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Aula 11

Eletrodinâmica
Campos elétricos e magnéticos variando no tempo 



Indução: Lei de Faraday

I
I

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

Vamos lembrar dos  seguintes fatos:

I

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

Corrente  
num fio 
retilíneo 
gera campo
magnético

Corrente  
numa espira  
gera campo
magnético

Ímã gera 
campo
magnético

Regra da mão
direita:
dedão no 
sentido da 
corrente;
dedinhos
indicam o
sentido do 
campo
magnético



Experiência da espira e do ímã 

Aproximamos um ímã de uma espira e vemos que surge uma corrente nela

A corrente (induzida)  na espira e cria um campo magnético (induzido)



Vamos considerar todos os casos

Regra: a corrente induzida cria um campo induzido que anula a variação do 
fluxo de campo magnético que atravessa a espira. 

A corrente induzida  é feita de cargas em movimento

As cargas se movem porque há 
um campo elétrico ”rodante” !!!

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

C

~E
<latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit>

Iind

I

C

~E . d~l 6= 0
<latexit sha1_base64="CJd/JScAAql47iPPOwt19WktDWU="></latexit><latexit sha1_base64="CJd/JScAAql47iPPOwt19WktDWU="></latexit><latexit sha1_base64="CJd/JScAAql47iPPOwt19WktDWU="></latexit><latexit sha1_base64="CJd/JScAAql47iPPOwt19WktDWU="></latexit>

I

C

~E . d~l = ✏
<latexit sha1_base64="qmmr6HCjAfCiahmiEY/ZzWdfTJE="></latexit><latexit sha1_base64="qmmr6HCjAfCiahmiEY/ZzWdfTJE="></latexit><latexit sha1_base64="qmmr6HCjAfCiahmiEY/ZzWdfTJE="></latexit><latexit sha1_base64="qmmr6HCjAfCiahmiEY/ZzWdfTJE="></latexit>



✏ =

I

C

~E . d~l
<latexit sha1_base64="7mD3f5DtxtIYzzFOW8VUSAs5SpQ="></latexit><latexit sha1_base64="7mD3f5DtxtIYzzFOW8VUSAs5SpQ="></latexit><latexit sha1_base64="7mD3f5DtxtIYzzFOW8VUSAs5SpQ="></latexit><latexit sha1_base64="7mD3f5DtxtIYzzFOW8VUSAs5SpQ="></latexit>

força eletromotriz  (fem) induzida

� =

Z

S

~B . ~da
<latexit sha1_base64="9Rlnem/HN/87IODGEgaqk1uZ7Ww="></latexit><latexit sha1_base64="9Rlnem/HN/87IODGEgaqk1uZ7Ww="></latexit><latexit sha1_base64="9Rlnem/HN/87IODGEgaqk1uZ7Ww="></latexit><latexit sha1_base64="9Rlnem/HN/87IODGEgaqk1uZ7Ww="></latexit>

Fluxo de campo magnético que atravessa a espira : 

Quando o ímã se move o fluxo varia no tempo :
d�

dt
=

d

dt

Z

S

~B . ~da
<latexit sha1_base64="ZTEwjwTJw6C5yelKcAjnq1F/x/o="></latexit><latexit sha1_base64="ZTEwjwTJw6C5yelKcAjnq1F/x/o="></latexit><latexit sha1_base64="ZTEwjwTJw6C5yelKcAjnq1F/x/o="></latexit><latexit sha1_base64="ZTEwjwTJw6C5yelKcAjnq1F/x/o="></latexit>

Lei da Indução de Faraday : ✏ = � d�

dt
<latexit sha1_base64="KM9UeSEZo+kr97+I8otyd/MGdr4="></latexit><latexit sha1_base64="KM9UeSEZo+kr97+I8otyd/MGdr4="></latexit><latexit sha1_base64="KM9UeSEZo+kr97+I8otyd/MGdr4="></latexit><latexit sha1_base64="KM9UeSEZo+kr97+I8otyd/MGdr4="></latexit>

A fem induzida surge para anular a variação do fluxo de B !

I
I

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

d~a
<latexit sha1_base64="xTkqW/nrXoKay0NZ//fYeoiirKE="></latexit>

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

~B
<latexit sha1_base64="qjv/i2DZvBbOgUfBSGgkIn9yraE="></latexit><latexit sha1_base64="qjv/i2DZvBbOgUfBSGgkIn9yraE="></latexit><latexit sha1_base64="qjv/i2DZvBbOgUfBSGgkIn9yraE="></latexit><latexit sha1_base64="qjv/i2DZvBbOgUfBSGgkIn9yraE="></latexit>

~E
<latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit>

~E
<latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit>



I

C

~E . d~l = � d

dt

Z

S

~B . ~da
<latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4="></latexit><latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4="></latexit><latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4="></latexit><latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4="></latexit>

Teorema de Stokes  

Z

S
(~r⇥ ~E) . d~a =

Z

S
(� @

@t
~B) . ~da

<latexit sha1_base64="/lxaMy5ZCy4JaQVqX2RfGLWbMIE="></latexit><latexit sha1_base64="/lxaMy5ZCy4JaQVqX2RfGLWbMIE="></latexit><latexit sha1_base64="/lxaMy5ZCy4JaQVqX2RfGLWbMIE="></latexit><latexit sha1_base64="/lxaMy5ZCy4JaQVqX2RfGLWbMIE="></latexit>

I

C

~E . d~l =

Z

S
(~r⇥ ~E) . d~a

<latexit sha1_base64="+2MWtI25ykXXdYcZ0KyDbN4uC1Q="></latexit><latexit sha1_base64="+2MWtI25ykXXdYcZ0KyDbN4uC1Q="></latexit><latexit sha1_base64="+2MWtI25ykXXdYcZ0KyDbN4uC1Q="></latexit><latexit sha1_base64="+2MWtI25ykXXdYcZ0KyDbN4uC1Q="></latexit>

Lei de Faraday na 
forma diferencial

~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>

Michael Faraday
(1791 - 1867)

Gente, 
não sei cálculo !



Michael Faraday

Not for 
the money

Um dos cientistas mais influentes da história

Conceito de campo eletromagnético

Tecnologia dos motores elétricos

Unidade de capacitância: farad

Descobriu o benzeno...

Pobre...só tinha a educação básica

Trabalhava como encadernador (lia os livros que encadernava)

Professor de química na Royal Institution



Calcule o fluxo através da espira

r

z

dA = dr dz
<latexit sha1_base64="hCMVD1PfnBTmOSTVLtrCO1HM1yM="></latexit><latexit sha1_base64="hCMVD1PfnBTmOSTVLtrCO1HM1yM="></latexit><latexit sha1_base64="hCMVD1PfnBTmOSTVLtrCO1HM1yM="></latexit><latexit sha1_base64="hCMVD1PfnBTmOSTVLtrCO1HM1yM="></latexit>

� =

Z b

0
dz

Z d+a

d
dr

µ0 I

2⇡ r
<latexit sha1_base64="t4k0VQKt3/w+t1/sVlqiFQHeQdQ="></latexit><latexit sha1_base64="t4k0VQKt3/w+t1/sVlqiFQHeQdQ="></latexit><latexit sha1_base64="t4k0VQKt3/w+t1/sVlqiFQHeQdQ="></latexit><latexit sha1_base64="t4k0VQKt3/w+t1/sVlqiFQHeQdQ="></latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

~B
<latexit sha1_base64="W/78Z4vxNQ4MZtZXPImowqJeFg0="></latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

~B k n̂
<latexit sha1_base64="uNvBEZDB/xH5fOGDaHPcZ4lO91E="></latexit><latexit sha1_base64="uNvBEZDB/xH5fOGDaHPcZ4lO91E="></latexit><latexit sha1_base64="uNvBEZDB/xH5fOGDaHPcZ4lO91E="></latexit><latexit sha1_base64="uNvBEZDB/xH5fOGDaHPcZ4lO91E="></latexit>



Vamos trocar a espira por um disco :

Quando o campo B é constante  
a corrente induzida é zero ! 

d ~B

dt
> 0

<latexit sha1_base64="K6uacpvXpg5MGlAU1aTkAGMEIbg="></latexit>

Quando

Quando
d ~B

dt
< 0

<latexit sha1_base64="cs/Ps+CcEBzf/G4607Xlt2n380Q="></latexit>



Agora o cálculo quantitativo :

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

d~a
<latexit sha1_base64="xTkqW/nrXoKay0NZ//fYeoiirKE="></latexit>

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

~B
<latexit sha1_base64="qjv/i2DZvBbOgUfBSGgkIn9yraE="></latexit><latexit sha1_base64="qjv/i2DZvBbOgUfBSGgkIn9yraE="></latexit><latexit sha1_base64="qjv/i2DZvBbOgUfBSGgkIn9yraE="></latexit><latexit sha1_base64="qjv/i2DZvBbOgUfBSGgkIn9yraE="></latexit>

~E
<latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit>

~E
<latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit>

s

~B = ~B(t)
<latexit sha1_base64="rFaeHYMtexCclFTKOE19WEUkrzk="></latexit><latexit sha1_base64="rFaeHYMtexCclFTKOE19WEUkrzk="></latexit><latexit sha1_base64="rFaeHYMtexCclFTKOE19WEUkrzk="></latexit><latexit sha1_base64="rFaeHYMtexCclFTKOE19WEUkrzk="></latexit>

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

~E
<latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit>

s

I

C

~E . d~l = 2⇡ sE
<latexit sha1_base64="sKpkMYudzz6YXsptVW/3Y6dVSn4="></latexit><latexit sha1_base64="sKpkMYudzz6YXsptVW/3Y6dVSn4="></latexit><latexit sha1_base64="sKpkMYudzz6YXsptVW/3Y6dVSn4="></latexit><latexit sha1_base64="sKpkMYudzz6YXsptVW/3Y6dVSn4="></latexit>

� =

Z

S

~B . ~da = ⇡ s2 B(t)
<latexit sha1_base64="S/jwbf0ZG+pg/Q50WZaJVke+CdY="></latexit><latexit sha1_base64="S/jwbf0ZG+pg/Q50WZaJVke+CdY="></latexit><latexit sha1_base64="S/jwbf0ZG+pg/Q50WZaJVke+CdY="></latexit><latexit sha1_base64="S/jwbf0ZG+pg/Q50WZaJVke+CdY="></latexit>

�d�

dt
= � d

dt

Z

S

~B . ~da = �⇡ s2
dB(t)

dt
<latexit sha1_base64="+mRnX6axEv338uPs8YZC/a3vBW4="></latexit><latexit sha1_base64="+mRnX6axEv338uPs8YZC/a3vBW4="></latexit><latexit sha1_base64="+mRnX6axEv338uPs8YZC/a3vBW4="></latexit><latexit sha1_base64="+mRnX6axEv338uPs8YZC/a3vBW4="></latexit>

2⇡ sE = �⇡ s2
dB

dt
<latexit sha1_base64="g7snMoVbaw8R4rXTHhUwblJd//8="></latexit><latexit sha1_base64="g7snMoVbaw8R4rXTHhUwblJd//8="></latexit><latexit sha1_base64="g7snMoVbaw8R4rXTHhUwblJd//8="></latexit><latexit sha1_base64="g7snMoVbaw8R4rXTHhUwblJd//8="></latexit>

~E = �s

2

dB

dt
�̂

<latexit sha1_base64="jpJEQ44kSjFJ7cFKEiuCc8GWSUM="></latexit><latexit sha1_base64="jpJEQ44kSjFJ7cFKEiuCc8GWSUM="></latexit><latexit sha1_base64="jpJEQ44kSjFJ7cFKEiuCc8GWSUM="></latexit><latexit sha1_base64="jpJEQ44kSjFJ7cFKEiuCc8GWSUM="></latexit>

✏ = � d�

dt
<latexit sha1_base64="KM9UeSEZo+kr97+I8otyd/MGdr4="></latexit><latexit sha1_base64="KM9UeSEZo+kr97+I8otyd/MGdr4="></latexit><latexit sha1_base64="KM9UeSEZo+kr97+I8otyd/MGdr4="></latexit><latexit sha1_base64="KM9UeSEZo+kr97+I8otyd/MGdr4="></latexit>

I

C

~E . d~l = � d

dt

Z

S

~B . ~da
<latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4="></latexit><latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4="></latexit><latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4="></latexit><latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4="></latexit>

�̂
<latexit sha1_base64="NqpASdiQ+olLDSQjgpqUpL5eX9g="></latexit><latexit sha1_base64="NqpASdiQ+olLDSQjgpqUpL5eX9g="></latexit><latexit sha1_base64="NqpASdiQ+olLDSQjgpqUpL5eX9g="></latexit><latexit sha1_base64="NqpASdiQ+olLDSQjgpqUpL5eX9g="></latexit>

�
<latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit><latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit><latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit><latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit>





Exemplo 7.8 (Griffiths)  

Fio carregado
”Chafariz”

de campo B

O que acontece quando desligamos o campo ?



Exemplo 7.8 (Griffiths)  

Fio carregado
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O que acontece quando desligamos o campo ?



Fim 


