
Eletromagnetismo 

F.S. Navarra
navarra@if.usp.br

edisciplinas.if.usp.br

4300372

Guilherme Germano (monitor)
guilherme.germano@usp.br



16/08 
19/08
23/08
26/08
30/08
02/09
06/09
09/09

13/09
16/09
20/09 P1
23/09
27/09
30/09
04/10
07/10

11/10
14/10
18/10
21/10 P2
25/10
28/10
01/11
04/11

08/11
11/11
15/11
18/11
22/11
25/11 
29/11 P3
02/12 ex

Plano do Curso 

06/12 Sub



Bibliografia 

Capítulo 2 : eletrostática

Capítulo 5 : magnetostática

Capítulo 7 : eletrodinâmica

Capítulo 8 : leis de conservação

Capítulo 9 : ondas eletromagnéticas

Capítulo 10 : campos e potenciais

Capítulo 11 : radiação



Bibliografia 



Aula 9
Campo magnético vem de 

cargas elétricas em movimento !

Andre-Marie Ampère



Lei de Ampère

A corrente no fio  gera campo magnético : 

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>

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>

C
corrente 

enlaçada em C

r

Usando Biot-Savart:

I

C

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

Vamos calcular : 



�
<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 

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>

~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>

Z

S
(~r⇥ ~B) . d~a = µ0

Z

S

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



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>

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

I

~B = B �̂
<latexit sha1_base64="W9AYejvnryZNtliwTuyr6GN20BA="></latexit><latexit sha1_base64="W9AYejvnryZNtliwTuyr6GN20BA="></latexit><latexit sha1_base64="W9AYejvnryZNtliwTuyr6GN20BA="></latexit><latexit sha1_base64="W9AYejvnryZNtliwTuyr6GN20BA="></latexit>

d~l = s d� �̂
<latexit sha1_base64="9eqtJ+hxkokINNG3PnBlHjIk10g="></latexit><latexit sha1_base64="9eqtJ+hxkokINNG3PnBlHjIk10g="></latexit><latexit sha1_base64="9eqtJ+hxkokINNG3PnBlHjIk10g="></latexit><latexit sha1_base64="9eqtJ+hxkokINNG3PnBlHjIk10g="></latexit>

~B . d~l = B sd�
<latexit sha1_base64="37dlBE+a5UNNt+3SZElHrHe39Gg="></latexit><latexit sha1_base64="37dlBE+a5UNNt+3SZElHrHe39Gg="></latexit><latexit sha1_base64="37dlBE+a5UNNt+3SZElHrHe39Gg="></latexit><latexit sha1_base64="37dlBE+a5UNNt+3SZElHrHe39Gg="></latexit>

I

C

~B . d~l =

Z 2⇡

0
B sd�

<latexit sha1_base64="FvkO13Y10b2XL8psXRtq5Fbp+/4="></latexit><latexit sha1_base64="FvkO13Y10b2XL8psXRtq5Fbp+/4="></latexit><latexit sha1_base64="FvkO13Y10b2XL8psXRtq5Fbp+/4="></latexit><latexit sha1_base64="FvkO13Y10b2XL8psXRtq5Fbp+/4="></latexit>

= 2⇡ sB
<latexit sha1_base64="sTLb4v5yyXeF4RB/tYjMSwyjCSk="></latexit><latexit sha1_base64="sTLb4v5yyXeF4RB/tYjMSwyjCSk="></latexit><latexit sha1_base64="sTLb4v5yyXeF4RB/tYjMSwyjCSk="></latexit><latexit sha1_base64="sTLb4v5yyXeF4RB/tYjMSwyjCSk="></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>

s

�̂
<latexit sha1_base64="Kqot5Cvhx0mIlzIy9yTtQtbBQus="></latexit><latexit sha1_base64="Kqot5Cvhx0mIlzIy9yTtQtbBQus="></latexit><latexit sha1_base64="Kqot5Cvhx0mIlzIy9yTtQtbBQus="></latexit><latexit sha1_base64="Kqot5Cvhx0mIlzIy9yTtQtbBQus="></latexit>

s d�
<latexit sha1_base64="ixY3JgXwbHfjkp7g0cN5hAeUUhw="></latexit><latexit sha1_base64="ixY3JgXwbHfjkp7g0cN5hAeUUhw="></latexit><latexit sha1_base64="ixY3JgXwbHfjkp7g0cN5hAeUUhw="></latexit><latexit sha1_base64="ixY3JgXwbHfjkp7g0cN5hAeUUhw="></latexit>

C

Atenção aqui: isto aparece muitas vezes !



Exemplo: fio cilíndrico de raio a com J constante

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

a

~J = J n̂
<latexit sha1_base64="SulG7kIMN5HP2ePk5CR4wHck/mw="></latexit><latexit sha1_base64="SulG7kIMN5HP2ePk5CR4wHck/mw="></latexit><latexit sha1_base64="SulG7kIMN5HP2ePk5CR4wHck/mw="></latexit><latexit sha1_base64="SulG7kIMN5HP2ePk5CR4wHck/mw="></latexit>

J =
I

⇡ a2
<latexit sha1_base64="ecTUpfaTZpf+IQd5lfX0SkB2hoQ="></latexit><latexit sha1_base64="ecTUpfaTZpf+IQd5lfX0SkB2hoQ="></latexit><latexit sha1_base64="ecTUpfaTZpf+IQd5lfX0SkB2hoQ="></latexit><latexit sha1_base64="ecTUpfaTZpf+IQd5lfX0SkB2hoQ="></latexit>

I

C

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

I =

Z

S

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

=

Z

S
J da

<latexit sha1_base64="jd6oyITGen2SRSpatBoDWNTa1Fg="></latexit><latexit sha1_base64="jd6oyITGen2SRSpatBoDWNTa1Fg="></latexit><latexit sha1_base64="jd6oyITGen2SRSpatBoDWNTa1Fg="></latexit><latexit sha1_base64="jd6oyITGen2SRSpatBoDWNTa1Fg="></latexit>

No interior do fio, em C1 :

I

C1

~B . d~l = µ0

Z

S1

J da = µ0 J ⇡ s2

<latexit sha1_base64="kCXeThRLPVpjunxaTMyFkEyfcpM="></latexit><latexit sha1_base64="kCXeThRLPVpjunxaTMyFkEyfcpM="></latexit><latexit sha1_base64="kCXeThRLPVpjunxaTMyFkEyfcpM="></latexit><latexit sha1_base64="kCXeThRLPVpjunxaTMyFkEyfcpM="></latexit>

C2

C1

s

2⇡ sB = µ0 J ⇡ s2
<latexit sha1_base64="HJDgkeWvbaFnL3SUo7QlSUbnv08="></latexit><latexit sha1_base64="HJDgkeWvbaFnL3SUo7QlSUbnv08="></latexit><latexit sha1_base64="HJDgkeWvbaFnL3SUo7QlSUbnv08="></latexit><latexit sha1_base64="HJDgkeWvbaFnL3SUo7QlSUbnv08="></latexit>

B =
µ0 J s

2<latexit sha1_base64="Qd6fFFukbzicfYN9r9a4HIuxasM="></latexit><latexit sha1_base64="Qd6fFFukbzicfYN9r9a4HIuxasM="></latexit><latexit sha1_base64="Qd6fFFukbzicfYN9r9a4HIuxasM="></latexit><latexit sha1_base64="Qd6fFFukbzicfYN9r9a4HIuxasM="></latexit>

B =
µ0 I s

2⇡ a2
�̂

<latexit sha1_base64="b6LvZianJT5XOD7DruXl2O//gi8="></latexit><latexit sha1_base64="b6LvZianJT5XOD7DruXl2O//gi8="></latexit><latexit sha1_base64="b6LvZianJT5XOD7DruXl2O//gi8="></latexit><latexit sha1_base64="b6LvZianJT5XOD7DruXl2O//gi8="></latexit>



Exemplo: fio cilíndrico de raio a com J constante

No exterior do fio, em C2 :

I

C2

~B . d~l = µ0

Z

S2

J da = µ0
I

⇡ a2
⇡ a2 = µ0 I

<latexit sha1_base64="pHGfX5ynHyBrFVBaw8vE0I2Mu6o="></latexit><latexit sha1_base64="pHGfX5ynHyBrFVBaw8vE0I2Mu6o="></latexit><latexit sha1_base64="pHGfX5ynHyBrFVBaw8vE0I2Mu6o="></latexit><latexit sha1_base64="pHGfX5ynHyBrFVBaw8vE0I2Mu6o="></latexit>

2⇡ sB = µ0 I
<latexit sha1_base64="dj+G23OJAOD26rfCMbjsGoRMy0U="></latexit><latexit sha1_base64="dj+G23OJAOD26rfCMbjsGoRMy0U="></latexit><latexit sha1_base64="dj+G23OJAOD26rfCMbjsGoRMy0U="></latexit><latexit sha1_base64="dj+G23OJAOD26rfCMbjsGoRMy0U="></latexit>

B =
µ0 I

2⇡ s
�̂

<latexit sha1_base64="C7UF5e6AG3SX/D9SELjDtL9qLFk="></latexit><latexit sha1_base64="C7UF5e6AG3SX/D9SELjDtL9qLFk="></latexit><latexit sha1_base64="C7UF5e6AG3SX/D9SELjDtL9qLFk="></latexit><latexit sha1_base64="C7UF5e6AG3SX/D9SELjDtL9qLFk="></latexit>

C2

C1

s

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

a



Como sabemos que o campo magnético existe ? 

F

l
=

µ0 I2 I1
2⇡ d

<latexit sha1_base64="hvomneVQ3fghjI+qpaDCyazKWnA="></latexit>

I1 I2

d

F

Dois fios  percorridos por correntes se atraem !

F



Como sabemos que o campo magnético existe ? 

Com ímãs : 
Ímãs  produzem campos magnéticos !  A Terra é um ímã !

A bússola é um ímã !Ímãs  ”sentem”  campos magnéticos !  



Origem do campo magnético do ímã:

O que é um ímã ?

eletrons em rotação orbital 

spin 

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

R
I

I

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

r̂
<latexit sha1_base64="3iiyHp7eq5xHBhY1nbNSsQs9lpk="></latexit> d~l

<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

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

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

~B =
µ0 I

4⇡

Z
d~l ⇥ r̂

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

~B =
µ0 I

2R
ẑ

<latexit sha1_base64="BULyF6sNvRhomRcEIa81MyBFqsA="></latexit>

Spin: 



Inseparabilidade dos polos 

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

Parece que é impossível ”quebrar” o ímã e separar norte e sul !

Um único átomo é um ímã !

Um único elétron é um ímã !



Parece que não existem monopolos magnéticos !

dipolo elétrico dipolo magnético monopolo magnético



Lei de Gauss do magnetismo 
I

S

~E . ~da =
Qint

✏0
<latexit sha1_base64="pyeENPRuyGlJv9oSxcLgX5r0whw="></latexit><latexit sha1_base64="pyeENPRuyGlJv9oSxcLgX5r0whw="></latexit><latexit sha1_base64="pyeENPRuyGlJv9oSxcLgX5r0whw="></latexit><latexit sha1_base64="pyeENPRuyGlJv9oSxcLgX5r0whw="></latexit>

I

S

~B . ~da =
Qmag

✏0
= 0

<latexit sha1_base64="OnHQBfBQZem6HImYC8inKJYrY+M="></latexit><latexit sha1_base64="OnHQBfBQZem6HImYC8inKJYrY+M="></latexit><latexit sha1_base64="OnHQBfBQZem6HImYC8inKJYrY+M="></latexit><latexit sha1_base64="OnHQBfBQZem6HImYC8inKJYrY+M="></latexit>

I

S

~B . ~da =

Z

V

~r . ~B dV = 0
<latexit sha1_base64="VerXYKVrBb3RRR3RDB2MWKiMk3Y="></latexit><latexit sha1_base64="VerXYKVrBb3RRR3RDB2MWKiMk3Y="></latexit><latexit sha1_base64="VerXYKVrBb3RRR3RDB2MWKiMk3Y="></latexit><latexit sha1_base64="VerXYKVrBb3RRR3RDB2MWKiMk3Y="></latexit>

~r . ~B = 0
<latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit><latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit><latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit><latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit>

Teorema da divergência :

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

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

S

V

Vamos copiar para o campo B !

(Gauss)



A gente tem mesmo certeza?

Não há uma lei que PROIBA a existência de monopólios magnéticos !

Sua existência foi proposta por Paul Dirac em 1931

Paul Dirac
1902 - 1984

A procura continua...

Colaboração MoEDAL : Monopole and Exotics Detector at the LHC



No LHC é produzido o campo magnético mais forte do Universo !

I1

I2

B =
µ0 I

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

r
r ' 10�15

<latexit sha1_base64="8XZhX/hLDxrJyVOT9ttWbSN3rAs="></latexit> metros

Campo produzido por dois fios paralelos com correntes opostas :

No LHC temos, ao invés de fios, dois feixes de ions positivos !



+
+

+

+

+ + central

não-
central

ultra
Periférica  

~B = 0
<latexit sha1_base64="havcHtwp7vmG0YWURrg+jwATsq4="></latexit><latexit sha1_base64="havcHtwp7vmG0YWURrg+jwATsq4="></latexit><latexit sha1_base64="havcHtwp7vmG0YWURrg+jwATsq4="></latexit><latexit sha1_base64="havcHtwp7vmG0YWURrg+jwATsq4="></latexit>

~B 6= 0
<latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="767FggcnhHgIkdZl9Bw1gKE01wc="></latexit><latexit sha1_base64="767FggcnhHgIkdZl9Bw1gKE01wc="></latexit><latexit sha1_base64="907cDlqNhBk9WMVIASJAF59xfHE="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit>

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

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

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

~B 6= 0
<latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="767FggcnhHgIkdZl9Bw1gKE01wc="></latexit><latexit sha1_base64="767FggcnhHgIkdZl9Bw1gKE01wc="></latexit><latexit sha1_base64="907cDlqNhBk9WMVIASJAF59xfHE="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit>

Campo magnético em colisões de ions pesados



Estrela de neutrons : eB = 1014 G

Magnetar: eB = 1015 G

O mais intenso
da natureza!

B / � Z e

R2



Campo elétrico super-forte quebra o dipolo elétrico 

Campo elétrico super-forte quebra o dipolo magnético 

~E
<latexit sha1_base64="xXSd/RsoQEYA3eRWllyIWhpA6bo="></latexit>

~B
<latexit sha1_base64="TKuGcqpWXOM4wqwe8UjECOOUmKM="></latexit>



Mas...até agora nada !



~r⇥ ~B = µ0
~J

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

~r . ~B = 0
<latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit><latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit><latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit><latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit>

~r . ~E =
⇢

✏0
<latexit sha1_base64="KuTH9MEssKARueqAYOLfcOsidoE="></latexit><latexit sha1_base64="KuTH9MEssKARueqAYOLfcOsidoE="></latexit><latexit sha1_base64="KuTH9MEssKARueqAYOLfcOsidoE="></latexit><latexit sha1_base64="KuTH9MEssKARueqAYOLfcOsidoE="></latexit>

~r ⇥ ~E = 0
<latexit sha1_base64="Dzy9MfqxQuI6Iz+gIusxZY7Hpek="></latexit><latexit sha1_base64="Dzy9MfqxQuI6Iz+gIusxZY7Hpek="></latexit><latexit sha1_base64="Dzy9MfqxQuI6Iz+gIusxZY7Hpek="></latexit><latexit sha1_base64="Dzy9MfqxQuI6Iz+gIusxZY7Hpek="></latexit>

Equações de Maxwell

E diverge  mas
não ”roda” !

B ”roda”  mas
não  diverge !



Fim


