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Aula 12

Eletrodinâmica
Campos elétricos e magnéticos  variando no tempo 



Lei de Faraday

✏ = �d�

dt
<latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit><latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit><latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit><latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></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>

� =

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>

~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>

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>



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>

✏ =

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>

a
b

V (b)� V (a) = �
Z b

a

~E . d~l
<latexit sha1_base64="xQqyRGcFT1ndxOf1aO9TECNu/kQ="></latexit><latexit sha1_base64="xQqyRGcFT1ndxOf1aO9TECNu/kQ="></latexit><latexit sha1_base64="xQqyRGcFT1ndxOf1aO9TECNu/kQ="></latexit><latexit sha1_base64="xQqyRGcFT1ndxOf1aO9TECNu/kQ="></latexit>

Na eletrostática:

a e b são próximos: �V ' �
I

~E . d~l
<latexit sha1_base64="DyvT3s32XzP/gaVOW32+6LsC3eA="></latexit><latexit sha1_base64="DyvT3s32XzP/gaVOW32+6LsC3eA="></latexit><latexit sha1_base64="DyvT3s32XzP/gaVOW32+6LsC3eA="></latexit><latexit sha1_base64="DyvT3s32XzP/gaVOW32+6LsC3eA="></latexit>

Mas na eletrostática:
I

C

~E . d~l = 0
<latexit sha1_base64="ghn3OxZvek+fkD8hEsVbu+EOz3s="></latexit><latexit sha1_base64="ghn3OxZvek+fkD8hEsVbu+EOz3s="></latexit><latexit sha1_base64="ghn3OxZvek+fkD8hEsVbu+EOz3s="></latexit><latexit sha1_base64="ghn3OxZvek+fkD8hEsVbu+EOz3s="></latexit>

Na eletrodinâmica:

I

C

~E . d~l 6= 0
<latexit sha1_base64="8FzgauyTp0th5fiJpzcAHdCU+lo="></latexit><latexit sha1_base64="8FzgauyTp0th5fiJpzcAHdCU+lo="></latexit><latexit sha1_base64="8FzgauyTp0th5fiJpzcAHdCU+lo="></latexit><latexit sha1_base64="8FzgauyTp0th5fiJpzcAHdCU+lo="></latexit>

A força eletromotriz é o análogo do potencial eletrostático. 

O trabalho da força elétrica por unidade de carga para dar uma volta em C

✏ = R i
<latexit sha1_base64="cn+kD+Mij5IsKtMI+FYOwQOridw="></latexit><latexit sha1_base64="cn+kD+Mij5IsKtMI+FYOwQOridw="></latexit><latexit sha1_base64="cn+kD+Mij5IsKtMI+FYOwQOridw="></latexit><latexit sha1_base64="cn+kD+Mij5IsKtMI+FYOwQOridw="></latexit>

Para um circuito fechado de resistência R :



Força Eletromotriz de Movimento  (”motional emf”)

~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>

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

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

~F = q ~v ⇥ ~B
<latexit sha1_base64="g4gYylCjYvYQ1DEu0O9wyvJkRAE="></latexit><latexit sha1_base64="g4gYylCjYvYQ1DEu0O9wyvJkRAE="></latexit><latexit sha1_base64="g4gYylCjYvYQ1DEu0O9wyvJkRAE="></latexit><latexit sha1_base64="g4gYylCjYvYQ1DEu0O9wyvJkRAE="></latexit>

v

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

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

F

Trabalho da força magnética na carga q : W =

Z h

0

~F . d~l = q v B h
<latexit sha1_base64="18T+Teny44r6ID1h2bYB2qtzFG4="></latexit><latexit sha1_base64="18T+Teny44r6ID1h2bYB2qtzFG4="></latexit><latexit sha1_base64="18T+Teny44r6ID1h2bYB2qtzFG4="></latexit><latexit sha1_base64="18T+Teny44r6ID1h2bYB2qtzFG4="></latexit>

i

✏ =
W

q
= v B h

<latexit sha1_base64="GdRbrEWopAjqzEvsk8v6HWIrg10="></latexit><latexit sha1_base64="GdRbrEWopAjqzEvsk8v6HWIrg10="></latexit><latexit sha1_base64="GdRbrEWopAjqzEvsk8v6HWIrg10="></latexit><latexit sha1_base64="GdRbrEWopAjqzEvsk8v6HWIrg10="></latexit>

Trabalho da força magnética na carga q : 

FEM : ✏ = R i
<latexit sha1_base64="cn+kD+Mij5IsKtMI+FYOwQOridw="></latexit><latexit sha1_base64="cn+kD+Mij5IsKtMI+FYOwQOridw="></latexit><latexit sha1_base64="cn+kD+Mij5IsKtMI+FYOwQOridw="></latexit><latexit sha1_base64="cn+kD+Mij5IsKtMI+FYOwQOridw="></latexit>



Também podemos calcular a FEM pela variação do fluxo:

� = B hx
<latexit sha1_base64="AA437arQNAL2ah6l6uo/L0LIxOU="></latexit><latexit sha1_base64="AA437arQNAL2ah6l6uo/L0LIxOU="></latexit><latexit sha1_base64="AA437arQNAL2ah6l6uo/L0LIxOU="></latexit><latexit sha1_base64="AA437arQNAL2ah6l6uo/L0LIxOU="></latexit>

d�

dt
= B h

dx

dt
<latexit sha1_base64="jt45SzPW3qYSbzPf8drzJIOKyWg="></latexit><latexit sha1_base64="jt45SzPW3qYSbzPf8drzJIOKyWg="></latexit><latexit sha1_base64="jt45SzPW3qYSbzPf8drzJIOKyWg="></latexit><latexit sha1_base64="jt45SzPW3qYSbzPf8drzJIOKyWg="></latexit>

d�

dt
= �B hv

<latexit sha1_base64="7uuXRwJjk5cA4OEN6BrFscykehA="></latexit><latexit sha1_base64="7uuXRwJjk5cA4OEN6BrFscykehA="></latexit><latexit sha1_base64="7uuXRwJjk5cA4OEN6BrFscykehA="></latexit><latexit sha1_base64="7uuXRwJjk5cA4OEN6BrFscykehA="></latexit>

✏ = �d�

dt
<latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit><latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit><latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit><latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit>

✏ = B hv
<latexit sha1_base64="q04u/eIcgAge6cG2YcmQ0YMVi0U="></latexit><latexit sha1_base64="q04u/eIcgAge6cG2YcmQ0YMVi0U="></latexit><latexit sha1_base64="q04u/eIcgAge6cG2YcmQ0YMVi0U="></latexit><latexit sha1_base64="q04u/eIcgAge6cG2YcmQ0YMVi0U="></latexit>

Roy Lichtenstein

Coincidência
chocante !!!

v



Agora com o circuito parado e o campo “se deslocando”: 

� = B hx
<latexit sha1_base64="AA437arQNAL2ah6l6uo/L0LIxOU="></latexit><latexit sha1_base64="AA437arQNAL2ah6l6uo/L0LIxOU="></latexit><latexit sha1_base64="AA437arQNAL2ah6l6uo/L0LIxOU="></latexit><latexit sha1_base64="AA437arQNAL2ah6l6uo/L0LIxOU="></latexit>

d�

dt
= B h

dx

dt
<latexit sha1_base64="jt45SzPW3qYSbzPf8drzJIOKyWg="></latexit><latexit sha1_base64="jt45SzPW3qYSbzPf8drzJIOKyWg="></latexit><latexit sha1_base64="jt45SzPW3qYSbzPf8drzJIOKyWg="></latexit><latexit sha1_base64="jt45SzPW3qYSbzPf8drzJIOKyWg="></latexit>

d�

dt
= �B hv

<latexit sha1_base64="7uuXRwJjk5cA4OEN6BrFscykehA="></latexit><latexit sha1_base64="7uuXRwJjk5cA4OEN6BrFscykehA="></latexit><latexit sha1_base64="7uuXRwJjk5cA4OEN6BrFscykehA="></latexit><latexit sha1_base64="7uuXRwJjk5cA4OEN6BrFscykehA="></latexit>

✏ = �d�

dt
<latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit><latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit><latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit><latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit>

✏ = B hv
<latexit sha1_base64="q04u/eIcgAge6cG2YcmQ0YMVi0U="></latexit><latexit sha1_base64="q04u/eIcgAge6cG2YcmQ0YMVi0U="></latexit><latexit sha1_base64="q04u/eIcgAge6cG2YcmQ0YMVi0U="></latexit><latexit sha1_base64="q04u/eIcgAge6cG2YcmQ0YMVi0U="></latexit>

v



✏ = �d�

dt
<latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit><latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit><latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit><latexit sha1_base64="ujCw2O8SIbHPWEEzi92hK8bEOpw="></latexit>

Esta fórmula resolve tudo !

Mas a física envolvida é diferente !

✏ = � d

dt

Z

S

~B . ~da
<latexit sha1_base64="sGJYnPLGN0S8BMN/cf2o+v9xsEM="></latexit><latexit sha1_base64="sGJYnPLGN0S8BMN/cf2o+v9xsEM="></latexit><latexit sha1_base64="sGJYnPLGN0S8BMN/cf2o+v9xsEM="></latexit><latexit sha1_base64="sGJYnPLGN0S8BMN/cf2o+v9xsEM="></latexit>

1) Se o campo magnético variar no tempo surge o campo elétrico induzido:

✏ =

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>

=

Z

A
(~r⇥ ~E) . d~a

<latexit sha1_base64="KmyZR/d9812ZGlHCJiwnKp8yMj8="></latexit><latexit sha1_base64="KmyZR/d9812ZGlHCJiwnKp8yMj8="></latexit><latexit sha1_base64="KmyZR/d9812ZGlHCJiwnKp8yMj8="></latexit><latexit sha1_base64="KmyZR/d9812ZGlHCJiwnKp8yMj8="></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>

2) Se o campo magnético for constante e o circuito se mover não há campo
elétrico induzido (E=0) , a FEM existe e tem outra origem.  



Exemplo 7.6

F

F



Exercício



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>



Potencial Vetor

~B = ~r⇥ ~A
<latexit sha1_base64="dumlzN87OtLqrAdqxj4rzz123JM="></latexit><latexit sha1_base64="dumlzN87OtLqrAdqxj4rzz123JM="></latexit><latexit sha1_base64="dumlzN87OtLqrAdqxj4rzz123JM="></latexit><latexit sha1_base64="dumlzN87OtLqrAdqxj4rzz123JM="></latexit>

~E = �~rV
<latexit sha1_base64="yX0fzH2ooaAT4GjNs8m0m4zT6s0="></latexit><latexit sha1_base64="yX0fzH2ooaAT4GjNs8m0m4zT6s0="></latexit><latexit sha1_base64="yX0fzH2ooaAT4GjNs8m0m4zT6s0="></latexit><latexit sha1_base64="yX0fzH2ooaAT4GjNs8m0m4zT6s0="></latexit>

Antes introduzimos o potencial eletrostático :

Antes introduzimos o potencial vetor:

I
I

~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>

~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>

~A
<latexit sha1_base64="Zjk/zb8f5ElUf+e28JvgCOaW/vU="></latexit><latexit sha1_base64="Zjk/zb8f5ElUf+e28JvgCOaW/vU="></latexit><latexit sha1_base64="Zjk/zb8f5ElUf+e28JvgCOaW/vU="></latexit><latexit sha1_base64="Zjk/zb8f5ElUf+e28JvgCOaW/vU="></latexit>

~A
<latexit sha1_base64="Zjk/zb8f5ElUf+e28JvgCOaW/vU="></latexit><latexit sha1_base64="Zjk/zb8f5ElUf+e28JvgCOaW/vU="></latexit><latexit sha1_base64="Zjk/zb8f5ElUf+e28JvgCOaW/vU="></latexit><latexit sha1_base64="Zjk/zb8f5ElUf+e28JvgCOaW/vU="></latexit>

~r ⇥ ~A = ~B
<latexit sha1_base64="7KDtD0B9/yXQEqgUtzezEpyq7XY="></latexit><latexit sha1_base64="7KDtD0B9/yXQEqgUtzezEpyq7XY="></latexit><latexit sha1_base64="7KDtD0B9/yXQEqgUtzezEpyq7XY="></latexit><latexit sha1_base64="7KDtD0B9/yXQEqgUtzezEpyq7XY="></latexit>

A é ”paralelo” à corrente e pode ser obtido a partir dela !

I
~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>

~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>

S

~r⇥ ~B = µ0

~I

S
<latexit sha1_base64="mlqx0IG/pTsp9DBf6QGgs7kZjAo="></latexit>



Indutância

~B1
<latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit>

d~a2
<latexit sha1_base64="L9xPAClNWQnJSHpvpm5KpsBVXpY="></latexit><latexit sha1_base64="L9xPAClNWQnJSHpvpm5KpsBVXpY="></latexit><latexit sha1_base64="L9xPAClNWQnJSHpvpm5KpsBVXpY="></latexit><latexit sha1_base64="L9xPAClNWQnJSHpvpm5KpsBVXpY="></latexit>

d~l2
<latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit>

d~l2
<latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit>

C2

I1 C1

d~l1
<latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit>

d~a1
<latexit sha1_base64="u59bMCQdCqldFQlh2ZqZY0KrYHs="></latexit><latexit sha1_base64="u59bMCQdCqldFQlh2ZqZY0KrYHs="></latexit><latexit sha1_base64="u59bMCQdCqldFQlh2ZqZY0KrYHs="></latexit><latexit sha1_base64="u59bMCQdCqldFQlh2ZqZY0KrYHs="></latexit>

~B1
<latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit>

d~l1
<latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit>

~B1 =
µ0

4⇡
I1

I

C1

d~l1 ⇥ r̂

r2
<latexit sha1_base64="Tf55I9ajOaZsdt8If/hFrQfC2w4="></latexit><latexit sha1_base64="Tf55I9ajOaZsdt8If/hFrQfC2w4="></latexit><latexit sha1_base64="Tf55I9ajOaZsdt8If/hFrQfC2w4="></latexit><latexit sha1_base64="Tf55I9ajOaZsdt8If/hFrQfC2w4="></latexit>

~r
<latexit sha1_base64="EsQtya8oAbb7A8Ygo++6ntuetIo="></latexit><latexit sha1_base64="EsQtya8oAbb7A8Ygo++6ntuetIo="></latexit><latexit sha1_base64="EsQtya8oAbb7A8Ygo++6ntuetIo="></latexit><latexit sha1_base64="EsQtya8oAbb7A8Ygo++6ntuetIo="></latexit>

�2 =

Z

S2

~B1 . d~a2
<latexit sha1_base64="C6HI6supSK9eq55O1NyqLYtCmtI="></latexit><latexit sha1_base64="C6HI6supSK9eq55O1NyqLYtCmtI="></latexit><latexit sha1_base64="C6HI6supSK9eq55O1NyqLYtCmtI="></latexit><latexit sha1_base64="C6HI6supSK9eq55O1NyqLYtCmtI="></latexit>

�2 = I1 M21
<latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit>

M21 = Indutância mútua

�2 = I1

"
µ0

4⇡

Z
[

I

C1

d~l1 ⇥ r̂

r2
] . d~a2

#

<latexit sha1_base64="xukHn8lj4+Hqv6XKZM9OdKzRO7o="></latexit><latexit sha1_base64="xukHn8lj4+Hqv6XKZM9OdKzRO7o="></latexit><latexit sha1_base64="xukHn8lj4+Hqv6XKZM9OdKzRO7o="></latexit><latexit sha1_base64="xukHn8lj4+Hqv6XKZM9OdKzRO7o="></latexit>



�2 =

Z

S2

~B1 . d~a2
<latexit sha1_base64="C6HI6supSK9eq55O1NyqLYtCmtI="></latexit><latexit sha1_base64="C6HI6supSK9eq55O1NyqLYtCmtI="></latexit><latexit sha1_base64="C6HI6supSK9eq55O1NyqLYtCmtI="></latexit><latexit sha1_base64="C6HI6supSK9eq55O1NyqLYtCmtI="></latexit>

=

Z

S2

(~r⇥ ~A1) . d~a2
<latexit sha1_base64="XTsGqfxx47z2CeNK/7xYHItkl+M="></latexit><latexit sha1_base64="XTsGqfxx47z2CeNK/7xYHItkl+M="></latexit><latexit sha1_base64="XTsGqfxx47z2CeNK/7xYHItkl+M="></latexit><latexit sha1_base64="XTsGqfxx47z2CeNK/7xYHItkl+M="></latexit>

~A1 =
µ0

4⇡
I1

I

C1

d~l1
r2

<latexit sha1_base64="jzIaLIKmiqP0FrlQyxubnUtGJk8="></latexit><latexit sha1_base64="jzIaLIKmiqP0FrlQyxubnUtGJk8="></latexit><latexit sha1_base64="jzIaLIKmiqP0FrlQyxubnUtGJk8="></latexit><latexit sha1_base64="jzIaLIKmiqP0FrlQyxubnUtGJk8="></latexit>

Teorema de Stokes : �2 =

I

C2

~A1 . d~l2
<latexit sha1_base64="14RAveCPhFabYc1ZZP5W8iEkQHI="></latexit><latexit sha1_base64="14RAveCPhFabYc1ZZP5W8iEkQHI="></latexit><latexit sha1_base64="14RAveCPhFabYc1ZZP5W8iEkQHI="></latexit><latexit sha1_base64="14RAveCPhFabYc1ZZP5W8iEkQHI="></latexit>

�2 = I1

"
µ0

4⇡

I

C2

I

C1

d~l1 . d~l2
r

#

<latexit sha1_base64="ohVz2nTa6aR3u4j12+vkx3ixFF0="></latexit><latexit sha1_base64="ohVz2nTa6aR3u4j12+vkx3ixFF0="></latexit><latexit sha1_base64="ohVz2nTa6aR3u4j12+vkx3ixFF0="></latexit><latexit sha1_base64="ohVz2nTa6aR3u4j12+vkx3ixFF0="></latexit>

�2 = I1 M21
<latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit>

M21 =

"
µ0

4⇡

I

C2

I

C1

d~l1 . d~l2
r

#

<latexit sha1_base64="GpErmODa621rWio2xEbn9pk49ag="></latexit><latexit sha1_base64="GpErmODa621rWio2xEbn9pk49ag="></latexit><latexit sha1_base64="GpErmODa621rWio2xEbn9pk49ag="></latexit><latexit sha1_base64="GpErmODa621rWio2xEbn9pk49ag="></latexit>

M21 = M12 = M
<latexit sha1_base64="7gV++fIvYx2bCJKAfCZpw+9QPD4="></latexit><latexit sha1_base64="7gV++fIvYx2bCJKAfCZpw+9QPD4="></latexit><latexit sha1_base64="7gV++fIvYx2bCJKAfCZpw+9QPD4="></latexit><latexit sha1_base64="7gV++fIvYx2bCJKAfCZpw+9QPD4="></latexit>

Fórmula de Neumann



Fórmula de Neumann

�2 = I1 M21
<latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit>

M21 =

"
µ0

4⇡

I

C2

I

C1

d~l1 . d~l2
r

#

<latexit sha1_base64="GpErmODa621rWio2xEbn9pk49ag="></latexit><latexit sha1_base64="GpErmODa621rWio2xEbn9pk49ag="></latexit><latexit sha1_base64="GpErmODa621rWio2xEbn9pk49ag="></latexit><latexit sha1_base64="GpErmODa621rWio2xEbn9pk49ag="></latexit>

M21 = M12 = M
<latexit sha1_base64="7gV++fIvYx2bCJKAfCZpw+9QPD4="></latexit><latexit sha1_base64="7gV++fIvYx2bCJKAfCZpw+9QPD4="></latexit><latexit sha1_base64="7gV++fIvYx2bCJKAfCZpw+9QPD4="></latexit><latexit sha1_base64="7gV++fIvYx2bCJKAfCZpw+9QPD4="></latexit>

I

�
<latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit><latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit><latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit><latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit>

I �
<latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit><latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit><latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit><latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit>

Mesma corrente gera o mesmo fluxo, mesmo trocando as espiras !



~B1
<latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit>

d~a2
<latexit sha1_base64="L9xPAClNWQnJSHpvpm5KpsBVXpY="></latexit><latexit sha1_base64="L9xPAClNWQnJSHpvpm5KpsBVXpY="></latexit><latexit sha1_base64="L9xPAClNWQnJSHpvpm5KpsBVXpY="></latexit><latexit sha1_base64="L9xPAClNWQnJSHpvpm5KpsBVXpY="></latexit>

d~l2
<latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit>

d~l2
<latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit>

C2

I1 C1

d~l1
<latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit>

d~a1
<latexit sha1_base64="u59bMCQdCqldFQlh2ZqZY0KrYHs="></latexit><latexit sha1_base64="u59bMCQdCqldFQlh2ZqZY0KrYHs="></latexit><latexit sha1_base64="u59bMCQdCqldFQlh2ZqZY0KrYHs="></latexit><latexit sha1_base64="u59bMCQdCqldFQlh2ZqZY0KrYHs="></latexit>

~B1
<latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit>

d~l1
<latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit>

~r
<latexit sha1_base64="EsQtya8oAbb7A8Ygo++6ntuetIo="></latexit><latexit sha1_base64="EsQtya8oAbb7A8Ygo++6ntuetIo="></latexit><latexit sha1_base64="EsQtya8oAbb7A8Ygo++6ntuetIo="></latexit><latexit sha1_base64="EsQtya8oAbb7A8Ygo++6ntuetIo="></latexit>

�2 = I1 M21
<latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit>

O coeficiente M21 é a Indutância Mútua
Depende só da geometria das espiras :

Quando ligamos a corrente em C1 surge o 
campo magnético B1 na espira 2, que gera 
o fluxo

�2 = M I1
<latexit sha1_base64="nHwwDJcjJJlyyECLJjhU61CzmbQ="></latexit><latexit sha1_base64="nHwwDJcjJJlyyECLJjhU61CzmbQ="></latexit><latexit sha1_base64="nHwwDJcjJJlyyECLJjhU61CzmbQ="></latexit><latexit sha1_base64="nHwwDJcjJJlyyECLJjhU61CzmbQ="></latexit>

Variando a corrente I1 aparece uma FEM em S2 : ✏2 = �d�2

dt
<latexit sha1_base64="Xr+YWEikKTkEJK6AXFWsBetQhxQ="></latexit><latexit sha1_base64="Xr+YWEikKTkEJK6AXFWsBetQhxQ="></latexit><latexit sha1_base64="Xr+YWEikKTkEJK6AXFWsBetQhxQ="></latexit><latexit sha1_base64="Xr+YWEikKTkEJK6AXFWsBetQhxQ="></latexit>

d�2

dt
= M

dI1
dt

<latexit sha1_base64="MDPuHSJfSs+xlUUi/1zGnXOyJ0Q="></latexit><latexit sha1_base64="MDPuHSJfSs+xlUUi/1zGnXOyJ0Q="></latexit><latexit sha1_base64="MDPuHSJfSs+xlUUi/1zGnXOyJ0Q="></latexit><latexit sha1_base64="MDPuHSJfSs+xlUUi/1zGnXOyJ0Q="></latexit>

✏2 = �M
dI1
dt

<latexit sha1_base64="uWuVFk0n/ParjU9+0MmMg2ivM3I="></latexit><latexit sha1_base64="uWuVFk0n/ParjU9+0MmMg2ivM3I="></latexit><latexit sha1_base64="uWuVFk0n/ParjU9+0MmMg2ivM3I="></latexit><latexit sha1_base64="uWuVFk0n/ParjU9+0MmMg2ivM3I="></latexit>



Fim


