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Magnetostática
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I I
I I

d

FF F F

Força entre dois fios infinitos percorridos por correntes I

F / I I

d
<latexit sha1_base64="nCb9hucRQ10TqIhmX43ukbRi2JA="></latexit>

Empiricamente:



A corrente no fio 1 
gera campo magnético 

O campo magnético age sobre as
cargas em movimento no fio 2

~F = I

Z
d~l ⇥ ~B

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

Biot-Savart



Campo magnético a uma distância s de um fio  infinito com corrente I

~B =
µ0 I

4⇡

Z
d~l ⇥ r̂

r2
<latexit sha1_base64="Ud7VFtYppI5W0IXsTBnaYxkbJkI="></latexit>

r̂
<latexit sha1_base64="eWmIHLTEyCTlPGnEHVndTKyt70U="></latexit>

d~l ⇥ r̂
<latexit sha1_base64="ksOHnZRA/LGUqjNnzj1TP9kiVEg="></latexit>

�
<latexit sha1_base64="fow4btJaATaaAgbBMTX1UGnag58="></latexit>

|d~l ⇥ r̂| = dl0 sen↵
<latexit sha1_base64="p9tmIEEI6Yk+y3wwk08bqwRTTQY="></latexit>

B saindo 
do slide != dl0 cos✓

<latexit sha1_base64="3Jl9bcZk9abNu1Fw3Ascny6AEvo="></latexit>

dl0 =
s

cos2✓
d✓

<latexit sha1_base64="RS3FWx1AbIzi9i5dXsI1GG8mCkU="></latexit>

1

r2
=

cos2 ✓

s2
<latexit sha1_base64="5oUFvciNREYe6yBKalM/8ruZc5Y="></latexit>

B =
µ0 I

4⇡

Z ✓2

✓1

s

cos2✓
d✓ cos ✓

cos2✓

s2
<latexit sha1_base64="IhKrG3cArqq+kXziABMGTH/j6Bw="></latexit>

B =
µ0 I

4⇡

Z ✓2

✓1

d✓ cos ✓
1

s
<latexit sha1_base64="0+VQWT8ZtfyNfIbVa11ttNCGcY8="></latexit>

B =
µ0 I

4⇡ s
(sen ✓2 � sen ✓1)

<latexit sha1_base64="8l99nsi/F3eXjR4ykU8DKGSSeJY="></latexit>

✓1 = �⇡

2
<latexit sha1_base64="v6H+K0tEMAxoEQeJeR4ncETnvMA="></latexit>

✓2 = +
⇡

2
<latexit sha1_base64="+191M0ornX2tvDLXXfZVj+OWITA="></latexit>

B =
µ0 I

2⇡ s
<latexit sha1_base64="KEhvz8pVe7JOVdLZ1Vdj5YgedG4="></latexit>



Lei de Ampère

A corrente no fio  gera campo magnético : 

I
✓

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

�
<latexit sha1_base64="uYIfLYXuUwB4evNS0ojqNz/pxB4="></latexit>

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

<latexit sha1_base64="ujlGnvGuu/wCOHScrpBPNAFZDE4="></latexit>

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

B =
µ0 I

2⇡ r
<latexit sha1_base64="xZa7dNpfFkjfO0rtVoUEiSh+BFM="></latexit>

~B . d~l = B dl = B r d✓
<latexit sha1_base64="JoQAFw87KiEskOJCXE5wpmEWpkc="></latexit>

I

C

~B . d~l = B r

Z 2⇡

0
d✓ = B r 2⇡

<latexit sha1_base64="y4sZpcdkLqsmqb+v3Ucd2f/n/5s="></latexit>

I

C

~B . d~l =
µ0 I

2⇡ r
2⇡ r

<latexit sha1_base64="uIZNQQ2bUu4+R3RWPHQKi7I/O24="></latexit>

I

C

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

C corrente 
enlaçada em C

r

I

C

~B . d~l
<latexit sha1_base64="SmuKVbO4GakiINxNk9/4mXDPuU0="></latexit>

Vamos calcular:



Agora em coordenadas cilíndricas

~B =
µ0 I

2⇡ s
�̂

<latexit sha1_base64="uK5Sj9hz6+nRFIWLtw1A+/baViE="></latexit>

d~l = ds ŝ + s d� �̂ + dz ẑ
<latexit sha1_base64="Mu5bMjzeLD6yeFZCXFpPBoIT1Mc="></latexit>

I

C

~B . d~l =

I 2⇡

0

µ0 I

2⇡ s
s d�

<latexit sha1_base64="ti3mOlLZpgktqYd7hhvp4wXofbY="></latexit>

Lei de
Ampère

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

I

I

C

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



Andre-Marie Ampère
(1775 - 1836)

Filho de família rica

Aos 18 anos perdeu o pai, decapitado na guilhotina

Um ano sem fazer nada...

Artigo famoso sobre a teoria dos jogos de azar

Professor do ensino médio por alguns anos 

Depois na Ecole Polytechnique

1823:  primeiros trabalho sobre eletricidade e magnetismo



I1�<latexit sha1_base64="uYIfLYXuUwB4evNS0ojqNz/pxB4="></latexit>

C1

I

C1

~B . d~l = µ0 I1
<latexit sha1_base64="LtYKcw+SXqSQBcfnsXOS6eKkNxA="></latexit>

C2

I

C2

~B . d~l = µ0 I1
<latexit sha1_base64="QebB2l4uQ1jQ2TYX8TJK1neCzao="></latexit>

I2�<latexit sha1_base64="uYIfLYXuUwB4evNS0ojqNz/pxB4="></latexit>

C3

I

C3

~B . d~l = µ0 I1
<latexit sha1_base64="czQlZuaaeOahoVZx578w/OblERU="></latexit>

C4

I

C4

~B . d~l = µ0 I1 + µ0 I2
<latexit sha1_base64="06/qEjEd1R5HNAypKaGe1TOnu0Y="></latexit>

C5

I

C5

~B . d~l = 0
<latexit sha1_base64="NYxunYVj3TrsD7iLk3gX+eShKmU="></latexit>



�
<latexit sha1_base64="uYIfLYXuUwB4evNS0ojqNz/pxB4="></latexit>

�
<latexit sha1_base64="uYIfLYXuUwB4evNS0ojqNz/pxB4="></latexit>

�
<latexit sha1_base64="uYIfLYXuUwB4evNS0ojqNz/pxB4="></latexit>

�
<latexit sha1_base64="uYIfLYXuUwB4evNS0ojqNz/pxB4="></latexit>�

<latexit sha1_base64="uYIfLYXuUwB4evNS0ojqNz/pxB4="></latexit> �
<latexit sha1_base64="uYIfLYXuUwB4evNS0ojqNz/pxB4="></latexit>�

<latexit sha1_base64="uYIfLYXuUwB4evNS0ojqNz/pxB4="></latexit>

�
<latexit sha1_base64="uYIfLYXuUwB4evNS0ojqNz/pxB4="></latexit>

Fio com seção transversal grande = tubo de correntes

Densidade de corrente : J =
corrente

área
<latexit sha1_base64="Aq2S2ev/2tym8VT65Nbed31OSF4="></latexit>

J =
dI

da
<latexit sha1_base64="3jF43Bl552mN2tgmVx9FptvLX/8="></latexit>

~J =
d~I

da
<latexit sha1_base64="fAGFvL/gXIu3tQJJihF/jie9fWM="></latexit>

d~I = ~J da
<latexit sha1_base64="iUehvh54gDnPEAKY3Tnl9xY/M+8="></latexit>

S

n̂
<latexit sha1_base64="qRfCNQCtNXnO3yo89v15rjDqyE0="></latexit>

S
d~I . n̂ = ~J . n̂ da

<latexit sha1_base64="rukXIOqtsmGRc0mq1/20BWSpEGo="></latexit>

dI = ~J . d~a
<latexit sha1_base64="zoXhxIG4enVcD7g/O7PJTk8Hh0o="></latexit>

I =

Z

S

~J . d~a
<latexit sha1_base64="vvT/kzG3cGRO3r6/XyrE+8cDpP4="></latexit>



I

C

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

Teorema de Stokes 

Lei de Ampère

I

C

~B . d~l =

Z

S
(~r⇥ ~B) . d~a

<latexit sha1_base64="s7u2gV0NlIG9ghW/cYQl/NfJcos="></latexit>

I =

Z

S

~J . d~a
<latexit sha1_base64="vvT/kzG3cGRO3r6/XyrE+8cDpP4="></latexit>

Z

S
(~r⇥ ~B) . d~a = µ0

Z

S

~J . d~a
<latexit sha1_base64="RRLGmiANR4MsQUn/o90P/WxrsnA="></latexit>

~r⇥ ~B = µ0
~J

<latexit sha1_base64="YajJ+XIQqZovVmr3V0/8xqtYHMo="></latexit>

Lei de Ampère na forma diferencial

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

C�
<latexit sha1_base64="uYIfLYXuUwB4evNS0ojqNz/pxB4="></latexit>

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

S
�

<latexit sha1_base64="fow4btJaATaaAgbBMTX1UGnag58="></latexit>

~B
<latexit sha1_base64="l1TmZYfvVALeMcFoTjZQ9DK+/18="></latexit>

~J
<latexit sha1_base64="HzsgjTBSswlNhHBGMFqVuDiE7vs="></latexit>



Correção da 1ª Prova



d ~E
<latexit sha1_base64="9BP19yIvh0zp2nBsWkaYbHUGJOQ="></latexit>

d ~Ez
<latexit sha1_base64="Az1crITYe6f3mVouNi9z4kMAiTk="></latexit>

dl = Rd�
<latexit sha1_base64="h6b7RyPZVdm4U+jEZGsjuqKoeMM="></latexit>

R
d�

<latexit sha1_base64="E7+pBNvjiPTay/vCuhNTzdj/5WM="></latexit>

dl
<latexit sha1_base64="bQAlSQ2xQDhbMpsObzv3fRUtdCk="></latexit>

dE =
1

4⇡ ✏0

dq

s2
<latexit sha1_base64="DQumwqtX2MoMWXFD4nym+TjB4Vo="></latexit>

dEz = dE cos✓
<latexit sha1_base64="BBpYaMLgNuNFVp/Tjk1129C/vco="></latexit>

cos ✓ =
zp

R2 + z2
<latexit sha1_base64="JN5FF07SPTPXBgHz4esp9UkMy2g="></latexit>

dq = � dl
<latexit sha1_base64="6zRgfgYs5vm8yeIyS7WttrRXBeM="></latexit>

dq = �Rd�
<latexit sha1_base64="Mafrwvt2hAupRuxXT2Vm7osZU3c="></latexit>

dEz =
1

4⇡ ✏0

�Rd�

R2 + z2
zp

R2 + z2
<latexit sha1_base64="CAmikZsPmE0srDbBvwoZYLlvxcI="></latexit>

Ez =
�Rz

4⇡ ✏0

1

[R2 + z2]3/2

Z 2⇡

0
d�

<latexit sha1_base64="HhZ/okYKOcZKXK0ko/lxq/lS1HA="></latexit>

~Ez =
�Rz

2 ✏0

1

[R2 + z2]3/2
ẑ

<latexit sha1_base64="dUAnWa35c34V9x4yzu/6BMonZI4="></latexit>

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

~s
<latexit sha1_base64="oyPWXJ6QfE63NgUluBQw3MnyvNY="></latexit>

s2 = R2 + z2
<latexit sha1_base64="Xhpg4XvAn3JMg1rJ9SES+tDtToY="></latexit>

z



~F
<latexit sha1_base64="MKJ/021VFjLABoH2AJD6QUs/Cec="></latexit>

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

~F = q ~Ez
<latexit sha1_base64="OQ9um7moUXmH4SEAc05sHeu/ZLQ="></latexit>

~Ez =
�Rz

2 ✏0

1

[R2 + z2]3/2
ẑ

<latexit sha1_base64="dUAnWa35c34V9x4yzu/6BMonZI4="></latexit>

~F =
q �Rz

2 ✏0

1

[R2 + z2]3/2
ẑ

<latexit sha1_base64="pHhoOPK2jE84nqCggofdiUObO4g="></latexit>

d~l = dz ẑ
<latexit sha1_base64="2H6L2i6HSED258izDQRf+uYex9E="></latexit>

~F . d~l =
q �R

2 ✏0

z dz

[R2 + z2]3/2
<latexit sha1_base64="V7IjknPTTOyIp7eRjffIx3aBOAQ="></latexit>

W =

Z 1

z

~F . d~l
<latexit sha1_base64="COAsPhhygejt/1LGWsy+NF5bh/E="></latexit>

=
q �R

2 ✏0

Z 1

z

z dz

[R2 + z2]3/2
<latexit sha1_base64="Hon0L0QtnUM1oX6Wdl6/j/kaxLk="></latexit>

=
q �R

2 ✏0

Z 1

z

dz

z2
<latexit sha1_base64="sAXetUDEGTrAklK9DMgDZVPgVhU="></latexit>

W =
q �R

2 ✏0 z
<latexit sha1_base64="qqw1Wb9H2sZapRiEX7DBxCieVME="></latexit>



~E . n̂ = E
<latexit sha1_base64="lBLaJKHy7O9as43eJQaVOgPtr2A="></latexit>

I

A

~E . n̂ da =
Qe

✏0
<latexit sha1_base64="aL0gK20gh2mrA+rZ7Tn+tOs/tbI="></latexit>

~E = E r̂
<latexit sha1_base64="RPTm+kncEDu3TYE+PMO6kd6MhbM="></latexit>

n̂
<latexit sha1_base64="qRfCNQCtNXnO3yo89v15rjDqyE0="></latexit>

r̂
<latexit sha1_base64="eWmIHLTEyCTlPGnEHVndTKyt70U="></latexit>

L

r

2⇡ r LE =
�L

✏0
<latexit sha1_base64="MQLIpwqOzQ1qvY/6U8caq09esG4="></latexit>

E =
�

2⇡ ✏0 r
<latexit sha1_base64="AvDZWGcC/MxLUytY8Zmxxo+Ooq4="></latexit>

F�
<latexit sha1_base64="UksMe9QEMK3blPaF6NDuX7NQndw="></latexit>

FQ
<latexit sha1_base64="UZiZT8ek5yAvjjlQRzH2epAcgFs="></latexit>

FQ =
1

4⇡ ✏0

q Q

x2
<latexit sha1_base64="5UejFEqZgL7+HUonn1vUrKYrYVw="></latexit>

F� = q E =
q�

2⇡ ✏0 (d� x)
<latexit sha1_base64="Fm+rJgqH+B8qN2OT4MIPkPZ2/l0="></latexit>

1

4⇡ ✏0

q Q

x2
=

q�

2⇡ ✏0 (d� x)
<latexit sha1_base64="j5zAYmpX/lgBNmveA0S/jcd0xIk="></latexit>

1

2

2

x2
=

1

2� x
<latexit sha1_base64="7rXQO81k5adROCvllokE5uICWos="></latexit>

x2 + x � 2 = 0
<latexit sha1_base64="S6Yt/fmAsuoCAxALaIdr4oOBzEk="></latexit>

x = 1
<latexit sha1_base64="5Ih5VuqojQAnhUfLE6FLSpFsQfQ="></latexit>

m



q+ = ⇡ a2 L ⇢
<latexit sha1_base64="oxz8fgE+8H2E9ZVDZXN6OScx4YQ="></latexit>

q+ + q� = 0
<latexit sha1_base64="fA5Ak7zkI3pvCYpUdvfirJeeAic="></latexit>

� = �a2 ⇢

2 b
<latexit sha1_base64="hihHOJFsfLnotLq/eKOO4KwBEyk="></latexit>

L

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>+

<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit> �<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

a

b

r < a
<latexit sha1_base64="tC0da8g+nlvpX7UamaXa7ueYftg="></latexit>

r

2⇡ r LE =
⇡ r2 L ⇢

✏0
<latexit sha1_base64="b/7/tvjo9ynowqRKkllD/ogC4OA="></latexit>

E =
⇢ r

2 ✏0
<latexit sha1_base64="SUVk1DDp2Kj38dm3IKPYjiW45ug="></latexit>

q� = 2⇡ bL�
<latexit sha1_base64="U9woZ3fwDvvvc2P4mogfnqyPbDE="></latexit>



q+ = ⇡ a2 L ⇢
<latexit sha1_base64="oxz8fgE+8H2E9ZVDZXN6OScx4YQ="></latexit>

q+ + q� = 0
<latexit sha1_base64="fA5Ak7zkI3pvCYpUdvfirJeeAic="></latexit>

� = �a2 ⇢

2 b
<latexit sha1_base64="hihHOJFsfLnotLq/eKOO4KwBEyk="></latexit>

L

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>+

<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit> �<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

a

b

r

2⇡ r LE =
⇡ a2 L ⇢

✏0
<latexit sha1_base64="jZs8Fn5HhEQWHOzJMxpeLG/Osrc="></latexit>

E =
⇢ a2

2 ✏0 r
<latexit sha1_base64="lS49QCTksRpzMTYd+/iGM9kg/5w="></latexit>

a < r < b
<latexit sha1_base64="hh1tqSqJyqFZylGhMfMrxwuCXws="></latexit>

q� = 2⇡ bL�
<latexit sha1_base64="U9woZ3fwDvvvc2P4mogfnqyPbDE="></latexit>



L

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>+

<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit> �<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

a

b

r

r > b
<latexit sha1_base64="pHDUdhB2owItKQ/VWUO5VJ7r0ms="></latexit> 2⇡ r LE =

carga interna

✏0
= 0

<latexit sha1_base64="SHlzOtUwy3NUZ4KUdhC6nsxdVBE="></latexit>

E = 0
<latexit sha1_base64="bll2DATDYpBqqeNNaM99e0ROgNA="></latexit>



L

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>+

<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit> �<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

a

b

r

V (b) = 0
<latexit sha1_base64="zC1qzJ5GObBHQrK5JweQfsgQudM="></latexit>

V (r)� V (b) = �
Z r

b

~E . d~l
<latexit sha1_base64="iQrDDREl2bsJZX4InN4Hjx9oUUU="></latexit>

V (r) = �
Z r

b
E . dr

<latexit sha1_base64="o/HiaN4wz8IMMb4HKB1sDaNTxso="></latexit>

r > b
<latexit sha1_base64="pHDUdhB2owItKQ/VWUO5VJ7r0ms="></latexit>

E = 0
<latexit sha1_base64="bll2DATDYpBqqeNNaM99e0ROgNA="></latexit> V (r) = 0

<latexit sha1_base64="m+IEDvvWq6EDvLSA0xJwRURbgXY="></latexit>

a < r < b
<latexit sha1_base64="hh1tqSqJyqFZylGhMfMrxwuCXws="></latexit>

V (r) = �
Z r

b

⇢ a2

2 ✏0 r
dr

<latexit sha1_base64="m/YrjDS0cEvjHcvJsePKvbYx+ig="></latexit>

= �⇢ a2

2 ✏0
ln

r

b
<latexit sha1_base64="/15eGpb3HzP1f/4fMIs+zLoXPwU="></latexit>

=
⇢ a2

2 ✏0
ln

b

r
<latexit sha1_base64="0ncQF+tIX5zQ/M37j+PW9soX/Vk="></latexit>

V (a) =
⇢ a2

2 ✏0
ln

b

a
<latexit sha1_base64="eUYdstQIAuGI4xxOijkTeR7mQzI="></latexit>



L

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>+

<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit> �<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

a

b

r

V (a) =
⇢ a2

2 ✏0
ln

b

a
<latexit sha1_base64="eUYdstQIAuGI4xxOijkTeR7mQzI="></latexit>

V (r)� V (a) = �
Z r

a

~E . d~l
<latexit sha1_base64="WGfq8ctwWm9GJCc+5QwIMMU9esk="></latexit>

V (r)� V (a) = �
Z r

a
E . dr

<latexit sha1_base64="wRuwj/gm48JhJ9PVWTZZ6HWD0HQ="></latexit>

E =
⇢ r

2 ✏0
<latexit sha1_base64="SUVk1DDp2Kj38dm3IKPYjiW45ug="></latexit>

V (r)� ⇢ a2

2 ✏0
ln

b

a
= �

Z r

a

⇢ r

2 ✏0
dr

<latexit sha1_base64="y5emq9xIW2/XkSCrMhw0HrIgaD4="></latexit>

r < a
<latexit sha1_base64="tC0da8g+nlvpX7UamaXa7ueYftg="></latexit>

V (r) =
⇢ a2

2 ✏0
ln

b

a
+

⇢ a2

4 ✏0
� ⇢ r2

4 ✏0
<latexit sha1_base64="vfGul/Ji4bkEgP3lr7Svme7zjLs="></latexit>



L

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

+
<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>+

<latexit sha1_base64="YfivQ4SStgbFIW4W6El8PPAYUcA="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit> �<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

�<latexit sha1_base64="5LcZLgFwhSl2Mp1U9z4bxFSl9R8="></latexit>

a

b

W =
✏0
2

Z
E2d3r

<latexit sha1_base64="BxqEZj7bKNWIRQy8FRSjCga6OAk="></latexit>

d3r = 2⇡ r L dr
<latexit sha1_base64="mANzAs5OhWs6JTfU64utl6MZWzQ="></latexit>

E = 0
<latexit sha1_base64="bll2DATDYpBqqeNNaM99e0ROgNA="></latexit>E =

⇢ a2

2 ✏0 r
<latexit sha1_base64="lS49QCTksRpzMTYd+/iGM9kg/5w="></latexit>

E =
⇢ r

2 ✏0
<latexit sha1_base64="SUVk1DDp2Kj38dm3IKPYjiW45ug="></latexit>

W =
✏0
2

Z a

0

✓
⇢ r

2 ✏0

◆2

2⇡Lr dr +

Z b

a

✓
⇢ a2

2 ✏0 r

◆2

2⇡Lr dr
<latexit sha1_base64="Zx1W5tGR4d1x9ABUnl6yng44tqY="></latexit>

W =
⇡L

16

⇢2 a4

✏0
+

⇡L

4

⇢2 a4

✏0
ln (

b

a
)

<latexit sha1_base64="6rgeIjKRp35bHs2IB1+KTF0m0XU="></latexit>



Fim


