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Aula 23
Richard Serra
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<latexit sha1_base64="bFIExsDC86Z1Y0LSv+b1c3gpi/o="></latexit>

Eternal tribute to the capacitor
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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

Vamos lembrar do teorema de Poynting :

Quando não existem partículas:
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<latexit sha1_base64="QRWou/QOnSED7DJdtHxlM4qFya8="></latexit>

dUem

dt
=

µ0 ! I2 R2

2⇡ a4
2 c2 t

<latexit sha1_base64="UXclB39rSHZUhb5szt7IHOCMNgM="></latexit>

=
! I2 R2 t

⇡ ✏0 a4
<latexit sha1_base64="7N+sm3nwm3UL0s+ONUOCYyidP3o="></latexit>



~B
<latexit sha1_base64="rWWEKdCBrRPubZpe3AZVZZpUIDs="></latexit><latexit sha1_base64="rWWEKdCBrRPubZpe3AZVZZpUIDs="></latexit><latexit sha1_base64="rWWEKdCBrRPubZpe3AZVZZpUIDs="></latexit><latexit sha1_base64="rWWEKdCBrRPubZpe3AZVZZpUIDs="></latexit>

~B
<latexit sha1_base64="eybpEDhQYzatWGMFgZQJNF/3z4M="></latexit><latexit sha1_base64="eybpEDhQYzatWGMFgZQJNF/3z4M="></latexit><latexit sha1_base64="eybpEDhQYzatWGMFgZQJNF/3z4M="></latexit><latexit sha1_base64="eybpEDhQYzatWGMFgZQJNF/3z4M="></latexit>

campo 
inicial

campo 
induzido

~E
<latexit sha1_base64="NMcmIBAyFmWplS+rBnd9XM/spoA="></latexit><latexit sha1_base64="NMcmIBAyFmWplS+rBnd9XM/spoA="></latexit><latexit sha1_base64="NMcmIBAyFmWplS+rBnd9XM/spoA="></latexit><latexit sha1_base64="NMcmIBAyFmWplS+rBnd9XM/spoA="></latexit>

raio a

5)



O campo magnético induzido 
produzido pela corrente que 
passa no anel :
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energia fluindo 
para fora !



Falta
Eletromag is not the easy thing
Is the only baggage you can bring
Is all that you can’t leave behind

Bono Vox

Resumão
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Equações de  Maxwell
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<latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit><latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit><latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit><latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit>

Conhecendo as fontes, encontramos 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
<latexit sha1_base64="aV41OSlxqP0tsbctI8x6iPsrFPQ="></latexit><latexit sha1_base64="aV41OSlxqP0tsbctI8x6iPsrFPQ="></latexit><latexit sha1_base64="aV41OSlxqP0tsbctI8x6iPsrFPQ="></latexit><latexit sha1_base64="aV41OSlxqP0tsbctI8x6iPsrFPQ="></latexit>

I

S

~E . ~da =
Qint

✏0
<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>



Eletrostática

~F = q ~E
<latexit sha1_base64="uIkrMpfzDPW/AI5ZO7DJF/dweUA="></latexit><latexit sha1_base64="uIkrMpfzDPW/AI5ZO7DJF/dweUA="></latexit><latexit sha1_base64="uIkrMpfzDPW/AI5ZO7DJF/dweUA="></latexit><latexit sha1_base64="uIkrMpfzDPW/AI5ZO7DJF/dweUA="></latexit>

F =
1

4⇡ ✏0

q1 q2
r2

<latexit sha1_base64="4F0ej4CE47dXEe42sEMk6Aq6fsI="></latexit><latexit sha1_base64="4F0ej4CE47dXEe42sEMk6Aq6fsI="></latexit><latexit sha1_base64="4F0ej4CE47dXEe42sEMk6Aq6fsI="></latexit><latexit sha1_base64="4F0ej4CE47dXEe42sEMk6Aq6fsI="></latexit>

E =
1

4⇡ ✏0

q1
r2

<latexit sha1_base64="89IsR23zzpJJJ3hKO4Q/6lk7enM="></latexit><latexit sha1_base64="89IsR23zzpJJJ3hKO4Q/6lk7enM="></latexit><latexit sha1_base64="89IsR23zzpJJJ3hKO4Q/6lk7enM="></latexit><latexit sha1_base64="89IsR23zzpJJJ3hKO4Q/6lk7enM="></latexit>

Interação entre duas partículas: 

(Força de Coulomb)

Interação entre várias partículas:

V

F = q2 E
<latexit sha1_base64="W5NuoBOVA8C+MHWXGpzhlL7r3pg="></latexit><latexit sha1_base64="W5NuoBOVA8C+MHWXGpzhlL7r3pg="></latexit><latexit sha1_base64="W5NuoBOVA8C+MHWXGpzhlL7r3pg="></latexit><latexit sha1_base64="W5NuoBOVA8C+MHWXGpzhlL7r3pg="></latexit>

Potencial eletrostático :

Ponto de referência



Densidade 
de carga

Campo
ElétricoPotencial

x

zy
~r

<latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit><latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit><latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit><latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit>

~r0
<latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit><latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit><latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit><latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit>

P
~r � ~r0

<latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit><latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit><latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit><latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit>

= ~r � ~r0
<latexit sha1_base64="b+nFg7JREgENkMJd/hdZVSADh+c="></latexit><latexit sha1_base64="b+nFg7JREgENkMJd/hdZVSADh+c="></latexit><latexit sha1_base64="b+nFg7JREgENkMJd/hdZVSADh+c="></latexit><latexit sha1_base64="b+nFg7JREgENkMJd/hdZVSADh+c="></latexit>

Falta
Eu que 
inventei !

D.J. Griffiths



Força sobre uma carga em movimento num campo B:

Magnetostática

~F = I

Z
d~l ⇥ ~B

<latexit sha1_base64="crFvfQBqeat9uN82sHXGJlKx3Kg="></latexit>

~F = q ~v ⇥ ~B
<latexit sha1_base64="Oq6z3B7DByIMcTh0EXw8IpVZrPI="></latexit><latexit sha1_base64="Oq6z3B7DByIMcTh0EXw8IpVZrPI="></latexit><latexit sha1_base64="Oq6z3B7DByIMcTh0EXw8IpVZrPI="></latexit><latexit sha1_base64="Oq6z3B7DByIMcTh0EXw8IpVZrPI="></latexit>

Força sobre uma corrente num campo magnético :

Lei de Biot-Savart: 

I

C

~B . d~l = µ0 I
<latexit sha1_base64="Eh9k/oXfVxBgXherdxzkMdZ7ujQ="></latexit>

Lei de Ampère:



Campo magnético micro e macroscópico:

~B
<latexit sha1_base64="QZgqk4/Rt8rPQdvS86GV7MADyoE="></latexit>



Não existem monopolos magnéticos !

dipolo elétrico dipolo magnético monopolo magnético

~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>

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>



Energia Elétrica

=<latexit sha1_base64="wUgjzX92n3G+3kWhZqRIG3ksvbA="></latexit>

Energia Magnética

W =
1

2

Z
⇢V d3r

<latexit sha1_base64="CJY5HdeBAszhVNoke46uPMGFhcg="></latexit><latexit sha1_base64="CJY5HdeBAszhVNoke46uPMGFhcg="></latexit><latexit sha1_base64="CJY5HdeBAszhVNoke46uPMGFhcg="></latexit><latexit sha1_base64="CJY5HdeBAszhVNoke46uPMGFhcg="></latexit>

We =
✏0
2

Z
E2 d3r

<latexit sha1_base64="sO7xZoe0EujBDE3UFEuKBsiXbqk="></latexit><latexit sha1_base64="sO7xZoe0EujBDE3UFEuKBsiXbqk="></latexit><latexit sha1_base64="sO7xZoe0EujBDE3UFEuKBsiXbqk="></latexit><latexit sha1_base64="sO7xZoe0EujBDE3UFEuKBsiXbqk="></latexit>

Wm =
1

2µ0

Z
B2 d3r

<latexit sha1_base64="6u38iqlQ4E3EzL49rgNfqO0Uczk="></latexit><latexit sha1_base64="6u38iqlQ4E3EzL49rgNfqO0Uczk="></latexit><latexit sha1_base64="6u38iqlQ4E3EzL49rgNfqO0Uczk="></latexit><latexit sha1_base64="6u38iqlQ4E3EzL49rgNfqO0Uczk="></latexit>

W =
1

2
LI2

<latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="IvqGaLURdcAgGWhf5gL1h3dM1y8="></latexit><latexit sha1_base64="IvqGaLURdcAgGWhf5gL1h3dM1y8="></latexit><latexit sha1_base64="DDsDCZBatxxSKNqeZ++n1pHRvNs="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit>

�
<latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit>

~B
<latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit>

I

�
<latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit>

~B
<latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit>

I
~E

<latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit>

�
<latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit>

~B
<latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit>

I
Iniciando 

um 
circuito

Trazendo
cargas do
infinito



Ondas Eletromagnéticas

~r⇥ ~B = µ0 ✏0
@ ~E

@t
<latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit><latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit><latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit><latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit>

~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
<latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit><latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit><latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit><latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit>

~r⇥ ~E = �@ ~B

@t
<latexit sha1_base64="oj7oQ0zHoE6qIR8J16PXdVw+Mo8="></latexit><latexit sha1_base64="oj7oQ0zHoE6qIR8J16PXdVw+Mo8="></latexit><latexit sha1_base64="oj7oQ0zHoE6qIR8J16PXdVw+Mo8="></latexit><latexit sha1_base64="oj7oQ0zHoE6qIR8J16PXdVw+Mo8="></latexit>

r2 ~E =
1

c2
@2

@t2
~E

<latexit sha1_base64="MKaIVcGZSPkxuSHcKOAzwKdn/sM="></latexit><latexit sha1_base64="MKaIVcGZSPkxuSHcKOAzwKdn/sM="></latexit><latexit sha1_base64="MKaIVcGZSPkxuSHcKOAzwKdn/sM="></latexit><latexit sha1_base64="MKaIVcGZSPkxuSHcKOAzwKdn/sM="></latexit>

r2 ~B =
1

c2
@2

@t2
~B

<latexit sha1_base64="eE5qr2tY54PkAQxNiyQRuVUFRLc="></latexit><latexit sha1_base64="eE5qr2tY54PkAQxNiyQRuVUFRLc="></latexit><latexit sha1_base64="eE5qr2tY54PkAQxNiyQRuVUFRLc="></latexit><latexit sha1_base64="eE5qr2tY54PkAQxNiyQRuVUFRLc="></latexit>

c =
1

p
µ0 ✏0

<latexit sha1_base64="dsJroHo8cRQDBSX64PYWQ7FTEjw="></latexit><latexit sha1_base64="dsJroHo8cRQDBSX64PYWQ7FTEjw="></latexit><latexit sha1_base64="dsJroHo8cRQDBSX64PYWQ7FTEjw="></latexit><latexit sha1_base64="dsJroHo8cRQDBSX64PYWQ7FTEjw="></latexit>

x

y

z

v

~B0
<latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit>

~E0
<latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit>

Equações
de Maxwell
no vácuo

~E = ~E0 cos (kz � !t)
<latexit sha1_base64="25gwd+bGKLYm8ocDv2RN/Ic0CVo="></latexit><latexit sha1_base64="25gwd+bGKLYm8ocDv2RN/Ic0CVo="></latexit><latexit sha1_base64="25gwd+bGKLYm8ocDv2RN/Ic0CVo="></latexit><latexit sha1_base64="25gwd+bGKLYm8ocDv2RN/Ic0CVo="></latexit>

~B = ~B0 cos (kz � !t)
<latexit sha1_base64="mnxaWjTbOZ0mf0EGVzKOL9qyM+A="></latexit><latexit sha1_base64="mnxaWjTbOZ0mf0EGVzKOL9qyM+A="></latexit><latexit sha1_base64="mnxaWjTbOZ0mf0EGVzKOL9qyM+A="></latexit><latexit sha1_base64="mnxaWjTbOZ0mf0EGVzKOL9qyM+A="></latexit>

Luz !



~S =
1

µ0
( ~E ⇥ ~B)

<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>

Ondas Eletromagnéticas carregam energia e momento

~S = c ✏0 E
2
0 cos

2 (kz � !t) ẑ
<latexit sha1_base64="TGZFTSTr0c7uo8rewbXVrfehYBE="></latexit><latexit sha1_base64="TGZFTSTr0c7uo8rewbXVrfehYBE="></latexit><latexit sha1_base64="TGZFTSTr0c7uo8rewbXVrfehYBE="></latexit><latexit sha1_base64="TGZFTSTr0c7uo8rewbXVrfehYBE="></latexit>

I = hSi = hc ui
<latexit sha1_base64="qlHLEE1nfwSDlRSl5oD8ZIlloro="></latexit><latexit sha1_base64="qlHLEE1nfwSDlRSl5oD8ZIlloro="></latexit><latexit sha1_base64="qlHLEE1nfwSDlRSl5oD8ZIlloro="></latexit><latexit sha1_base64="qlHLEE1nfwSDlRSl5oD8ZIlloro="></latexit>

hSi = 1

T

Z T

0
dt S(t)

<latexit sha1_base64="/ZAdz7/BpvmTIuQlbGFkhmqm+cs="></latexit><latexit sha1_base64="/ZAdz7/BpvmTIuQlbGFkhmqm+cs="></latexit><latexit sha1_base64="/ZAdz7/BpvmTIuQlbGFkhmqm+cs="></latexit><latexit sha1_base64="/ZAdz7/BpvmTIuQlbGFkhmqm+cs="></latexit>

=
1

2
c ✏0 E

2
0

<latexit sha1_base64="90xGKGdsa34pcZH7ds1zZgt0bVk="></latexit><latexit sha1_base64="90xGKGdsa34pcZH7ds1zZgt0bVk="></latexit><latexit sha1_base64="90xGKGdsa34pcZH7ds1zZgt0bVk="></latexit><latexit sha1_base64="90xGKGdsa34pcZH7ds1zZgt0bVk="></latexit>

v
<latexit sha1_base64="gWXxuVI9eMZ4cv43WH+dOFerqOw="></latexit><latexit sha1_base64="gWXxuVI9eMZ4cv43WH+dOFerqOw="></latexit><latexit sha1_base64="gWXxuVI9eMZ4cv43WH+dOFerqOw="></latexit><latexit sha1_base64="gWXxuVI9eMZ4cv43WH+dOFerqOw="></latexit>

v
<latexit sha1_base64="gWXxuVI9eMZ4cv43WH+dOFerqOw="></latexit><latexit sha1_base64="gWXxuVI9eMZ4cv43WH+dOFerqOw="></latexit><latexit sha1_base64="gWXxuVI9eMZ4cv43WH+dOFerqOw="></latexit><latexit sha1_base64="gWXxuVI9eMZ4cv43WH+dOFerqOw="></latexit>

B
<latexit sha1_base64="KGja1fjAFFyWXuMoy/rD9EkFb40="></latexit><latexit sha1_base64="KGja1fjAFFyWXuMoy/rD9EkFb40="></latexit><latexit sha1_base64="KGja1fjAFFyWXuMoy/rD9EkFb40="></latexit><latexit sha1_base64="KGja1fjAFFyWXuMoy/rD9EkFb40="></latexit>

~F = q ~v ⇥ ~B
<latexit sha1_base64="3JbBTt1Ge316GwMVJTYocvRhA8E="></latexit><latexit sha1_base64="3JbBTt1Ge316GwMVJTYocvRhA8E="></latexit><latexit sha1_base64="3JbBTt1Ge316GwMVJTYocvRhA8E="></latexit><latexit sha1_base64="3JbBTt1Ge316GwMVJTYocvRhA8E="></latexit>

~F = q ~E
<latexit sha1_base64="ntJP3Xp+GCFmt2WKeTl2zcVvchw="></latexit><latexit sha1_base64="ntJP3Xp+GCFmt2WKeTl2zcVvchw="></latexit><latexit sha1_base64="ntJP3Xp+GCFmt2WKeTl2zcVvchw="></latexit><latexit sha1_base64="ntJP3Xp+GCFmt2WKeTl2zcVvchw="></latexit>

P =
I

c
<latexit sha1_base64="NW/5pYfYQmgTTutT/WxWH+AG1ic="></latexit><latexit sha1_base64="NW/5pYfYQmgTTutT/WxWH+AG1ic="></latexit><latexit sha1_base64="NW/5pYfYQmgTTutT/WxWH+AG1ic="></latexit><latexit sha1_base64="NW/5pYfYQmgTTutT/WxWH+AG1ic="></latexit>

Pressão:



Potenciais retardados

x

zy
~r

<latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit><latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit><latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit><latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit>

~r0
<latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit><latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit><latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit><latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit>

P
~r � ~r0

<latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit><latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit><latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit><latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit>

tr
<latexit sha1_base64="HOFV+Z4oFOHnWsLohJztmyZ6P/w="></latexit><latexit sha1_base64="HOFV+Z4oFOHnWsLohJztmyZ6P/w="></latexit><latexit sha1_base64="HOFV+Z4oFOHnWsLohJztmyZ6P/w="></latexit><latexit sha1_base64="HOFV+Z4oFOHnWsLohJztmyZ6P/w="></latexit>

t
<latexit sha1_base64="WMwLKTCLzKKYvbw3tt5Zp9/oTsM="></latexit><latexit sha1_base64="WMwLKTCLzKKYvbw3tt5Zp9/oTsM="></latexit><latexit sha1_base64="WMwLKTCLzKKYvbw3tt5Zp9/oTsM="></latexit><latexit sha1_base64="WMwLKTCLzKKYvbw3tt5Zp9/oTsM="></latexit>

fonte em 
movimento

tr = t � |~r � ~r0|
c

<latexit sha1_base64="CJXrJhSLLYss1yh6cSYWdJCV4JA="></latexit><latexit sha1_base64="CJXrJhSLLYss1yh6cSYWdJCV4JA="></latexit><latexit sha1_base64="CJXrJhSLLYss1yh6cSYWdJCV4JA="></latexit><latexit sha1_base64="CJXrJhSLLYss1yh6cSYWdJCV4JA="></latexit>

V (~r, t) =
1

4⇡ ✏0

Z
⇢(~r0, tr)

|~r � ~r0|
d3r0

<latexit sha1_base64="GSjgt5OuigyAZvoi4R/rJGPO/ko="></latexit><latexit sha1_base64="GSjgt5OuigyAZvoi4R/rJGPO/ko="></latexit><latexit sha1_base64="GSjgt5OuigyAZvoi4R/rJGPO/ko="></latexit><latexit sha1_base64="GSjgt5OuigyAZvoi4R/rJGPO/ko="></latexit>

~A(~r, t) =
µ0

4⇡

Z ~J(~r0, tr)

|~r � ~r0|
d3r0

<latexit sha1_base64="JZ6Wdn7VWY8YYgwmp9JogDYSrE8="></latexit><latexit sha1_base64="JZ6Wdn7VWY8YYgwmp9JogDYSrE8="></latexit><latexit sha1_base64="JZ6Wdn7VWY8YYgwmp9JogDYSrE8="></latexit><latexit sha1_base64="JZ6Wdn7VWY8YYgwmp9JogDYSrE8="></latexit>

~B = ~r⇥ ~A
<latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit>

~E = �~rV � @ ~A

@t
<latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit>



Radiação: produção de ondas eletromagnéticas

Radiação: emissão de energia eletromagnética, que sai de uma fonte 
finita e vai até o infinito.  

Potência atravessando esta superfície: 

P =

I
~S . ~da

<latexit sha1_base64="BZcdXKyDx9ODEWlbswri7CvrBoc="></latexit><latexit sha1_base64="BZcdXKyDx9ODEWlbswri7CvrBoc="></latexit><latexit sha1_base64="BZcdXKyDx9ODEWlbswri7CvrBoc="></latexit><latexit sha1_base64="BZcdXKyDx9ODEWlbswri7CvrBoc="></latexit>

=

I
1

µ0
( ~E ⇥ ~B) . ~da

<latexit sha1_base64="HsgymahUCaO9AAUBa2gCPLn6w2k="></latexit><latexit sha1_base64="HsgymahUCaO9AAUBa2gCPLn6w2k="></latexit><latexit sha1_base64="HsgymahUCaO9AAUBa2gCPLn6w2k="></latexit><latexit sha1_base64="HsgymahUCaO9AAUBa2gCPLn6w2k="></latexit>

Potência Radiada é o limite de P quando 
o raio r vai ao infinito

Prad = lim
r!1

P (r)
<latexit sha1_base64="yr+YOpFB/VsLybD334eA8AaI9mY="></latexit><latexit sha1_base64="yr+YOpFB/VsLybD334eA8AaI9mY="></latexit><latexit sha1_base64="yr+YOpFB/VsLybD334eA8AaI9mY="></latexit><latexit sha1_base64="yr+YOpFB/VsLybD334eA8AaI9mY="></latexit>

Radiação: fluxo de energia para 
longe da fonte !!! Prad 6= 0

<latexit sha1_base64="5fGB2qsuEoGTWfWZ/9gryam/DyE="></latexit><latexit sha1_base64="5fGB2qsuEoGTWfWZ/9gryam/DyE="></latexit><latexit sha1_base64="5fGB2qsuEoGTWfWZ/9gryam/DyE="></latexit><latexit sha1_base64="5fGB2qsuEoGTWfWZ/9gryam/DyE="></latexit>

Prad = 0
<latexit sha1_base64="G58sasd6Nz/qux+wBSpGiRt6pM0="></latexit><latexit sha1_base64="G58sasd6Nz/qux+wBSpGiRt6pM0="></latexit><latexit sha1_base64="G58sasd6Nz/qux+wBSpGiRt6pM0="></latexit><latexit sha1_base64="G58sasd6Nz/qux+wBSpGiRt6pM0="></latexit>

Fonte não irradia

Fonte irradia



P < P >=
µ0 q20 d

2!4

12⇡2 c
<latexit sha1_base64="hjrJS6zg/7bFv8qjufviEI36onU="></latexit><latexit sha1_base64="hjrJS6zg/7bFv8qjufviEI36onU="></latexit><latexit sha1_base64="hjrJS6zg/7bFv8qjufviEI36onU="></latexit><latexit sha1_base64="hjrJS6zg/7bFv8qjufviEI36onU="></latexit>

< Prad >= lim
r!1

< P > 6= 0
<latexit sha1_base64="KWiBZ9pv7GRgBHo3nQte657stzY="></latexit><latexit sha1_base64="KWiBZ9pv7GRgBHo3nQte657stzY="></latexit><latexit sha1_base64="KWiBZ9pv7GRgBHo3nQte657stzY="></latexit><latexit sha1_base64="KWiBZ9pv7GRgBHo3nQte657stzY="></latexit>

Sim, este sistema irradia !

Paradigma:  dipolo - antena 

Céu azul !



Para onde ir ?

Equações de Maxwell e ondas  em meios

Mundo microscópico: física quântica

Equações de Maxwell e relatividade

Juan Rulfo 1917 - 1986



Para quem está gostando muito:

Prova de recuperação:  13/12/22 às 21:00





8) No exemplo do dipolo “de brinquedo”,  calcule a  resistência de radiação

P = RI2
<latexit sha1_base64="xZk6VimUP/jMetnYvk8Kv7lrGtY="></latexit>


