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~r . ~B = 0
<latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit><latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit><latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit><latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit>

~r . ~E =
⇢

✏0
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Equações de  Maxwell
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O grande projeto da eletrostática e magnetostática:

Conhecendo as densidades (”fontes”), encontrar os campos !

⇢ ! Coulomb ouGauss ! ~E
<latexit sha1_base64="gKAfZk7dEQptr0qKjfcoMbZwia0="></latexit><latexit sha1_base64="gKAfZk7dEQptr0qKjfcoMbZwia0="></latexit><latexit sha1_base64="gKAfZk7dEQptr0qKjfcoMbZwia0="></latexit><latexit sha1_base64="gKAfZk7dEQptr0qKjfcoMbZwia0="></latexit>

~J ! Biot-Savart ouAmpère ! ~B
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<latexit sha1_base64="WFjcbBme4m1kykIwD0MMS09FrU8="></latexit><latexit sha1_base64="WFjcbBme4m1kykIwD0MMS09FrU8="></latexit><latexit sha1_base64="WFjcbBme4m1kykIwD0MMS09FrU8="></latexit><latexit sha1_base64="WFjcbBme4m1kykIwD0MMS09FrU8="></latexit>

I

S

~B . ~da = 0
<latexit sha1_base64="lC6lVmE2OMxF5gEUvSN2K/qWg7Y="></latexit><latexit sha1_base64="lC6lVmE2OMxF5gEUvSN2K/qWg7Y="></latexit><latexit sha1_base64="lC6lVmE2OMxF5gEUvSN2K/qWg7Y="></latexit><latexit sha1_base64="lC6lVmE2OMxF5gEUvSN2K/qWg7Y="></latexit>

I

C

~B . ~dl = µ0 Iint + µ0 ✏0

Z

S

@ ~E

@t
. ~da

<latexit sha1_base64="DOR4DSn2qxwibrx9Bag30UxIwXw="></latexit><latexit sha1_base64="DOR4DSn2qxwibrx9Bag30UxIwXw="></latexit><latexit sha1_base64="DOR4DSn2qxwibrx9Bag30UxIwXw="></latexit><latexit sha1_base64="DOR4DSn2qxwibrx9Bag30UxIwXw="></latexit>

I

C

~E . ~dl = � d

dt

Z

S

~B . ~da
<latexit sha1_base64="Zx0mr2Zx2oH14kdmUdkDcPmPBA0="></latexit><latexit sha1_base64="Zx0mr2Zx2oH14kdmUdkDcPmPBA0="></latexit><latexit sha1_base64="Zx0mr2Zx2oH14kdmUdkDcPmPBA0="></latexit><latexit sha1_base64="Zx0mr2Zx2oH14kdmUdkDcPmPBA0="></latexit>







Aula 16

Leis de 
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Teorema de Poynting
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<latexit sha1_base64="K0CK01XiY3CJhqDvWygPKkZxGFc="></latexit><latexit sha1_base64="K0CK01XiY3CJhqDvWygPKkZxGFc="></latexit><latexit sha1_base64="K0CK01XiY3CJhqDvWygPKkZxGFc="></latexit><latexit sha1_base64="K0CK01XiY3CJhqDvWygPKkZxGFc="></latexit>

energia total acumulada no
campo eletromagnético
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Sistema de  partículas carregadas

As cargas estão em movimento :  existem campos elétricos e magnéticos

área A

volume V
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+Trabalho feito pela força  
eletromagnética sobre as 
cargas  no  intervalo de tempo dt

~F = q ( ~E + ~v ⇥ ~B)
<latexit sha1_base64="8Sadva4Mge6nGoadI+UCA+PWUmU="></latexit><latexit sha1_base64="8Sadva4Mge6nGoadI+UCA+PWUmU="></latexit><latexit sha1_base64="8Sadva4Mge6nGoadI+UCA+PWUmU="></latexit><latexit sha1_base64="8Sadva4Mge6nGoadI+UCA+PWUmU="></latexit>

Força sobre cada carga :

Deslocamento da carga :

d~l = ~v dt
<latexit sha1_base64="xR9uK/nz0Dvuexxcfsi9L42X9fk="></latexit><latexit sha1_base64="xR9uK/nz0Dvuexxcfsi9L42X9fk="></latexit><latexit sha1_base64="xR9uK/nz0Dvuexxcfsi9L42X9fk="></latexit><latexit sha1_base64="xR9uK/nz0Dvuexxcfsi9L42X9fk="></latexit>

Trabalho: dW = ~F . d~l
<latexit sha1_base64="E+D3cu33u5CJbRtBUzvwO5+cSmI="></latexit><latexit sha1_base64="E+D3cu33u5CJbRtBUzvwO5+cSmI="></latexit><latexit sha1_base64="E+D3cu33u5CJbRtBUzvwO5+cSmI="></latexit><latexit sha1_base64="E+D3cu33u5CJbRtBUzvwO5+cSmI="></latexit>

= q ( ~E + ~v ⇥ ~B) .~v dt
<latexit sha1_base64="Acu6V5WON6Dqs6MIc41i1GtsVe0="></latexit><latexit sha1_base64="Acu6V5WON6Dqs6MIc41i1GtsVe0="></latexit><latexit sha1_base64="Acu6V5WON6Dqs6MIc41i1GtsVe0="></latexit><latexit sha1_base64="Acu6V5WON6Dqs6MIc41i1GtsVe0="></latexit>

= q ~E .~v dt
<latexit sha1_base64="qbtt+cJ3GmM68lmsBE6bzgEVP+I="></latexit><latexit sha1_base64="qbtt+cJ3GmM68lmsBE6bzgEVP+I="></latexit><latexit sha1_base64="qbtt+cJ3GmM68lmsBE6bzgEVP+I="></latexit><latexit sha1_base64="qbtt+cJ3GmM68lmsBE6bzgEVP+I="></latexit>

dq = ⇢ d3r
<latexit sha1_base64="RAKuWqSN0k0hwqNk5RQABMMerOE="></latexit><latexit sha1_base64="RAKuWqSN0k0hwqNk5RQABMMerOE="></latexit><latexit sha1_base64="RAKuWqSN0k0hwqNk5RQABMMerOE="></latexit><latexit sha1_base64="RAKuWqSN0k0hwqNk5RQABMMerOE="></latexit>

⇢~v = ~J
<latexit sha1_base64="zotvyvJLHmBD6HpoIymyLM5ePjY="></latexit><latexit sha1_base64="zotvyvJLHmBD6HpoIymyLM5ePjY="></latexit><latexit sha1_base64="zotvyvJLHmBD6HpoIymyLM5ePjY="></latexit><latexit sha1_base64="zotvyvJLHmBD6HpoIymyLM5ePjY="></latexit>

dW = dq ~E .~v dt
<latexit sha1_base64="8hNt3Cc6TBPGYqDGgikrh1qzM9Q="></latexit><latexit sha1_base64="8hNt3Cc6TBPGYqDGgikrh1qzM9Q="></latexit><latexit sha1_base64="8hNt3Cc6TBPGYqDGgikrh1qzM9Q="></latexit><latexit sha1_base64="8hNt3Cc6TBPGYqDGgikrh1qzM9Q="></latexit>

dW = ⇢ d3r ~E .~v dt
<latexit sha1_base64="MQZHytnGwJkK6nptb+o9GpPCKig="></latexit><latexit sha1_base64="MQZHytnGwJkK6nptb+o9GpPCKig="></latexit><latexit sha1_base64="MQZHytnGwJkK6nptb+o9GpPCKig="></latexit><latexit sha1_base64="MQZHytnGwJkK6nptb+o9GpPCKig="></latexit>

dW = d3r ~E . ~J dt
<latexit sha1_base64="oV/0oKLVszrAZdG1vgxr9sjsmFw="></latexit><latexit sha1_base64="oV/0oKLVszrAZdG1vgxr9sjsmFw="></latexit><latexit sha1_base64="oV/0oKLVszrAZdG1vgxr9sjsmFw="></latexit><latexit sha1_base64="oV/0oKLVszrAZdG1vgxr9sjsmFw="></latexit>

dW

dt
=

Z
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<latexit sha1_base64="aD2RcDFdqogLWFB48RgnbdWjsHw="></latexit><latexit sha1_base64="aD2RcDFdqogLWFB48RgnbdWjsHw="></latexit><latexit sha1_base64="aD2RcDFdqogLWFB48RgnbdWjsHw="></latexit><latexit sha1_base64="aD2RcDFdqogLWFB48RgnbdWjsHw="></latexit>
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<latexit sha1_base64="aD2RcDFdqogLWFB48RgnbdWjsHw="></latexit><latexit sha1_base64="aD2RcDFdqogLWFB48RgnbdWjsHw="></latexit><latexit sha1_base64="aD2RcDFdqogLWFB48RgnbdWjsHw="></latexit><latexit sha1_base64="aD2RcDFdqogLWFB48RgnbdWjsHw="></latexit>
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<latexit sha1_base64="NZbpiCFPlhBaz2/b2OSH7VXQ9Y0="></latexit><latexit sha1_base64="NZbpiCFPlhBaz2/b2OSH7VXQ9Y0="></latexit><latexit sha1_base64="NZbpiCFPlhBaz2/b2OSH7VXQ9Y0="></latexit><latexit sha1_base64="NZbpiCFPlhBaz2/b2OSH7VXQ9Y0="></latexit>
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<latexit sha1_base64="4M8y+JOkxhVlnA6DXLpa54u50m4="></latexit><latexit sha1_base64="4M8y+JOkxhVlnA6DXLpa54u50m4="></latexit><latexit sha1_base64="4M8y+JOkxhVlnA6DXLpa54u50m4="></latexit><latexit sha1_base64="4M8y+JOkxhVlnA6DXLpa54u50m4="></latexit>

~r . ( ~E ⇥ ~B) = (~r⇥ ~E) . ~B � ~E . (~r⇥ ~B)
<latexit sha1_base64="qMPanNDBdNSdUlWTZ0sUI45/F3c="></latexit><latexit sha1_base64="qMPanNDBdNSdUlWTZ0sUI45/F3c="></latexit><latexit sha1_base64="qMPanNDBdNSdUlWTZ0sUI45/F3c="></latexit><latexit sha1_base64="qMPanNDBdNSdUlWTZ0sUI45/F3c="></latexit>
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<latexit sha1_base64="dx2KCQGpoblf2wbLZiSKFJciQqQ="></latexit><latexit sha1_base64="dx2KCQGpoblf2wbLZiSKFJciQqQ="></latexit><latexit sha1_base64="dx2KCQGpoblf2wbLZiSKFJciQqQ="></latexit><latexit sha1_base64="dx2KCQGpoblf2wbLZiSKFJciQqQ="></latexit>
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<latexit sha1_base64="B9mi36BYaz7D84JB07sYOBElYao="></latexit><latexit sha1_base64="B9mi36BYaz7D84JB07sYOBElYao="></latexit><latexit sha1_base64="B9mi36BYaz7D84JB07sYOBElYao="></latexit><latexit sha1_base64="B9mi36BYaz7D84JB07sYOBElYao="></latexit>
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<latexit sha1_base64="dC9IHJyvsRlTdU+MjmuY8HpKGv0="></latexit><latexit sha1_base64="dC9IHJyvsRlTdU+MjmuY8HpKGv0="></latexit><latexit sha1_base64="dC9IHJyvsRlTdU+MjmuY8HpKGv0="></latexit><latexit sha1_base64="dC9IHJyvsRlTdU+MjmuY8HpKGv0="></latexit>
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<latexit sha1_base64="tXY0HcQn9E4J0yQT1mjndVwaYJI="></latexit><latexit sha1_base64="tXY0HcQn9E4J0yQT1mjndVwaYJI="></latexit><latexit sha1_base64="tXY0HcQn9E4J0yQT1mjndVwaYJI="></latexit><latexit sha1_base64="tXY0HcQn9E4J0yQT1mjndVwaYJI="></latexit>
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<latexit sha1_base64="quZm9vfM1+M3gDZvbMP3efEt18w="></latexit><latexit sha1_base64="quZm9vfM1+M3gDZvbMP3efEt18w="></latexit><latexit sha1_base64="quZm9vfM1+M3gDZvbMP3efEt18w="></latexit><latexit sha1_base64="quZm9vfM1+M3gDZvbMP3efEt18w="></latexit>

(fato matemático)
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<latexit sha1_base64="aD2RcDFdqogLWFB48RgnbdWjsHw="></latexit><latexit sha1_base64="aD2RcDFdqogLWFB48RgnbdWjsHw="></latexit><latexit sha1_base64="aD2RcDFdqogLWFB48RgnbdWjsHw="></latexit><latexit sha1_base64="aD2RcDFdqogLWFB48RgnbdWjsHw="></latexit>
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<latexit sha1_base64="quZm9vfM1+M3gDZvbMP3efEt18w="></latexit><latexit sha1_base64="quZm9vfM1+M3gDZvbMP3efEt18w="></latexit><latexit sha1_base64="quZm9vfM1+M3gDZvbMP3efEt18w="></latexit><latexit sha1_base64="quZm9vfM1+M3gDZvbMP3efEt18w="></latexit>
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<latexit sha1_base64="4XsayGosHABAvtO0mAhpIwnUPFM="></latexit><latexit sha1_base64="4XsayGosHABAvtO0mAhpIwnUPFM="></latexit><latexit sha1_base64="4XsayGosHABAvtO0mAhpIwnUPFM="></latexit><latexit sha1_base64="4XsayGosHABAvtO0mAhpIwnUPFM="></latexit>

Uem
<latexit sha1_base64="8b/jDdrI/w/3zRBVUg0SxhZCwWk="></latexit><latexit sha1_base64="8b/jDdrI/w/3zRBVUg0SxhZCwWk="></latexit><latexit sha1_base64="8b/jDdrI/w/3zRBVUg0SxhZCwWk="></latexit><latexit sha1_base64="8b/jDdrI/w/3zRBVUg0SxhZCwWk="></latexit>
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<latexit sha1_base64="hh0OJlnLW3EreEDNN2nOIljhnwY="></latexit><latexit sha1_base64="hh0OJlnLW3EreEDNN2nOIljhnwY="></latexit><latexit sha1_base64="hh0OJlnLW3EreEDNN2nOIljhnwY="></latexit><latexit sha1_base64="hh0OJlnLW3EreEDNN2nOIljhnwY="></latexit>
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<latexit sha1_base64="aL4LTvieA0sqkpBsiJd/8285mQk="></latexit><latexit sha1_base64="aL4LTvieA0sqkpBsiJd/8285mQk="></latexit><latexit sha1_base64="aL4LTvieA0sqkpBsiJd/8285mQk="></latexit><latexit sha1_base64="aL4LTvieA0sqkpBsiJd/8285mQk="></latexit>
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<latexit sha1_base64="kHFNOfo8MAs2HIthpkR3q/POvLA="></latexit><latexit sha1_base64="kHFNOfo8MAs2HIthpkR3q/POvLA="></latexit><latexit sha1_base64="kHFNOfo8MAs2HIthpkR3q/POvLA="></latexit><latexit sha1_base64="kHFNOfo8MAs2HIthpkR3q/POvLA="></latexit>
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<latexit sha1_base64="n+ixkidoK2rbn5btqKBgY4lSAwA="></latexit><latexit sha1_base64="n+ixkidoK2rbn5btqKBgY4lSAwA="></latexit><latexit sha1_base64="n+ixkidoK2rbn5btqKBgY4lSAwA="></latexit><latexit sha1_base64="n+ixkidoK2rbn5btqKBgY4lSAwA="></latexit>
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<latexit sha1_base64="1f8747jQje+cW99j3c9wgpKwGlE="></latexit><latexit sha1_base64="1f8747jQje+cW99j3c9wgpKwGlE="></latexit><latexit sha1_base64="1f8747jQje+cW99j3c9wgpKwGlE="></latexit><latexit sha1_base64="1f8747jQje+cW99j3c9wgpKwGlE="></latexit>

~S
<latexit sha1_base64="1f8747jQje+cW99j3c9wgpKwGlE="></latexit><latexit sha1_base64="1f8747jQje+cW99j3c9wgpKwGlE="></latexit><latexit sha1_base64="1f8747jQje+cW99j3c9wgpKwGlE="></latexit><latexit sha1_base64="1f8747jQje+cW99j3c9wgpKwGlE="></latexit>
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1

µ0
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<latexit sha1_base64="/xj/oQ2vchWyLm49hF2N9e/2l3k="></latexit><latexit sha1_base64="/xj/oQ2vchWyLm49hF2N9e/2l3k="></latexit><latexit sha1_base64="/xj/oQ2vchWyLm49hF2N9e/2l3k="></latexit><latexit sha1_base64="/xj/oQ2vchWyLm49hF2N9e/2l3k="></latexit>

Vetor de Poynting

A diminuição da energia armazenada nos campos é igual 
ao aumento de energia das partículas mais a energia que 
escapa do volume de observação com o vetor de Poynting

John Henry Poynting
(1852 – 1914)

Falta
A energia armazenada nos campos é  transferida 

para as partículas e para fora do volume de observação 
(ela é irradiada)

Filho de padre

Escreveu livro texto usado por 50 anos !

Estudou em Cambridge

Assistente de Maxwell

Nome de cratera na Lua e em Marte



Exercícios 



Correção da segunda prova de 2021 

Questão 1



d

1

2

I = � v
<latexit sha1_base64="UmNRZ1FKxYXIS0Xi16IaCEZhGPU="></latexit><latexit sha1_base64="UmNRZ1FKxYXIS0Xi16IaCEZhGPU="></latexit><latexit sha1_base64="UmNRZ1FKxYXIS0Xi16IaCEZhGPU="></latexit><latexit sha1_base64="UmNRZ1FKxYXIS0Xi16IaCEZhGPU="></latexit>

I = � v
<latexit sha1_base64="UmNRZ1FKxYXIS0Xi16IaCEZhGPU="></latexit><latexit sha1_base64="UmNRZ1FKxYXIS0Xi16IaCEZhGPU="></latexit><latexit sha1_base64="UmNRZ1FKxYXIS0Xi16IaCEZhGPU="></latexit><latexit sha1_base64="UmNRZ1FKxYXIS0Xi16IaCEZhGPU="></latexit>

L

2⇡ r B = µ0 I
<latexit sha1_base64="d+uBBdHVWucUdufo2Ap0lbF/9/s="></latexit><latexit sha1_base64="d+uBBdHVWucUdufo2Ap0lbF/9/s="></latexit><latexit sha1_base64="d+uBBdHVWucUdufo2Ap0lbF/9/s="></latexit><latexit sha1_base64="d+uBBdHVWucUdufo2Ap0lbF/9/s="></latexit>

B =
µ0 I

2⇡ r
<latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit><latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit><latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit><latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit>

B =
µ0 I

2⇡ d
<latexit sha1_base64="GRqD2VaPfmNdBMQHE109pgU4yqY="></latexit><latexit sha1_base64="GRqD2VaPfmNdBMQHE109pgU4yqY="></latexit><latexit sha1_base64="GRqD2VaPfmNdBMQHE109pgU4yqY="></latexit><latexit sha1_base64="GRqD2VaPfmNdBMQHE109pgU4yqY="></latexit>

~F = I

Z
~dl ⇥ ~B

<latexit sha1_base64="SKvO5jl1pP0VyASDxHcqpQsONu0="></latexit><latexit sha1_base64="SKvO5jl1pP0VyASDxHcqpQsONu0="></latexit><latexit sha1_base64="SKvO5jl1pP0VyASDxHcqpQsONu0="></latexit><latexit sha1_base64="SKvO5jl1pP0VyASDxHcqpQsONu0="></latexit>

F = I LB
<latexit sha1_base64="Bh0uevhfQwzdnDrdKkJXITGS4Bs="></latexit><latexit sha1_base64="Bh0uevhfQwzdnDrdKkJXITGS4Bs="></latexit><latexit sha1_base64="Bh0uevhfQwzdnDrdKkJXITGS4Bs="></latexit><latexit sha1_base64="Bh0uevhfQwzdnDrdKkJXITGS4Bs="></latexit>

⌦
<latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit>

⌦
<latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit>

⌦
<latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit>

⌦
<latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit>

⌦
<latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit>

⌦
<latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit>

~B
<latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit><latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit><latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit><latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit>

E 2⇡ r L =
�L

✏0
<latexit sha1_base64="fsgFZpHToh22P6PkP0TRjzJqhI8="></latexit><latexit sha1_base64="fsgFZpHToh22P6PkP0TRjzJqhI8="></latexit><latexit sha1_base64="fsgFZpHToh22P6PkP0TRjzJqhI8="></latexit><latexit sha1_base64="fsgFZpHToh22P6PkP0TRjzJqhI8="></latexit>

E =
�

2⇡ d ✏0
<latexit sha1_base64="96E1gjxYPCLDr5uRuceeqCFnF80="></latexit><latexit sha1_base64="96E1gjxYPCLDr5uRuceeqCFnF80="></latexit><latexit sha1_base64="96E1gjxYPCLDr5uRuceeqCFnF80="></latexit><latexit sha1_base64="96E1gjxYPCLDr5uRuceeqCFnF80="></latexit>

F = q E
<latexit sha1_base64="gr6NT8kWq1tT1p+dk4kUfEW/nBA="></latexit><latexit sha1_base64="gr6NT8kWq1tT1p+dk4kUfEW/nBA="></latexit><latexit sha1_base64="gr6NT8kWq1tT1p+dk4kUfEW/nBA="></latexit><latexit sha1_base64="gr6NT8kWq1tT1p+dk4kUfEW/nBA="></latexit>

Fe =
�2 L

2⇡ d ✏0
<latexit sha1_base64="AEQ0p4s0277hWa65Vgzl3tLbL7A="></latexit><latexit sha1_base64="AEQ0p4s0277hWa65Vgzl3tLbL7A="></latexit><latexit sha1_base64="AEQ0p4s0277hWa65Vgzl3tLbL7A="></latexit><latexit sha1_base64="AEQ0p4s0277hWa65Vgzl3tLbL7A="></latexit>

Fm =
µ0 I2 L

2⇡ d
<latexit sha1_base64="Th8daW3CG8p6vdoMRuhE6FpkYrg="></latexit><latexit sha1_base64="Th8daW3CG8p6vdoMRuhE6FpkYrg="></latexit><latexit sha1_base64="Th8daW3CG8p6vdoMRuhE6FpkYrg="></latexit><latexit sha1_base64="Th8daW3CG8p6vdoMRuhE6FpkYrg="></latexit>

=
µ0 �2 v2 L

2⇡ d
<latexit sha1_base64="OtQLaLUVmj9y9by44UPeRCMGam8="></latexit><latexit sha1_base64="OtQLaLUVmj9y9by44UPeRCMGam8="></latexit><latexit sha1_base64="OtQLaLUVmj9y9by44UPeRCMGam8="></latexit><latexit sha1_base64="OtQLaLUVmj9y9by44UPeRCMGam8="></latexit>

Fe = Fm
<latexit sha1_base64="sr0KEOnUEmmYcbUbhFVDzuWZrog="></latexit><latexit sha1_base64="sr0KEOnUEmmYcbUbhFVDzuWZrog="></latexit><latexit sha1_base64="sr0KEOnUEmmYcbUbhFVDzuWZrog="></latexit><latexit sha1_base64="sr0KEOnUEmmYcbUbhFVDzuWZrog="></latexit>

v =
1

p
µ0 ✏0

<latexit sha1_base64="xSd2GLSMqKN1abuAGaoa2BKf/UM="></latexit><latexit sha1_base64="xSd2GLSMqKN1abuAGaoa2BKf/UM="></latexit><latexit sha1_base64="xSd2GLSMqKN1abuAGaoa2BKf/UM="></latexit><latexit sha1_base64="xSd2GLSMqKN1abuAGaoa2BKf/UM="></latexit>

~Fm
<latexit sha1_base64="ZQXH6FPHThWUFsyiykfx39fGWWs="></latexit><latexit sha1_base64="ZQXH6FPHThWUFsyiykfx39fGWWs="></latexit><latexit sha1_base64="ZQXH6FPHThWUFsyiykfx39fGWWs="></latexit><latexit sha1_base64="ZQXH6FPHThWUFsyiykfx39fGWWs="></latexit>

~Fe
<latexit sha1_base64="cqqHz4E4hqBtGn2d+DKW500Pb5s="></latexit><latexit sha1_base64="cqqHz4E4hqBtGn2d+DKW500Pb5s="></latexit><latexit sha1_base64="cqqHz4E4hqBtGn2d+DKW500Pb5s="></latexit><latexit sha1_base64="cqqHz4E4hqBtGn2d+DKW500Pb5s="></latexit>



d

L

⌦
<latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit>

⌦
<latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit>

⌦
<latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit>

⌦
<latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit>

⌦
<latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit>

⌦
<latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit><latexit sha1_base64="dJfpXexfPzpgAVCFDxsbii9dU4o="></latexit>

~B
<latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit><latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit><latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit><latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit>

2a
O fio 1 e o fio 2 geram 
campos entrando no slide

Os fluxos são iguais. Basta
calcular um e multiplicar por 2.

� =

Z
B da

<latexit sha1_base64="L+7wRf4p1EhomhlesgVFA2smRvg="></latexit><latexit sha1_base64="L+7wRf4p1EhomhlesgVFA2smRvg="></latexit><latexit sha1_base64="L+7wRf4p1EhomhlesgVFA2smRvg="></latexit><latexit sha1_base64="L+7wRf4p1EhomhlesgVFA2smRvg="></latexit>

z

r

0

A indutância é: L =
�

I
<latexit sha1_base64="CnmoluttQr0lbgrrKDySCSopQEI="></latexit><latexit sha1_base64="CnmoluttQr0lbgrrKDySCSopQEI="></latexit><latexit sha1_base64="CnmoluttQr0lbgrrKDySCSopQEI="></latexit><latexit sha1_base64="CnmoluttQr0lbgrrKDySCSopQEI="></latexit>

I

I

B =
µ0 I

2⇡ r
<latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit><latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit><latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit><latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit>

da = dr dz
<latexit sha1_base64="16fQE6+1tWHVVH90R3gSqYGJnms="></latexit><latexit sha1_base64="16fQE6+1tWHVVH90R3gSqYGJnms="></latexit><latexit sha1_base64="16fQE6+1tWHVVH90R3gSqYGJnms="></latexit><latexit sha1_base64="16fQE6+1tWHVVH90R3gSqYGJnms="></latexit>

� =

Z L

0
dz

Z d�a

a
dr

µ0 I

2⇡ r
<latexit sha1_base64="nrIABHucdFcpeKJKKgKFz5+MALw="></latexit>

� =
µ0 I L

2⇡
ln

d� a

a
<latexit sha1_base64="jKklP8CXLC+SYA2vb9L7e/vbdNI="></latexit>

O fluxo final é :

� =
µ0 I L

⇡
ln

d� a

a
<latexit sha1_base64="hs/A/DyDX9LsK/68ASNHeuXLSi0="></latexit>

L =
µ0 L

⇡
ln

d� a

a
<latexit sha1_base64="sPJYynq2I35ocab+l66VjMYY06w="></latexit>



Questão 3



E =
�

✏0
<latexit sha1_base64="NOBXnIfNIg03/sOGhUnFA4c6ycw="></latexit>

-+

II

R

h

E =
Q

A ✏0
<latexit sha1_base64="J5wnsGM535P5seIqGSU18ojxYvQ="></latexit><latexit sha1_base64="J5wnsGM535P5seIqGSU18ojxYvQ="></latexit><latexit sha1_base64="J5wnsGM535P5seIqGSU18ojxYvQ="></latexit><latexit sha1_base64="J5wnsGM535P5seIqGSU18ojxYvQ="></latexit>

I
~B . ~dl = µ0 ✏0

Z
d ~E

dt
. ~da

<latexit sha1_base64="ipUeVjgYrehbk5u32Kafw3W/Jq0="></latexit><latexit sha1_base64="ipUeVjgYrehbk5u32Kafw3W/Jq0="></latexit><latexit sha1_base64="ipUeVjgYrehbk5u32Kafw3W/Jq0="></latexit><latexit sha1_base64="ipUeVjgYrehbk5u32Kafw3W/Jq0="></latexit>

2⇡ r B = µ0 ✏0
dE

dt
⇡ r2

<latexit sha1_base64="Rri3+CYdoHHX+QqrNWCL6ZD29w8="></latexit><latexit sha1_base64="Rri3+CYdoHHX+QqrNWCL6ZD29w8="></latexit><latexit sha1_base64="Rri3+CYdoHHX+QqrNWCL6ZD29w8="></latexit><latexit sha1_base64="Rri3+CYdoHHX+QqrNWCL6ZD29w8="></latexit>

~B
<latexit sha1_base64="Qd3zfNAQ6OXUZCmACV16qEeQzLw="></latexit><latexit sha1_base64="Qd3zfNAQ6OXUZCmACV16qEeQzLw="></latexit><latexit sha1_base64="Qd3zfNAQ6OXUZCmACV16qEeQzLw="></latexit><latexit sha1_base64="Qd3zfNAQ6OXUZCmACV16qEeQzLw="></latexit>

R

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

~E
<latexit sha1_base64="/WtJ0h81adzQh2roHgu1Bjh6G7A="></latexit><latexit sha1_base64="/WtJ0h81adzQh2roHgu1Bjh6G7A="></latexit><latexit sha1_base64="/WtJ0h81adzQh2roHgu1Bjh6G7A="></latexit><latexit sha1_base64="/WtJ0h81adzQh2roHgu1Bjh6G7A="></latexit>

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

r

�
<latexit sha1_base64="Tzbo2PCH7kuO9dSYJZwVNnFHjOg="></latexit><latexit sha1_base64="Tzbo2PCH7kuO9dSYJZwVNnFHjOg="></latexit><latexit sha1_base64="Tzbo2PCH7kuO9dSYJZwVNnFHjOg="></latexit><latexit sha1_base64="Tzbo2PCH7kuO9dSYJZwVNnFHjOg="></latexit>

~da
<latexit sha1_base64="v0cCLu2pHbbvk7UUUg0lYUfObtM="></latexit><latexit sha1_base64="v0cCLu2pHbbvk7UUUg0lYUfObtM="></latexit><latexit sha1_base64="v0cCLu2pHbbvk7UUUg0lYUfObtM="></latexit><latexit sha1_base64="v0cCLu2pHbbvk7UUUg0lYUfObtM="></latexit>

B =
1

2
µ0 ✏0

I

⇡R2 ✏0
r

<latexit sha1_base64="K6ByUyR7AWGW5kECvPDbq/XDW4w="></latexit><latexit sha1_base64="K6ByUyR7AWGW5kECvPDbq/XDW4w="></latexit><latexit sha1_base64="K6ByUyR7AWGW5kECvPDbq/XDW4w="></latexit><latexit sha1_base64="K6ByUyR7AWGW5kECvPDbq/XDW4w="></latexit>

B =
1

2

µ0 I

⇡R2
r

<latexit sha1_base64="zz0aHvy2JgBjgl/iLd2ov6MTZyA="></latexit><latexit sha1_base64="zz0aHvy2JgBjgl/iLd2ov6MTZyA="></latexit><latexit sha1_base64="zz0aHvy2JgBjgl/iLd2ov6MTZyA="></latexit><latexit sha1_base64="zz0aHvy2JgBjgl/iLd2ov6MTZyA="></latexit>

We =
✏0
2

Z
E2d3r

<latexit sha1_base64="5zGh82FMppFxYHIlY4wITV6VwFs="></latexit><latexit sha1_base64="5zGh82FMppFxYHIlY4wITV6VwFs="></latexit><latexit sha1_base64="5zGh82FMppFxYHIlY4wITV6VwFs="></latexit><latexit sha1_base64="5zGh82FMppFxYHIlY4wITV6VwFs="></latexit>

We =
✏0
2

✓
I t

⇡R2 ✏0

◆2

⇡R2 h
<latexit sha1_base64="C2Ikha53drE8zf/CymWRD9lfJKw="></latexit><latexit sha1_base64="C2Ikha53drE8zf/CymWRD9lfJKw="></latexit><latexit sha1_base64="C2Ikha53drE8zf/CymWRD9lfJKw="></latexit><latexit sha1_base64="C2Ikha53drE8zf/CymWRD9lfJKw="></latexit>

=
I t

⇡R2 ✏0
<latexit sha1_base64="XF9e2LcPhJgBIa4gIdfCB52u/eg="></latexit><latexit sha1_base64="XF9e2LcPhJgBIa4gIdfCB52u/eg="></latexit><latexit sha1_base64="XF9e2LcPhJgBIa4gIdfCB52u/eg="></latexit><latexit sha1_base64="XF9e2LcPhJgBIa4gIdfCB52u/eg="></latexit>

We =
I2 t2 h

2⇡R2 ✏0
<latexit sha1_base64="nLQYNY5MuBCpwd+aFjm8Acd2io4="></latexit><latexit sha1_base64="nLQYNY5MuBCpwd+aFjm8Acd2io4="></latexit><latexit sha1_base64="nLQYNY5MuBCpwd+aFjm8Acd2io4="></latexit><latexit sha1_base64="nLQYNY5MuBCpwd+aFjm8Acd2io4="></latexit>



Wm =
1

2µ0

Z
B2d3r

<latexit sha1_base64="/VSGd/NvXyLYkBa/H8W1DD2TPzM="></latexit><latexit sha1_base64="/VSGd/NvXyLYkBa/H8W1DD2TPzM="></latexit><latexit sha1_base64="/VSGd/NvXyLYkBa/H8W1DD2TPzM="></latexit><latexit sha1_base64="/VSGd/NvXyLYkBa/H8W1DD2TPzM="></latexit>

Wm =
µ0 I2 h

16⇡
<latexit sha1_base64="0uH1T0qGJOryKP4kexuhRJDL7Vk="></latexit><latexit sha1_base64="0uH1T0qGJOryKP4kexuhRJDL7Vk="></latexit><latexit sha1_base64="0uH1T0qGJOryKP4kexuhRJDL7Vk="></latexit><latexit sha1_base64="0uH1T0qGJOryKP4kexuhRJDL7Vk="></latexit>

B =
1

2

µ0 I

⇡R2
r

<latexit sha1_base64="zz0aHvy2JgBjgl/iLd2ov6MTZyA="></latexit><latexit sha1_base64="zz0aHvy2JgBjgl/iLd2ov6MTZyA="></latexit><latexit sha1_base64="zz0aHvy2JgBjgl/iLd2ov6MTZyA="></latexit><latexit sha1_base64="zz0aHvy2JgBjgl/iLd2ov6MTZyA="></latexit>

d3r = r d✓ dr dz
<latexit sha1_base64="TLG7TkZu36JFYJkX90F38YzekTY="></latexit>

Wm =
1

2µ0

µ2
0 I

2

4⇡2 R4

Z h

0
dz

Z 2⇡

0
d✓

Z R

0
r3 dr

<latexit sha1_base64="12v1s4jpaxeT7grUmTxAQtIQReI="></latexit>



z

r

0

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>~B

<latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit><latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit><latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit><latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit>

� =

Z
B da

<latexit sha1_base64="L+7wRf4p1EhomhlesgVFA2smRvg="></latexit><latexit sha1_base64="L+7wRf4p1EhomhlesgVFA2smRvg="></latexit><latexit sha1_base64="L+7wRf4p1EhomhlesgVFA2smRvg="></latexit><latexit sha1_base64="L+7wRf4p1EhomhlesgVFA2smRvg="></latexit>

B =
µ0 I

2⇡ r
<latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit><latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit><latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit><latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit>

da = dr dz
<latexit sha1_base64="16fQE6+1tWHVVH90R3gSqYGJnms="></latexit><latexit sha1_base64="16fQE6+1tWHVVH90R3gSqYGJnms="></latexit><latexit sha1_base64="16fQE6+1tWHVVH90R3gSqYGJnms="></latexit><latexit sha1_base64="16fQE6+1tWHVVH90R3gSqYGJnms="></latexit>

� =

Z a

0
dz

Z s+a

s
dr

µ0 I

2⇡ r
<latexit sha1_base64="rb23swwJKwkgYaHE9pvCEei3hkM="></latexit>

✏ = �d�

dt
<latexit sha1_base64="9yRUv0ayPe4DNCxPopzeDYgjcTg="></latexit>

Corrente no sentido anti-horário!

v =
ds

dt
<latexit sha1_base64="G1m31G3BRMU2NV+t37MyV83YjS8="></latexit>

� =
µ0 I a

2⇡
ln

s+ a

s
<latexit sha1_base64="cSNGVAUCmqIPhVwtNmphjEhjXPw="></latexit>

=
µ0 I a

2⇡

a v

s(s+ a)
<latexit sha1_base64="WaAgbxRwrannYoJs3U7tfZur/aE="></latexit>

= �µ0 I a

2⇡
[
d ln(s+ a)

ds
� d ln(s)

ds
]
ds

dt
<latexit sha1_base64="Js4AYAkDsz1pfFvaL6GnPPKeToI="></latexit>



Problema : ”chafariz” com campo magnético aumentando 

I

C

~E . d~l = � d

dt

Z

S

~B . ~da
<latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4=">AAADInicjVHLattAFL1W08ZJH3HbZTZDTCGL1Egh0G4CISbQpUPrJGAZMxqN0yGyJEYjgxH+m/5Jd92VLkKhH9Bukx/ImbFCHyY0IzS699xzjubOjfJEFcb3vze 8BysPH60219YfP3n6bKP1/MVJkZVayL7IkkyfRbyQiUpl3yiTyLNcSz6JEnkaXXRt/XQqdaGy9IOZ5XI44eepGivBDaBRaxhmKjWjLmPhVIrqaM7CHdaxW7xAkjljbJ+9thALx5qLKp5XMTPAQyt9v+Ad/la6POYgjFptv+ O7xZaDoA7aVK9e1rqkkGLKSFBJE5KUkkGcEKcCz4AC8ikHNqQKmEakXF3SnNahLcGSYHCgF9jPkQ1qNEVuPQunFvhLgldDyegVNBl4GrH9G3P10jlb9C7vynnas83wjWqvCVBDH4H+T3fLvK/O9mJoTG9dDwo95Q6x3YnapXS3Yk/O/ujKwCEHZuMYdY1YOOXtPTOnKVzv9m65q/90TIvaXNTckn7ZU2LAwb/jXA5OdjuB3wmO99oHh/Wom7RJW7SNeb6hA3pHPerD+zNcr+ja++R98b563xZUr1FrXtJfy/txA8cBr9U=</latexit><latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4=">AAADInicjVHLattAFL1W08ZJH3HbZTZDTCGL1Egh0G4CISbQpUPrJGAZMxqN0yGyJEYjgxH+m/5Jd92VLkKhH9Bukx/ImbFCHyY0IzS699xzjubOjfJEFcb3vze 8BysPH60219YfP3n6bKP1/MVJkZVayL7IkkyfRbyQiUpl3yiTyLNcSz6JEnkaXXRt/XQqdaGy9IOZ5XI44eepGivBDaBRaxhmKjWjLmPhVIrqaM7CHdaxW7xAkjljbJ+9thALx5qLKp5XMTPAQyt9v+Ad/la6POYgjFptv+ O7xZaDoA7aVK9e1rqkkGLKSFBJE5KUkkGcEKcCz4AC8ikHNqQKmEakXF3SnNahLcGSYHCgF9jPkQ1qNEVuPQunFvhLgldDyegVNBl4GrH9G3P10jlb9C7vynnas83wjWqvCVBDH4H+T3fLvK/O9mJoTG9dDwo95Q6x3YnapXS3Yk/O/ujKwCEHZuMYdY1YOOXtPTOnKVzv9m65q/90TIvaXNTckn7ZU2LAwb/jXA5OdjuB3wmO99oHh/Wom7RJW7SNeb6hA3pHPerD+zNcr+ja++R98b563xZUr1FrXtJfy/txA8cBr9U=</latexit><latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4=">AAADInicjVHLattAFL1W08ZJH3HbZTZDTCGL1Egh0G4CISbQpUPrJGAZMxqN0yGyJEYjgxH+m/5Jd92VLkKhH9Bukx/ImbFCHyY0IzS699xzjubOjfJEFcb3vze 8BysPH60219YfP3n6bKP1/MVJkZVayL7IkkyfRbyQiUpl3yiTyLNcSz6JEnkaXXRt/XQqdaGy9IOZ5XI44eepGivBDaBRaxhmKjWjLmPhVIrqaM7CHdaxW7xAkjljbJ+9thALx5qLKp5XMTPAQyt9v+Ad/la6POYgjFptv+ O7xZaDoA7aVK9e1rqkkGLKSFBJE5KUkkGcEKcCz4AC8ikHNqQKmEakXF3SnNahLcGSYHCgF9jPkQ1qNEVuPQunFvhLgldDyegVNBl4GrH9G3P10jlb9C7vynnas83wjWqvCVBDH4H+T3fLvK/O9mJoTG9dDwo95Q6x3YnapXS3Yk/O/ujKwCEHZuMYdY1YOOXtPTOnKVzv9m65q/90TIvaXNTckn7ZU2LAwb/jXA5OdjuB3wmO99oHh/Wom7RJW7SNeb6hA3pHPerD+zNcr+ja++R98b563xZUr1FrXtJfy/txA8cBr9U=</latexit><latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4=">AAADInicjVHLattAFL1W08ZJH3HbZTZDTCGL1Egh0G4CISbQpUPrJGAZMxqN0yGyJEYjgxH+m/5Jd92VLkKhH9Bukx/ImbFCHyY0IzS699xzjubOjfJEFcb3vze 8BysPH60219YfP3n6bKP1/MVJkZVayL7IkkyfRbyQiUpl3yiTyLNcSz6JEnkaXXRt/XQqdaGy9IOZ5XI44eepGivBDaBRaxhmKjWjLmPhVIrqaM7CHdaxW7xAkjljbJ+9thALx5qLKp5XMTPAQyt9v+Ad/la6POYgjFptv+ O7xZaDoA7aVK9e1rqkkGLKSFBJE5KUkkGcEKcCz4AC8ikHNqQKmEakXF3SnNahLcGSYHCgF9jPkQ1qNEVuPQunFvhLgldDyegVNBl4GrH9G3P10jlb9C7vynnas83wjWqvCVBDH4H+T3fLvK/O9mJoTG9dDwo95Q6x3YnapXS3Yk/O/ujKwCEHZuMYdY1YOOXtPTOnKVzv9m65q/90TIvaXNTckn7ZU2LAwb/jXA5OdjuB3wmO99oHh/Wom7RJW7SNeb6hA3pHPerD+zNcr+ja++R98b563xZUr1FrXtJfy/txA8cBr9U=</latexit>

2⇡ r E = � d

dt
(k t2 ⇡ a2)

<latexit sha1_base64="ICmgSqiQ6Uk1FTOOt+gOnSiZ+Zg="></latexit><latexit sha1_base64="ICmgSqiQ6Uk1FTOOt+gOnSiZ+Zg="></latexit><latexit sha1_base64="ICmgSqiQ6Uk1FTOOt+gOnSiZ+Zg="></latexit><latexit sha1_base64="ICmgSqiQ6Uk1FTOOt+gOnSiZ+Zg="></latexit>

I

C

~B . d~l = µ0 Id
<latexit sha1_base64="dt5TontEsWp8Gx7H2tvZMZDTTZY="></latexit><latexit sha1_base64="dt5TontEsWp8Gx7H2tvZMZDTTZY="></latexit><latexit sha1_base64="dt5TontEsWp8Gx7H2tvZMZDTTZY="></latexit><latexit sha1_base64="dt5TontEsWp8Gx7H2tvZMZDTTZY="></latexit>

~E
<latexit sha1_base64="hEx/hrLuyyt2dHxVSXik7Mc31cE="></latexit><latexit sha1_base64="hEx/hrLuyyt2dHxVSXik7Mc31cE="></latexit><latexit sha1_base64="hEx/hrLuyyt2dHxVSXik7Mc31cE="></latexit><latexit sha1_base64="hEx/hrLuyyt2dHxVSXik7Mc31cE="></latexit>

r

B = k t2
<latexit sha1_base64="HMMLntCUnvRHYwt76+m5r753zsA="></latexit><latexit sha1_base64="HMMLntCUnvRHYwt76+m5r753zsA="></latexit><latexit sha1_base64="HMMLntCUnvRHYwt76+m5r753zsA="></latexit><latexit sha1_base64="HMMLntCUnvRHYwt76+m5r753zsA="></latexit>

a

~B
<latexit sha1_base64="wEMwuollVORD20m7KS1A6DnZ9yQ="></latexit><latexit sha1_base64="wEMwuollVORD20m7KS1A6DnZ9yQ="></latexit><latexit sha1_base64="wEMwuollVORD20m7KS1A6DnZ9yQ="></latexit><latexit sha1_base64="wEMwuollVORD20m7KS1A6DnZ9yQ="></latexit>

b

B 2⇡ b = µ0 ✏0
k ⇡ a2 b2

r
<latexit sha1_base64="Z9KyqV/SXRAY6q0bN5uPC+dN8xQ="></latexit>

B = µ0 ✏0
k a2 b

2 r
<latexit sha1_base64="ghbMusJyCr5Mep9t8Zx4D0V62J8="></latexit>

E =
k a2 t

r
<latexit sha1_base64="ZTUAMk1p/HHCA8rrHH22wOMcSkg="></latexit>

Jd = ✏0
dE

dt
= ✏0

k a2

r
<latexit sha1_base64="hfTPHxPBbuKcIKNQ9elaZqGNCO4="></latexit>

Id = Jd ⇡ b2 = �✏0
k ⇡ a2 b2

r
<latexit sha1_base64="Ie2pDGxcipTDEHuB4bx21o7LgvE="></latexit><latexit sha1_base64="Ie2pDGxcipTDEHuB4bx21o7LgvE="></latexit><latexit sha1_base64="Ie2pDGxcipTDEHuB4bx21o7LgvE="></latexit><latexit sha1_base64="Ie2pDGxcipTDEHuB4bx21o7LgvE="></latexit>

Id = Jd ⇡ b2 = �✏0
k ⇡ a2 b2

r
<latexit sha1_base64="Ie2pDGxcipTDEHuB4bx21o7LgvE="></latexit><latexit sha1_base64="Ie2pDGxcipTDEHuB4bx21o7LgvE="></latexit><latexit sha1_base64="Ie2pDGxcipTDEHuB4bx21o7LgvE="></latexit><latexit sha1_base64="Ie2pDGxcipTDEHuB4bx21o7LgvE="></latexit>



FIM 


