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Campos elétricos e magnéticos  variando no tempo 
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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
<latexit sha1_base64="KuTH9MEssKARueqAYOLfcOsidoE="></latexit><latexit sha1_base64="KuTH9MEssKARueqAYOLfcOsidoE="></latexit><latexit sha1_base64="KuTH9MEssKARueqAYOLfcOsidoE="></latexit><latexit sha1_base64="KuTH9MEssKARueqAYOLfcOsidoE="></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>

Equações de  Maxwell

~r⇥ ~B = µ0
~J + µ0 ✏0

@ ~E

@t
<latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit><latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit><latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit><latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit>



Exemplo 7.13 :  Energia por comprimento armazenada no cabo coaxial ?

⌦
<latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit>⌦

<latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit>

⌦
<latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit>

⌦
<latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit>

⌦
<latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit> ⌦

<latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit>

⌦
<latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit><latexit sha1_base64="vC2xQ0SfTsl52APJHMVPqlCGiII="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

I

II

III
Lei de Ampère:

Em I: corrente enlaçada = 0       B = 0

Em II: corrente enlaçada = I

I

C

~B . d~l = µ0 Iin
<latexit sha1_base64="HjBbiqaA3BI/37qcUUGHCovJSF8="></latexit><latexit sha1_base64="HjBbiqaA3BI/37qcUUGHCovJSF8="></latexit><latexit sha1_base64="HjBbiqaA3BI/37qcUUGHCovJSF8="></latexit><latexit sha1_base64="HjBbiqaA3BI/37qcUUGHCovJSF8="></latexit>

Em III: corrente enlaçada = 0    B = 0

I

C
B dl = µ0 I

<latexit sha1_base64="v9wNr2B/PUEXNKbXrtYAcKqLmrc="></latexit><latexit sha1_base64="v9wNr2B/PUEXNKbXrtYAcKqLmrc="></latexit><latexit sha1_base64="v9wNr2B/PUEXNKbXrtYAcKqLmrc="></latexit><latexit sha1_base64="v9wNr2B/PUEXNKbXrtYAcKqLmrc="></latexit>

2⇡ sB = µ0 I
<latexit sha1_base64="qqifVRTuDSC85QW/t0amDWkLpQg="></latexit><latexit sha1_base64="qqifVRTuDSC85QW/t0amDWkLpQg="></latexit><latexit sha1_base64="qqifVRTuDSC85QW/t0amDWkLpQg="></latexit><latexit sha1_base64="qqifVRTuDSC85QW/t0amDWkLpQg="></latexit>

B =
µ0 I

2⇡ s
<latexit sha1_base64="itK7ncIs6qEiK0fOik0MArmIODc="></latexit><latexit sha1_base64="itK7ncIs6qEiK0fOik0MArmIODc="></latexit><latexit sha1_base64="itK7ncIs6qEiK0fOik0MArmIODc="></latexit><latexit sha1_base64="itK7ncIs6qEiK0fOik0MArmIODc="></latexit>

~B =
µ0 I

2⇡ s
�̂

<latexit sha1_base64="aRAJ2Vk2YaEvwqT3mDsrWVt5n14="></latexit><latexit sha1_base64="aRAJ2Vk2YaEvwqT3mDsrWVt5n14="></latexit><latexit sha1_base64="aRAJ2Vk2YaEvwqT3mDsrWVt5n14="></latexit><latexit sha1_base64="aRAJ2Vk2YaEvwqT3mDsrWVt5n14="></latexit>

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

circuito 
amperiano

~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>

s



Energia
magnética : W =

1

2µ0

Z
B2 d3r

<latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit>

W =
1

2µ0

Z 
µ0 I

2⇡ s

�2
d3r

<latexit sha1_base64="216cWlzO/x3rW3K+inQmAz2Y1XA="></latexit><latexit sha1_base64="216cWlzO/x3rW3K+inQmAz2Y1XA="></latexit><latexit sha1_base64="216cWlzO/x3rW3K+inQmAz2Y1XA="></latexit><latexit sha1_base64="216cWlzO/x3rW3K+inQmAz2Y1XA="></latexit>

d3r = s d� ds dz
<latexit sha1_base64="9T6codAFsIk6KiYGnv95OR4WqwA="></latexit><latexit sha1_base64="9T6codAFsIk6KiYGnv95OR4WqwA="></latexit><latexit sha1_base64="9T6codAFsIk6KiYGnv95OR4WqwA="></latexit><latexit sha1_base64="9T6codAFsIk6KiYGnv95OR4WqwA="></latexit>

Z
dx

1

x
= ln x

<latexit sha1_base64="6sdJ01LYUeUZz+JIERGv7p7qbMk="></latexit><latexit sha1_base64="6sdJ01LYUeUZz+JIERGv7p7qbMk="></latexit><latexit sha1_base64="6sdJ01LYUeUZz+JIERGv7p7qbMk="></latexit><latexit sha1_base64="6sdJ01LYUeUZz+JIERGv7p7qbMk="></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="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit>

Lembrando de: 

L =
µ0 h

2⇡
ln

b

a
<latexit sha1_base64="TwUYHH26fZpxg7mObyhJXf4qGjc="></latexit><latexit sha1_base64="TwUYHH26fZpxg7mObyhJXf4qGjc="></latexit><latexit sha1_base64="TwUYHH26fZpxg7mObyhJXf4qGjc="></latexit><latexit sha1_base64="TwUYHH26fZpxg7mObyhJXf4qGjc="></latexit>

W =
µ0 I2 h

4⇡
ln

b

a
<latexit sha1_base64="QWBLaYfFNKqPguOBoWoG87FKgj0="></latexit><latexit sha1_base64="QWBLaYfFNKqPguOBoWoG87FKgj0="></latexit><latexit sha1_base64="QWBLaYfFNKqPguOBoWoG87FKgj0="></latexit><latexit sha1_base64="QWBLaYfFNKqPguOBoWoG87FKgj0="></latexit>

W =
1

2µ0

Z h

0
dz

Z 2⇡

0
d�

Z b

a
s ds


µ0 I

2⇡ s

�2

<latexit sha1_base64="WFw98GQnM3i2sCtE80YhOlh11+4="></latexit><latexit sha1_base64="WFw98GQnM3i2sCtE80YhOlh11+4="></latexit><latexit sha1_base64="WFw98GQnM3i2sCtE80YhOlh11+4="></latexit><latexit sha1_base64="WFw98GQnM3i2sCtE80YhOlh11+4="></latexit>

Indutância :



Solenóide

I

C

~B . d~l = µ0 Iin
<latexit sha1_base64="HjBbiqaA3BI/37qcUUGHCovJSF8="></latexit><latexit sha1_base64="HjBbiqaA3BI/37qcUUGHCovJSF8="></latexit><latexit sha1_base64="HjBbiqaA3BI/37qcUUGHCovJSF8="></latexit><latexit sha1_base64="HjBbiqaA3BI/37qcUUGHCovJSF8="></latexit>

i

B

i

i

i

i

i

n espiras 
por unidade 
de comprimento

I

C

~B . d~l =

Z

1

~B . d~l +

Z

2

~B . d~l +

Z

3

~B . d~l +

Z

4

~B . d~l
<latexit sha1_base64="8zbrNWdSVqyEDQiwmTNlItcHssw="></latexit>

000

⌦
<latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit>

⌦
<latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit>

⌦
<latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit>

⌦
<latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit>

⌦
<latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit>

⌦
<latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></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><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 = 0
<latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit><latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit><latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit><latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit>

B

~B = 0
<latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit><latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit><latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit><latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit>

2

1h

4

3

d~l
<latexit sha1_base64="FTPZvNIUbQsRfqCEK4EEDNRbl3w="></latexit>

d~l
<latexit sha1_base64="FTPZvNIUbQsRfqCEK4EEDNRbl3w="></latexit>

Iin = nh i
<latexit sha1_base64="No/NAEzcrs3sAc7xJFeOQoRx6C8="></latexit>

I

C

~B . d~l = B h
<latexit sha1_base64="bGzZkRpuyz28sGMatvr11dnDhqU=">AAAC7nicjVHLSsNAFD2N7/qqunQzWAQFKakKuhFK3bisYGuhlZJMRzs0TUIyEUrpN7hzJ279Abf6GeIf6F94Z0xBLaITMjn33HtO5s51Q0/GyrZfM9bE5NT0zOx cdn5hcWk5t7Jai4Mk4qLKAy+I6q4TC0/6oqqk8kQ9jITTcz1x7naPdf78WkSxDPwz1Q/FRc+58uWl5I4iqpXbbgbSV61j1rwWfFAesuYOK+itbQhvyI5YWcedVi5vF2yz2DgopiCPdFWC3AuaaCMAR4IeBHwowh4cxPQ0UI SNkLgLDIiLCEmTFxgiS9qEqgRVOMR2ab+iqJGyPsXaMzZqTn/x6I1IybBJmoDqIsL6b8zkE+Os2d+8B8ZTn61PXzf16hGr0CH2L92o8r863YvCJQ5ND5J6Cg2ju+OpS2JuRZ+cfelKkUNInMZtykeEuVGO7pkZTWx613frmPybqdSsjnlam+Bdn5IGXPw5znFQ2y0U9wq7p/v5Ujkd9SzWsYEtmucBSjhBBVXyvsEjnvBshdatdWfdf5ZamVSzhm/LevgAH6GdhQ==</latexit> B h = µ0 nh i

<latexit sha1_base64="126rcKzRI9LwdnmJE2lGriYqdnc="></latexit>

B = µ0 n i
<latexit sha1_base64="Zrud73qZdb53Jut6JIiQpt2BrL0="></latexit>



Solenóide

Energia acumulada no solenóide de comprimento h :

W =
1

2µ0

Z
B2 d3r

<latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit>

W =
1

2µ0
B2

Z
d3r

<latexit sha1_base64="64idyg+a0eFC+TuqV2kZiXTB/ro="></latexit>

W =
1

2µ0
(µ0 n i)2 ⇡ a2 h

<latexit sha1_base64="uMr4hQP7VSkPXN0jiuym8ReNLsU="></latexit>

h

a

B

W =
1

2
⇡ µ0 n

2 a2 h i2
<latexit sha1_base64="EOitxph3qzEGJ51cBQNEHbYvqRk="></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="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit>

L = ⇡ µ0 n
2 a2 h

<latexit sha1_base64="vXPXXz6vr/n87dnjGvRoaWEJMQY="></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

Calcule o campo elétrico na borda do solenóide (r=a) :



Calcule o campo magnético induzido no eixo do solenóide a uma distância 
z do plano do anel :

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

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>

b

ẑ
<latexit sha1_base64="k74QUI6mWjen/gsbQeMgvhHOmWQ="></latexit><latexit sha1_base64="k74QUI6mWjen/gsbQeMgvhHOmWQ="></latexit><latexit sha1_base64="k74QUI6mWjen/gsbQeMgvhHOmWQ="></latexit><latexit sha1_base64="k74QUI6mWjen/gsbQeMgvhHOmWQ="></latexit>

�̂
<latexit sha1_base64="I9G8Zteu0DTXRP3YyPalIyOIoB8="></latexit><latexit sha1_base64="I9G8Zteu0DTXRP3YyPalIyOIoB8="></latexit><latexit sha1_base64="I9G8Zteu0DTXRP3YyPalIyOIoB8="></latexit><latexit sha1_base64="I9G8Zteu0DTXRP3YyPalIyOIoB8="></latexit>

ŝ
<latexit sha1_base64="qTJcFvgwdy4OcZeoIX0DJkBQ87c="></latexit><latexit sha1_base64="qTJcFvgwdy4OcZeoIX0DJkBQ87c="></latexit><latexit sha1_base64="qTJcFvgwdy4OcZeoIX0DJkBQ87c="></latexit><latexit sha1_base64="qTJcFvgwdy4OcZeoIX0DJkBQ87c="></latexit>

z s

Biot-Savart :

s2 = b2 + z2
<latexit sha1_base64="kE9hbLmIG8HXoXmsgALaG+oqSZ4="></latexit> d~l = b d� �̂

<latexit sha1_base64="aSatBWKimwyPNrj5UMzeY6CoKFk="></latexit>

d~l ⇥ ŝ = b d� �̂⇥ ŝ
<latexit sha1_base64="QvzUTMKzy8F3E9BQyBGEVog7BI0="></latexit>

�̂⇥ ŝ
<latexit sha1_base64="daJXim5YzmQdLAUmzvK1VNkwYvU="></latexit>

d ~B
<latexit sha1_base64="StagmKJJ7gM7SGlT31EknG111pQ="></latexit>✓

<latexit sha1_base64="ifHdRE6HYtqT9jU5rnAz+n8E1JA="></latexit>

ŝ
<latexit sha1_base64="qTJcFvgwdy4OcZeoIX0DJkBQ87c="></latexit><latexit sha1_base64="qTJcFvgwdy4OcZeoIX0DJkBQ87c="></latexit><latexit sha1_base64="qTJcFvgwdy4OcZeoIX0DJkBQ87c="></latexit><latexit sha1_base64="qTJcFvgwdy4OcZeoIX0DJkBQ87c="></latexit>

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

�̂
<latexit sha1_base64="I9G8Zteu0DTXRP3YyPalIyOIoB8="></latexit><latexit sha1_base64="I9G8Zteu0DTXRP3YyPalIyOIoB8="></latexit><latexit sha1_base64="I9G8Zteu0DTXRP3YyPalIyOIoB8="></latexit><latexit sha1_base64="I9G8Zteu0DTXRP3YyPalIyOIoB8="></latexit>

✓
<latexit sha1_base64="ifHdRE6HYtqT9jU5rnAz+n8E1JA="></latexit>

b

z
s

dBz = dB cos✓
<latexit sha1_base64="wkg4Do0UmeImMGggAi9Anp+UhEk="></latexit>

cos ✓ =
bp

b2 + z2
<latexit sha1_base64="H3ZUF/Rg7T3SVr86ukVqHo9CMjI="></latexit>

dBz =
µ0 I

4⇡

b d�

b2 + z2
bp

b2 + z2
<latexit sha1_base64="QZSM8s681/vXekXqfAL0+KW4BiY="></latexit>

d ~B =
µ0 I

4⇡

d~l ⇥ ŝ

s2
<latexit sha1_base64="NZUSz75otmRPcTjunL25gzqQ7fA="></latexit>

~B =
µ0 I

2

b2

[b2 + z2]3/2
ẑ

<latexit sha1_base64="I/wFzH4OjzhNvIBRGUdKLEIOX9c="></latexit>



”Chafariz” magnético com campo B diminuindo



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>

2⇡ r E = � d

dt

�
B ⇡ r2

�
<latexit sha1_base64="X8LaW3n0HkXKsyxwOSa7LJhQmdU="></latexit><latexit sha1_base64="X8LaW3n0HkXKsyxwOSa7LJhQmdU="></latexit><latexit sha1_base64="X8LaW3n0HkXKsyxwOSa7LJhQmdU="></latexit><latexit sha1_base64="X8LaW3n0HkXKsyxwOSa7LJhQmdU="></latexit>

E = �dB

dt

r

2
<latexit sha1_base64="C4k5ZK4AyQBOO/MI8toMGQBsfjc="></latexit><latexit sha1_base64="C4k5ZK4AyQBOO/MI8toMGQBsfjc="></latexit><latexit sha1_base64="C4k5ZK4AyQBOO/MI8toMGQBsfjc="></latexit><latexit sha1_base64="C4k5ZK4AyQBOO/MI8toMGQBsfjc="></latexit>

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>

r q

~Fm
<latexit sha1_base64="6ikhIpZyAYxSrYY3Ch7D/eQoHEY="></latexit><latexit sha1_base64="6ikhIpZyAYxSrYY3Ch7D/eQoHEY="></latexit><latexit sha1_base64="6ikhIpZyAYxSrYY3Ch7D/eQoHEY="></latexit><latexit sha1_base64="6ikhIpZyAYxSrYY3Ch7D/eQoHEY="></latexit>~v

<latexit sha1_base64="PKJA9Ahutg9ZZcalbpdViTqXUmE="></latexit><latexit sha1_base64="PKJA9Ahutg9ZZcalbpdViTqXUmE="></latexit><latexit sha1_base64="PKJA9Ahutg9ZZcalbpdViTqXUmE="></latexit><latexit sha1_base64="PKJA9Ahutg9ZZcalbpdViTqXUmE="></latexit>

~E = �a r

2
�̂

<latexit sha1_base64="kyPZbUrfe0J8DY8KI2OdOzNaVr4="></latexit><latexit sha1_base64="kyPZbUrfe0J8DY8KI2OdOzNaVr4="></latexit><latexit sha1_base64="kyPZbUrfe0J8DY8KI2OdOzNaVr4="></latexit><latexit sha1_base64="kyPZbUrfe0J8DY8KI2OdOzNaVr4="></latexit>

~Fe =
q |a| r
2

�̂
<latexit sha1_base64="ad33dB+6glk39U2hp3qIRHUICZs="></latexit><latexit sha1_base64="ad33dB+6glk39U2hp3qIRHUICZs="></latexit><latexit sha1_base64="ad33dB+6glk39U2hp3qIRHUICZs="></latexit><latexit sha1_base64="ad33dB+6glk39U2hp3qIRHUICZs="></latexit>

~Fm = q ~v ⇥ ~B
<latexit sha1_base64="pbNwgRYCFUkc+I6n4OLCJxD9MGc="></latexit><latexit sha1_base64="pbNwgRYCFUkc+I6n4OLCJxD9MGc="></latexit><latexit sha1_base64="pbNwgRYCFUkc+I6n4OLCJxD9MGc="></latexit><latexit sha1_base64="pbNwgRYCFUkc+I6n4OLCJxD9MGc="></latexit>



Fim 



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>
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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

� =

Z L

0
dz

Z L�a

a
dr

µ0 I

2⇡ r
<latexit sha1_base64="exNXg7iwQAfkhnUFecW8ABWQA7c="></latexit><latexit sha1_base64="exNXg7iwQAfkhnUFecW8ABWQA7c="></latexit><latexit sha1_base64="exNXg7iwQAfkhnUFecW8ABWQA7c="></latexit><latexit sha1_base64="exNXg7iwQAfkhnUFecW8ABWQA7c="></latexit>

� =
µ0 I L

2⇡
ln

L� a

a
<latexit sha1_base64="ipiYLClI4Z5XjbaNLR8KREZF3rk="></latexit><latexit sha1_base64="ipiYLClI4Z5XjbaNLR8KREZF3rk="></latexit><latexit sha1_base64="ipiYLClI4Z5XjbaNLR8KREZF3rk="></latexit><latexit sha1_base64="ipiYLClI4Z5XjbaNLR8KREZF3rk="></latexit>

O fluxo final é :

� =
µ0 I L

⇡
ln

L� a

a
<latexit sha1_base64="Boy14Md0oG4NCXk8/hOg4e59bvE="></latexit><latexit sha1_base64="Boy14Md0oG4NCXk8/hOg4e59bvE="></latexit><latexit sha1_base64="Boy14Md0oG4NCXk8/hOg4e59bvE="></latexit><latexit sha1_base64="Boy14Md0oG4NCXk8/hOg4e59bvE="></latexit>

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>

L =
µ0 L

⇡
ln

L� a

a
<latexit sha1_base64="cAqHR1lR51952YjGQaxpDc6WLdI="></latexit><latexit sha1_base64="cAqHR1lR51952YjGQaxpDc6WLdI="></latexit><latexit sha1_base64="cAqHR1lR51952YjGQaxpDc6WLdI="></latexit><latexit sha1_base64="cAqHR1lR51952YjGQaxpDc6WLdI="></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>



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>



�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

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

~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>

s�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit> <latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit> <latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit> <latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit> �

<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit> �
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit>

~E
<latexit sha1_base64="03UJByZ/qi0IRX4f1hmNDAz3cFM="></latexit><latexit sha1_base64="03UJByZ/qi0IRX4f1hmNDAz3cFM="></latexit><latexit sha1_base64="03UJByZ/qi0IRX4f1hmNDAz3cFM="></latexit><latexit sha1_base64="03UJByZ/qi0IRX4f1hmNDAz3cFM="></latexit>

Olhando pela direita :

�
<latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></latexit><latexit sha1_base64="CzJZiy/j0psaTkLfoJ4MdagOZGs="></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>


