy8cgVqZE7UicNwokiz+SVvDnGeXHenY9Fa87JZo7JHzifP05nkK4=</latexit>

~r(t)

r̂

✓̂
versores 


das coordenadas polares

<latexit sha1_base64="PRsidFc83kHr4nH0ln3synIuFgw=">AAACFHicbZDLSgMxFIYzXmu9VV26CRahUigzg6ibQtGNywr2Ap22ZNK0Dc1cSM4Uh6EP4cZXceNCEbcu3Pk2pu0stPWHwJf/nENyfjcUXIFpfhsrq2vrG5uZrez2zu7efu7gsK6CSFJWo4EIZNMlignusxpwEKwZSkY8V7CGO7qZ1htjJhUP/HuIQ9b2yMDnfU4JaKubKzpjRhM5cWgvAJxeylh2bFzGDx27AGe4iOMZdHN5s2TOhJfBSiGPUlW7uS+nF9DIYz5QQZRqWWYI7YRI4FSwSdaJFAsJHZEBa2n0icdUO5ktNcGn2unhfiD18QHP3N8TCfGUij1Xd3oEhmqxNjX/q7Ui6F+1E+6HETCfzh/qRwJDgKcJ4R6XjIKINRAquf4rpkMiCQWdY1aHYC2uvAx1u2RdlOy783zlOo0jg47RCSogC12iCrpFVVRDFD2iZ/SK3own48V4Nz7mrStGOnOE/sj4/AFdzJxw</latexit>

~r · ~r = r2 = x2(t) + y2(t)
<latexit sha1_base64="MfLIvsJZU8GkpbNfwXOnxMLBXrk=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJWkiHoRil48VrAf0JSy2W7apZtN2J2IJQQv/hUvHhTx6q/w5r9x2+agrQ8GHu/NMDPPjwXX4DjfVmFpeWV1rbhe2tjc2t6xd/eaOkoUZQ0aiUi1faKZ4JI1gINg7VgxEvqCtfzR9cRv3TOleSTvYByzbkgGkgecEjBSzz7wgEjswZABwZfYCxSh6ThLH7KeXXYqzhR4kbg5KaMc9Z795fUjmoRMAhVE647rxNBNiQJOBctKXqJZTOiIDFjHUElCprvp9IUMHxulj4NImZKAp+rviZSEWo9D33SGBIZ63puI/3mdBIKLbsplnACTdLYoSASGCE/ywH2uGAUxNoRQxc2tmA6JSQFMaiUTgjv/8iJpVivuWaV6e1quXeVxFNEhOkInyEXnqIZuUB01EEWP6Bm9ojfryXqx3q2PWWvBymf20R9Ynz8AyJcz</latexit>

tan ✓ =
y

x
<latexit sha1_base64="F+R2+gdzC2Ph37DWOmDOvRNaS4E=">AAACIHicdZDLSgMxFIYz9VbrbdSlm2ARXJVJkV4WhaIblxXsBTqlZNK0Dc1cSM4IpfRR3Pgqblwoojt9GjPtCFX0QODL/59Dcn4vkkKD43xYmbX1jc2t7HZuZ3dv/8A+PGrpMFaMN1koQ9XxqOZSBLwJAiTvRIpT35O87U2uEr99x5UWYXAL04j3fDoKxFAwCkbq22V3TAEr7LJBCDi91JbgwpgDXbVSpYZJ3847BcdxCCE4AVIuOQaq1UqRVDBJLFN5lFajb7+7g5DFPg+ASap1lzgR9GZUgWCSz3NurHlE2YSOeNdgQH2ue7PFgnN8ZpQBHobKnADwQl2dmFFf66nvmU6fwlj/9hLxL68bw7DSm4kgioEHbPnQMJYYQpykhQdCcQZyaoAyJcxfMRtTRRmYTHMmhO9N8f/QKhZIqVC8ucjXL9M4sugEnaJzRFAZ1dE1aqAmYugePaJn9GI9WE/Wq/W2bM1Y6cwx+lHW5xeoZ6Fx</latexit>

r̂ · r̂ = ✓̂ · ✓̂ = 1
<latexit sha1_base64="T1nClgWQ9kl75KiYdd4NakV4NuY=">AAACBXicdVDLSgMxFM34rPU16lIXwSK4KkmRPhZC0Y3LCvYBnVIyadqGZh4kd4RSunHjr7hxoYhb/8Gdf2OmraCiBy6cnHMvuff4sZIGCPlwlpZXVtfWMxvZza3tnV13b79hokRzUeeRinTLZ0YoGYo6SFCiFWvBAl+Jpj+6TP3mrdBGRuENjGPRCdgglH3JGVip6x55QwZYY4/3IsCzhwdDAQyfY9J1cyRPCKGU4pTQUpFYUqmUC7SMaWpZ5NACta777vUingQiBK6YMW1KYuhMmAbJlZhmvcSImPERG4i2pSELhOlMZldM8YlVergfaVsh4Jn6fWLCAmPGgW87AwZD89tLxb+8dgL9cmciwzgBEfL5R/1EYYhwGgnuSS04qLEljGtpd8V8yDTjYIPL2hC+LsX/k0YhT4v5wvVZrnqxiCODDtExOkUUlVAVXaEaqiOO7tADekLPzr3z6Lw4r/PWJWcxc4B+wHn7BHdRl0k=</latexit>

r̂ · ✓̂ = 0

qualquer que seja t

Note que a direção desses versões varia com t !

Podemos expressá-los em termos dos versões cartesianos (constantes no tempo)

<latexit sha1_base64="aVUluU8Tm5+6eOtIi2NlkoqJtFc="></latexit>

r̂ = cos ✓ ı̂+ sin ✓ |̂
<latexit sha1_base64="BQWaneRKj3OlcPGrMZJiLbQdtkY="></latexit>

✓̂ = � sin ✓ ı̂+ cos ✓ |̂

<latexit sha1_base64="Pu0B5qUaqW9LSFD0aPVMMf1hJhs=">AAAB/HicdVDLSgNBEJyNrxhfqzl6GQxCcgk7QfI4CEEvHiOYREhCmJ1MkiGzD2Z6hWWJv+LFgyJe/RBv/o2zSQQVLWgoqrrp7nJDKTQ4zoeVWVvf2NzKbud2dvf2D+zDo44OIsV4mwUyULcu1VwKn7dBgOS3oeLUcyXvurPL1O/ecaVF4N9AHPKBRye+GAtGwUhDO3/en1LAChf7MOVAi1AqDe2CU3YchxCCU0JqVceQRqNeIXVMUsuggFZoDe33/ihgkcd9YJJq3SNOCIOEKhBM8nmuH2keUjajE94z1Kce14NkcfwcnxplhMeBMuUDXqjfJxLqaR17run0KEz1by8V//J6EYzrg0T4YQTcZ8tF40hiCHCaBB4JxRnI2BDKlDC3YjalijIweeVMCF+f4v9Jp1Im1XLl+qzQvFjFkUXH6AQVEUE11ERXqIXaiKEYPaAn9GzdW4/Wi/W6bM1Yq5k8+gHr7RP6MJO2</latexit>

= r̂(✓(t))
<latexit sha1_base64="vqH1kLaB6HA98X0kLPh2D58YEpU=">AAACAXicdVDLSgMxFM3UV62vUTeCm2AR2k2ZFOljIRTduKxgH9ApJZOmbWjmQXJHKKVu/BU3LhRx61+482/MtBVU9MDlHs65l+QeL5JCg+N8WKmV1bX1jfRmZmt7Z3fP3j9o6jBWjDdYKEPV9qjmUgS8AQIkb0eKU9+TvOWNLxO/dcuVFmFwA5OId306DMRAMApG6tlH5+6IAnZhxIHi3KLnIJ/v2Vmn4DgOIQQnhJRLjiHVaqVIKpgklkEWLVHv2e9uP2SxzwNgkmrdIU4E3SlVIJjks4wbax5RNqZD3jE0oD7X3en8ghk+NUofD0JlKgA8V79vTKmv9cT3zKRPYaR/e4n4l9eJYVDpTkUQxcADtnhoEEsMIU7iwH2hOAM5MYQyJcxfMRtRRRmY0DImhK9L8f+kWSyQUqF4fZatXSzjSKNjdIJyiKAyqqErVEcNxNAdekBP6Nm6tx6tF+t1MZqyljuH6Aest0/kI5Xo</latexit>

= ✓̂(✓(t))

<latexit sha1_base64="CDbzTehPfKbHELK0VdEgXYoiWgw=">AAAB/XicdVDLSgNBEJz1GeNrfdy8DAbBg4SdIJochKAXjxGMCtklzE46yeDsg5leIYbgr3jxoIhX/8Obf+NsjKCiBQ1FVTfdXWGqpEHPe3empmdm5+YLC8XFpeWVVXdt/cIkmRbQFIlK9FXIDSgZQxMlKrhKNfAoVHAZXp/k/uUNaCOT+BwHKQQR78WyKwVHK7XdTR/7gJweUT+JoMepv0ex7Za8sud5jDGaE3Z44FlSq1UrrEpZblmUyASNtvvmdxKRRRCjUNyYFvNSDIZcoxQKRkU/M5Bycc170LI05hGYYDi+fkR3rNKh3UTbipGO1e8TQx4ZM4hC2xlx7JvfXi7+5bUy7FaDoYzTDCEWn4u6maKY0DwK2pEaBKqBJVxoaW+los81F2gDK9oQvj6l/5OLSpkdlCtn+6X68SSOAtki22SXMHJI6uSUNEiTCHJL7skjeXLunAfn2Xn5bJ1yJjMb5Aec1w/rXZRA</latexit>

✓ = ! t
se uniforme
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<latexit sha1_base64="x1uwqz5e6K4GS0/X0epr58lkw8s=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwRo5ZEG0tMBIlwIXvLABv29i67eyTkwr+wsdAYW/+Nnf/GBa5Q8CWTvLw3k5l5QSy4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU0eJYthgkYhUK6AaBZfYMNwIbMUKaRgIfAxGtzP/cYxK80g+mEmMfkgHkvc5o8ZKT50xslRNy+55t1hyK+4cZJV4GSlBhnq3+NXpRSwJURomqNZtz4 2Nn1JlOBM4LXQSjTFlIzrAtqWShqj9dH7xlJxZpUf6kbIlDZmrvydSGmo9CQPbGVIz1MveTPzPayemf+2nXMaJQckWi/qJICYis/dJjytkRkwsoUxxeythQ6ooMzakgg3BW355lTSrFe+yUr2/KNVusjjycAKnUAYPrqAGd1CHBjCQ8Ayv8OZo58V5dz4WrTknmzmGP3A+fwDnBJBq</latexit>

~r(0)

✓

<latexit sha1_base64="3K5LwQN5mZJyNqlQe2BaIWnZoYQ=">AAAB8XicbVA9TwJBEN3DL8Qv1NJmIzHBhtwRo5ZEG0tMBIlwIXvLABv29i67cyTkwr+wsdAYW/+Nnf/GBa5Q8CWTvLw3k5l5QSyFQdf9dnJr6xubW/ntws7u3v5B8fCoaaJEc2jwSEa6FTADUihooEAJrVgDCwMJj8HoduY/jkEbEakHnMTgh2ygRF9whlZ66oyBp3paxvNuseRW3DnoKvEyUiIZ6t3iV6cX8SQEhVwyY9qeG6OfMo2CS5gWOomBmPERG0DbUsVCMH46v3hKz6zSo/1I21JI5+rviZSFxkzCwHaGDIdm2ZuJ/3ntBPvXfipUnCAovljUTyTFiM7epz2hgaOcWMK4FvZWyodMM442pIINwVt+eZU0qxXvslK9vyjVbrI48uSEnJIy8cgVqZE7UicNwokiz+SVvDnGeXHenY9Fa87JZo7JHzifP05nkK4=</latexit>

~r(t)

r̂

✓̂
versores 


das coordenadas polares

<latexit sha1_base64="aVUluU8Tm5+6eOtIi2NlkoqJtFc="></latexit>

r̂ = cos ✓ ı̂+ sin ✓ |̂
<latexit sha1_base64="BQWaneRKj3OlcPGrMZJiLbQdtkY="></latexit>

✓̂ = � sin ✓ ı̂+ cos ✓ |̂

<latexit sha1_base64="OUDHDAWl4ovDNBRwT6/CXvW8GWo="></latexit>

~r(t) = x(t) ı̂+ y(t) |̂
<latexit sha1_base64="QnSSIlpO0MivuJrIlDDXZO1+H0I="></latexit>

= r cos ✓(t) ı̂+ r sin ✓(t) |̂

r  e       podem variar com o tempo (muda de módulo e de direção!)
<latexit sha1_base64="EteBG2rLuuNYLNvyZSUuULuuy2M=">AAAB7nicdVBNS8NAEN34WetX1aOXxSJ4Cklbtb0VvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bN20EFX0w8Hhvhpl5fiy4Bsf5sFZW19Y3Ngtbxe2d3b390sFhR0eJoqxNIxGpnk80E1yyNnAQrBcrRkJfsK4/vc787j1TmkfyDmYx80IyljzglICRuoMJAazwsFR27Ea9VnVr2LGdBTJSqZ5XGtjNlTLK0RqW3gejiCYhk0AF0brvOjF4KVHAqWDz4iDRLCZ0Ssasb6gkIdNeujh3jk+NMsJBpExJwAv1+0RKQq1noW86QwIT/dvLxL+8fgJB3Uu5jBNgki4XBYnAEOHsdzziilEQM0MIVdzciumEKELBJFQ0IXx9iv8nnYrtXtiV21q5eZXHUUDH6ASdIRddoia6QS3URhRN0QN6Qs9WbD1aL9brsnXFymeO0A9Yb5/aaI9E</latexit>

r̂

<latexit sha1_base64="ZaFrnsvGoFQoDpvAk2W1fCDktnE=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4kJIU6WMhFN24rGBboTOUTJppQzOZMckUytDvcONCEbd+jDv/xkxbQUUPXDiccy/33uPHgmuD0IeTW1ldW9/Ibxa2tnd294r7Bx0dJYqyNo1EpO58opngkrUNN4LdxYqR0Bes64+vMr87YUrzSN6aacy8kAwlDzglxkreBVTQPYPuiBio+sUSKiOEMMYwI7hWRZY0GvUKrkOcWRYlsESrX3x3BxFNQiYNFUTrHkax8VKiDKeCzQpuollM6JgMWc9SSUKmvXR+9AyeWGUAg0jZkgbO1e8TKQm1noa+7QyJGenfXib+5fUSE9S9lMs4MUzSxaIgEdBEMEsADrhi1IipJYQqbm+FdEQUocbmVLAhfH0K/yedShlXy5Wb81LzchlHHhyBY3AKMKiBJrgGLdAGFNyDB/AEnp2J8+i8OK+L1pyznDkEP+C8fQIBiJD7</latexit>

= r r̂

em coordenadas polares

<latexit sha1_base64="IJoXLyV9ANkKYGi1J2BIWpAyiJE=">AAACBHicdVDLSgMxFM34rPU16rKbYBFakDIp0sdCKLpxWcE+oFNKJk3b0MyD5I5QShdu/BU3LhRx60e482/MtBVU9MCFk3PuJfceL5JCg+N8WCura+sbm6mt9PbO7t6+fXDY1GGsGG+wUIaq7VHNpQh4AwRI3o4Up74necsbXyZ+65YrLcLgBiYR7/p0GIiBYBSM1LMz51jlII/dU+yOKJiHCyMO1Gj5np11Co7jEEJwQki55BhSrVaKpIJJYhlk0RL1nv3u9kMW+zwAJqnWHeJE0J1SBYJJPku7seYRZWM65B1DA+pz3Z3Oj5jhE6P08SBUpgLAc/X7xJT6Wk98z3T6FEb6t5eIf3mdGAaV7lQEUQw8YIuPBrHEEOIkEdwXijOQE0MoU8LsitmIKsrA5JY2IXxdiv8nzWKBlArF67Ns7WIZRwpl0DHKIYLKqIauUB01EEN36AE9oWfr3nq0XqzXReuKtZw5Qj9gvX0CVg2WBQ==</latexit>

= r(t) r̂(✓(t))
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<latexit sha1_base64="yfZHeuKtvga6HQ783YfN1FE9whE="></latexit>

= ẋ(t) ı̂+ ẏ(t) |̂

<latexit sha1_base64="kG0ETkvXIfhdC6q+X7MHtRRtr+k=">AAACDHicdVDLTgIxFO34RHyhLt00EhPckBlAZUl04xITeSRASKfTgYbOw/YOgUzmA9z4K25caIxbP8Cdf2MHMFGjJ2lycs65be+xQ8EVmOaHsbS8srq2ntnIbm5t7+zm9vabKogkZQ0aiEC2baKY4D5rAAfB2qFkxLMFa9mjy9RvjZlUPPBvYBqynkcGPnc5JaClfi6Pu04A8SQpwAnustuIj3HXlYTGzkRLSexAolNm0TSrllXGKbHKldKMlE/NMrY0SZFHC9T7uXd9KY085gMVRKmOZYbQi4kETgVLst1IsZDQERmwjqY+8ZjqxbNlEnysFQe7gdTHBzxTv0/ExFNq6tk66REYqt9eKv7ldSJwq72Y+2EEzKfzh9xIYAhw2gx2uGQUxFQTQiXXf8V0SHQVoPvL6hK+NsX/k2apaJ0VS9eVfO1iUUcGHaIjVEAWOkc1dIXqqIEoukMP6Ak9G/fGo/FivM6jS8Zi5gD9gPH2CYTnm1E=</latexit>

ẋ(t) ⌘ dx(t)

dt
<latexit sha1_base64="LwDtR5j45FuLiGbcLmpHGX3R6zk=">AAACDHicdVDLSgMxFM34rPVVdekmWIS6KTNt1S6LblxWsA9oS8lkMm1o5mFypzAM8wFu/BU3LhRx6we482/MtBVU9EDgcM65Se6xQ8EVmOaHsbS8srq2ntvIb25t7+wW9vbbKogkZS0aiEB2baKY4D5rAQfBuqFkxLMF69iTy8zvTJlUPPBvIA7ZwCMjn7ucEtDSsFDEfSeAJE5LcIL77DbiU9x3JaGJE2spTRxIdcosm2bdsqo4I1a1VpmR6qlZxZYmGYpogeaw8K4vpZHHfKCCKNWzzBAGCZHAqWBpvh8pFhI6ISPW09QnHlODZLZMio+14mA3kPr4gGfq94mEeErFnq2THoGx+u1l4l9eLwK3Pki4H0bAfDp/yI0EhgBnzWCHS0ZBxJoQKrn+K6ZjoqsA3V9el/C1Kf6ftCtl66xcua4VGxeLOnLoEB2hErLQOWqgK9RELUTRHXpAT+jZuDcejRfjdR5dMhYzB+gHjLdPiBObUw==</latexit>

ẏ(t) ⌘ dy(t)

dt
<latexit sha1_base64="Mh2dj6Py/VVG6I/PPk5AUOTqKtE=">AAACEnicdZDLSsNAFIYnXmu9RV26GSyCopSkqdqNUHTjsoK9QBPKZDpph04uzEyEEvIMbnwVNy4UcevKnW/jJI2gogcGvvn/c5g5vxsxKqRhfGhz8wuLS8ullfLq2vrGpr613RFhzDFp45CFvOciQRgNSFtSyUgv4gT5LiNdd3KZ+d1bwgUNgxs5jYjjo1FAPYqRVNJAPzyH9jCUCU+hfQztMcrxCPL8mjmFlg70ilE1jIZpWjAD06rXcrBODAuaCrKqgKJaA/1dzePYJ4HEDAnRN41IOgnikmJG0rIdCxIhPEEj0lcYIJ8IJ8lXSuG+UobQC7k6gYS5+n0iQb4QU99VnT6SY/Hby8S/vH4svYaT0CCKJQnw7CEvZlCGMMsHDiknWLKpAoQ5VX+FeIw4wlKlWFYhfG0K/4dOrWqeVmvX9UrzooijBHbBHjgAJjgDTXAFWqANMLgDD+AJPGv32qP2or3OWue0YmYH/Cjt7ROqvZzm</latexit>

= ṙ r̂ + r ˙̂r
<latexit sha1_base64="aVUluU8Tm5+6eOtIi2NlkoqJtFc="></latexit>

r̂ = cos ✓ ı̂+ sin ✓ |̂

<latexit sha1_base64="pelC208MhnCD94rRIBnyrYT+8O0="></latexit>

˙̂r =
d cos ✓

d✓

d✓

dt
ı̂+

d sin ✓

d✓

d✓

dt
|̂

<latexit sha1_base64="XKQqvM9lWQZ99CtLl+sciE06Nh0="></latexit>

= � sin ✓ ✓̇ ı̂+ cos ✓ ✓̇ |̂

<latexit sha1_base64="BQWaneRKj3OlcPGrMZJiLbQdtkY="></latexit>

✓̂ = � sin ✓ ı̂+ cos ✓ |̂

<latexit sha1_base64="Z38aLL+JzkbhCWJd20+g1n6zHyA=">AAACBnicdVDLSgMxFM3UV62vUZciBIvgQsqkSB8LoejGZQX7gE4pmTRtQzMPkjtCGbpy46+4caGIW7/BnX9jpq2gogcCJ+fce5N7vEgKDY7zYWWWlldW17LruY3Nre0de3evqcNYMd5goQxV26OaSxHwBgiQvB0pTn1P8pY3vkz91i1XWoTBDUwi3vXpMBADwSgYqWcfnmO3H0LiwogDnWL3FLsjCnh+79l5p+A4DiEEp4SUS44h1WqlSCqYpJZBHi1Q79nvZhqLfR4Ak1TrDnEi6CZUgWCST3NurHlE2ZgOecfQgPpcd5PZGlN8bJQ+HoTKnADwTP3ekVBf64nvmUqfwkj/9lLxL68Tw6DSTUQQxcADNn9oEEsMIU4zwX2hOAM5MYQyJcxfMRtRRRmY5HImhK9N8f+kWSyQUqF4fZavXSziyKIDdIROEEFlVENXqI4aiKE79ICe0LN1bz1aL9brvDRjLXr20Q9Yb59KSJhn</latexit>

= ✓̇ ✓̂

<latexit sha1_base64="f0wwupYLrwDMa0R0pQ5MfdUfrCU="></latexit>

~v = ṙ r̂ + r✓̇ ✓̂

<latexit sha1_base64="SvUeIZ9BlRWKzDfEjFlApC1n7yc="></latexit>

~v =
d

dt
(x(t) ı̂+ y(t) |̂)

<latexit sha1_base64="/WRPgPf/PEzYaEd7xsYZ2ciixuk="></latexit>

~v =
d

dt
(r r̂)

cartesianas

polares
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<latexit sha1_base64="Mh2dj6Py/VVG6I/PPk5AUOTqKtE=">AAACEnicdZDLSsNAFIYnXmu9RV26GSyCopSkqdqNUHTjsoK9QBPKZDpph04uzEyEEvIMbnwVNy4UcevKnW/jJI2gogcGvvn/c5g5vxsxKqRhfGhz8wuLS8ullfLq2vrGpr613RFhzDFp45CFvOciQRgNSFtSyUgv4gT5LiNdd3KZ+d1bwgUNgxs5jYjjo1FAPYqRVNJAPzyH9jCUCU+hfQztMcrxCPL8mjmFlg70ilE1jIZpWjAD06rXcrBODAuaCrKqgKJaA/1dzePYJ4HEDAnRN41IOgnikmJG0rIdCxIhPEEj0lcYIJ8IJ8lXSuG+UobQC7k6gYS5+n0iQb4QU99VnT6SY/Hby8S/vH4svYaT0CCKJQnw7CEvZlCGMMsHDiknWLKpAoQ5VX+FeIw4wlKlWFYhfG0K/4dOrWqeVmvX9UrzooijBHbBHjgAJjgDTXAFWqANMLgDD+AJPGv32qP2or3OWue0YmYH/Cjt7ROqvZzm</latexit>

= ṙ r̂ + r ˙̂r
<latexit sha1_base64="aVUluU8Tm5+6eOtIi2NlkoqJtFc="></latexit>

r̂ = cos ✓ ı̂+ sin ✓ |̂
<latexit sha1_base64="BQWaneRKj3OlcPGrMZJiLbQdtkY="></latexit>

✓̂ = � sin ✓ ı̂+ cos ✓ |̂

<latexit sha1_base64="Z38aLL+JzkbhCWJd20+g1n6zHyA=">AAACBnicdVDLSgMxFM3UV62vUZciBIvgQsqkSB8LoejGZQX7gE4pmTRtQzMPkjtCGbpy46+4caGIW7/BnX9jpq2gogcCJ+fce5N7vEgKDY7zYWWWlldW17LruY3Nre0de3evqcNYMd5goQxV26OaSxHwBgiQvB0pTn1P8pY3vkz91i1XWoTBDUwi3vXpMBADwSgYqWcfnmO3H0LiwogDnWL3FLsjCnh+79l5p+A4DiEEp4SUS44h1WqlSCqYpJZBHi1Q79nvZhqLfR4Ak1TrDnEi6CZUgWCST3NurHlE2ZgOecfQgPpcd5PZGlN8bJQ+HoTKnADwTP3ekVBf64nvmUqfwkj/9lLxL68Tw6DSTUQQxcADNn9oEEsMIU4zwX2hOAM5MYQyJcxfMRtRRRmY5HImhK9N8f+kWSyQUqF4fZavXSziyKIDdIROEEFlVENXqI4aiKE79ICe0LN1bz1aL9brvDRjLXr20Q9Yb59KSJhn</latexit>

= ✓̇ ✓̂

<latexit sha1_base64="f0wwupYLrwDMa0R0pQ5MfdUfrCU="></latexit>

~v = ṙ r̂ + r✓̇ ✓̂

<latexit sha1_base64="/WRPgPf/PEzYaEd7xsYZ2ciixuk="></latexit>

~v =
d

dt
(r r̂)

<latexit sha1_base64="NskXBQ/Rc0jdxsMPe/Ua5watL1I=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXZVKkj13RjcsK9gHtWDJp2oZmMkNyRynD/IcbF4q49V/c+Tdm2goqeiBwOOce7s3xIykMuO6Hs7K6tr6xmdvKb+/s7u0XDg7bJow14y0WylB3fWq4FIq3QIDk3UhzGviSd/zpZeZ37rg2IlQ3MIu4F9CxEiPBKFjpFveHIST9CYVEp+mgUHRLrusSQnBGSLXiWlKv18qkhklmWRTREs1B4d3mWRxwBUxSY3rEjcBLqAbBJE/z/djwiLIpHfOepYoG3HjJ/OoUn1pliEehtk8BnqvfEwkNjJkFvp0MKEzMby8T//J6MYxqXiJUFANXbLFoFEsMIc4qwEOhOQM5s4QyLeytmE2opgxsUXlbwtdP8f+kXS6RSql8fV5sXCzryKFjdILOEEFV1EBXqIlaiCGNHtATenbunUfnxXldjK44y8wR+gHn7RM2X5MB</latexit>

˙̂r
<latexit sha1_base64="zDHilAmB+yvH1MLOIUBHVLBUAxk="></latexit>

˙̂✓ = �d sin ✓

d✓

d✓

dt
ı̂+

d cos ✓

d✓

d✓

dt
|̂

<latexit sha1_base64="Q8NAjV2GVQhdMDdSaG9O9Cv9w/8="></latexit>

= � cos ✓ ✓̇ ı̂� sin ✓ ✓̇ |̂
<latexit sha1_base64="ELFrsu/y6mWxQ6GiOyuiOh1vGDg=">AAACAHicdVDLSgMxFM34rPVVdeHCTbAIbiyTIn0shKIblxXsAzpDyaRpG5p5kNwRyjAbf8WNC0Xc+hnu/BszbQUVPXDhcM69yb3Hi6TQYNsf1tLyyuraem4jv7m1vbNb2Ntv6zBWjLdYKEPV9ajmUgS8BQIk70aKU9+TvONNrjK/c8eVFmFwC9OIuz4dBWIoGAUj9QuHF/jMGYSQODDmQFPsjCkkKu0XinbJtm1CCM4IqVZsQ+r1WpnUMMksgyJaoNkvvJtnWOzzAJikWveIHYGbUAWCSZ7mnVjziLIJHfGeoQH1uXaT2QEpPjHKAA9DZSoAPFO/TyTU13rqe6bTpzDWv71M/MvrxTCsuYkIohh4wOYfDWOJIcRZGnggFGcgp4ZQpoTZFbMxVZSBySxvQvi6FP9P2uUSqZTKN+fFxuUijhw6QsfoFBFURQ10jZqohRhK0QN6Qs/WvfVovViv89YlazFzgH7AevsEuPmWiA==</latexit>

= �✓̇r̂

<latexit sha1_base64="60EOoWYYLTAbQWB1KJOBz6g0LAY=">AAACEXicdVDLSgMxFM3UV62vqks3wSJ0Y5kU6WMhFN24rGAf0BlKJk3b0MyD5I5Qhv6CG3/FjQtF3Lpz59+YaSuo6IHAyTn33uQeL5JCg21/WJmV1bX1jexmbmt7Z3cvv3/Q1mGsGG+xUIaq61HNpQh4CwRI3o0Up74necebXKZ+55YrLcLgBqYRd306CsRQMApG6ueLziCExBlTwA6MOdDZOT5daIsrTr1Ezfr5gl2ybZsQglNCqhXbkHq9ViY1TFLLoICWaPbz72YMi30eAJNU6x6xI3ATqkAwyWc5J9Y8omxCR7xnaEB9rt1kvtEMnxhlgIehMicAPFe/dyTU13rqe6bSpzDWv71U/MvrxTCsuYkIohh4wBYPDWOJIcRpPHggFGcgp4ZQpoT5K2ZjqigDE2LOhPC1Kf6ftMslUimVr88KjYtlHFl0hI5RERFURQ10hZqohRi6Qw/oCT1b99aj9WK9Lkoz1rLnEP2A9fYJSKOd+A==</latexit>

˙̂✓ = �✓̇r̂
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<latexit sha1_base64="Mh2dj6Py/VVG6I/PPk5AUOTqKtE=">AAACEnicdZDLSsNAFIYnXmu9RV26GSyCopSkqdqNUHTjsoK9QBPKZDpph04uzEyEEvIMbnwVNy4UcevKnW/jJI2gogcGvvn/c5g5vxsxKqRhfGhz8wuLS8ullfLq2vrGpr613RFhzDFp45CFvOciQRgNSFtSyUgv4gT5LiNdd3KZ+d1bwgUNgxs5jYjjo1FAPYqRVNJAPzyH9jCUCU+hfQztMcrxCPL8mjmFlg70ilE1jIZpWjAD06rXcrBODAuaCrKqgKJaA/1dzePYJ4HEDAnRN41IOgnikmJG0rIdCxIhPEEj0lcYIJ8IJ8lXSuG+UobQC7k6gYS5+n0iQb4QU99VnT6SY/Hby8S/vH4svYaT0CCKJQnw7CEvZlCGMMsHDiknWLKpAoQ5VX+FeIw4wlKlWFYhfG0K/4dOrWqeVmvX9UrzooijBHbBHjgAJjgDTXAFWqANMLgDD+AJPGv32qP2or3OWue0YmYH/Cjt7ROqvZzm</latexit>

= ṙ r̂ + r ˙̂r
<latexit sha1_base64="aVUluU8Tm5+6eOtIi2NlkoqJtFc="></latexit>

r̂ = cos ✓ ı̂+ sin ✓ |̂
<latexit sha1_base64="BQWaneRKj3OlcPGrMZJiLbQdtkY="></latexit>

✓̂ = � sin ✓ ı̂+ cos ✓ |̂

<latexit sha1_base64="Z38aLL+JzkbhCWJd20+g1n6zHyA=">AAACBnicdVDLSgMxFM3UV62vUZciBIvgQsqkSB8LoejGZQX7gE4pmTRtQzMPkjtCGbpy46+4caGIW7/BnX9jpq2gogcCJ+fce5N7vEgKDY7zYWWWlldW17LruY3Nre0de3evqcNYMd5goQxV26OaSxHwBgiQvB0pTn1P8pY3vkz91i1XWoTBDUwi3vXpMBADwSgYqWcfnmO3H0LiwogDnWL3FLsjCnh+79l5p+A4DiEEp4SUS44h1WqlSCqYpJZBHi1Q79nvZhqLfR4Ak1TrDnEi6CZUgWCST3NurHlE2ZgOecfQgPpcd5PZGlN8bJQ+HoTKnADwTP3ekVBf64nvmUqfwkj/9lLxL68Tw6DSTUQQxcADNn9oEEsMIU4zwX2hOAM5MYQyJcxfMRtRRRmY5HImhK9N8f+kWSyQUqF4fZavXSziyKIDdIROEEFlVENXqI4aiKE79ICe0LN1bz1aL9brvDRjLXr20Q9Yb59KSJhn</latexit>

= ✓̇ ✓̂

<latexit sha1_base64="f0wwupYLrwDMa0R0pQ5MfdUfrCU="></latexit>

~v = ṙ r̂ + r✓̇ ✓̂

<latexit sha1_base64="/WRPgPf/PEzYaEd7xsYZ2ciixuk="></latexit>

~v =
d

dt
(r r̂)

<latexit sha1_base64="NskXBQ/Rc0jdxsMPe/Ua5watL1I=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXZVKkj13RjcsK9gHtWDJp2oZmMkNyRynD/IcbF4q49V/c+Tdm2goqeiBwOOce7s3xIykMuO6Hs7K6tr6xmdvKb+/s7u0XDg7bJow14y0WylB3fWq4FIq3QIDk3UhzGviSd/zpZeZ37rg2IlQ3MIu4F9CxEiPBKFjpFveHIST9CYVEp+mgUHRLrusSQnBGSLXiWlKv18qkhklmWRTREs1B4d3mWRxwBUxSY3rEjcBLqAbBJE/z/djwiLIpHfOepYoG3HjJ/OoUn1pliEehtk8BnqvfEwkNjJkFvp0MKEzMby8T//J6MYxqXiJUFANXbLFoFEsMIc4qwEOhOQM5s4QyLeytmE2opgxsUXlbwtdP8f+kXS6RSql8fV5sXCzryKFjdILOEEFV1EBXqIlaiCGNHtATenbunUfnxXldjK44y8wR+gHn7RM2X5MB</latexit>

˙̂r
<latexit sha1_base64="60EOoWYYLTAbQWB1KJOBz6g0LAY=">AAACEXicdVDLSgMxFM3UV62vqks3wSJ0Y5kU6WMhFN24rGAf0BlKJk3b0MyD5I5Qhv6CG3/FjQtF3Lpz59+YaSuo6IHAyTn33uQeL5JCg21/WJmV1bX1jexmbmt7Z3cvv3/Q1mGsGG+xUIaq61HNpQh4CwRI3o0Up74necebXKZ+55YrLcLgBqYRd306CsRQMApG6ueLziCExBlTwA6MOdDZOT5daIsrTr1Ezfr5gl2ybZsQglNCqhXbkHq9ViY1TFLLoICWaPbz72YMi30eAJNU6x6xI3ATqkAwyWc5J9Y8omxCR7xnaEB9rt1kvtEMnxhlgIehMicAPFe/dyTU13rqe6bSpzDWv71U/MvrxTCsuYkIohh4wBYPDWOJIcRpPHggFGcgp4ZQpoT5K2ZjqigDE2LOhPC1Kf6ftMslUimVr88KjYtlHFl0hI5RERFURQ10hZqohRi6Qw/oCT1b99aj9WK9Lkoz1rLnEP2A9fYJSKOd+A==</latexit>

˙̂✓ = �✓̇r̂

1) se 
<latexit sha1_base64="HRuzVnWeRO1LDK8cZyo5ZWO+vJ0="></latexit>

✓ = const. =) ✓̇ = 0
<latexit sha1_base64="g9E9roMCroGmbpcsCgIHGKZQOU8=">AAACAXicdVBNS8MwGE7n15xfVS+Cl+AQPI12nbqLMPTicYL7gLWMNEu3sDQtSToYpV78K148KOLVf+HNf2O6TVDRB0Ienud93+R9/JhRqSzrwygsLa+srhXXSxubW9s75u5eW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr++Cr3OxMiJI34rZrGxAvRkNOAYqS01DcP3AnB6SS7gO4gUqnIoDtC+d03y1bFsuq27cCc2E6tOiPOqeVAW5McZbBAs2++6wk4CQlXmCEpe7YVKy9FQlHMSFZyE0lihMdoSHqachQS6aWzDTJ4rJUBDCKhD1dwpn7vSFEo5TT0dWWI1Ej+9nLxL6+XqKDupZTHiSIczx8KEgZVBPM44IAKghWbaoKwoPqvEI+QQFjp0Eo6hK9N4f+kXa3YZ5XqTa3cuFzEUQSH4AicABucgwa4Bk3QAhjcgQfwBJ6Ne+PReDFe56UFY9GzD37AePsEIjaXWQ==</latexit>

~v = ṙr̂
<latexit sha1_base64="Jy6uQ3mQowicrBfKS/8vFhQJllc=">AAAB+HicdZDLSgMxFIYzXmu9dNSlm2ARXJWZTtUui25cuKhgL9AOJZNmpqGZZEgySh36JG5cKOLWR3Hn25hpK6joD4GP/5zDOfmDhFGlHefDWlpeWV1bL2wUN7e2d0r27l5biVRi0sKCCdkNkCKMctLSVDPSTSRBccBIJxhf5PXOLZGKCn6jJwnxYxRxGlKMtLEGdql/JXgkaTTSSEpxN7DLTsVx6q7rwRxcr1adgXfieNA1kKsMFmoO7Pf+UOA0JlxjhpTquU6i/QxJTTEj02I/VSRBeIwi0jPIUUyUn80On8Ij4wxhKKR5XMOZ+30iQ7FSkzgwnTHSI/W7lpt/1XqpDut+RnmSasLxfFGYMqgFzFOAQyoJ1mxiAGFJza0Qj5BEWJusiiaEr5/C/6Fdrbinlep1rdw4X8RRAAfgEBwDF5yBBrgETdACGKTgATyBZ+veerRerNd565K1mNkHP2S9fQJzj5Of</latexit>

=) velocidade é radial

o movimento é unidimensional em uma direção radial fixa

2) se 
<latexit sha1_base64="p51WYaPHSpIGzxhG8eVkSfZWUC0="></latexit>

r = const. =) ṙ = 0 <latexit sha1_base64="Jy6uQ3mQowicrBfKS/8vFhQJllc=">AAAB+HicdZDLSgMxFIYzXmu9dNSlm2ARXJWZTtUui25cuKhgL9AOJZNmpqGZZEgySh36JG5cKOLWR3Hn25hpK6joD4GP/5zDOfmDhFGlHefDWlpeWV1bL2wUN7e2d0r27l5biVRi0sKCCdkNkCKMctLSVDPSTSRBccBIJxhf5PXOLZGKCn6jJwnxYxRxGlKMtLEGdql/JXgkaTTSSEpxN7DLTsVx6q7rwRxcr1adgXfieNA1kKsMFmoO7Pf+UOA0JlxjhpTquU6i/QxJTTEj02I/VSRBeIwi0jPIUUyUn80On8Ij4wxhKKR5XMOZ+30iQ7FSkzgwnTHSI/W7lpt/1XqpDut+RnmSasLxfFGYMqgFzFOAQyoJ1mxiAGFJza0Qj5BEWJusiiaEr5/C/6Fdrbinlep1rdw4X8RRAAfgEBwDF5yBBrgETdACGKTgATyBZ+veerRerNd565K1mNkHP2S9fQJzj5Of</latexit>

=) velocidade é tangencial
<latexit sha1_base64="16ktJkTwBwEwpGK960rXvIYficE="></latexit>

~v = r✓̇ ✓̂

como r é fixo o movimento fica vinculado ao círculo de raio r

para um movimento geral ambos podem mudar com t !



Exemplo Uma partícula move-se em um círculo de raio b com velocidade 

angular             ,                    , b = const. Nesse caso temos
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<latexit sha1_base64="jdj2ApS7biE4rFlVwRxt9bGEJ4g=">AAACAnicdZDLSgMxFIYz3q23UVfiJlgEF1JmOvWyEUQ3LhVsK3SGciZNbWjmQnJGKENx46u4caGIW5/CnW9jplZQ0R8CH/85J8n5w1QKjY7zbk1MTk3PzM7NlxYWl5ZX7NW1hk4yxXidJTJRVyFoLkXM6yhQ8qtUcYhCyZth/7SoN2+40iKJL3GQ8iCC61h0BQM0Vtve8DsJ5j72OMLwyAeZ9oD6uxRp2y47Fcc5dF2PFuB6teoIvD3Ho66BQmUy1nnbfjN3sSziMTIJWrdcJ8UgB4WCST4s+ZnmKbA+XPOWwRgiroN8tMKQbhunQ7uJMidGOnK/T+QQaT2IQtMZAfb071ph/lVrZdg9DHIRpxnymH0+1M0kxYQWedCOUJyhHBgApoT5K2U9UMDQpFYyIXxtSv+HRrXi7leqF7Xy8ck4jjmySbbIDnHJATkmZ+Sc1Akjt+SePJIn6856sJ6tl8/WCWs8s05+yHr9AHyqltY=</latexit>

✓̇ = ↵ t
<latexit sha1_base64="sP5TBGn4k/2Mu5+SPwyMDLpged4=">AAAB/HicdZDLSsNAFIYn9VbrLdqlm8EiuApJU7UboejGZQV7gSaUyXTSDp1MwsxECKG+ihsXirj1Qdz5Nk7aCir6w8DHf87hnPmDhFGpbPvDKK2srq1vlDcrW9s7u3vm/kFXxqnApINjFot+gCRhlJOOooqRfiIIigJGesH0qqj37oiQNOa3KkuIH6ExpyHFSGlraFY9xJIJghfQExHEMZfKGpo127LtpuO4sADHbdTn4J7aLnQ0FKqBpdpD890bxTiNCFeYISkHjp0oP0dCUczIrOKlkiQIT9GYDDRyFBHp5/PjZ/BYOyMYxkI/ruDc/T6Ro0jKLAp0Z4TURP6uFeZftUGqwqafU56kinC8WBSmDKoYFknAERUEK5ZpQFhQfSvEEyQQVjqvig7h66fwf+jWLefMqt80aq3LZRxlcAiOwAlwwDlogWvQBh2AQQYewBN4Nu6NR+PFeF20lozlTBX8kPH2CaHFlCE=</latexit>

↵ = const.
<latexit sha1_base64="O51Q7KFfhppGdqaGVdRcojCXEuM=">AAACCnicdZBLSwMxEMez9VXrq+rRS7QIHqTstlV7EYpePFawD2hLmU3Tbmj2QTIrlNKzF7+KFw+KePUTePPbmG0rqOhAyC//mWEyfzeSQqNtf1iphcWl5ZX0amZtfWNzK7u9U9dhrBivsVCGqumC5lIEvIYCJW9GioPvSt5wh5dJvnHLlRZhcIOjiHd8GASiLxigkbrZ/XPq0vYxbYOMPEgIp08PzI0eR+hmc3betsuOU6QJOMVSYQrFE7tIHQNJ5Mg8qt3se7sXstjnATIJWrccO8LOGBQKJvkk0441j4ANYcBbBgPwue6Mp6tM6KFRerQfKnMCpFP1e8cYfK1HvmsqfUBP/84l4l+5Voz9cmcsgihGHrDZoH4sKYY08YX2hOIM5cgAMCXMXynzQAFD417GmPC1Kf0f6oW8c5ovXJdylYu5HWmyRw7IEXHIGamQK1IlNcLIHXkgT+TZurcerRfrdVaasuY9u+RHWG+fYHSYNg==</latexit>

= b↵ t ✓̂

apenas velocidade tangencial

<latexit sha1_base64="vE+kTJdekEeXJBPtCwac0PLVALw="></latexit>

=

Z t

t0

dt0 ↵ t0

<latexit sha1_base64="Y4BI8xSk4QUHzBPuSbEeEP+5cKc="></latexit>

✓(t) = ✓(t0) +

Z t

t0

dt0 ✓̇(t0)

<latexit sha1_base64="HQmb1NB0qP2+HBvn12CV29GQCJc="></latexit>

~v(t) = b ✓̇ ✓̂<latexit sha1_base64="Jy6uQ3mQowicrBfKS/8vFhQJllc=">AAAB+HicdZDLSgMxFIYzXmu9dNSlm2ARXJWZTtUui25cuKhgL9AOJZNmpqGZZEgySh36JG5cKOLWR3Hn25hpK6joD4GP/5zDOfmDhFGlHefDWlpeWV1bL2wUN7e2d0r27l5biVRi0sKCCdkNkCKMctLSVDPSTSRBccBIJxhf5PXOLZGKCn6jJwnxYxRxGlKMtLEGdql/JXgkaTTSSEpxN7DLTsVx6q7rwRxcr1adgXfieNA1kKsMFmoO7Pf+UOA0JlxjhpTquU6i/QxJTTEj02I/VSRBeIwi0jPIUUyUn80On8Ij4wxhKKR5XMOZ+30iQ7FSkzgwnTHSI/W7lpt/1XqpDut+RnmSasLxfFGYMqgFzFOAQyoJ1mxiAGFJza0Qj5BEWJusiiaEr5/C/6Fdrbinlep1rdw4X8RRAAfgEBwDF5yBBrgETdACGKTgATyBZ+veerRerNd565K1mNkHP2S9fQJzj5Of</latexit>

=)

<latexit sha1_base64="xcCcRg8oYF2wWTmhGK1Vy8op/EY="></latexit>

= ✓0 + ↵(
t2 � t20

2
)

x

y

!

<latexit sha1_base64="lzJ8nAJaS4eN67P8NBNc+bb2tMw="></latexit>

~r(t) = b r̂(✓(t))

r̂✓̂
<latexit sha1_base64="IwSM31GQnknTQueDzAmRSxDh/4Q=">AAACCXicdZA9SwNBEIb34leMX1FLm8UgWEi4S6KmEYI2lhGMCrkQ5vb2zJK9D3bnhHCktfGv2FgoYus/sPPfuBcjqOgLCw/vzDA7r5dIodG2363CzOzc/EJxsbS0vLK6Vl7fuNBxqhjvsFjG6soDzaWIeAcFSn6VKA6hJ/mlNzzJ65c3XGkRR+c4SngvhOtIBIIBGqtfpm6ggGW+iwOOMM58HNMj6oJMBkDdPYr9csWu2nbTceo0B6feqE2gvm/XqWMgV4VM1e6X31w/ZmnII2QStO46doK9DBQKJvm45KaaJ8CGcM27BiMIue5lk0vGdMc4Pg1iZV6EdOJ+n8gg1HoUeqYzBBzo37Xc/KvWTTFo9jIRJSnyiH0uClJJMaZ5LNQXijOUIwPAlDB/pWwAJho04ZVMCF+X0v/holZ1Dqq1s0aldTyNo0i2yDbZJQ45JC1yStqkQxi5JffkkTxZd9aD9Wy9fLYWrOnMJvkh6/UD1M2ZxQ==</latexit>

d✓

dt
= ↵ t

<latexit sha1_base64="Pr5kM4MUFQ4Echp1/gK3pEADPJ8=">AAAB8nicdZDLSsNAFIYn9VbrrerSzWAR6qYkTdVuhKIblxXsBdJQJtNJO3SSCTMnQil9DDcuFHHr07jzbZy0FVT0h4GP/5zDnPMHieAabPvDyq2srq1v5DcLW9s7u3vF/YO2lqmirEWlkKobEM0Ej1kLOAjWTRQjUSBYJxhfZ/XOPVOay/gOJgnzIzKMecgpAWN5PRmxISnDKb7sF0t2xbbrjuPiDBy3Vp2De2a72DGQqYSWavaL772BpGnEYqCCaO05dgL+lCjgVLBZoZdqlhA6JkPmGYxJxLQ/na88wyfGGeBQKvNiwHP3+8SURFpPosB0RgRG+nctM/+qeSmEdX/K4yQFFtPFR2EqMEic3Y8HXDEKYmKAUMXNrpiOiCIUTEoFE8LXpfh/aFcrznmlelsrNa6WceTRETpGZeSgC9RAN6iJWogiiR7QE3q2wHq0XqzXRWvOWs4coh+y3j4BQn6QmA==</latexit>

!(t) =

ângulo inicial
x

y

<latexit sha1_base64="UwfTHdhWT46Tvek+43E9g3F2spk=">AAAB9HicdZDLSgMxFIYz9VbrrerSTbAIdVMmnapdFt24rGBtoR1KJs20oZmLyZlCGfocblwo4taHcefbmGkrqOgPgY//nMM5+b1YCg22/WHlVlbX1jfym4Wt7Z3dveL+wZ2OEsV4i0UyUh2Pai5FyFsgQPJOrDgNPMnb3vgqq7cnXGkRhbcwjbkb0GEofMEoGMvtTThL1awMfXKK+8WSXbHtOiEOzoA4teocnDPbwcRAphJaqtkvvvcGEUsCHgKTVOsusWNwU6pAMMlnhV6ieUzZmA5512BIA67ddH70DJ8YZ4D9SJkXAp673ydSGmg9DTzTGVAY6d+1zPyr1k3Ar7upCOMEeMgWi/xEYohwlgAeCMUZyKkBypQwt2I2oooyMDkVTAhfP8X/w121Qs4r1ZtaqXG5jCOPjtAxKiOCLlADXaMmaiGG7tEDekLP1sR6tF6s10VrzlrOHKIfst4+AQXikZ4=</latexit>

~r(t1)

<latexit sha1_base64="SbL/z0rXh+9t3dpgFgecoxrnroE="></latexit>

~v(t1) = b↵ t1 ✓̂

<latexit sha1_base64="+NbNcHDO+6d6R53zSjMbnUNFk2M=">AAAB9HicdZDNSgMxFIXv1L9a/6ou3QSLUDdlplO1y6IblxWsLbRDyaSZNjSTGZNMoQx9DjcuFHHrw7jzbcy0FVT0QODj3Hu5N8ePOVPatj+s3Mrq2vpGfrOwtb2zu1fcP7hTUSIJbZGIR7LjY0U5E7Slmea0E0uKQ5/Ttj++yurtCZWKReJWT2PqhXgoWMAI1sbyehNKUjkr6371FPWLJbti23XHcVEGjlurzsE9s13kGMhUgqWa/eJ7bxCRJKRCE46V6jp2rL0US80Ip7NCL1E0xmSMh7RrUOCQKi+dHz1DJ8YZoCCS5gmN5u73iRSHSk1D33SGWI/U71pm/lXrJjqoeykTcaKpIItFQcKRjlCWABowSYnmUwOYSGZuRWSEJSba5FQwIXz9FP0Pd9WKc16p3tRKjctlHHk4gmMogwMX0IBraEILCNzDAzzBszWxHq0X63XRmrOWM4fwQ9bbJwdokZ8=</latexit>

~r(t2)

r̂

✓̂

<latexit sha1_base64="cuQCmv3Sg7usjVP/j/W2dM1ko4U="></latexit>

~v(t2) = b↵ t2 ✓̂



Exemplo Uma conta (miçanga) move-se ao longo do aro de uma roda com 

velocidade constante u. A roda gira com velocidade angular uniforme 

! = ✓̇ Em t=0 o aro encontra-se ao longo do eixo x e a miçanga encontra-se 

na origem. Encontre a velocidade da miçanga em qualquer tempo t 

(a) em coordenadas polares

(b) em coordenadas cartesianas

u

x

y

!
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<latexit sha1_base64="tHnzwhyhc3ZMq4C15O91VfrmG0M=">AAACAnicdZDLSgMxFIYzXmu9VV2Jm2ARKkiZaat2IxTduKxgL9AZSibNtKGZC8mZQhmKG1/FjQtF3PoU7nwbM20FFf0h8PGfczg5vxsJrsA0P4yFxaXlldXMWnZ9Y3NrO7ez21RhLClr0FCEsu0SxQQPWAM4CNaOJCO+K1jLHV6l9daIScXD4BbGEXN80g+4xykBbXVz+/aI0URO8AWWBTjG9gm2BwSwxN1c3iyaZtWyyjgFq1wpTaF8apaxpSFVHs1V7+be7V5IY58FQAVRqmOZETgJkcCpYJOsHSsWETokfdbRGBCfKSeZnjDBR9rpYS+U+gWAp+73iYT4So19V3f6BAbqdy01/6p1YvCqTsKDKAYW0NkiLxYYQpzmgXtcMgpirIFQyfVfMR0QSSjo1LI6hK9L8f/QLBWts2LpppKvXc7jyKADdIgKyELnqIauUR01EEV36AE9oWfj3ng0XozXWeuCMZ/ZQz9kvH0CiYeVmQ==</latexit>

~r = r(t) r̂
<latexit sha1_base64="aBlnPok9G7DDmc3b82uo34AOH34=">AAACCHicdZC7SgNBFIZn4y3GW9TSwsEgxCbsJlHTCEEbywjmAkkIs7OzyZDZCzNnA2HZ0sZXsbFQxNZHsPNtnE0iqOgPAx//OYcz57dDwRWY5oeRWVpeWV3Lruc2Nre2d/K7ey0VRJKyJg1EIDs2UUxwnzWBg2CdUDLi2YK17fFVWm9PmFQ88G9hGrK+R4Y+dzkloK1B/rA3YTSeJEU4uei5ktDYmTkySWIHEjzIF8ySadYsq4JTsCrV8gwqp2YFWxpSFdBCjUH+vecENPKYD1QQpbqWGUI/JhI4FSzJ9SLFQkLHZMi6Gn3iMdWPZ4ck+Fg7DnYDqZ8PeOZ+n4iJp9TUs3WnR2CkftdS869aNwK31o+5H0bAfDpf5EYCQ4DTVLDDJaMgphoIlVz/FdMR0XGAzi6nQ/i6FP8PrXLJOiuVb6qF+uUijiw6QEeoiCx0juroGjVQE1F0hx7QE3o27o1H48V4nbdmjMXMPvoh4+0TlzGaXA==</latexit>

~v(t) =
d~r

dt

<latexit sha1_base64="Zf9bJ2f3yCq57APYmlbGBRdQSyI=">AAACFHicdVDLSgMxFM34rPVVdekmWIRKpcx0qnYjFN24rGAf0Cklk6ZtaOZBckcoQz/Cjb/ixoUibl2482/MtCOo6IHAyTn3kNzjhoIrMM0PY2FxaXllNbOWXd/Y3NrO7ew2VRBJyho0EIFsu0QxwX3WAA6CtUPJiOcK1nLHl4nfumVS8cC/gUnIuh4Z+nzAKQEt9XLFc+z0A4jltABHzjF2RgSwxEUs03tizsVpL5c3S6ZZtSwbJ8SyK+UZsU9MG1uaJMijFPVe7l3HaeQxH6ggSnUsM4RuTCRwKtg060SKhYSOyZB1NPWJx1Q3ni01xYda6eNBIPXxAc/U74mYeEpNPFdPegRG6reXiH95nQgG1W7M/TAC5tP5Q4NIYAhw0hDuc8koiIkmhEqu/4rpiEhCQfeY1SV8bYr/J81yyTotla8r+dpFWkcG7aMDVEAWOkM1dIXqqIEoukMP6Ak9G/fGo/FivM5HF4w0s4d+wHj7BGifnJQ=</latexit>

= ṙ(t) r̂ + r(t) ˙̂r

<latexit sha1_base64="I/4WpK9X0FGkJEySu1PKWlD3lVA=">AAAB7XicdZDLSgMxFIYzXmu9VV26CRahbkqmU7UboejGZQV7gXYomTTTxmaSIckIZeg7uHGhiFvfx51vY6atoKI/BD7+cw455w9izrRB6MNZWl5ZXVvPbeQ3t7Z3dgt7+y0tE0Vok0guVSfAmnImaNMww2knVhRHAaftYHyV1dv3VGkmxa2ZxNSP8FCwkBFsrNVSJXRygfqFIiojVHNdD2bgetXKDLxT5EHXQqYiWKjRL7z3BpIkERWGcKx110Wx8VOsDCOcTvO9RNMYkzEe0q5FgSOq/XS27RQeW2cAQ6nsEwbO3O8TKY60nkSB7YywGenftcz8q9ZNTFjzUybixFBB5h+FCYdGwux0OGCKEsMnFjBRzO4KyQgrTIwNKG9D+LoU/g+tStk9K1duqsX65SKOHDgER6AEXHAO6uAaNEATEHAHHsATeHak8+i8OK/z1iVnMXMAfsh5+wQ1/o4/</latexit>

r(0) = 0
<latexit sha1_base64="plG84vXaNeFFPMxkrAqDKn67jWw=">AAAB9HicdZDLSgMxFIYz9VbrrerSTbAIdVMynardCEU3LivYC7RDyaSZNjRzMTlTKKXP4caFIm59GHe+jZm2gor+EPj4zzmck9+LpdBAyIeVWVldW9/Ibua2tnd29/L7B00dJYrxBotkpNoe1VyKkDdAgOTtWHEaeJK3vNF1Wm+NudIiCu9gEnM3oINQ+IJRMJbbhSEHWiSn+BKTXr5ASoRUbdvBKdhOpTwH54w42DaQqoCWqvfy791+xJKAh8Ak1bpjkxjcKVUgmOSzXDfRPKZsRAe8YzCkAdfudH70DJ8Yp4/9SJkXAp673yemNNB6EnimM6Aw1L9rqflXrZOAX3WnIowT4CFbLPITiSHCaQK4LxRnICcGKFPC3IrZkCrKwOSUMyF8/RT/D81yyT4vlW8rhdrVMo4sOkLHqIhsdIFq6AbVUQMxdI8e0BN6tsbWo/VivS5aM9Zy5hD9kPX2CbibkMU=</latexit>

✓(0) = 0 condições iniciais

<latexit sha1_base64="QgAvhd2PhBTx2bQNpJ7QBSatMM4=">AAACAXicdZDLSgMxFIYz9VbrrepGcBMsgqsy06naTaHoxmUFe4G2lEwm04ZmLiRnhDKMG1/FjQtF3PoW7nwbM20FFf0h8PGfc5Kc34kEV2CaH0ZuaXlldS2/XtjY3NreKe7utVUYS8paNBSh7DpEMcED1gIOgnUjyYjvCNZxJpdZvXPLpOJhcAPTiA18Mgq4xykBbQ2LB303hESm9b4nCU1cmSYupHUcD4sls2yaNcuycQaWXa3MwD41bWxpyFRCCzWHxXd9FY19FgAVRKmeZUYwSIgETgVLC/1YsYjQCRmxnsaA+EwNktkGKT7Wjou9UOoTAJ653ycS4is19R3d6RMYq9+1zPyr1ovBqw0SHkQxsIDOH/JigSHEWRzY5ZJREFMNhEqu/4rpmOgoQIdW0CF8bYr/h3albJ2VK9fVUuNiEUceHaIjdIIsdI4a6Ao1UQtRdIce0BN6Nu6NR+PFeJ235ozFzD76IePtE1PTl3Y=</latexit>

ṙ =
dr

dt
= u

<latexit sha1_base64="Jy6uQ3mQowicrBfKS/8vFhQJllc=">AAAB+HicdZDLSgMxFIYzXmu9dNSlm2ARXJWZTtUui25cuKhgL9AOJZNmpqGZZEgySh36JG5cKOLWR3Hn25hpK6joD4GP/5zDOfmDhFGlHefDWlpeWV1bL2wUN7e2d0r27l5biVRi0sKCCdkNkCKMctLSVDPSTSRBccBIJxhf5PXOLZGKCn6jJwnxYxRxGlKMtLEGdql/JXgkaTTSSEpxN7DLTsVx6q7rwRxcr1adgXfieNA1kKsMFmoO7Pf+UOA0JlxjhpTquU6i/QxJTTEj02I/VSRBeIwi0jPIUUyUn80On8Ij4wxhKKR5XMOZ+30iQ7FSkzgwnTHSI/W7lpt/1XqpDut+RnmSasLxfFGYMqgFzFOAQyoJ1mxiAGFJza0Qj5BEWJusiiaEr5/C/6Fdrbinlep1rdw4X8RRAAfgEBwDF5yBBrgETdACGKTgATyBZ+veerRerNd565K1mNkHP2S9fQJzj5Of</latexit>

=)

<latexit sha1_base64="qWAk8itvRa8Dcxyu5rV1p5mJ4iY="></latexit>

r(t) = r(t0 = 0) +

Z t

t0=0
dt0 u

<latexit sha1_base64="nk0rF9eXffWuP9M528EiJL0aGPI=">AAAB7XicdZDLSgMxFIYzXmu9VV26CRbBVZnpVO1GKLpxWcFeoB1KJs20sZlkSM4IpfQd3LhQxK3v4863MdNWUNEfAh//OYec84eJ4AZc98NZWl5ZXVvPbeQ3t7Z3dgt7+02jUk1ZgyqhdDskhgkuWQM4CNZONCNxKFgrHF1l9dY904YreQvjhAUxGUgecUrAWs0LnGLAvULRLblu1fN8nIHnV8oz8E9dH3sWMhXRQvVe4b3bVzSNmQQqiDEdz00gmBANnAo2zXdTwxJCR2TAOhYliZkJJrNtp/jYOn0cKW2fBDxzv09MSGzMOA5tZ0xgaH7XMvOvWieFqBpMuExSYJLOP4pSgUHh7HTc55pREGMLhGpud8V0SDShYAPK2xC+LsX/Q7Nc8s5K5ZtKsXa5iCOHDtEROkEeOkc1dI3qqIEoukMP6Ak9O8p5dF6c13nrkrOYOUA/5Lx9Am9hjmU=</latexit>

= ut

<latexit sha1_base64="GBqz5McHTFlJBDcnV2rQhKVTAfg="></latexit>

~v(t) = u r̂ + u t ✓̇ ✓̂
<latexit sha1_base64="jnv9x7cb8JmkBYOMlp8yfwgqveI=">AAACF3icdZDLSgMxFIYzXmu9VV26CRZBUMpM66UbQXTjUsGq0CnlTHrahmYuJGeEUnwLN76KGxeKuNWdb2OmraCiBwJf/v8ckvMHiZKGXPfDmZicmp6Zzc3l5xcWl5YLK6uXJk61wJqIVayvAzCoZIQ1kqTwOtEIYaDwKuidZP7VDWoj4+iC+gk2QuhEsi0FkJWahdIhT7m/w/0uENd8e3SjoRSH2IEvz6cuEjQLRbfkulXPq/AMvMpueQiVPbfCPQtZFdm4zpqFd78VizTEiIQCY+qem1BjAJqkUHib91ODCYgedLBuMYIQTWMw3OuWb1qlxduxticiPlS/TwwgNKYfBrYzBOqa314m/uXVU2pXGwMZJSlhJEYPtVPFKeZZSLwlNQpSfQsgtLR/5aILGgTZKPM2hK9N+f9wWS55+6Xy+W7x6HgcR46tsw22xTx2wI7YKTtjNSbYHXtgT+zZuXcenRfnddQ64Yxn1tiPct4+AY05nIE=</latexit>

= u r̂ + u t! ✓̂

<latexit sha1_base64="6SmEvXvvYwKwcYHsaTbyjXe052s=">AAAB/3icdZDLSsNAFIYnXmu9RQU3bgaL4EJK0lTtRii6cVnBXqAJZTKdtkMnF2ZOCiV24au4caGIW1/DnW/jpK2goj8MfPznHM6Z348FV2BZH8bC4tLyympuLb++sbm1be7sNlSUSMrqNBKRbPlEMcFDVgcOgrViyUjgC9b0h1dZvTliUvEovIVxzLyA9EPe45SAtjrmvjtiNJUTfIETwO4JdgcEsOyYBatoWRXbdnAGtlMuTcE5tRxsa8hUQHPVOua7241oErAQqCBKtW0rBi8lEjgVbJJ3E8ViQoekz9oaQxIw5aXT+yf4SDtd3IukfiHgqft9IiWBUuPA150BgYH6XcvMv2rtBHoVL+VhnAAL6WxRLxEYIpyFgbtcMgpirIFQyfWtmA6IJBR0ZHkdwtdP8f/QKBXts2LpplyoXs7jyKEDdIiOkY3OURVdoxqqI4ru0AN6Qs/GvfFovBivs9YFYz6zh37IePsEX9WVDQ==</latexit>

~r = ut r̂
<latexit sha1_base64="quGsCFAhVS9cR1op/hQ3UOgqIBc=">AAACFHicdVDLSgMxFM34rPVVdekmWAShUmbaqt0IRTcuK9gHdIYhk6ZtaOZBcqdQhn6EG3/FjQtF3Lpw59+Yaauo6IHAuefcy809XiS4AtN8NxYWl5ZXVjNr2fWNza3t3M5uU4WxpKxBQxHKtkcUEzxgDeAgWDuSjPieYC1veJn6rRGTiofBDYwj5vikH/AepwS05OYK53jkSmwfY3tAAEtc0HViw4ABmXzJs9rN5c2iaVYtq4xTYpUrpSkpn5hlbGmSIo/mqLu5N7sb0thnAVBBlOpYZgROQiRwKtgka8eKRYQOSZ91NA2Iz5STTI+a4EOtdHEvlPoFgKfq94mE+EqNfU93+gQG6reXin95nRh6VSfhQRQDC+hsUS8WGEKcJoS7XDIKYqwJoZLrv2I6IJJQ0DlmdQifl+L/SbNUtE6LpetKvnYxjyOD9tEBOkIWOkM1dIXqqIEoukX36BE9GXfGg/FsvMxaF4z5zB76AeP1A5ZUnLY=</latexit>

= vr r̂ + v✓ ✓̂



Exemplo Uma conta (miçanga) move-se ao longo do aro de uma roda com 

velocidade constante u. A roda gira com velocidade angular uniforme 

! = ✓̇ Em t=0 o aro encontra-se ao longo do eixo x e a miçanga encontra-se 

na origem. Encontre a velocidade da miçanga em qualquer tempo t 

(a) em coordenadas polares

(b) em coordenadas cartesianas

u

x

y

!
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<latexit sha1_base64="sSBIGTmgkMeiizf3zivcjxfbmy4="></latexit>

~r = x(t) ı̂+ y(t) |̂
<latexit sha1_base64="f8F+HFT4bnoQfCGMnjdcSn6XcZ8="></latexit>

= r(t) cos ✓(t) ı̂+ r(t) sin ✓(t) |̂
<latexit sha1_base64="qSidT6jBW4ypj4lPnvBfZpMBgKQ=">AAACCHicdZC7SgNBFIZn4y3GW9TSwsEgxCbsJlHTCEEbywjmAkkIs7OzyZDZCzNnA2HZ0sZXsbFQxNZHsPNtnE0iqOgPAx//OYcz57dDwRWY5oeRWVpeWV3Lruc2Nre2d/K7ey0VRJKyJg1EIDs2UUxwnzWBg2CdUDLi2YK17fFVWm9PmFQ88G9hGrK+R4Y+dzkloK1B/rA3YTSeJEU4ucA9VxIaOzNLJknsQDLIF8ySadYsq4JTsCrV8gwqp2YFWxpSFdBCjUH+vecENPKYD1QQpbqWGUI/JhI4FSzJ9SLFQkLHZMi6Gn3iMdWPZ4ck+Fg7DnYDqZ8PeOZ+n4iJp9TUs3WnR2CkftdS869aNwK31o+5H0bAfDpf5EYCQ4DTVLDDJaMgphoIlVz/FdMR0WmAzi6nQ/i6FP8PrXLJOiuVb6qF+uUijiw6QEeoiCx0juroGjVQE1F0hx7QE3o27o1H48V4nbdmjMXMPvoh4+0TkWmaXA==</latexit>

~v(t) =
d~r

dt

<latexit sha1_base64="WKztTEGWYcos0tLMoxQtdMQprkY="></latexit>

= vx(t) ı̂+ vy(t) |̂
<latexit sha1_base64="5SwrpgCktxk779K3FxE02GSDMj0=">AAACAXicdZDLSgMxFIYzXmu9Vd0IboJFqJsy06najVB047KCvUBbSiaTaUMzF5IzxTLUja/ixoUibn0Ld76NmbaCiv4Q+PKfc0jO70SCKzDND2NhcWl5ZTWzll3f2Nzazu3sNlQYS8rqNBShbDlEMcEDVgcOgrUiyYjvCNZ0hpdpvTliUvEwuIFxxLo+6Qfc45SAtnq5/VHvtgDH57jjSUITN71MEhcmvVzeLJpmxbJsnIJll0tTsE9MG1saUuXRXLVe7r3jhjT2WQBUEKXalhlBNyESOBVsku3EikWEDkmftTUGxGeqm0w3mOAj7bjYC6U+AeCp+30iIb5SY9/RnT6BgfpdS82/au0YvEo34UEUAwvo7CEvFhhCnMaBXS4ZBTHWQKjk+q+YDoiOAnRoWR3C16b4f2iUitZpsXRdzlcv5nFk0AE6RAVkoTNURVeohuqIojv0gJ7Qs3FvPBovxuusdcGYz+yhHzLePgHrd5aU</latexit>

vx(t) =
dx(t)

dt

<latexit sha1_base64="uuM+dLN+3r36ZA4i9iMJWIOKosY="></latexit>

=
dr(t)

dt
cos ✓ + r(t)

d cos ✓

d✓

d✓

dt

<latexit sha1_base64="ZuKAcq0OS5LnJSeemme/hZtJsGI="></latexit>

= u cos ✓ � ut! sin ✓

<latexit sha1_base64="HkVwJ7GHyehT8lkC6U5iVokE0MA=">AAACAXicdZDLSgMxFIYz9VbrrepGcBMsQt2UmU7VboSiG5cV7AXaUjKZTBuauZCcKZShbnwVNy4UcetbuPNtzLQVVPSHwJf/nENyficSXIFpfhiZpeWV1bXsem5jc2t7J7+711RhLClr0FCEsu0QxQQPWAM4CNaOJCO+I1jLGV2l9daYScXD4BYmEev5ZBBwj1MC2urnD8b9SRFOLnDXk4QmbnqZJi5M+/mCWTLNqmXZOAXLrpRnYJ+aNrY0pCqgher9/HvXDWnsswCoIEp1LDOCXkIkcCrYNNeNFYsIHZEB62gMiM9UL5ltMMXH2nGxF0p9AsAz9/tEQnylJr6jO30CQ/W7lpp/1ToxeNVewoMoBhbQ+UNeLDCEOI0Du1wyCmKigVDJ9V8xHRIdBejQcjqEr03x/9Asl6yzUvmmUqhdLuLIokN0hIrIQueohq5RHTUQRXfoAT2hZ+PeeDRejNd5a8ZYzOyjHzLePgHunJaW</latexit>

vy(t) =
dy(t)

dt

<latexit sha1_base64="8HQafY0iex1/5UHAGDcTh4uCDro="></latexit>

=
dr(t)

dt
sin ✓ + r(t)

d sin ✓

d✓

d✓

dt

<latexit sha1_base64="0MfXVNZW1Fk+K84EAcG++iDwYa8=">AAACDHicdVDLSgMxFM34tr6qLt0EiyAIZaat2o0gunGpYK3QKSWT3rbBTDIkd4RS+gFu/BU3LhRx6we482/MtBVU9EDgcM653NwTJVJY9P0Pb2p6ZnZufmExt7S8srqWX9+4sjo1HGpcS22uI2ZBCgU1FCjhOjHA4khCPbo5zfz6LRgrtLrEfgLNmHWV6AjO0EmtfOGIpqEVKsQeIKN7NEUa6hi6LOTajlWX8ou+Xw2CMs1IUK6URqS875dp4EiGApngvJV/D9uapzEo5JJZ2wj8BJsDZlBwCcNcmFpIGL9hXWg4qlgMtjkYHTOkO05p04427imkI/X7xIDF1vbjyCVjhj3728vEv7xGip1qcyBUkiIoPl7USSVFTbNmaFsY4Cj7jjBuhPsr5T1mGEfXX86V8HUp/Z9clYrBQbF0USkcn0zqWCBbZJvskoAckmNyRs5JjXByRx7IE3n27r1H78V7HUenvMnMJvkB7+0TEBmbCA==</latexit>

= u sin ✓ + ut! cos ✓



Exemplo Uma conta (miçanga) move-se ao longo do aro de uma roda com 

velocidade constante u. A roda gira com velocidade angular uniforme 

! = ✓̇ Em t=0 o aro encontra-se ao longo do eixo x e a miçanga encontra-se 

na origem. Encontre a velocidade da miçanga em qualquer tempo t 

(a) em coordenadas polares

(b) em coordenadas cartesianas

u

x

y

!

Renata Zukanovich Funchal                                                                                                          Aula 5

<latexit sha1_base64="sSBIGTmgkMeiizf3zivcjxfbmy4="></latexit>

~r = x(t) ı̂+ y(t) |̂
<latexit sha1_base64="f8F+HFT4bnoQfCGMnjdcSn6XcZ8="></latexit>

= r(t) cos ✓(t) ı̂+ r(t) sin ✓(t) |̂
<latexit sha1_base64="qSidT6jBW4ypj4lPnvBfZpMBgKQ=">AAACCHicdZC7SgNBFIZn4y3GW9TSwsEgxCbsJlHTCEEbywjmAkkIs7OzyZDZCzNnA2HZ0sZXsbFQxNZHsPNtnE0iqOgPAx//OYcz57dDwRWY5oeRWVpeWV3Lruc2Nre2d/K7ey0VRJKyJg1EIDs2UUxwnzWBg2CdUDLi2YK17fFVWm9PmFQ88G9hGrK+R4Y+dzkloK1B/rA3YTSeJEU4ucA9VxIaOzNLJknsQDLIF8ySadYsq4JTsCrV8gwqp2YFWxpSFdBCjUH+vecENPKYD1QQpbqWGUI/JhI4FSzJ9SLFQkLHZMi6Gn3iMdWPZ4ck+Fg7DnYDqZ8PeOZ+n4iJp9TUs3WnR2CkftdS869aNwK31o+5H0bAfDpf5EYCQ4DTVLDDJaMgphoIlVz/FdMR0WmAzi6nQ/i6FP8PrXLJOiuVb6qF+uUijiw6QEeoiCx0juroGjVQE1F0hx7QE3o27o1H48V4nbdmjMXMPvoh4+0TkWmaXA==</latexit>

~v(t) =
d~r

dt

<latexit sha1_base64="WKztTEGWYcos0tLMoxQtdMQprkY="></latexit>

= vx(t) ı̂+ vy(t) |̂

<latexit sha1_base64="e86O2XNgKYQzKe1pDwBeqKIEXIw="></latexit>

= (u cos ✓ � ut! sin ✓)̂ı+ (u sin ✓ + ut! cos ✓) |̂

<latexit sha1_base64="b3wbII9d+S+2CJjtVFiO1w+IIIQ="></latexit>

~v(t) = (u cos!t� ut! sin!t)̂ı+ (u sin!t+ ut! cos!t) |̂



Aceleração em Coordenadas Polares

= r̈ r̂ + ṙ ˙̂r + ṙ✓̇ ✓̂ + r✓̈ ✓̂ + r✓̇ ˙̂✓

= r̈ r̂ + ṙ✓̇ ✓̂ + ṙ✓̇ ✓̂ + r✓̈ ✓̂ � r✓̇ ✓̇r̂

= (r̈ � r✓̇2) r̂ + (r✓̈ + 2ṙ✓̇) ✓̂ = ar r̂ + a✓ ✓̂
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aceleração centrípeta
aceleração linear na direção tangencial devido à mudança de magnitude da 

velocidade angular

aceleração de Coriolis (real) presente  quando ambos        mudam com t
<latexit sha1_base64="C4Fhh/b9hQIjo5X6flnsO8KHR1U=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8SNgJksct6MVjBPPAZAmzk9lkyOzsMtMrhCV/4cWDIl79G2/+jbNJBBUtaCiquunu8mMpDLjuh7Oyura+sZnbym/v7O7tFw4O2yZKNOMtFslId31quBSKt0CA5N1Ycxr6knf8yVXmd+65NiJStzCNuRfSkRKBYBSsdKfPcR/GHCgeFIpuyXVdQgjOCKlWXEvq9VqZ1DDJLIsiWqI5KLz3hxFLQq6ASWpMj7gxeCnVIJjks3w/MTymbEJHvGepoiE3Xjq/eIZPrTLEQaRtKcBz9ftESkNjpqFvO0MKY/Pby8S/vF4CQc1LhYoT4IotFgWJxBDh7H08FJozkFNLKNPC3orZmGrKwIaUtyF8fYr/J+1yiVRK5ZuLYuNyGUcOHaMTdIYIqqIGukZN1EIMKfSAntCzY5xH58V5XbSuOMuZI/QDztsn4EWQaw==</latexit>

r, ✓

aceleração linear na direção radial devido à mudança de velocidade radial

<latexit sha1_base64="/icoxPymi9uFBtDeZbm408YyJ8k="></latexit>

~a =
d~v

dt
=

d

dt
(ṙr̂ + r✓̇✓̂) =

d

dt
(vr r̂ + v✓ ✓̂)



Voltemos ao problema da miçanga rodando
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u

x

y

!

<latexit sha1_base64="GBqz5McHTFlJBDcnV2rQhKVTAfg="></latexit>

~v(t) = u r̂ + u t ✓̇ ✓̂<latexit sha1_base64="6SmEvXvvYwKwcYHsaTbyjXe052s=">AAAB/3icdZDLSsNAFIYnXmu9RQU3bgaL4EJK0lTtRii6cVnBXqAJZTKdtkMnF2ZOCiV24au4caGIW1/DnW/jpK2goj8MfPznHM6Z348FV2BZH8bC4tLyympuLb++sbm1be7sNlSUSMrqNBKRbPlEMcFDVgcOgrViyUjgC9b0h1dZvTliUvEovIVxzLyA9EPe45SAtjrmvjtiNJUTfIETwO4JdgcEsOyYBatoWRXbdnAGtlMuTcE5tRxsa8hUQHPVOua7241oErAQqCBKtW0rBi8lEjgVbJJ3E8ViQoekz9oaQxIw5aXT+yf4SDtd3IukfiHgqft9IiWBUuPA150BgYH6XcvMv2rtBHoVL+VhnAAL6WxRLxEYIpyFgbtcMgpirIFQyfWtmA6IJBR0ZHkdwtdP8f/QKBXts2LpplyoXs7jyKEDdIiOkY3OURVdoxqqI4ru0AN6Qs/GvfFovBivs9YFYz6zh37IePsEX9WVDQ==</latexit>

~r = ut r̂

= (r̈ � r✓̇2) r̂ + (r✓̈ + 2ṙ✓̇) ✓̂
<latexit sha1_base64="Iga3Q4a+sjM0t4L/Zu/Dxa7TSJ0=">AAAB7nicdZDLSgNBEEVr4ivGV9Slm8YguAozSdQsg25cRjAPSIbQ06lJmvQ86O4JhCEf4caFIm79Hnf+jT1JBBW90HC4VUVXXS8WXGnb/rBya+sbm1v57cLO7t7+QfHwqK2iRDJssUhEsutRhYKH2NJcC+zGEmngCex4k5us3pmiVDwK7/UsRjego5D7nFFtrE5/iiyl80GxZJdtu+44VZKBU61VFlC9sKvEMZCpBCs1B8X3/jBiSYChZoIq1XPsWLsplZozgfNCP1EYUzahI+wZDGmAyk0X687JmXGGxI+keaEmC/f7REoDpWaBZzoDqsfqdy0z/6r1Eu3X3ZSHcaIxZMuP/EQQHZHsdjLkEpkWMwOUSW52JWxMJWXaJFQwIXxdSv6HdqXsXJYrd7VS43oVRx5O4BTOwYEraMAtNKEFDCbwAE/wbMXWo/VivS5bc9Zq5hh+yHr7BMJnj9w=</latexit>

~a
0

<latexit sha1_base64="K/W6v0hsbPwRbJfq24zfyUyoi6Y=">AAAB8HicdVBNSwMxFHxbv2r9qnr0EiyCp7LbVu1FKHrxWMG2SruUbJptQ5PskmSFsvRXePGgiFd/jjf/jdm2gooOBIaZN+S9CWLOtHHdDye3tLyyupZfL2xsbm3vFHf32jpKFKEtEvFI3QZYU84kbRlmOL2NFcUi4LQTjC8zv3NPlWaRvDGTmPoCDyULGcHGSne9QWRSNT1P+sWSW3bduudVUUa8aq0yI9UTt4o8SzKUYIFmv/husyQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp7OFp+jIKgMURso+adBM/Z5IsdB6IgI7KbAZ6d9eJv7ldRMT1v2UyTgxVJL5R2HCkYlQdj0aMEWJ4RNLMFHM7orICCtMjO2oYEv4uhT9T9qVsndarlzXSo2LRR15OIBDOAYPzqABV9CEFhAQ8ABP8Owo59F5cV7nozlnkdmHH3DePgFIAJC8</latexit>

ṙ = u
<latexit sha1_base64="opqGaUX8RTAbCZt3ED2noageEq0=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuCozbdVuhKIblxXsBdpSMulpG5q5kJwRylBfxY0LRdz6IO58GzNtBRU9EPj4/3OSk9+LpNDoOB9WZmV1bX0ju5nb2t7Z3bP3D5o6jBWHBg9lqNoe0yBFAA0UKKEdKWC+J6HlTa5Sv3UHSoswuMVpBD2fjQIxFJyhkfp2vjsIMeniGJDNLrqhDyPWtwtO0XGqrlumKbjlSmkO5VOnTF0DaRXIsup9+93cwmMfAuSSad1xnQh7CVMouIRZrhtriBifsBF0DAbMB91L5svP6LFRBnQYKnMCpHP1+0TCfK2nvmc6fYZj/dtLxb+8TozDai8RQRQjBHzx0DCWFEOaJkEHQgFHOTXAuBJmV8rHTDGOJq+cCeHrp/R/aJaK7lmxdFMp1C6XcWTJITkiJ8Ql56RGrkmdNAgnU/JAnsizdW89Wi/W66I1Yy1n8uRHWW+fYWWVQQ==</latexit>

✓̇ = !
<latexit sha1_base64="5uFV5tPS+6IUCPX65akgXhf44PA=">AAAB+HicdZDLSsNAFIYn9VbrpVGXbgaL4KokbdVuhKIblxXsBZpQJpNJO3RyYeZEqKFP4saFIm59FHe+jZO2gor+MPDxn3M4Z34vEVyBZX0YhZXVtfWN4mZpa3tnt2zu7XdVnErKOjQWsex7RDHBI9YBDoL1E8lI6AnW8yZXeb13x6TicXQL04S5IRlFPOCUgLaGZtnx/RgyB8YMyOzCGpoVq2pZTduu4xzseqM2h/qpVce2hlwVtFR7aL47fkzTkEVABVFqYFsJuBmRwKlgs5KTKpYQOiEjNtAYkZApN5sfPsPH2vFxEEv9IsBz9/tERkKlpqGnO0MCY/W7lpt/1QYpBE0341GSAovoYlGQCgwxzlPAPpeMgphqIFRyfSumYyIJBZ1VSYfw9VP8P3RrVfusWrtpVFqXyziK6BAdoRNko3PUQteojTqIohQ9oCf0bNwbj8aL8bpoLRjLmQP0Q8bbJ/Dbk0g=</latexit>

✓̈ = 0
<latexit sha1_base64="9Qs+Ym8OG8teN/cNejdkin2k7nI=">AAAB8XicdZDNSgMxFIUz9a/Wv6pLN8EiuCqZTtVuhKIblxVsK7ZDyWQybWgmGZKMUIa+hRsXirj1bdz5NmbaCip6IPBx7r3k3hMknGmD0IdTWFpeWV0rrpc2Nre2d8q7ex0tU0Vom0gu1W2ANeVM0LZhhtPbRFEcB5x2g/FlXu/eU6WZFDdmklA/xkPBIkawsdZdPwylydT0HA3KFVRFqOG6HszB9eq1GXgnyIOuhVwVsFBrUH7vh5KkMRWGcKx1z0WJ8TOsDCOcTkv9VNMEkzEe0p5FgWOq/Wy28RQeWSeEkVT2CQNn7veJDMdaT+LAdsbYjPTvWm7+VeulJmr4GRNJaqgg84+ilEMjYX4+DJmixPCJBUwUs7tCMsIKE2NDKtkQvi6F/0OnVnVPq7XreqV5sYijCA7AITgGLjgDTXAFWqANCBDgATyBZ0c7j86L8zpvLTiLmX3wQ87bJ59skOU=</latexit>

r̈ = 0

0

<latexit sha1_base64="om9n8DUQcxkuvttSiREurA+kTAY="></latexit>

= �ut!2 r̂ + 2u! ✓̂

= ar r̂ + a✓ ✓̂

<latexit sha1_base64="W600/jPGGlDbsNP2RRu/MVcPEig=">AAACAHicdZBNS0JBFIbn2pfZl9WiRZshCQxC7lUrN4HUpqVBpuAVmTsedXDuBzPnBiJu+ittWhTRtp/Rrn/TXDWoqBcGHt5zDmfO60VSaLTtDyu1sLi0vJJezaytb2xuZbd3bnUYKw51HspQNT2mQYoA6ihQQjNSwHxPQsMbXib1xh0oLcLgBkcRtH3WD0RPcIbG6mT3XBwAsjwe0XPqhj70GXWPKXayObtg2xXHKdEEnFK5OIXSiV2ijoFEOTJXrZN9d7shj30IkEumdcuxI2yPmULBJUwybqwhYnzI+tAyGDAfdHs8PWBCD43Tpb1QmRcgnbrfJ8bM13rke6bTZzjQv2uJ+VetFWOv0h6LIIoRAj5b1IslxZAmadCuUMBRjgwwroT5K+UDphhHk1nGhPB1Kf0fbosF57RQvC7nqhfzONJknxyQPHHIGamSK1IjdcLJhDyQJ/Js3VuP1ov1OmtNWfOZXfJD1tsnfKeVDw==</latexit>

✓(t) = ! t

Exemplo



Exemplo

✓ =
⇡

6

✓ =
⇡

3

✓ =
⇡

2

✓ =
3⇡

4

~vr~v✓

~vr

~v✓

~vr

~v✓

~vr

~v✓

~vr

~v✓

~v

~v

~v

~v

~v
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<latexit sha1_base64="GBqz5McHTFlJBDcnV2rQhKVTAfg="></latexit>

~v(t) = u r̂ + u t ✓̇ ✓̂
<latexit sha1_base64="jnv9x7cb8JmkBYOMlp8yfwgqveI=">AAACF3icdZDLSgMxFIYzXmu9VV26CRZBUMpM66UbQXTjUsGq0CnlTHrahmYuJGeEUnwLN76KGxeKuNWdb2OmraCiBwJf/v8ckvMHiZKGXPfDmZicmp6Zzc3l5xcWl5YLK6uXJk61wJqIVayvAzCoZIQ1kqTwOtEIYaDwKuidZP7VDWoj4+iC+gk2QuhEsi0FkJWahdIhT7m/w/0uENd8e3SjoRSH2IEvz6cuEjQLRbfkulXPq/AMvMpueQiVPbfCPQtZFdm4zpqFd78VizTEiIQCY+qem1BjAJqkUHib91ODCYgedLBuMYIQTWMw3OuWb1qlxduxticiPlS/TwwgNKYfBrYzBOqa314m/uXVU2pXGwMZJSlhJEYPtVPFKeZZSLwlNQpSfQsgtLR/5aILGgTZKPM2hK9N+f9wWS55+6Xy+W7x6HgcR46tsw22xTx2wI7YKTtjNSbYHXtgT+zZuXcenRfnddQ64Yxn1tiPct4+AY05nIE=</latexit>

= u r̂ + u t! ✓̂



Exemplo Movimento sem Aceleração Radial 
Uma partícula se move com ✓̇ = ! (constante)

r(t) = r0e
�t r0,� são constantes
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= (r̈ � r✓̇2) r̂ + (r✓̈ + 2ṙ✓̇) ✓̂
<latexit sha1_base64="Iga3Q4a+sjM0t4L/Zu/Dxa7TSJ0=">AAAB7nicdZDLSgNBEEVr4ivGV9Slm8YguAozSdQsg25cRjAPSIbQ06lJmvQ86O4JhCEf4caFIm79Hnf+jT1JBBW90HC4VUVXXS8WXGnb/rBya+sbm1v57cLO7t7+QfHwqK2iRDJssUhEsutRhYKH2NJcC+zGEmngCex4k5us3pmiVDwK7/UsRjego5D7nFFtrE5/iiyl80GxZJdtu+44VZKBU61VFlC9sKvEMZCpBCs1B8X3/jBiSYChZoIq1XPsWLsplZozgfNCP1EYUzahI+wZDGmAyk0X687JmXGGxI+keaEmC/f7REoDpWaBZzoDqsfqdy0z/6r1Eu3X3ZSHcaIxZMuP/EQQHZHsdjLkEpkWMwOUSW52JWxMJWXaJFQwIXxdSv6HdqXsXJYrd7VS43oVRx5O4BTOwYEraMAtNKEFDCbwAE/wbMXWo/VivS5bc9Zq5hh+yHr7BMJnj9w=</latexit>

~a

<latexit sha1_base64="2l4xKiZ2+EHKo3ovZy3X9idVbDM="></latexit>

~v(t) = �r0e
�tr̂ + r0!e

�t✓̂

<latexit sha1_base64="3AcCQm87tP4wNFu8+TR1VUCaAzg="></latexit>

= (�2r0e
�t � r0e

�t!2)r̂ + 2�r0!e
�t✓̂

se
<latexit sha1_base64="1Wzv3sWj3YiB8eKUCHqxeJwhRoE=">AAAB+3icdZDLSsNAFIYn9VbrLdalm8EiuCpJW7UboejGZQV7gSaUyfSkHTqThJmJWEpfxY0LRdz6Iu58GydtBRX9YeDjP+dwzvxBwpnSjvNh5VZW19Y38puFre2d3T17v9hWcSoptGjMY9kNiALOImhppjl0EwlEBBw6wfgqq3fuQCoWR7d6koAvyDBiIaNEG6tvF70ANMEX2EsE9mIBQ9K3S07ZcequW8UZuNVaZQ7VU6eKXQOZSmipZt9+9wYxTQVEmnKiVM91Eu1PidSMcpgVvFRBQuiYDKFnMCIClD+d3z7Dx8YZ4DCW5kUaz93vE1MilJqIwHQKokfqdy0z/6r1Uh3W/SmLklRDRBeLwpRjHeMsCDxgEqjmEwOESmZuxXREJKHaxFUwIXz9FP8P7UrZPStXbmqlxuUyjjw6REfoBLnoHDXQNWqiFqLoHj2gJ/RszaxH68V6XbTmrOXMAfoh6+0T6ViTuw==</latexit>

� = ±! a parte radial da aceleração se anula


