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ELETROMAGNETISMO

Eletricidade estatica



CARGAS ELÉTRICAS

Benjamim Frankin: existência de duas cargas

nenhuma carga é criada ou destruída.



ARRANJO DE CARGAS

Moléculas neutras podem ter arranjos como a agua.

Caso (b): rápida transferencia de cargas: condutores

Caso (c): lenta transferencia de cargas: isolantes

Caso intermediario: semicondutores



UNIDADE MINIMA DA CARGA

Electrons tem carga negativa, protons carga positiva

1 e= 1.6⇥ 10�19 C
<latexit sha1_base64="sTnxZyvlR3GaXhCpms8q7tR3L54=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZaMiK9VoRuXFewDmlgm00k7dCYJMxOhhGzc+CtuXCji1n9w5984bbPQ1gMXDufcy733+DFnSjvOt1VYWFxaXimultbWNza37O2dpooSSWiDRDySbR8ryllIG5ppTtuxpFj4nLb8YW3stx6oVCwK7/Qopp7A/ZAFjGBtpK69jyrn0NVMUAWRc5+eoKvMPU5dKWAt69plp+JMAOcJykkZ5Kh37S+3F5FE0FATjpXqICfWXoqlZoTTrOQmisaYDHGfdgwNsVnrpZMvMnholB4MImkq1HCi/p5IsVBqJHzTKbAeqFlvLP7ndRIdXHopC+NE05BMFwUJhzqC40hgj0lKNB8Zgolk5lZIBlhiok1wJRMCmn15njRPK8ipoNuzcvU6j6MI9sABOAIIXIAquAF10AAEPIJn8ArerCfrxXq3PqatBSuf2QV/YH3+AEAplno=</latexit><latexit sha1_base64="sTnxZyvlR3GaXhCpms8q7tR3L54=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZaMiK9VoRuXFewDmlgm00k7dCYJMxOhhGzc+CtuXCji1n9w5984bbPQ1gMXDufcy733+DFnSjvOt1VYWFxaXimultbWNza37O2dpooSSWiDRDySbR8ryllIG5ppTtuxpFj4nLb8YW3stx6oVCwK7/Qopp7A/ZAFjGBtpK69jyrn0NVMUAWRc5+eoKvMPU5dKWAt69plp+JMAOcJykkZ5Kh37S+3F5FE0FATjpXqICfWXoqlZoTTrOQmisaYDHGfdgwNsVnrpZMvMnholB4MImkq1HCi/p5IsVBqJHzTKbAeqFlvLP7ndRIdXHopC+NE05BMFwUJhzqC40hgj0lKNB8Zgolk5lZIBlhiok1wJRMCmn15njRPK8ipoNuzcvU6j6MI9sABOAIIXIAquAF10AAEPIJn8ArerCfrxXq3PqatBSuf2QV/YH3+AEAplno=</latexit><latexit sha1_base64="sTnxZyvlR3GaXhCpms8q7tR3L54=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZaMiK9VoRuXFewDmlgm00k7dCYJMxOhhGzc+CtuXCji1n9w5984bbPQ1gMXDufcy733+DFnSjvOt1VYWFxaXimultbWNza37O2dpooSSWiDRDySbR8ryllIG5ppTtuxpFj4nLb8YW3stx6oVCwK7/Qopp7A/ZAFjGBtpK69jyrn0NVMUAWRc5+eoKvMPU5dKWAt69plp+JMAOcJykkZ5Kh37S+3F5FE0FATjpXqICfWXoqlZoTTrOQmisaYDHGfdgwNsVnrpZMvMnholB4MImkq1HCi/p5IsVBqJHzTKbAeqFlvLP7ndRIdXHopC+NE05BMFwUJhzqC40hgj0lKNB8Zgolk5lZIBlhiok1wJRMCmn15njRPK8ipoNuzcvU6j6MI9sABOAIIXIAquAF10AAEPIJn8ArerCfrxXq3PqatBSuf2QV/YH3+AEAplno=</latexit><latexit sha1_base64="sTnxZyvlR3GaXhCpms8q7tR3L54=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZaMiK9VoRuXFewDmlgm00k7dCYJMxOhhGzc+CtuXCji1n9w5984bbPQ1gMXDufcy733+DFnSjvOt1VYWFxaXimultbWNza37O2dpooSSWiDRDySbR8ryllIG5ppTtuxpFj4nLb8YW3stx6oVCwK7/Qopp7A/ZAFjGBtpK69jyrn0NVMUAWRc5+eoKvMPU5dKWAt69plp+JMAOcJykkZ5Kh37S+3F5FE0FATjpXqICfWXoqlZoTTrOQmisaYDHGfdgwNsVnrpZMvMnholB4MImkq1HCi/p5IsVBqJHzTKbAeqFlvLP7ndRIdXHopC+NE05BMFwUJhzqC40hgj0lKNB8Zgolk5lZIBlhiok1wJRMCmn15njRPK8ipoNuzcvU6j6MI9sABOAIIXIAquAF10AAEPIJn8ArerCfrxXq3PqatBSuf2QV/YH3+AEAplno=</latexit>

A unidade é o Coulomb, C.

1mol = 6, 022⇥ 10

23
particulas

<latexit sha1_base64="dRbTRQtYnDZtNF08C+ry3FPAVLo=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VwUUpSxYogFNy4rGAf0MQymU7aoTNJmJkIJeRT3Pgrblwoojv9GqdpBG09MHA459479x4vYlQqy/o0CkvLK6trxfXSxubW9o65u9eWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+mvqdeyIkDYNbNYmIy9EwoD7FSGmpb9ZtpwITR3DIQ5bCy7OKVatBR1FOJLStu6R2ksKfkggJRXHMkEz7ZtmqWhngIrFzUgY5mn3zwxmEOOYkUFgPkD3bipSbZBMZSUtOLEmE8BgNSU/TAOkF3CQ7MIVHWhlAPxT6BQpm6u+OBHEpJ9zTlRypkZz3puJ/Xi9W/rmb0CCKFQnw7CM/ZlCFcJoWHFBBsGITTRAWVO8K8QgJhJXOtKRDsOdPXiTtWtW2qvbNablxkcdRBAfgEBwDG9RBA1yDJmgBDB7AE3gBr8aj8Wy8Ge+z0oKR9+yDPzC+vgF7E6C9</latexit><latexit sha1_base64="dRbTRQtYnDZtNF08C+ry3FPAVLo=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VwUUpSxYogFNy4rGAf0MQymU7aoTNJmJkIJeRT3Pgrblwoojv9GqdpBG09MHA459479x4vYlQqy/o0CkvLK6trxfXSxubW9o65u9eWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+mvqdeyIkDYNbNYmIy9EwoD7FSGmpb9ZtpwITR3DIQ5bCy7OKVatBR1FOJLStu6R2ksKfkggJRXHMkEz7ZtmqWhngIrFzUgY5mn3zwxmEOOYkUFgPkD3bipSbZBMZSUtOLEmE8BgNSU/TAOkF3CQ7MIVHWhlAPxT6BQpm6u+OBHEpJ9zTlRypkZz3puJ/Xi9W/rmb0CCKFQnw7CM/ZlCFcJoWHFBBsGITTRAWVO8K8QgJhJXOtKRDsOdPXiTtWtW2qvbNablxkcdRBAfgEBwDG9RBA1yDJmgBDB7AE3gBr8aj8Wy8Ge+z0oKR9+yDPzC+vgF7E6C9</latexit><latexit sha1_base64="dRbTRQtYnDZtNF08C+ry3FPAVLo=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VwUUpSxYogFNy4rGAf0MQymU7aoTNJmJkIJeRT3Pgrblwoojv9GqdpBG09MHA459479x4vYlQqy/o0CkvLK6trxfXSxubW9o65u9eWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+mvqdeyIkDYNbNYmIy9EwoD7FSGmpb9ZtpwITR3DIQ5bCy7OKVatBR1FOJLStu6R2ksKfkggJRXHMkEz7ZtmqWhngIrFzUgY5mn3zwxmEOOYkUFgPkD3bipSbZBMZSUtOLEmE8BgNSU/TAOkF3CQ7MIVHWhlAPxT6BQpm6u+OBHEpJ9zTlRypkZz3puJ/Xi9W/rmb0CCKFQnw7CM/ZlCFcJoWHFBBsGITTRAWVO8K8QgJhJXOtKRDsOdPXiTtWtW2qvbNablxkcdRBAfgEBwDG9RBA1yDJmgBDB7AE3gBr8aj8Wy8Ge+z0oKR9+yDPzC+vgF7E6C9</latexit><latexit sha1_base64="dRbTRQtYnDZtNF08C+ry3FPAVLo=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VwUUpSxYogFNy4rGAf0MQymU7aoTNJmJkIJeRT3Pgrblwoojv9GqdpBG09MHA459479x4vYlQqy/o0CkvLK6trxfXSxubW9o65u9eWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+mvqdeyIkDYNbNYmIy9EwoD7FSGmpb9ZtpwITR3DIQ5bCy7OKVatBR1FOJLStu6R2ksKfkggJRXHMkEz7ZtmqWhngIrFzUgY5mn3zwxmEOOYkUFgPkD3bipSbZBMZSUtOLEmE8BgNSU/TAOkF3CQ7MIVHWhlAPxT6BQpm6u+OBHEpJ9zTlRypkZz3puJ/Xi9W/rmb0CCKFQnw7CM/ZlCFcJoWHFBBsGITTRAWVO8K8QgJhJXOtKRDsOdPXiTtWtW2qvbNablxkcdRBAfgEBwDG9RBA1yDJmgBDB7AE3gBr8aj8Wy8Ge+z0oKR9+yDPzC+vgF7E6C9</latexit>

1mol de eletrons = 9, 6⇥ 10

4
C

<latexit sha1_base64="L0fa+mmQgAmiIw2GP4VtaQgz5Fo=">AAACLHicbZDJSgNBEIZ73I1b1KOXxiB4kDAjwQ0EIRePCkaFTAw9nYo29jJ01whhmAfy4qsI4kERrz6HnUVwK2j46q8qqutPUikchuFrMDY+MTk1PTNbmptfWFwqL6+cO5NZDg1upLGXCXMghYYGCpRwmVpgKpFwkdzW+/WLO7BOGH2GvRRail1r0RWcoZfa5XoeW0VpRJWRRbw1zDrgkQ4YJKA12hWH+1s7NEahwNEovMprX931ol2uhNVwEPQvRCOokFGctMtPccfwTIFGLplzzShMsZUzi4JLKEpx5iBl/JZdQ9OjZn5pKx8cW9ANr3Ro11j/NNKB+n0iZ8q5nkp8p2J4437X+uJ/tWaG3b1WLnSaIWg+XNTNJEVD+87RjrDAUfY8MG6F/yvlN8wyjt7fkjch+n3yXzjfrkZhNTqtVY4ORnbMkDWyTjZJRHbJETkmJ6RBOLknj+SFvAYPwXPwFrwPW8eC0cwq+RHBxyfO8aYX</latexit><latexit sha1_base64="L0fa+mmQgAmiIw2GP4VtaQgz5Fo=">AAACLHicbZDJSgNBEIZ73I1b1KOXxiB4kDAjwQ0EIRePCkaFTAw9nYo29jJ01whhmAfy4qsI4kERrz6HnUVwK2j46q8qqutPUikchuFrMDY+MTk1PTNbmptfWFwqL6+cO5NZDg1upLGXCXMghYYGCpRwmVpgKpFwkdzW+/WLO7BOGH2GvRRail1r0RWcoZfa5XoeW0VpRJWRRbw1zDrgkQ4YJKA12hWH+1s7NEahwNEovMprX931ol2uhNVwEPQvRCOokFGctMtPccfwTIFGLplzzShMsZUzi4JLKEpx5iBl/JZdQ9OjZn5pKx8cW9ANr3Ro11j/NNKB+n0iZ8q5nkp8p2J4437X+uJ/tWaG3b1WLnSaIWg+XNTNJEVD+87RjrDAUfY8MG6F/yvlN8wyjt7fkjch+n3yXzjfrkZhNTqtVY4ORnbMkDWyTjZJRHbJETkmJ6RBOLknj+SFvAYPwXPwFrwPW8eC0cwq+RHBxyfO8aYX</latexit><latexit sha1_base64="L0fa+mmQgAmiIw2GP4VtaQgz5Fo=">AAACLHicbZDJSgNBEIZ73I1b1KOXxiB4kDAjwQ0EIRePCkaFTAw9nYo29jJ01whhmAfy4qsI4kERrz6HnUVwK2j46q8qqutPUikchuFrMDY+MTk1PTNbmptfWFwqL6+cO5NZDg1upLGXCXMghYYGCpRwmVpgKpFwkdzW+/WLO7BOGH2GvRRail1r0RWcoZfa5XoeW0VpRJWRRbw1zDrgkQ4YJKA12hWH+1s7NEahwNEovMprX931ol2uhNVwEPQvRCOokFGctMtPccfwTIFGLplzzShMsZUzi4JLKEpx5iBl/JZdQ9OjZn5pKx8cW9ANr3Ro11j/NNKB+n0iZ8q5nkp8p2J4437X+uJ/tWaG3b1WLnSaIWg+XNTNJEVD+87RjrDAUfY8MG6F/yvlN8wyjt7fkjch+n3yXzjfrkZhNTqtVY4ORnbMkDWyTjZJRHbJETkmJ6RBOLknj+SFvAYPwXPwFrwPW8eC0cwq+RHBxyfO8aYX</latexit><latexit sha1_base64="L0fa+mmQgAmiIw2GP4VtaQgz5Fo=">AAACLHicbZDJSgNBEIZ73I1b1KOXxiB4kDAjwQ0EIRePCkaFTAw9nYo29jJ01whhmAfy4qsI4kERrz6HnUVwK2j46q8qqutPUikchuFrMDY+MTk1PTNbmptfWFwqL6+cO5NZDg1upLGXCXMghYYGCpRwmVpgKpFwkdzW+/WLO7BOGH2GvRRail1r0RWcoZfa5XoeW0VpRJWRRbw1zDrgkQ4YJKA12hWH+1s7NEahwNEovMprX931ol2uhNVwEPQvRCOokFGctMtPccfwTIFGLplzzShMsZUzi4JLKEpx5iBl/JZdQ9OjZn5pKx8cW9ANr3Ro11j/NNKB+n0iZ8q5nkp8p2J4437X+uJ/tWaG3b1WLnSaIWg+XNTNJEVD+87RjrDAUfY8MG6F/yvlN8wyjt7fkjch+n3yXzjfrkZhNTqtVY4ORnbMkDWyTjZJRHbJETkmJ6RBOLknj+SFvAYPwXPwFrwPW8eC0cwq+RHBxyfO8aYX</latexit>



LEI DE COULOMB

F = k
|q1||q2|
r2

<latexit sha1_base64="fpZfD7hsm4sz54REz4tgQMrMLtk=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4KkkRFEEoCOKygn1AG8NkMmmHTh7OTISSduHGX3HjQhG3foQ7/8Zpm4W2HriXwzn3MnOPl3AmlWV9G0vLK6tr64WN4ubW9s6uubfflHEqCG2QmMei7WFJOYtoQzHFaTsRFIcepy1vcDnxWw9USBZHt2qYUCfEvYgFjGClJdcsXV0MUNcPBCbZ6N61R7pVR+NM3FXHrlm2KtYUaJHYOSlDjrprfnX9mKQhjRThWMqObSXKybBQjHA6LnZTSRNMBrhHO5pGOKTSyaZHjNGRVnwUxEJXpNBU/b2R4VDKYejpyRCrvpz3JuJ/XidVwZmTsShJFY3I7KEg5UjFaJII8pmgRPGhJpgIpv+KSB/rQJTOrahDsOdPXiTNasW2KvbNSbl2nsdRgBIcwjHYcAo1uIY6NIDAIzzDK7wZT8aL8W58zEaXjHznAP7A+PwBieGYAA==</latexit><latexit sha1_base64="fpZfD7hsm4sz54REz4tgQMrMLtk=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4KkkRFEEoCOKygn1AG8NkMmmHTh7OTISSduHGX3HjQhG3foQ7/8Zpm4W2HriXwzn3MnOPl3AmlWV9G0vLK6tr64WN4ubW9s6uubfflHEqCG2QmMei7WFJOYtoQzHFaTsRFIcepy1vcDnxWw9USBZHt2qYUCfEvYgFjGClJdcsXV0MUNcPBCbZ6N61R7pVR+NM3FXHrlm2KtYUaJHYOSlDjrprfnX9mKQhjRThWMqObSXKybBQjHA6LnZTSRNMBrhHO5pGOKTSyaZHjNGRVnwUxEJXpNBU/b2R4VDKYejpyRCrvpz3JuJ/XidVwZmTsShJFY3I7KEg5UjFaJII8pmgRPGhJpgIpv+KSB/rQJTOrahDsOdPXiTNasW2KvbNSbl2nsdRgBIcwjHYcAo1uIY6NIDAIzzDK7wZT8aL8W58zEaXjHznAP7A+PwBieGYAA==</latexit><latexit sha1_base64="fpZfD7hsm4sz54REz4tgQMrMLtk=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4KkkRFEEoCOKygn1AG8NkMmmHTh7OTISSduHGX3HjQhG3foQ7/8Zpm4W2HriXwzn3MnOPl3AmlWV9G0vLK6tr64WN4ubW9s6uubfflHEqCG2QmMei7WFJOYtoQzHFaTsRFIcepy1vcDnxWw9USBZHt2qYUCfEvYgFjGClJdcsXV0MUNcPBCbZ6N61R7pVR+NM3FXHrlm2KtYUaJHYOSlDjrprfnX9mKQhjRThWMqObSXKybBQjHA6LnZTSRNMBrhHO5pGOKTSyaZHjNGRVnwUxEJXpNBU/b2R4VDKYejpyRCrvpz3JuJ/XidVwZmTsShJFY3I7KEg5UjFaJII8pmgRPGhJpgIpv+KSB/rQJTOrahDsOdPXiTNasW2KvbNSbl2nsdRgBIcwjHYcAo1uIY6NIDAIzzDK7wZT8aL8W58zEaXjHznAP7A+PwBieGYAA==</latexit><latexit sha1_base64="fpZfD7hsm4sz54REz4tgQMrMLtk=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4KkkRFEEoCOKygn1AG8NkMmmHTh7OTISSduHGX3HjQhG3foQ7/8Zpm4W2HriXwzn3MnOPl3AmlWV9G0vLK6tr64WN4ubW9s6uubfflHEqCG2QmMei7WFJOYtoQzHFaTsRFIcepy1vcDnxWw9USBZHt2qYUCfEvYgFjGClJdcsXV0MUNcPBCbZ6N61R7pVR+NM3FXHrlm2KtYUaJHYOSlDjrprfnX9mKQhjRThWMqObSXKybBQjHA6LnZTSRNMBrhHO5pGOKTSyaZHjNGRVnwUxEJXpNBU/b2R4VDKYejpyRCrvpz3JuJ/XidVwZmTsShJFY3I7KEg5UjFaJII8pmgRPGhJpgIpv+KSB/rQJTOrahDsOdPXiTNasW2KvbNSbl2nsdRgBIcwjHYcAo1uIY6NIDAIzzDK7wZT8aL8W58zEaXjHznAP7A+PwBieGYAA==</latexit>

Quanto maior a carga , maior a força.

Se dobrar a carga, dobramos a força.

Se diminuirmos a distancia pela metade a força fica quatro vezes maior.

Força de coulomb: magnitude e direção

k = 9, 0⇥ 109 Nm2/C2
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LEI DE COULOMB

Lembrando: forcas entre cargas iguais faz ter uma separação.

força entre cargas diferentes faz se atraírem.

Combinado diferentes arranjos de cargas, força pode ser positiva ou negativa. 

Sejam duas cargas Q1 e Q2 de valores de Q1 = 50µC e Q2 = 1µC
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separados por 1 1cm.

(A) Qual é a forca que a carga Q1 exerce na carga Q2?

(B) Qual é a forca que a carga Q2 exerce na carga Q1?

k = 9, 0⇥ 109 Nm2/C2
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LEI DE COULOMB PARA MÚLTIPLAS CARGAS

Seja o segundo arranjo. Determine as forcas em q1

F12 =
k|q1||q2|

r212
=

(9, 0⇥ 109Nm2/C2)(3.0⇥ 10�6C)(4.0⇥ 10�6C)

(0.20m)2
= 2.7N

<latexit sha1_base64="NLbW3l/dY1aybP5dpzhkyg5no7o=">AAACkHicdVFda9swFJXdfXTpuqXt417EwsCBzpPcb1hZR6GMPYwOlrYQp0ZW5FZEsl1JHgTFv2f/Z2/7N1McQ7t2vSBxdM653Kt701JwbRD64/lLT54+e778orPycvXV6+7a+pkuKkXZgBaiUBcp0UzwnA0MN4JdlIoRmQp2nk6O5/r5T6Y0L/IfZlqykSRXOc84JcZRSffXSWJxVB/G40wRaidwdpPgmbuiWW1Vo13eysHBJo oNl0xDjC4PoI2VhN+ks3xo4LFD/WArvGOy73frVusH248ptQ1QGKHmKWvYn9eMwj0Yby5K1Em3h0LUBHwIcAt6oI3TpPs7Hhe0kiw3VBCthxiVZmSJMpwKVnfiSrOS0Am5YkMHc+K6GtlmoDV855gxzArlTm5gw97NsERqPZWpc0pirvV9bU7+TxtWJtsfWZ6XlWE5XRTKKgFNAefbgWOuGDVi6gChirteIb0mbvTG7bDjhoDvf/khOItCjEL8fbt3tNOOYxm8AW9BADDYA0fgCzgFA0C9VW/L++gd+uv+vv/J/7yw+l6bswH+Cf/rX2COwQc=</latexit><latexit sha1_base64="NLbW3l/dY1aybP5dpzhkyg5no7o=">AAACkHicdVFda9swFJXdfXTpuqXt417EwsCBzpPcb1hZR6GMPYwOlrYQp0ZW5FZEsl1JHgTFv2f/Z2/7N1McQ7t2vSBxdM653Kt701JwbRD64/lLT54+e778orPycvXV6+7a+pkuKkXZgBaiUBcp0UzwnA0MN4JdlIoRmQp2nk6O5/r5T6Y0L/IfZlqykSRXOc84JcZRSffXSWJxVB/G40wRaidwdpPgmbuiWW1Vo13eysHBJo oNl0xDjC4PoI2VhN+ks3xo4LFD/WArvGOy73frVusH248ptQ1QGKHmKWvYn9eMwj0Yby5K1Em3h0LUBHwIcAt6oI3TpPs7Hhe0kiw3VBCthxiVZmSJMpwKVnfiSrOS0Am5YkMHc+K6GtlmoDV855gxzArlTm5gw97NsERqPZWpc0pirvV9bU7+TxtWJtsfWZ6XlWE5XRTKKgFNAefbgWOuGDVi6gChirteIb0mbvTG7bDjhoDvf/khOItCjEL8fbt3tNOOYxm8AW9BADDYA0fgCzgFA0C9VW/L++gd+uv+vv/J/7yw+l6bswH+Cf/rX2COwQc=</latexit><latexit sha1_base64="NLbW3l/dY1aybP5dpzhkyg5no7o=">AAACkHicdVFda9swFJXdfXTpuqXt417EwsCBzpPcb1hZR6GMPYwOlrYQp0ZW5FZEsl1JHgTFv2f/Z2/7N1McQ7t2vSBxdM653Kt701JwbRD64/lLT54+e778orPycvXV6+7a+pkuKkXZgBaiUBcp0UzwnA0MN4JdlIoRmQp2nk6O5/r5T6Y0L/IfZlqykSRXOc84JcZRSffXSWJxVB/G40wRaidwdpPgmbuiWW1Vo13eysHBJo oNl0xDjC4PoI2VhN+ks3xo4LFD/WArvGOy73frVusH248ptQ1QGKHmKWvYn9eMwj0Yby5K1Em3h0LUBHwIcAt6oI3TpPs7Hhe0kiw3VBCthxiVZmSJMpwKVnfiSrOS0Am5YkMHc+K6GtlmoDV855gxzArlTm5gw97NsERqPZWpc0pirvV9bU7+TxtWJtsfWZ6XlWE5XRTKKgFNAefbgWOuGDVi6gChirteIb0mbvTG7bDjhoDvf/khOItCjEL8fbt3tNOOYxm8AW9BADDYA0fgCzgFA0C9VW/L++gd+uv+vv/J/7yw+l6bswH+Cf/rX2COwQc=</latexit><latexit sha1_base64="NLbW3l/dY1aybP5dpzhkyg5no7o=">AAACkHicdVFda9swFJXdfXTpuqXt417EwsCBzpPcb1hZR6GMPYwOlrYQp0ZW5FZEsl1JHgTFv2f/Z2/7N1McQ7t2vSBxdM653Kt701JwbRD64/lLT54+e778orPycvXV6+7a+pkuKkXZgBaiUBcp0UzwnA0MN4JdlIoRmQp2nk6O5/r5T6Y0L/IfZlqykSRXOc84JcZRSffXSWJxVB/G40wRaidwdpPgmbuiWW1Vo13eysHBJo oNl0xDjC4PoI2VhN+ks3xo4LFD/WArvGOy73frVusH248ptQ1QGKHmKWvYn9eMwj0Yby5K1Em3h0LUBHwIcAt6oI3TpPs7Hhe0kiw3VBCthxiVZmSJMpwKVnfiSrOS0Am5YkMHc+K6GtlmoDV855gxzArlTm5gw97NsERqPZWpc0pirvV9bU7+TxtWJtsfWZ6XlWE5XRTKKgFNAefbgWOuGDVi6gChirteIb0mbvTG7bDjhoDvf/khOItCjEL8fbt3tNOOYxm8AW9BADDYA0fgCzgFA0C9VW/L++gd+uv+vv/J/7yw+l6bswH+Cf/rX2COwQc=</latexit>

F13 =
k|q1||q3|

r213
=

(9, 0⇥ 109Nm2/C2)(3.0⇥ 10�6C)(7.0⇥ 10�6C)

(0.15m)2
= 8.4N

<latexit sha1_base64="Y4iFNbxwOFAVmgmXS+peeYxTlcM=">AAACkHicdVFdT9swFHUytpVujI498mJRIaUSy2IKtEhDAyGhaQ8IpBWQmhI5rgNW7STYzqTKze/Z/9nb/g1uGiE+tivZOr7nXN3rc+OcM6WD4K/jvlp6/eZtY7n57v3Kh9XWx7ULlRWS0AHJeCavYqwoZykdaKY5vcolxSLm9DKeHM/5y19UKpalP/U0pyOBb1KWMIK1TUWt3yeRQd3yIBwnEhMzgbO7CM3s1Z2VRlbc9fYD7e 1vBaFmgiqIgut9aEIp4Kmwki8VPLao43X9RyLzea+suY7X+x9TGi/w0W71FCXszHv2/R0Ybi1alFGrHfhBFfAlQDVogzrOotafcJyRQtBUE46VGqIg1yODpWaE07IZFormmEzwDR1amGI71chUhpZw02bGMMmkPamGVfZxhcFCqamIrVJgfauec/Pkv7hhoZP+yLA0LzRNyaJRUnCoMzjfDhwzSYnmUwswkczOCsktttZru8OmNQE9//JLcLHtI2vm+U77cLe2owHWwQbwAAI9cAi+gzMwAMRZcbrOV+fAXXP77jf3aCF1nbrmE3gS7o97dzTBFA==</latexit><latexit sha1_base64="Y4iFNbxwOFAVmgmXS+peeYxTlcM=">AAACkHicdVFdT9swFHUytpVujI498mJRIaUSy2IKtEhDAyGhaQ8IpBWQmhI5rgNW7STYzqTKze/Z/9nb/g1uGiE+tivZOr7nXN3rc+OcM6WD4K/jvlp6/eZtY7n57v3Kh9XWx7ULlRWS0AHJeCavYqwoZykdaKY5vcolxSLm9DKeHM/5y19UKpalP/U0pyOBb1KWMIK1TUWt3yeRQd3yIBwnEhMzgbO7CM3s1Z2VRlbc9fYD7e 1vBaFmgiqIgut9aEIp4Kmwki8VPLao43X9RyLzea+suY7X+x9TGi/w0W71FCXszHv2/R0Ybi1alFGrHfhBFfAlQDVogzrOotafcJyRQtBUE46VGqIg1yODpWaE07IZFormmEzwDR1amGI71chUhpZw02bGMMmkPamGVfZxhcFCqamIrVJgfauec/Pkv7hhoZP+yLA0LzRNyaJRUnCoMzjfDhwzSYnmUwswkczOCsktttZru8OmNQE9//JLcLHtI2vm+U77cLe2owHWwQbwAAI9cAi+gzMwAMRZcbrOV+fAXXP77jf3aCF1nbrmE3gS7o97dzTBFA==</latexit><latexit sha1_base64="Y4iFNbxwOFAVmgmXS+peeYxTlcM=">AAACkHicdVFdT9swFHUytpVujI498mJRIaUSy2IKtEhDAyGhaQ8IpBWQmhI5rgNW7STYzqTKze/Z/9nb/g1uGiE+tivZOr7nXN3rc+OcM6WD4K/jvlp6/eZtY7n57v3Kh9XWx7ULlRWS0AHJeCavYqwoZykdaKY5vcolxSLm9DKeHM/5y19UKpalP/U0pyOBb1KWMIK1TUWt3yeRQd3yIBwnEhMzgbO7CM3s1Z2VRlbc9fYD7e 1vBaFmgiqIgut9aEIp4Kmwki8VPLao43X9RyLzea+suY7X+x9TGi/w0W71FCXszHv2/R0Ybi1alFGrHfhBFfAlQDVogzrOotafcJyRQtBUE46VGqIg1yODpWaE07IZFormmEzwDR1amGI71chUhpZw02bGMMmkPamGVfZxhcFCqamIrVJgfauec/Pkv7hhoZP+yLA0LzRNyaJRUnCoMzjfDhwzSYnmUwswkczOCsktttZru8OmNQE9//JLcLHtI2vm+U77cLe2owHWwQbwAAI9cAi+gzMwAMRZcbrOV+fAXXP77jf3aCF1nbrmE3gS7o97dzTBFA==</latexit><latexit sha1_base64="Y4iFNbxwOFAVmgmXS+peeYxTlcM=">AAACkHicdVFdT9swFHUytpVujI498mJRIaUSy2IKtEhDAyGhaQ8IpBWQmhI5rgNW7STYzqTKze/Z/9nb/g1uGiE+tivZOr7nXN3rc+OcM6WD4K/jvlp6/eZtY7n57v3Kh9XWx7ULlRWS0AHJeCavYqwoZykdaKY5vcolxSLm9DKeHM/5y19UKpalP/U0pyOBb1KWMIK1TUWt3yeRQd3yIBwnEhMzgbO7CM3s1Z2VRlbc9fYD7e 1vBaFmgiqIgut9aEIp4Kmwki8VPLao43X9RyLzea+suY7X+x9TGi/w0W71FCXszHv2/R0Ybi1alFGrHfhBFfAlQDVogzrOotafcJyRQtBUE46VGqIg1yODpWaE07IZFormmEzwDR1amGI71chUhpZw02bGMMmkPamGVfZxhcFCqamIrVJgfauec/Pkv7hhoZP+yLA0LzRNyaJRUnCoMzjfDhwzSYnmUwswkczOCsktttZru8OmNQE9//JLcLHtI2vm+U77cLe2owHWwQbwAAI9cAi+gzMwAMRZcbrOV+fAXXP77jf3aCF1nbrmE3gS7o97dzTBFA==</latexit>

Qual ganha?



CONDUTORES E ISOLANTES

Materiais se classificam por suas propriedades elétricas 
dependendo do elétron mais externo (elétron de valência)

condutores: metais, elétrons mais externos são livres
isolantes: elétrons mais externos são fortemente ligados



CAMPO ELETRICO

Imagine a carga positiva (em azul).

Coloque um outra qualquer positiva ao redor dela.  Esta carga sera repelida pela carga positiva (em azul)

Podemos representar este comportamento pelos 
vetores mostrados se afastando da carga.



CAMPO ELETRICO II

Imagine a carga negativa (em vermelho).

Coloque um outra qualquer positiva ao redor dela.  Esta carga sera atraída pela carga positiva (em azul)

Podemos representar este comportamento pelos 
vetores mostrados se aproximando da carga.



DEFINIÇÃO DE CAMPO ELÉTRICO

~E =
~F

q
<latexit sha1_base64="8lzft5owPU4GEkOeTJXUyfvB1fQ=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVRJRdCMURHFZwT6gCWUynbRDJw9nJoUSAm78FTcuFHHrT7jzb5ymWWjrgQtnzrmXufd4MWdSWda3sbC4tLyyWlorr29sbm2bO7tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGVxO/NaJCsii8V+OYugHuh8xnBCstdc19Z0RJep1dOj1fYJLmz5ssSx+yrlmxqlYONE/sglSgQL1rfjm9iCQBDRXhWMqObcXKTbFQjHCalZ1E0hiTIe7TjqYhDqh00/yGDB1ppYf8SOgKFcrV3xMpDqQcB57uDLAayFlvIv7ndRLlX7gpC+NE0ZBMP/ITjlSEJoGgHhOUKD7WBBPB9K6IDLDOQunYyjoEe/bkedI8qdpW1b47rdTOijhKcACHcAw2nEMNbqEODSDwCM/wCm/Gk/FivBsf09YFo5jZgz8wPn8A7CyYSw==</latexit><latexit sha1_base64="8lzft5owPU4GEkOeTJXUyfvB1fQ=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVRJRdCMURHFZwT6gCWUynbRDJw9nJoUSAm78FTcuFHHrT7jzb5ymWWjrgQtnzrmXufd4MWdSWda3sbC4tLyyWlorr29sbm2bO7tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGVxO/NaJCsii8V+OYugHuh8xnBCstdc19Z0RJep1dOj1fYJLmz5ssSx+yrlmxqlYONE/sglSgQL1rfjm9iCQBDRXhWMqObcXKTbFQjHCalZ1E0hiTIe7TjqYhDqh00/yGDB1ppYf8SOgKFcrV3xMpDqQcB57uDLAayFlvIv7ndRLlX7gpC+NE0ZBMP/ITjlSEJoGgHhOUKD7WBBPB9K6IDLDOQunYyjoEe/bkedI8qdpW1b47rdTOijhKcACHcAw2nEMNbqEODSDwCM/wCm/Gk/FivBsf09YFo5jZgz8wPn8A7CyYSw==</latexit><latexit sha1_base64="8lzft5owPU4GEkOeTJXUyfvB1fQ=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVRJRdCMURHFZwT6gCWUynbRDJw9nJoUSAm78FTcuFHHrT7jzb5ymWWjrgQtnzrmXufd4MWdSWda3sbC4tLyyWlorr29sbm2bO7tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGVxO/NaJCsii8V+OYugHuh8xnBCstdc19Z0RJep1dOj1fYJLmz5ssSx+yrlmxqlYONE/sglSgQL1rfjm9iCQBDRXhWMqObcXKTbFQjHCalZ1E0hiTIe7TjqYhDqh00/yGDB1ppYf8SOgKFcrV3xMpDqQcB57uDLAayFlvIv7ndRLlX7gpC+NE0ZBMP/ITjlSEJoGgHhOUKD7WBBPB9K6IDLDOQunYyjoEe/bkedI8qdpW1b47rdTOijhKcACHcAw2nEMNbqEODSDwCM/wCm/Gk/FivBsf09YFo5jZgz8wPn8A7CyYSw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="nIuximlW8XI7ZMKVe9kGV03BeOo=">AAAB+HicbZBNS8MwHMb/9XXOqdWjXoJD8DRaL3oRBFE8TnAvsJaRpukWlqY1SQejFLz4Vbx4UMRP4s1vY9btoJsPBJ48T0Ly/wUpZ0o7zre1srq2vrFZ2apu13Z29+z9WlslmSS0RRKeyG6AFeVM0JZmmtNuKimOA047weh62nfGVCqWiAc9Sakf44FgESNYm6hvH3pjSvKb4tILI4lJXm5viyJ/LPp23Wk4pdCyceemDnM1+/aXFyYki6nQhGOleq6Taj/HUjPCaVH1MkVTTEZ4QHvGChxT5eflDAU6MUmIokSaJTQq0983chwrNYkDczLGeqgWu2n4X9fLdHTh50ykmaaCzB6KMo50gqZAUMgkJZpPjMFEMvNXRIbYsNAGW9VAcBdHXjbts4brNNx7BypwBMdwCi6cwxXcQRNaQOAJXuAN3q1n69X6mOFasebcDuCPrM8fY1WW6g==</latexit><latexit sha1_base64="nIuximlW8XI7ZMKVe9kGV03BeOo=">AAAB+HicbZBNS8MwHMb/9XXOqdWjXoJD8DRaL3oRBFE8TnAvsJaRpukWlqY1SQejFLz4Vbx4UMRP4s1vY9btoJsPBJ48T0Ly/wUpZ0o7zre1srq2vrFZ2apu13Z29+z9WlslmSS0RRKeyG6AFeVM0JZmmtNuKimOA047weh62nfGVCqWiAc9Sakf44FgESNYm6hvH3pjSvKb4tILI4lJXm5viyJ/LPp23Wk4pdCyceemDnM1+/aXFyYki6nQhGOleq6Taj/HUjPCaVH1MkVTTEZ4QHvGChxT5eflDAU6MUmIokSaJTQq0983chwrNYkDczLGeqgWu2n4X9fLdHTh50ykmaaCzB6KMo50gqZAUMgkJZpPjMFEMvNXRIbYsNAGW9VAcBdHXjbts4brNNx7BypwBMdwCi6cwxXcQRNaQOAJXuAN3q1n69X6mOFasebcDuCPrM8fY1WW6g==</latexit><latexit sha1_base64="g2LVru3YxzVMAJPR7zuL4fgF/14=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IIohuhIIrLCvYBTSiT6aQdOnk4MymUEHDjr7hxoYhbf8Kdf+M0zUJbD1w4c869zL3HizmTyrK+jdLS8srqWnm9srG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXU399pgKyaLwXk1i6gZ4EDKfEay01DMPnDEl6XV26fR9gUmaP2+yLH3IembVqlk50CKxC1KFAo2e+eX0I5IENFSEYym7thUrN8VCMcJpVnESSWNMRnhAu5qGOKDSTfMbMnSslT7yI6ErVChXf0+kOJByEni6M8BqKOe9qfif102Uf+GmLIwTRUMy+8hPOFIRmgaC+kxQovhEE0wE07siMsQ6C6Vjq+gQ7PmTF0nrtGZbNfvOqtbPijjKcAhHcAI2nEMdbqEBTSDwCM/wCm/Gk/FivBsfs9aSUczswx8Ynz/q7JhH</latexit><latexit sha1_base64="8lzft5owPU4GEkOeTJXUyfvB1fQ=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVRJRdCMURHFZwT6gCWUynbRDJw9nJoUSAm78FTcuFHHrT7jzb5ymWWjrgQtnzrmXufd4MWdSWda3sbC4tLyyWlorr29sbm2bO7tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGVxO/NaJCsii8V+OYugHuh8xnBCstdc19Z0RJep1dOj1fYJLmz5ssSx+yrlmxqlYONE/sglSgQL1rfjm9iCQBDRXhWMqObcXKTbFQjHCalZ1E0hiTIe7TjqYhDqh00/yGDB1ppYf8SOgKFcrV3xMpDqQcB57uDLAayFlvIv7ndRLlX7gpC+NE0ZBMP/ITjlSEJoGgHhOUKD7WBBPB9K6IDLDOQunYyjoEe/bkedI8qdpW1b47rdTOijhKcACHcAw2nEMNbqEODSDwCM/wCm/Gk/FivBsf09YFo5jZgz8wPn8A7CyYSw==</latexit><latexit sha1_base64="8lzft5owPU4GEkOeTJXUyfvB1fQ=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVRJRdCMURHFZwT6gCWUynbRDJw9nJoUSAm78FTcuFHHrT7jzb5ymWWjrgQtnzrmXufd4MWdSWda3sbC4tLyyWlorr29sbm2bO7tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGVxO/NaJCsii8V+OYugHuh8xnBCstdc19Z0RJep1dOj1fYJLmz5ssSx+yrlmxqlYONE/sglSgQL1rfjm9iCQBDRXhWMqObcXKTbFQjHCalZ1E0hiTIe7TjqYhDqh00/yGDB1ppYf8SOgKFcrV3xMpDqQcB57uDLAayFlvIv7ndRLlX7gpC+NE0ZBMP/ITjlSEJoGgHhOUKD7WBBPB9K6IDLDOQunYyjoEe/bkedI8qdpW1b47rdTOijhKcACHcAw2nEMNbqEODSDwCM/wCm/Gk/FivBsf09YFo5jZgz8wPn8A7CyYSw==</latexit><latexit sha1_base64="8lzft5owPU4GEkOeTJXUyfvB1fQ=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVRJRdCMURHFZwT6gCWUynbRDJw9nJoUSAm78FTcuFHHrT7jzb5ymWWjrgQtnzrmXufd4MWdSWda3sbC4tLyyWlorr29sbm2bO7tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGVxO/NaJCsii8V+OYugHuh8xnBCstdc19Z0RJep1dOj1fYJLmz5ssSx+yrlmxqlYONE/sglSgQL1rfjm9iCQBDRXhWMqObcXKTbFQjHCalZ1E0hiTIe7TjqYhDqh00/yGDB1ppYf8SOgKFcrV3xMpDqQcB57uDLAayFlvIv7ndRLlX7gpC+NE0ZBMP/ITjlSEJoGgHhOUKD7WBBPB9K6IDLDOQunYyjoEe/bkedI8qdpW1b47rdTOijhKcACHcAw2nEMNbqEODSDwCM/wCm/Gk/FivBsf09YFo5jZgz8wPn8A7CyYSw==</latexit><latexit sha1_base64="8lzft5owPU4GEkOeTJXUyfvB1fQ=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVRJRdCMURHFZwT6gCWUynbRDJw9nJoUSAm78FTcuFHHrT7jzb5ymWWjrgQtnzrmXufd4MWdSWda3sbC4tLyyWlorr29sbm2bO7tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGVxO/NaJCsii8V+OYugHuh8xnBCstdc19Z0RJep1dOj1fYJLmz5ssSx+yrlmxqlYONE/sglSgQL1rfjm9iCQBDRXhWMqObcXKTbFQjHCalZ1E0hiTIe7TjqYhDqh00/yGDB1ppYf8SOgKFcrV3xMpDqQcB57uDLAayFlvIv7ndRLlX7gpC+NE0ZBMP/ITjlSEJoGgHhOUKD7WBBPB9K6IDLDOQunYyjoEe/bkedI8qdpW1b47rdTOijhKcACHcAw2nEMNbqEODSDwCM/wCm/Gk/FivBsf09YFo5jZgz8wPn8A7CyYSw==</latexit><latexit sha1_base64="8lzft5owPU4GEkOeTJXUyfvB1fQ=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVRJRdCMURHFZwT6gCWUynbRDJw9nJoUSAm78FTcuFHHrT7jzb5ymWWjrgQtnzrmXufd4MWdSWda3sbC4tLyyWlorr29sbm2bO7tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGVxO/NaJCsii8V+OYugHuh8xnBCstdc19Z0RJep1dOj1fYJLmz5ssSx+yrlmxqlYONE/sglSgQL1rfjm9iCQBDRXhWMqObcXKTbFQjHCalZ1E0hiTIe7TjqYhDqh00/yGDB1ppYf8SOgKFcrV3xMpDqQcB57uDLAayFlvIv7ndRLlX7gpC+NE0ZBMP/ITjlSEJoGgHhOUKD7WBBPB9K6IDLDOQunYyjoEe/bkedI8qdpW1b47rdTOijhKcACHcAw2nEMNbqEODSDwCM/wCm/Gk/FivBsf09YFo5jZgz8wPn8A7CyYSw==</latexit><latexit sha1_base64="8lzft5owPU4GEkOeTJXUyfvB1fQ=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVRJRdCMURHFZwT6gCWUynbRDJw9nJoUSAm78FTcuFHHrT7jzb5ymWWjrgQtnzrmXufd4MWdSWda3sbC4tLyyWlorr29sbm2bO7tNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGVxO/NaJCsii8V+OYugHuh8xnBCstdc19Z0RJep1dOj1fYJLmz5ssSx+yrlmxqlYONE/sglSgQL1rfjm9iCQBDRXhWMqObcXKTbFQjHCalZ1E0hiTIe7TjqYhDqh00/yGDB1ppYf8SOgKFcrV3xMpDqQcB57uDLAayFlvIv7ndRLlX7gpC+NE0ZBMP/ITjlSEJoGgHhOUKD7WBBPB9K6IDLDOQunYyjoEe/bkedI8qdpW1b47rdTOijhKcACHcAw2nEMNbqEODSDwCM/wCm/Gk/FivBsf09YFo5jZgz8wPn8A7CyYSw==</latexit>

Unidades de campo elétrico: N/C

E =
kQ

r2
<latexit sha1_base64="NcWK+5O3hBoykpeB8xJcw4PckRU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQS9CUQSPLdgPaGPZbDft0s0m7G7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bYKa+sbm1vF7dLO7t7+gX1YbqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn9zM/M4jlYpF4l5PY+qFeCRYwAjWRhrY5dur/jCQmKQT1MxS+VDLBnbFqTpzoFXi5qQCORoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl85vz9CpUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xi/RwaWXMhEnmgqyWBQkHOkIzYJAQyYp0XxqCCaSmVsRGWOThDZxlUwI7vLLq6Rdq7pO1W2eV+rXeRxFOIYTOAMXLqAOd9CAFhB4gmd4hTcrs16sd+tj0Vqw8pkj+APr8wdw9JQL</latexit><latexit sha1_base64="NcWK+5O3hBoykpeB8xJcw4PckRU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQS9CUQSPLdgPaGPZbDft0s0m7G7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bYKa+sbm1vF7dLO7t7+gX1YbqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn9zM/M4jlYpF4l5PY+qFeCRYwAjWRhrY5dur/jCQmKQT1MxS+VDLBnbFqTpzoFXi5qQCORoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl85vz9CpUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xi/RwaWXMhEnmgqyWBQkHOkIzYJAQyYp0XxqCCaSmVsRGWOThDZxlUwI7vLLq6Rdq7pO1W2eV+rXeRxFOIYTOAMXLqAOd9CAFhB4gmd4hTcrs16sd+tj0Vqw8pkj+APr8wdw9JQL</latexit><latexit sha1_base64="NcWK+5O3hBoykpeB8xJcw4PckRU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQS9CUQSPLdgPaGPZbDft0s0m7G7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bYKa+sbm1vF7dLO7t7+gX1YbqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn9zM/M4jlYpF4l5PY+qFeCRYwAjWRhrY5dur/jCQmKQT1MxS+VDLBnbFqTpzoFXi5qQCORoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl85vz9CpUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xi/RwaWXMhEnmgqyWBQkHOkIzYJAQyYp0XxqCCaSmVsRGWOThDZxlUwI7vLLq6Rdq7pO1W2eV+rXeRxFOIYTOAMXLqAOd9CAFhB4gmd4hTcrs16sd+tj0Vqw8pkj+APr8wdw9JQL</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fGmmqy2DIYKlnxVXklXcA7MqTAw=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMdKMbQRDBZQv2Ae1YMplMG5pJhiQjlmH+ihsXivhr3PlvTB8LbT0QOJyTcG++MOVMG8/7dkpb2zu7e+X9ykH18OjYPal2tcwUoR0iuVT9EGvKmaAdwwyn/VRRnISc9sLp7bzvPVGlmRQPZpbSIMFjwWJGsLHRyK3dXQ+jWGGST1G7yNVjsxi5da/hLYQ2jb8ydVipNXK/hpEkWUKFIRxrPfC91AQ5VoYRTovKMNM0xWSKx3RgrcAJ1UG+2L1A5zaJUCyVPcKgRfr7RY4TrWdJaG8m2Ez0ejcP/+sGmYmvgpyJNDNUkOWgOOPISDQHgSKmKDF8Zg0mitldEZlgS8JYXBULwV//8qbpNhu+1/DbHpThFM7gAny4hBu4hxZ0gMAzvMAbvDuF8+p8LHGVnBW3GvyR8/kDEhOSpQ==</latexit><latexit sha1_base64="fGmmqy2DIYKlnxVXklXcA7MqTAw=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMdKMbQRDBZQv2Ae1YMplMG5pJhiQjlmH+ihsXivhr3PlvTB8LbT0QOJyTcG++MOVMG8/7dkpb2zu7e+X9ykH18OjYPal2tcwUoR0iuVT9EGvKmaAdwwyn/VRRnISc9sLp7bzvPVGlmRQPZpbSIMFjwWJGsLHRyK3dXQ+jWGGST1G7yNVjsxi5da/hLYQ2jb8ydVipNXK/hpEkWUKFIRxrPfC91AQ5VoYRTovKMNM0xWSKx3RgrcAJ1UG+2L1A5zaJUCyVPcKgRfr7RY4TrWdJaG8m2Ez0ejcP/+sGmYmvgpyJNDNUkOWgOOPISDQHgSKmKDF8Zg0mitldEZlgS8JYXBULwV//8qbpNhu+1/DbHpThFM7gAny4hBu4hxZ0gMAzvMAbvDuF8+p8LHGVnBW3GvyR8/kDEhOSpQ==</latexit><latexit sha1_base64="xeYfxcHlH+oEW60Si/Ud0lkvWYw=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJe9CIURfDYgv2ANpbNZtMu3WzC7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM8xPOlHacb2ttfWNza7u0U97d2z84tI8qHRWnktA2iXksez5WlDNB25ppTnuJpDjyOe36k5uZ332kUrFY3OtpQr0IjwQLGcHaSEO7cns1CEKJSTZBrTyTD/V8aFedmjMHWiVuQapQoDm0vwZBTNKICk04VqrvOon2Miw1I5zm5UGqaILJBI9o31CBI6q8bH57js6MEqAwlqaERnP190SGI6WmkW86I6zHatmbif95/VSHl17GRJJqKshiUZhypGM0CwIFTFKi+dQQTCQztyIyxiYJbeIqmxDc5ZdXSadec52a23KqjesijhKcwCmcgwsX0IA7aEIbCDzBM7zCm5VbL9a79bFoXbOKmWP4A+vzB2+0lAc=</latexit><latexit sha1_base64="NcWK+5O3hBoykpeB8xJcw4PckRU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQS9CUQSPLdgPaGPZbDft0s0m7G7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bYKa+sbm1vF7dLO7t7+gX1YbqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn9zM/M4jlYpF4l5PY+qFeCRYwAjWRhrY5dur/jCQmKQT1MxS+VDLBnbFqTpzoFXi5qQCORoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl85vz9CpUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xi/RwaWXMhEnmgqyWBQkHOkIzYJAQyYp0XxqCCaSmVsRGWOThDZxlUwI7vLLq6Rdq7pO1W2eV+rXeRxFOIYTOAMXLqAOd9CAFhB4gmd4hTcrs16sd+tj0Vqw8pkj+APr8wdw9JQL</latexit><latexit sha1_base64="NcWK+5O3hBoykpeB8xJcw4PckRU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQS9CUQSPLdgPaGPZbDft0s0m7G7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bYKa+sbm1vF7dLO7t7+gX1YbqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn9zM/M4jlYpF4l5PY+qFeCRYwAjWRhrY5dur/jCQmKQT1MxS+VDLBnbFqTpzoFXi5qQCORoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl85vz9CpUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xi/RwaWXMhEnmgqyWBQkHOkIzYJAQyYp0XxqCCaSmVsRGWOThDZxlUwI7vLLq6Rdq7pO1W2eV+rXeRxFOIYTOAMXLqAOd9CAFhB4gmd4hTcrs16sd+tj0Vqw8pkj+APr8wdw9JQL</latexit><latexit sha1_base64="NcWK+5O3hBoykpeB8xJcw4PckRU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQS9CUQSPLdgPaGPZbDft0s0m7G7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bYKa+sbm1vF7dLO7t7+gX1YbqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn9zM/M4jlYpF4l5PY+qFeCRYwAjWRhrY5dur/jCQmKQT1MxS+VDLBnbFqTpzoFXi5qQCORoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl85vz9CpUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xi/RwaWXMhEnmgqyWBQkHOkIzYJAQyYp0XxqCCaSmVsRGWOThDZxlUwI7vLLq6Rdq7pO1W2eV+rXeRxFOIYTOAMXLqAOd9CAFhB4gmd4hTcrs16sd+tj0Vqw8pkj+APr8wdw9JQL</latexit><latexit sha1_base64="NcWK+5O3hBoykpeB8xJcw4PckRU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQS9CUQSPLdgPaGPZbDft0s0m7G7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bYKa+sbm1vF7dLO7t7+gX1YbqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn9zM/M4jlYpF4l5PY+qFeCRYwAjWRhrY5dur/jCQmKQT1MxS+VDLBnbFqTpzoFXi5qQCORoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl85vz9CpUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xi/RwaWXMhEnmgqyWBQkHOkIzYJAQyYp0XxqCCaSmVsRGWOThDZxlUwI7vLLq6Rdq7pO1W2eV+rXeRxFOIYTOAMXLqAOd9CAFhB4gmd4hTcrs16sd+tj0Vqw8pkj+APr8wdw9JQL</latexit><latexit sha1_base64="NcWK+5O3hBoykpeB8xJcw4PckRU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQS9CUQSPLdgPaGPZbDft0s0m7G7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bYKa+sbm1vF7dLO7t7+gX1YbqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn9zM/M4jlYpF4l5PY+qFeCRYwAjWRhrY5dur/jCQmKQT1MxS+VDLBnbFqTpzoFXi5qQCORoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl85vz9CpUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xi/RwaWXMhEnmgqyWBQkHOkIzYJAQyYp0XxqCCaSmVsRGWOThDZxlUwI7vLLq6Rdq7pO1W2eV+rXeRxFOIYTOAMXLqAOd9CAFhB4gmd4hTcrs16sd+tj0Vqw8pkj+APr8wdw9JQL</latexit><latexit sha1_base64="NcWK+5O3hBoykpeB8xJcw4PckRU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQS9CUQSPLdgPaGPZbDft0s0m7G7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bYKa+sbm1vF7dLO7t7+gX1YbqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn9zM/M4jlYpF4l5PY+qFeCRYwAjWRhrY5dur/jCQmKQT1MxS+VDLBnbFqTpzoFXi5qQCORoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl85vz9CpUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xi/RwaWXMhEnmgqyWBQkHOkIzYJAQyYp0XxqCCaSmVsRGWOThDZxlUwI7vLLq6Rdq7pO1W2eV+rXeRxFOIYTOAMXLqAOd9CAFhB4gmd4hTcrs16sd+tj0Vqw8pkj+APr8wdw9JQL</latexit>

Magnitude do campo elétrico:



EXEMPLO DE CALCULO DE CAMPO ELÉTRICO

Calcule o campo elétrico no ponto P devido as cargas

As distancias r1 e r2 são dadas na figura.

(A) Qual é o campo elétrico devido a carga Q1?

(B) Qual é o campo elétrico devido a carga Q2?

(A) Qual é o campo elétrico total?

E1 =
(9.0⇥ 109)(25⇥ 10�6)

(2.0⇥ 10�2)2
= 5.6⇥ 108N/C

<latexit sha1_base64="ktql6dzdXQs4/jTWx/UTj7N8cl0="></latexit><latexit sha1_base64="ktql6dzdXQs4/jTWx/UTj7N8cl0="></latexit><latexit sha1_base64="ktql6dzdXQs4/jTWx/UTj7N8cl0="></latexit><latexit sha1_base64="ktql6dzdXQs4/jTWx/UTj7N8cl0="></latexit>

E2 =
(9.0⇥ 109)(50⇥ 10�6)

(8.0⇥ 10�2)2
= 7.0⇥ 107N/C

<latexit sha1_base64="Y2EzwT4Ow0C86fAL6fYU45yB62s="></latexit><latexit sha1_base64="Y2EzwT4Ow0C86fAL6fYU45yB62s="></latexit><latexit sha1_base64="Y2EzwT4Ow0C86fAL6fYU45yB62s="></latexit><latexit sha1_base64="Y2EzwT4Ow0C86fAL6fYU45yB62s="></latexit>

Q1 = �25µC e Q2 = 50µC
<latexit sha1_base64="B01i9W9Jv2otGMt+U4oDjzxhKgY=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwoSUpFkUsFLpx2YJ9QBPCZDJth84kcWYilNCfceOvuHFhEcGVv+K0zUJbDwyce+653LnHjxmVyrK+jNza+sbmVn67sLO7t39gHh61ZZQITFo4YpHo+kgSRkPSUlQx0o0FQdxnpOOP6rN+54kISaPwQY1j4nI0CGmfYqS05Jl3Tc+uXpYrDk+cCwhTR3BYnziPCQoWBcmKpleuVixtg9qX2TyzaJWsOeAqsTNSBBkanjl1gggnnIQKMyRlz7Zi5aZIKIoZmRScRJIY4REakJ6mIeJEuun8ygk800oA+5HQL1Rwrv6eSBGXcsx97eRIDeVybyb+1+slqn/jpjSME0VCvFjUTxhUEZxFBgMqCFZsrAnCguq/QjxEAmGlgy3oEOzlk1dJu1yyrZLdvCrWbrM48uAEnIJzYINrUAP3oAFaAINn8ArewdR4Md6MD+NzYc0Z2cwx+APj+wftTKJv</latexit><latexit sha1_base64="B01i9W9Jv2otGMt+U4oDjzxhKgY=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwoSUpFkUsFLpx2YJ9QBPCZDJth84kcWYilNCfceOvuHFhEcGVv+K0zUJbDwyce+653LnHjxmVyrK+jNza+sbmVn67sLO7t39gHh61ZZQITFo4YpHo+kgSRkPSUlQx0o0FQdxnpOOP6rN+54kISaPwQY1j4nI0CGmfYqS05Jl3Tc+uXpYrDk+cCwhTR3BYnziPCQoWBcmKpleuVixtg9qX2TyzaJWsOeAqsTNSBBkanjl1gggnnIQKMyRlz7Zi5aZIKIoZmRScRJIY4REakJ6mIeJEuun8ygk800oA+5HQL1Rwrv6eSBGXcsx97eRIDeVybyb+1+slqn/jpjSME0VCvFjUTxhUEZxFBgMqCFZsrAnCguq/QjxEAmGlgy3oEOzlk1dJu1yyrZLdvCrWbrM48uAEnIJzYINrUAP3oAFaAINn8ArewdR4Md6MD+NzYc0Z2cwx+APj+wftTKJv</latexit><latexit sha1_base64="B01i9W9Jv2otGMt+U4oDjzxhKgY=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwoSUpFkUsFLpx2YJ9QBPCZDJth84kcWYilNCfceOvuHFhEcGVv+K0zUJbDwyce+653LnHjxmVyrK+jNza+sbmVn67sLO7t39gHh61ZZQITFo4YpHo+kgSRkPSUlQx0o0FQdxnpOOP6rN+54kISaPwQY1j4nI0CGmfYqS05Jl3Tc+uXpYrDk+cCwhTR3BYnziPCQoWBcmKpleuVixtg9qX2TyzaJWsOeAqsTNSBBkanjl1gggnnIQKMyRlz7Zi5aZIKIoZmRScRJIY4REakJ6mIeJEuun8ygk800oA+5HQL1Rwrv6eSBGXcsx97eRIDeVybyb+1+slqn/jpjSME0VCvFjUTxhUEZxFBgMqCFZsrAnCguq/QjxEAmGlgy3oEOzlk1dJu1yyrZLdvCrWbrM48uAEnIJzYINrUAP3oAFaAINn8ArewdR4Md6MD+NzYc0Z2cwx+APj+wftTKJv</latexit><latexit sha1_base64="B01i9W9Jv2otGMt+U4oDjzxhKgY=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwoSUpFkUsFLpx2YJ9QBPCZDJth84kcWYilNCfceOvuHFhEcGVv+K0zUJbDwyce+653LnHjxmVyrK+jNza+sbmVn67sLO7t39gHh61ZZQITFo4YpHo+kgSRkPSUlQx0o0FQdxnpOOP6rN+54kISaPwQY1j4nI0CGmfYqS05Jl3Tc+uXpYrDk+cCwhTR3BYnziPCQoWBcmKpleuVixtg9qX2TyzaJWsOeAqsTNSBBkanjl1gggnnIQKMyRlz7Zi5aZIKIoZmRScRJIY4REakJ6mIeJEuun8ygk800oA+5HQL1Rwrv6eSBGXcsx97eRIDeVybyb+1+slqn/jpjSME0VCvFjUTxhUEZxFBgMqCFZsrAnCguq/QjxEAmGlgy3oEOzlk1dJu1yyrZLdvCrWbrM48uAEnIJzYINrUAP3oAFaAINn8ArewdR4Md6MD+NzYc0Z2cwx+APj+wftTKJv</latexit>

E = E1 + E2 = 6.3⇥ 108 N/C
<latexit sha1_base64="Xq+kVk+0R7e9lA1KV2U/1YabwSE=">AAACDnicbVDLSsNAFJ3UV62vqks3g6UgKDGpokUoFErBlVSwD2himEwn7dDJg5mJUEK/wI2/4saFIm5du/NvnLZZaOuBC4dz7uXee9yIUSEN41vLLC2vrK5l13Mbm1vbO/ndvZYIY45JE4cs5B0XCcJoQJqSSkY6ESfIdxlpu8PaxG8/EC5oGNzJUURsH/UD6lGMpJKcfLFeqTvmcd0pVS70M0tSnwhoGvdJeWydJBb34c1pbezkC4ZuTAEXiZmSAkjRcPJfVi/EsU8CiRkSomsakbQTxCXFjIxzVixIhPAQ9UlX0QCptXYyfWcMi0rpQS/kqgIJp+rviQT5Qox8V3X6SA7EvDcR//O6sfTKdkKDKJYkwLNFXsygDOEkG9ijnGDJRoogzKm6FeIB4ghLlWBOhWDOv7xIWiXdNHTz9rxQvUrjyIIDcAiOgAkuQRVcgwZoAgwewTN4BW/ak/aivWsfs9aMls7sgz/QPn8AyuyZaQ==</latexit><latexit sha1_base64="Xq+kVk+0R7e9lA1KV2U/1YabwSE=">AAACDnicbVDLSsNAFJ3UV62vqks3g6UgKDGpokUoFErBlVSwD2himEwn7dDJg5mJUEK/wI2/4saFIm5du/NvnLZZaOuBC4dz7uXee9yIUSEN41vLLC2vrK5l13Mbm1vbO/ndvZYIY45JE4cs5B0XCcJoQJqSSkY6ESfIdxlpu8PaxG8/EC5oGNzJUURsH/UD6lGMpJKcfLFeqTvmcd0pVS70M0tSnwhoGvdJeWydJBb34c1pbezkC4ZuTAEXiZmSAkjRcPJfVi/EsU8CiRkSomsakbQTxCXFjIxzVixIhPAQ9UlX0QCptXYyfWcMi0rpQS/kqgIJp+rviQT5Qox8V3X6SA7EvDcR//O6sfTKdkKDKJYkwLNFXsygDOEkG9ijnGDJRoogzKm6FeIB4ghLlWBOhWDOv7xIWiXdNHTz9rxQvUrjyIIDcAiOgAkuQRVcgwZoAgwewTN4BW/ak/aivWsfs9aMls7sgz/QPn8AyuyZaQ==</latexit><latexit sha1_base64="Xq+kVk+0R7e9lA1KV2U/1YabwSE=">AAACDnicbVDLSsNAFJ3UV62vqks3g6UgKDGpokUoFErBlVSwD2himEwn7dDJg5mJUEK/wI2/4saFIm5du/NvnLZZaOuBC4dz7uXee9yIUSEN41vLLC2vrK5l13Mbm1vbO/ndvZYIY45JE4cs5B0XCcJoQJqSSkY6ESfIdxlpu8PaxG8/EC5oGNzJUURsH/UD6lGMpJKcfLFeqTvmcd0pVS70M0tSnwhoGvdJeWydJBb34c1pbezkC4ZuTAEXiZmSAkjRcPJfVi/EsU8CiRkSomsakbQTxCXFjIxzVixIhPAQ9UlX0QCptXYyfWcMi0rpQS/kqgIJp+rviQT5Qox8V3X6SA7EvDcR//O6sfTKdkKDKJYkwLNFXsygDOEkG9ijnGDJRoogzKm6FeIB4ghLlWBOhWDOv7xIWiXdNHTz9rxQvUrjyIIDcAiOgAkuQRVcgwZoAgwewTN4BW/ak/aivWsfs9aMls7sgz/QPn8AyuyZaQ==</latexit><latexit sha1_base64="Xq+kVk+0R7e9lA1KV2U/1YabwSE=">AAACDnicbVDLSsNAFJ3UV62vqks3g6UgKDGpokUoFErBlVSwD2himEwn7dDJg5mJUEK/wI2/4saFIm5du/NvnLZZaOuBC4dz7uXee9yIUSEN41vLLC2vrK5l13Mbm1vbO/ndvZYIY45JE4cs5B0XCcJoQJqSSkY6ESfIdxlpu8PaxG8/EC5oGNzJUURsH/UD6lGMpJKcfLFeqTvmcd0pVS70M0tSnwhoGvdJeWydJBb34c1pbezkC4ZuTAEXiZmSAkjRcPJfVi/EsU8CiRkSomsakbQTxCXFjIxzVixIhPAQ9UlX0QCptXYyfWcMi0rpQS/kqgIJp+rviQT5Qox8V3X6SA7EvDcR//O6sfTKdkKDKJYkwLNFXsygDOEkG9ijnGDJRoogzKm6FeIB4ghLlWBOhWDOv7xIWiXdNHTz9rxQvUrjyIIDcAiOgAkuQRVcgwZoAgwewTN4BW/ak/aivWsfs9aMls7sgz/QPn8AyuyZaQ==</latexit>



LINHAS DE CAMPO ELÉTRICO

Uma única partícula carregada: campo radial

Duas partículas carregadas com cargas opostas

Agora: cargas iguais.



LINHAS DE CAMPO ELÉTRICO

Duas partículas carregadas e cargas opostas.

Duas partículas carregadas e cargas diferentes.



CAMPO DIPOLAR

Qual é o campo elétrico ao longo da linha azul?

A linha azul é o ponto mediano entre as cargas.

Qualquer carga situado na  linha azul sentira o efeito conjunto das duas cargas.

Uma carga E = kq
1

(y2 + (d/2)2)2
<latexit sha1_base64="1v9S7ygtItEaQ19xrzQztsjpwyk=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoKDUpgiIIBRFcVrAPaNIymUzaoZOHMxMhhGzd+CtuXCji1j9w5984bbPQ1sO9cDjnXmbucSJGhTSMb62wsLi0vFJcLa2tb2xu6ds7LRHGHJMmDlnIOw4ShNGANCWVjHQiTpDvMNJ2Rldjv/1AuKBhcCeTiNg+GgTUoxhJJfV1eH05ureOLdfjCKdmllaSXu2o4p7UDnvjyvp62agaE8B5YuakDHI0+vqX5YY49kkgMUNCdE0jknaKuKSYkaxkxYJECI/QgHQVDZBPhJ1OLsnggVJc6IVcdSDhRP29kSJfiMR31KSP5FDMemPxP68bS+/cTmkQxZIEePqQFzMoQziOBbqUEyxZogjCnKq/QjxEKhOpwiupEMzZk+dJq1Y1jap5e1quX+RxFMEe2AcVYIIzUAc3oAGaAINH8AxewZv2pL1o79rHdLSg5Tu74A+0zx8gNZgB</latexit><latexit sha1_base64="1v9S7ygtItEaQ19xrzQztsjpwyk=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoKDUpgiIIBRFcVrAPaNIymUzaoZOHMxMhhGzd+CtuXCji1j9w5984bbPQ1sO9cDjnXmbucSJGhTSMb62wsLi0vFJcLa2tb2xu6ds7LRHGHJMmDlnIOw4ShNGANCWVjHQiTpDvMNJ2Rldjv/1AuKBhcCeTiNg+GgTUoxhJJfV1eH05ureOLdfjCKdmllaSXu2o4p7UDnvjyvp62agaE8B5YuakDHI0+vqX5YY49kkgMUNCdE0jknaKuKSYkaxkxYJECI/QgHQVDZBPhJ1OLsnggVJc6IVcdSDhRP29kSJfiMR31KSP5FDMemPxP68bS+/cTmkQxZIEePqQFzMoQziOBbqUEyxZogjCnKq/QjxEKhOpwiupEMzZk+dJq1Y1jap5e1quX+RxFMEe2AcVYIIzUAc3oAGaAINH8AxewZv2pL1o79rHdLSg5Tu74A+0zx8gNZgB</latexit><latexit sha1_base64="1v9S7ygtItEaQ19xrzQztsjpwyk=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoKDUpgiIIBRFcVrAPaNIymUzaoZOHMxMhhGzd+CtuXCji1j9w5984bbPQ1sO9cDjnXmbucSJGhTSMb62wsLi0vFJcLa2tb2xu6ds7LRHGHJMmDlnIOw4ShNGANCWVjHQiTpDvMNJ2Rldjv/1AuKBhcCeTiNg+GgTUoxhJJfV1eH05ureOLdfjCKdmllaSXu2o4p7UDnvjyvp62agaE8B5YuakDHI0+vqX5YY49kkgMUNCdE0jknaKuKSYkaxkxYJECI/QgHQVDZBPhJ1OLsnggVJc6IVcdSDhRP29kSJfiMR31KSP5FDMemPxP68bS+/cTmkQxZIEePqQFzMoQziOBbqUEyxZogjCnKq/QjxEKhOpwiupEMzZk+dJq1Y1jap5e1quX+RxFMEe2AcVYIIzUAc3oAGaAINH8AxewZv2pL1o79rHdLSg5Tu74A+0zx8gNZgB</latexit><latexit sha1_base64="1v9S7ygtItEaQ19xrzQztsjpwyk=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoKDUpgiIIBRFcVrAPaNIymUzaoZOHMxMhhGzd+CtuXCji1j9w5984bbPQ1sO9cDjnXmbucSJGhTSMb62wsLi0vFJcLa2tb2xu6ds7LRHGHJMmDlnIOw4ShNGANCWVjHQiTpDvMNJ2Rldjv/1AuKBhcCeTiNg+GgTUoxhJJfV1eH05ureOLdfjCKdmllaSXu2o4p7UDnvjyvp62agaE8B5YuakDHI0+vqX5YY49kkgMUNCdE0jknaKuKSYkaxkxYJECI/QgHQVDZBPhJ1OLsnggVJc6IVcdSDhRP29kSJfiMR31KSP5FDMemPxP68bS+/cTmkQxZIEePqQFzMoQziOBbqUEyxZogjCnKq/QjxEKhOpwiupEMzZk+dJq1Y1jap5e1quX+RxFMEe2AcVYIIzUAc3oAGaAINH8AxewZv2pL1o79rHdLSg5Tu74A+0zx8gNZgB</latexit>

Duas cargas: E
total

=

✓
kq

1

(y2 + (d/2)2)2

◆
⇥ 2⇥ cos ✓ = qd

1

(y2 + (d/2)2)3/2
<latexit sha1_base64="xoKCt44rKOhtpLrI5N1tMItHQRM="></latexit><latexit sha1_base64="l4yIFCaOZsYIcU5dgyu0vUnpoIU="></latexit><latexit sha1_base64="l4yIFCaOZsYIcU5dgyu0vUnpoIU="></latexit><latexit sha1_base64="zzJMaROwTVHT8HuSQK646+q2oQA="></latexit>



CAMPO DIPOLAR

E
total

=

✓
kq

1

(y2 + (d/2)2)2

◆
⇥ 2⇥ cos ✓ = qd

1

(y2 + (d/2)2)3/2
<latexit sha1_base64="xoKCt44rKOhtpLrI5N1tMItHQRM="></latexit><latexit sha1_base64="l4yIFCaOZsYIcU5dgyu0vUnpoIU="></latexit><latexit sha1_base64="l4yIFCaOZsYIcU5dgyu0vUnpoIU="></latexit><latexit sha1_base64="zzJMaROwTVHT8HuSQK646+q2oQA="></latexit>

Para distancias y>>d

E
total

=
k(qd)

y3
=

kp

y3
<latexit sha1_base64="GxZsUepgJePNs8PTfSqv1bZ4RSw=">AAACG3icbZC7SgNBFIbPxluMt6idNoNRiE3YjYUiCAERLCOYC2RjmJ2dTYbMXpyZFcKS0new8VVsLBSxEix8GyfZFDHxh4Gf75zDmfM7EWdSmeaPkVlYXFpeya7m1tY3Nrfy2zt1GcaC0BoJeSiaDpaUs4DWFFOcNiNBse9w2nD6l6N644EKycLgVg0i2vZxN2AeI1hp1MmXrzqJLXykQoX58MJ2PYFJ0kfFe/d4mAzuTqZYlIJOvmCWzLHQvLEmplDZezwErWon/2W7IYl9GijCsZQty4xUO8FCMcLpMGfHkkaY9HGXtrQNsE9lOxnfNkRHmrjIC4V+gUJjOj2RYF/Kge/oTh+rnpytjeB/tVasvLN2woIoVjQg6SIv5joJNAoKuUxQovhAG0wE039FpId1EkrHmdMhWLMnz5t6uWSZJevGKlTOIVUW9uEAimDBKVTgGqpQAwJP8AJv8G48G6/Gh/GZtmaMycwu/JHx/QuefKKE</latexit><latexit sha1_base64="B0AFWyMW2Ww3q21C4FFfKyZodwA="></latexit><latexit sha1_base64="B0AFWyMW2Ww3q21C4FFfKyZodwA="></latexit><latexit sha1_base64="ZOlsd9n6JBOQnRhkXec8qdSjH6I=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxC3ZSkLhRBKIjgsoK9QBPDZDJph04mcWYihND3cOOruHGhiCvBhW/jtM2itv4w8POdczhzfj9hVCrL+jGWlldW19ZLG+XNre2dXXNvvy3jVGDSwjGLRddHkjDKSUtRxUg3EQRFPiMdf3g1rnceiZA05ncqS4gboT6nIcVIaeSZ9Wsvd0QEVawQG106QSgQzoew+hCcjPLs/nSGJVPgmRWrZk0EF41dmAoo1PTMLyeIcRoRrjBDUvZsK1FujoSimJFR2UklSRAeoj7pactRRKSbT24bwWNNAhjGQj+u4ITOTuQokjKLfN0ZITWQ87Ux/K/WS1V47uaUJ6kiHE8XhSnTScBxUDCggmDFMm0QFlT/FeIB0kkoHWdZh2DPn7xo2vWabdXsW7vSuCjiKIFDcASqwAZnoAFuQBO0AAZP4AW8gXfj2Xg1PozPaeuSUcwcgD8yvn8BP+mhgQ==</latexit>

p:  momento do dipolo



CAMPO DE UMA DISTRIBUIÇÃO ESFÉRICA DE CARGAS





TRABALHO: ENERGIA POTENCIAL E CINETICA.



ENERGIA TOTAL

ENERGIA TOTAL=ENERGIA POTENCIAL+ENERGIA CINETICA

Ei + Ehi = Ef + Ehf =
mv2i
2

+mghi =
mv2f
2

+mghf
<latexit sha1_base64="7Nzq9CINeWYc3eZ1CoFno0DmmRE="></latexit><latexit sha1_base64="ObaOuPQGYd2pVqO/zUCXQvNd30c="></latexit><latexit sha1_base64="ObaOuPQGYd2pVqO/zUCXQvNd30c="></latexit><latexit sha1_base64="Dfz1ql4Ez/f2aie3Ea2k4DPvQMQ="></latexit>



USO DO TEOREMA ENERGIA-TRABALHO

Dado uma pedra foi solta de uma certa altura de h=3,0m

(a) Qual é a velocidade quando a pedra no chão? 
(b) Qual é a velocidade quando a pedra esta a 1m do chão? 



USO DO TEOREMA ENERGIA-TRABALHO

Dado uma pedra foi solta de uma certa altura de h=3,0m e massa=1,0kg

(a) Qual é a velocidade quando a pedra chega no chão? 
(b) Qual é a velocidade quando a pedra esta a 1m do chão? 

Na altura de 3m, temos apenas energia potencial

No chão temos energia cinética e zero energia potencial.

Passo 1: conservação de energia.
Passo 2:  escrever a energia total no inicio.

1.0 02

2
+ 1.0⇥ 10.⇥ 3.0 =

1.0 v2

2
+ 1.0⇥ 10.⇥ 0.0

<latexit sha1_base64="ZAmGHYqy7lfYPEuRHt4EJFsuLWs="></latexit><latexit sha1_base64="FNQbuBbcNLfCNOrqTMQPS8e2urc="></latexit><latexit sha1_base64="FNQbuBbcNLfCNOrqTMQPS8e2urc="></latexit><latexit sha1_base64="AzFClt8CO+Ulr+nCnxYrrWTA0Zo=">AAACQnicfZDLSgMxFIYz9VbrbdSlm2ARBGXI1IVuCgU3LivYi7RjyaSZNjRzIckUyjDP5sYncOcDuHGhiFsXptNZ1FY8kPDnP/8hyedGnEmF0ItRWFldW98obpa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaPrab81pkKyMLhTk4g6Ph4EzGMEK231zPuuJzBJbAvB7jl6qKRJJT3LTor5VEIbWbm6sFB1Pjz+L4ws1DPLes8KLgs7F2WQV71nPnf7IYl9GijCsZQdG0XKSbBQjHCalrqxpBEmIzygHS0DrC9ykgxBCk+004deKPQKFMzc+YkE+1JOfFcnfayGcrE3Nf/qdWLlXTkJC6JY0YDMLvJiDlUIpzxhnwlKFJ9ogYlg+q2QDLHGpDT1koZgL355WTQrlkZn36JyrZrjKIIjcAxOgQ0uQQ3cgDpoAAIewSt4Bx/Gk/FmfBpfs2jByGcOwa8yvn8ALv2rKg==</latexit>

v=7.7 m/s
<latexit sha1_base64="zqiMxJyq0QgpMifPs7JuDBu1qzY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgdd6liU0gYGMZwXxIcoS9zV6yZHfv2N0LhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKW9s7u3vF/dLB4dHxSfn0rK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLlb+J0pVZrF8tHMEhoIPJIsYgQbKz1N6zW3hsSNHpQrnustgTaJn5MK5GgOyl/9YUxSQaUhHGvd873EBBlWhhFO56V+qmmCyQSPaM9SiQXVQbY8eI6urDJEUaxsSYOW6u+JDAutZyK0nQKbsV73FuJ/Xi810W2QMZmkhkqyWhSlHJkYLb5HQ6YoMXxmCSaK2VsRGWOFibEZlWwI/vrLm6RddX3P9R+qlUY9j6MIF3AJ1+BDDRpwD01oAQEBz/AKb45yXpx352PVWnDymXP4A+fzByajj0s=</latexit><latexit sha1_base64="zqiMxJyq0QgpMifPs7JuDBu1qzY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgdd6liU0gYGMZwXxIcoS9zV6yZHfv2N0LhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKW9s7u3vF/dLB4dHxSfn0rK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLlb+J0pVZrF8tHMEhoIPJIsYgQbKz1N6zW3hsSNHpQrnustgTaJn5MK5GgOyl/9YUxSQaUhHGvd873EBBlWhhFO56V+qmmCyQSPaM9SiQXVQbY8eI6urDJEUaxsSYOW6u+JDAutZyK0nQKbsV73FuJ/Xi810W2QMZmkhkqyWhSlHJkYLb5HQ6YoMXxmCSaK2VsRGWOFibEZlWwI/vrLm6RddX3P9R+qlUY9j6MIF3AJ1+BDDRpwD01oAQEBz/AKb45yXpx352PVWnDymXP4A+fzByajj0s=</latexit><latexit sha1_base64="zqiMxJyq0QgpMifPs7JuDBu1qzY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgdd6liU0gYGMZwXxIcoS9zV6yZHfv2N0LhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKW9s7u3vF/dLB4dHxSfn0rK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLlb+J0pVZrF8tHMEhoIPJIsYgQbKz1N6zW3hsSNHpQrnustgTaJn5MK5GgOyl/9YUxSQaUhHGvd873EBBlWhhFO56V+qmmCyQSPaM9SiQXVQbY8eI6urDJEUaxsSYOW6u+JDAutZyK0nQKbsV73FuJ/Xi810W2QMZmkhkqyWhSlHJkYLb5HQ6YoMXxmCSaK2VsRGWOFibEZlWwI/vrLm6RddX3P9R+qlUY9j6MIF3AJ1+BDDRpwD01oAQEBz/AKb45yXpx352PVWnDymXP4A+fzByajj0s=</latexit><latexit sha1_base64="zqiMxJyq0QgpMifPs7JuDBu1qzY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgdd6liU0gYGMZwXxIcoS9zV6yZHfv2N0LhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvDDhTBvP+3YKW9s7u3vF/dLB4dHxSfn0rK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLlb+J0pVZrF8tHMEhoIPJIsYgQbKz1N6zW3hsSNHpQrnustgTaJn5MK5GgOyl/9YUxSQaUhHGvd873EBBlWhhFO56V+qmmCyQSPaM9SiQXVQbY8eI6urDJEUaxsSYOW6u+JDAutZyK0nQKbsV73FuJ/Xi810W2QMZmkhkqyWhSlHJkYLb5HQ6YoMXxmCSaK2VsRGWOFibEZlWwI/vrLm6RddX3P9R+qlUY9j6MIF3AJ1+BDDRpwD01oAQEBz/AKb45yXpx352PVWnDymXP4A+fzByajj0s=</latexit>



USO DO TEOREMA ENERGIA-TRABALHO

Imagine duas pessoas descendo uma toboágua. Cada uma 

(a) Quem chega mais rápido no chão?

(b) Quem chega primeiro  no chão?

descendo por uma curva diferente conforme a imagem. 

(I) Paul. (II) Kathleen. (III) Ambos chegam com a mesma velocidade.

(I) Paul. (II) Kathleen. (III) Ambos chegam ao mesmo tempo.



USO DO TEOREMA ENERGIA-TRABALHO

Um  dardo com massa de 0.1 kg é empurrado dentro de uma arma de dardos. A arma

de dardos tem uma mola com constante de k=250 N/m. que é comprimida 6,0 cm e

então é solta. Qual é a velocidade do dardo?  
E

inicio

= E

final

= 0 +
kx

2

1

2
=

mv

2

2

2
+ 0

<latexit sha1_base64="xQIELUgHYclB+SuuLgG/EhG0/Qc="></latexit><latexit sha1_base64="/KW7mb1Z88LGLJAPFHNKx95p4Qk="></latexit><latexit sha1_base64="/KW7mb1Z88LGLJAPFHNKx95p4Qk="></latexit><latexit sha1_base64="rWhgzVND3TrqVp1fljiPzn2CtNw="></latexit>

v2 = 3.0 m/s
<latexit sha1_base64="L35DADYKeCuSDZkzMdItR7VlDVU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GWwFFxKTutBNoeDGZQX7gDaEyXTSDp2ZhJlJoYZ+iRsXirj1U9z5N07bLLT1wIXDOfdy7z1hwqjSrvttFTY2t7Z3irulvf2Dw7J9dNxWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzfzf3OhEhFY/GopwnxORoKGlGMtJECu1ydBLX6teNW+5eQX6nArriOuwBcJ15OKiBHM7C/+oMYp5wIjRlSque5ifYzJDXFjMxK/VSRBOExGpKeoQJxovxscfgMnhtlAKNYmhIaLtTfExniSk15aDo50iO16s3F/7xeqqNbP6MiSTUReLkoShnUMZynAAdUEqzZ1BCEJTW3QjxCEmFtsiqZELzVl9dJu+Z4ruM91CqNeh5HEZyCM3ABPHADGuAeNEELYJCCZ/AK3qwn68V6tz6WrQUrnzkBf2B9/gCTHZEO</latexit><latexit sha1_base64="L35DADYKeCuSDZkzMdItR7VlDVU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GWwFFxKTutBNoeDGZQX7gDaEyXTSDp2ZhJlJoYZ+iRsXirj1U9z5N07bLLT1wIXDOfdy7z1hwqjSrvttFTY2t7Z3irulvf2Dw7J9dNxWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzfzf3OhEhFY/GopwnxORoKGlGMtJECu1ydBLX6teNW+5eQX6nArriOuwBcJ15OKiBHM7C/+oMYp5wIjRlSque5ifYzJDXFjMxK/VSRBOExGpKeoQJxovxscfgMnhtlAKNYmhIaLtTfExniSk15aDo50iO16s3F/7xeqqNbP6MiSTUReLkoShnUMZynAAdUEqzZ1BCEJTW3QjxCEmFtsiqZELzVl9dJu+Z4ruM91CqNeh5HEZyCM3ABPHADGuAeNEELYJCCZ/AK3qwn68V6tz6WrQUrnzkBf2B9/gCTHZEO</latexit><latexit sha1_base64="L35DADYKeCuSDZkzMdItR7VlDVU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GWwFFxKTutBNoeDGZQX7gDaEyXTSDp2ZhJlJoYZ+iRsXirj1U9z5N07bLLT1wIXDOfdy7z1hwqjSrvttFTY2t7Z3irulvf2Dw7J9dNxWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzfzf3OhEhFY/GopwnxORoKGlGMtJECu1ydBLX6teNW+5eQX6nArriOuwBcJ15OKiBHM7C/+oMYp5wIjRlSque5ifYzJDXFjMxK/VSRBOExGpKeoQJxovxscfgMnhtlAKNYmhIaLtTfExniSk15aDo50iO16s3F/7xeqqNbP6MiSTUReLkoShnUMZynAAdUEqzZ1BCEJTW3QjxCEmFtsiqZELzVl9dJu+Z4ruM91CqNeh5HEZyCM3ABPHADGuAeNEELYJCCZ/AK3qwn68V6tz6WrQUrnzkBf2B9/gCTHZEO</latexit><latexit sha1_base64="L35DADYKeCuSDZkzMdItR7VlDVU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GWwFFxKTutBNoeDGZQX7gDaEyXTSDp2ZhJlJoYZ+iRsXirj1U9z5N07bLLT1wIXDOfdy7z1hwqjSrvttFTY2t7Z3irulvf2Dw7J9dNxWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzfzf3OhEhFY/GopwnxORoKGlGMtJECu1ydBLX6teNW+5eQX6nArriOuwBcJ15OKiBHM7C/+oMYp5wIjRlSque5ifYzJDXFjMxK/VSRBOExGpKeoQJxovxscfgMnhtlAKNYmhIaLtTfExniSk15aDo50iO16s3F/7xeqqNbP6MiSTUReLkoShnUMZynAAdUEqzZ1BCEJTW3QjxCEmFtsiqZELzVl9dJu+Z4ruM91CqNeh5HEZyCM3ABPHADGuAeNEELYJCCZ/AK3qwn68V6tz6WrQUrnzkBf2B9/gCTHZEO</latexit>



POTENCIA

O tempo para se realizar um certo trabalho mede a potência.

Unidade em Joules/s=W.

Outras unidades usadas: cavalos-força : 1cv=746 W.

P =

Trabalho

Tempo

=

W

t
= F v

<latexit sha1_base64="DEVUSAA3ApBMsFHN60Rkk26O97E="></latexit><latexit sha1_base64="DEVUSAA3ApBMsFHN60Rkk26O97E="></latexit><latexit sha1_base64="DEVUSAA3ApBMsFHN60Rkk26O97E="></latexit><latexit sha1_base64="DEVUSAA3ApBMsFHN60Rkk26O97E="></latexit>



EXERCICIOS DE POTENCIA

Um corredor de 60 kg esta subindo as escadas

em 4.0s. O chão da escada  esta 4.5m abaixo 

(a) Estime a potência do corredor em W e em cavalos-forca 

da parte mais alta da escada.

P =

mgy

tempo

=

60⇥ 9.8⇥ 4.5

4.0
= 660W

<latexit sha1_base64="SAC0bI8foUGhT+aeOr+fSv1As7g="></latexit><latexit sha1_base64="SAC0bI8foUGhT+aeOr+fSv1As7g="></latexit><latexit sha1_base64="SAC0bI8foUGhT+aeOr+fSv1As7g="></latexit><latexit sha1_base64="SAC0bI8foUGhT+aeOr+fSv1As7g="></latexit>

(b) Quanta energia o corredor gastou nesta corrida?

E = Pt = 660W4.0 = 2600 J
<latexit sha1_base64="9on4ItlqwLZkR75ob8UPVJhbZNI=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwUUqmluqmUBBBXFWwD+iUkknTNjSZGZKMUIb5EDf+ihsXirhxIfg3ZtoK2nogcDjnXG7u8ULOlEboy8qsrK6tb2Q3c1vbO7t79v5BUwWRJLRBAh7ItocV5cynDc00p+1QUiw8Tlve+DL1W/dUKhb4d3oS0q7AQ58NGMHaSD377KrqBiaQzsf1BOoqrFSQW4hdKWArgW4BlouoWqqgH/Em6dl5VERTwGXizEkezFHv2R9uPyCRoL4mHCvVcVCouzGWmhFOk5wbKRpiMsZD2jHUx4Kqbjw9LoEnRunDQSDN8zWcqr8nYiyUmgjPJAXWI7XopeJ/XifSg4tuzPww0tQns0WDiEMdwLQp2GeSEs0nhmAimfkrJCMsMdGmz5wpwVk8eZk0S0UHFZ3bcr5WndeRBUfgGJwCB5yDGrgGddAABDyAJ/ACXq1H69l6s95n0Yw1nzkEf2B9fgN+O55x</latexit><latexit sha1_base64="9on4ItlqwLZkR75ob8UPVJhbZNI=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwUUqmluqmUBBBXFWwD+iUkknTNjSZGZKMUIb5EDf+ihsXirhxIfg3ZtoK2nogcDjnXG7u8ULOlEboy8qsrK6tb2Q3c1vbO7t79v5BUwWRJLRBAh7ItocV5cynDc00p+1QUiw8Tlve+DL1W/dUKhb4d3oS0q7AQ58NGMHaSD377KrqBiaQzsf1BOoqrFSQW4hdKWArgW4BlouoWqqgH/Em6dl5VERTwGXizEkezFHv2R9uPyCRoL4mHCvVcVCouzGWmhFOk5wbKRpiMsZD2jHUx4Kqbjw9LoEnRunDQSDN8zWcqr8nYiyUmgjPJAXWI7XopeJ/XifSg4tuzPww0tQns0WDiEMdwLQp2GeSEs0nhmAimfkrJCMsMdGmz5wpwVk8eZk0S0UHFZ3bcr5WndeRBUfgGJwCB5yDGrgGddAABDyAJ/ACXq1H69l6s95n0Yw1nzkEf2B9fgN+O55x</latexit><latexit sha1_base64="9on4ItlqwLZkR75ob8UPVJhbZNI=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwUUqmluqmUBBBXFWwD+iUkknTNjSZGZKMUIb5EDf+ihsXirhxIfg3ZtoK2nogcDjnXG7u8ULOlEboy8qsrK6tb2Q3c1vbO7t79v5BUwWRJLRBAh7ItocV5cynDc00p+1QUiw8Tlve+DL1W/dUKhb4d3oS0q7AQ58NGMHaSD377KrqBiaQzsf1BOoqrFSQW4hdKWArgW4BlouoWqqgH/Em6dl5VERTwGXizEkezFHv2R9uPyCRoL4mHCvVcVCouzGWmhFOk5wbKRpiMsZD2jHUx4Kqbjw9LoEnRunDQSDN8zWcqr8nYiyUmgjPJAXWI7XopeJ/XifSg4tuzPww0tQns0WDiEMdwLQp2GeSEs0nhmAimfkrJCMsMdGmz5wpwVk8eZk0S0UHFZ3bcr5WndeRBUfgGJwCB5yDGrgGddAABDyAJ/ACXq1H69l6s95n0Yw1nzkEf2B9fgN+O55x</latexit><latexit sha1_base64="9on4ItlqwLZkR75ob8UPVJhbZNI=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwUUqmluqmUBBBXFWwD+iUkknTNjSZGZKMUIb5EDf+ihsXirhxIfg3ZtoK2nogcDjnXG7u8ULOlEboy8qsrK6tb2Q3c1vbO7t79v5BUwWRJLRBAh7ItocV5cynDc00p+1QUiw8Tlve+DL1W/dUKhb4d3oS0q7AQ58NGMHaSD377KrqBiaQzsf1BOoqrFSQW4hdKWArgW4BlouoWqqgH/Em6dl5VERTwGXizEkezFHv2R9uPyCRoL4mHCvVcVCouzGWmhFOk5wbKRpiMsZD2jHUx4Kqbjw9LoEnRunDQSDN8zWcqr8nYiyUmgjPJAXWI7XopeJ/XifSg4tuzPww0tQns0WDiEMdwLQp2GeSEs0nhmAimfkrJCMsMdGmz5wpwVk8eZk0S0UHFZ3bcr5WndeRBUfgGJwCB5yDGrgGddAABDyAJ/ACXq1H69l6s95n0Yw1nzkEf2B9fgN+O55x</latexit>



ENERGIA TERMICA

Energia do movimento de moléculas na matéria. 

Agitação molecular = agitação térmica=calor

ENERGIA TERMICA-> ALTERACAO DA TEMPERATURA

Se alterarmos a temperatura por então haverá a troca de calor Q.�t
<latexit sha1_base64="pqGzRDWwEvEAopQc7M+yflK4O+k=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchoAePEUwMJEuYnfQmQ2YfzvQKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7glRJQ6777RRWVtfWN4qbpa3tnd298v5B0ySZFtgQiUp0K+AGlYyxQZIUtlKNPAoUPgTD66n/8ITayCS+p1GKfsT7sQyl4GSlVucGFXFG3XLFrbozsGXi5aQCOerd8lenl4gswpiE4sa0PTclf8w1SaFwUupkBlMuhryPbUtjHqHxx7N7J+zEKj0WJtpWTGym/p4Y88iYURTYzojTwCx6U/E/r51ReOmPZZxmhLGYLwozxShh0+dZT2oUpEaWcKGlvZWJAddckI2oZEPwFl9eJs2zqudWvbvzSu0qj6MIR3AMp+DBBdTgFurQAAEKnuEV3pxH58V5dz7mrQUnnzmEP3A+fwCN9I+f</latexit><latexit sha1_base64="pqGzRDWwEvEAopQc7M+yflK4O+k=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchoAePEUwMJEuYnfQmQ2YfzvQKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7glRJQ6777RRWVtfWN4qbpa3tnd298v5B0ySZFtgQiUp0K+AGlYyxQZIUtlKNPAoUPgTD66n/8ITayCS+p1GKfsT7sQyl4GSlVucGFXFG3XLFrbozsGXi5aQCOerd8lenl4gswpiE4sa0PTclf8w1SaFwUupkBlMuhryPbUtjHqHxx7N7J+zEKj0WJtpWTGym/p4Y88iYURTYzojTwCx6U/E/r51ReOmPZZxmhLGYLwozxShh0+dZT2oUpEaWcKGlvZWJAddckI2oZEPwFl9eJs2zqudWvbvzSu0qj6MIR3AMp+DBBdTgFurQAAEKnuEV3pxH58V5dz7mrQUnnzmEP3A+fwCN9I+f</latexit><latexit sha1_base64="pqGzRDWwEvEAopQc7M+yflK4O+k=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchoAePEUwMJEuYnfQmQ2YfzvQKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7glRJQ6777RRWVtfWN4qbpa3tnd298v5B0ySZFtgQiUp0K+AGlYyxQZIUtlKNPAoUPgTD66n/8ITayCS+p1GKfsT7sQyl4GSlVucGFXFG3XLFrbozsGXi5aQCOerd8lenl4gswpiE4sa0PTclf8w1SaFwUupkBlMuhryPbUtjHqHxx7N7J+zEKj0WJtpWTGym/p4Y88iYURTYzojTwCx6U/E/r51ReOmPZZxmhLGYLwozxShh0+dZT2oUpEaWcKGlvZWJAddckI2oZEPwFl9eJs2zqudWvbvzSu0qj6MIR3AMp+DBBdTgFurQAAEKnuEV3pxH58V5dz7mrQUnnzmEP3A+fwCN9I+f</latexit><latexit sha1_base64="pqGzRDWwEvEAopQc7M+yflK4O+k=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchoAePEUwMJEuYnfQmQ2YfzvQKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7glRJQ6777RRWVtfWN4qbpa3tnd298v5B0ySZFtgQiUp0K+AGlYyxQZIUtlKNPAoUPgTD66n/8ITayCS+p1GKfsT7sQyl4GSlVucGFXFG3XLFrbozsGXi5aQCOerd8lenl4gswpiE4sa0PTclf8w1SaFwUupkBlMuhryPbUtjHqHxx7N7J+zEKj0WJtpWTGym/p4Y88iYURTYzojTwCx6U/E/r51ReOmPZZxmhLGYLwozxShh0+dZT2oUpEaWcKGlvZWJAddckI2oZEPwFl9eJs2zqudWvbvzSu0qj6MIR3AMp+DBBdTgFurQAAEKnuEV3pxH58V5dz7mrQUnnzmEP3A+fwCN9I+f</latexit>

Q = C�t
<latexit sha1_base64="hH14aD26UqPvnDQ5YUFITga7QUE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQrAePLVhbSEPZbDft0s0m7E6EUvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx49GiSTDPeYolMdCekhkuheAsFSt5JNadxKHk7HNVnfvuJayMS9YDjlAcxHSgRCUbRSn7zpt694xIpwV654lbdOcgq8XJSgRyNXvmr209YFnOFTFJjfM9NMZhQjYJJPi11M8NTykZ0wH1LFY25CSbzk6fkzCp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n+dnGF0HE6HSDLlii0VRJgkmZPY/6QvNGcqxJZRpYW8lbEg1ZWhTKtkQvOWXV8njRdVzq17zslK7zeMowgmcwjl4cAU1uIcGtIBBAs/wCm8OOi/Ou/OxaC04+cwx/IHz+QNCmpCT</latexit><latexit sha1_base64="hH14aD26UqPvnDQ5YUFITga7QUE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQrAePLVhbSEPZbDft0s0m7E6EUvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx49GiSTDPeYolMdCekhkuheAsFSt5JNadxKHk7HNVnfvuJayMS9YDjlAcxHSgRCUbRSn7zpt694xIpwV654lbdOcgq8XJSgRyNXvmr209YFnOFTFJjfM9NMZhQjYJJPi11M8NTykZ0wH1LFY25CSbzk6fkzCp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n+dnGF0HE6HSDLlii0VRJgkmZPY/6QvNGcqxJZRpYW8lbEg1ZWhTKtkQvOWXV8njRdVzq17zslK7zeMowgmcwjl4cAU1uIcGtIBBAs/wCm8OOi/Ou/OxaC04+cwx/IHz+QNCmpCT</latexit><latexit sha1_base64="hH14aD26UqPvnDQ5YUFITga7QUE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQrAePLVhbSEPZbDft0s0m7E6EUvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx49GiSTDPeYolMdCekhkuheAsFSt5JNadxKHk7HNVnfvuJayMS9YDjlAcxHSgRCUbRSn7zpt694xIpwV654lbdOcgq8XJSgRyNXvmr209YFnOFTFJjfM9NMZhQjYJJPi11M8NTykZ0wH1LFY25CSbzk6fkzCp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n+dnGF0HE6HSDLlii0VRJgkmZPY/6QvNGcqxJZRpYW8lbEg1ZWhTKtkQvOWXV8njRdVzq17zslK7zeMowgmcwjl4cAU1uIcGtIBBAs/wCm8OOi/Ou/OxaC04+cwx/IHz+QNCmpCT</latexit><latexit sha1_base64="hH14aD26UqPvnDQ5YUFITga7QUE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQrAePLVhbSEPZbDft0s0m7E6EUvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx49GiSTDPeYolMdCekhkuheAsFSt5JNadxKHk7HNVnfvuJayMS9YDjlAcxHSgRCUbRSn7zpt694xIpwV654lbdOcgq8XJSgRyNXvmr209YFnOFTFJjfM9NMZhQjYJJPi11M8NTykZ0wH1LFY25CSbzk6fkzCp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n+dnGF0HE6HSDLlii0VRJgkmZPY/6QvNGcqxJZRpYW8lbEg1ZWhTKtkQvOWXV8njRdVzq17zslK7zeMowgmcwjl4cAU1uIcGtIBBAs/wCm8OOi/Ou/OxaC04+cwx/IHz+QNCmpCT</latexit>

C capacidade calorifica do corpo



DEFINIÇÃO DE QUILOCALORIAS (KCAL)

1 kcal = a quantidade de calor necessária para aumentar a temperatura da agua em 1 C.

Jargão nutricionista: Caloria=1000 calorias = 1kcal.

Equivalencia de energia termica e energia mecanica:  
1kcal=4186 J



TAXAS METABÓLICAS

Comida  (energia química)-> trabalho+energia térmica -> gordura (energia química) 

Taxa Metabólica: quão rápido os alimentos são processados para obter energia  

Metabolismo: todas as reações químicas que ocorre no corpo.



TAXAS METABÓLICAS

https://www.khanacademy.org/science/biology/principles-of-
physiology/metabolism-and-thermoregulation/a/metabolic-rate

ATP:Adenosine triphosphate 

ADP: Adenosine diphosphate 

Khan Academy

https://www.khanacademy.org/science/biology/principles-of-physiology/metabolism-and-thermoregulation/a/metabolic-rate


TAXAS METABÓLICAS

Mantenimento da  temperatura constante



TAXAS METABÓLICAS BASAIS

Taxa Metabólica basal: taxa quando o animal esta em repouso. 

Quem tem a taxa mais alta?



VALOR CALORICO E COMIDA

Assuma que uma pessoa consumiu 2500 kcal por dia..
Quantas  gramas de gordura esta pessoa vai adquirir?

Vamos estimar usando  o valor total.: 1,22 kcal/min

1.22 kcal/min⇥ 60⇥ 24 = 1757 kcal/dia
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Esta é a quantidade de energia gasta num dia.



VALOR CALORICO E COMIDA

A quantidade de energia gasta num dia: 1757 kcal/dia

Se a pessoa consumir 2500 kcal por dia, então haverá sobra de 2500-1757=743 kcal/dia 

Quanto chocolate  isto corresponde?  Olhando na Tabela  um chocolate fornece 5,28 kcal/g

Então temos 

743 cal/dia =

✓
743 cal/dia

5.28 kcal/g

◆
chocolate = (140. g/dia) chocolate
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CALOR/TEMPERATURA/ENERGIA INTERNA

Calor é a transferencia de energia entre dois corpos.

Energia interna:

Vibração

Rotação



CALOR ESPECIFICO

Q = C�T
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C = m c,  c calor especifico
Imagine um balde de ferro de 20kg . 

(a) Quanto calor é necessário para   para  aumentar  a temperatura de 

10 graus Celsius para 90 graus Celsius?

Q = 20⇥ (450 J/Kg/oC) (80) = 720 kJ
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Q = 20⇥ (4186 J/Kg/oC) (80) = 6700 kJ
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CALOR LATENTE

Em algumas situações a adição/remoção  de calor

não altera a temperatura.



CALOR LATENTE

Observe que nas mudanças o gráfico fica horizontal sem mudança de temperatura.



TRANSFERENCIA DE CALOR

Condução
Convecção
Radiação

Possíveis  formas de transferencia de calor:



Condução

Passagem de calor  de um meio a outro: colisões de moléculas



Convecção

Circulação de varias moléculas 



Radiação

Radiação: emissão de onda eletromagnéticas



RESUMO:

Trabalho:  da forca peso, da forca elastica.

Energia cinetica e potencial

Energia total: teorema trabalho e energia cinética.

Potencia,

Taxas metabólicas

Calor: calor especifico e latente


