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Magnetostática

⃗∇ ⋅ ⃗D = ρ

⃗∇ × ⃗E = −
∂ ⃗B
∂t

⃗∇ ⋅ ⃗B = 0

⃗∇ × ⃗H = ⃗j + ϵ0
∂ ⃗D
∂t

Eletromagnetismo



Expansão multipolar

<latexit sha1_base64="x2wKi2MZ8msCmTKu/4kuKwJU238="></latexit>

~B = ~r⇥ ~A

<latexit sha1_base64="Gsg/xa9NvpfMuC70WlWDpfxYB30="></latexit>

r2 ~A = �µ0
~J

<latexit sha1_base64="2lrOlv3GQx8ELEwiKsyM5gDiCvw="></latexit>

~A(~r) =
µ0

4⇡

Z ~J(~r 0)
d⌧ 0

<latexit sha1_base64="ULUKnZYS1pt6OuPjcUMx5nc/s0c="></latexit>
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~r 0
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Expansão multipolar

<latexit sha1_base64="x2wKi2MZ8msCmTKu/4kuKwJU238="></latexit>

~B = ~r⇥ ~A

<latexit sha1_base64="Gsg/xa9NvpfMuC70WlWDpfxYB30="></latexit>

r2 ~A = �µ0
~J

<latexit sha1_base64="2lrOlv3GQx8ELEwiKsyM5gDiCvw="></latexit>

~A(~r) =
µ0

4⇡

Z ~J(~r 0)
d⌧ 0

<latexit sha1_base64="ULUKnZYS1pt6OuPjcUMx5nc/s0c="></latexit>

~r · ~A = 0

<latexit sha1_base64="3vXSbbcJtL6+O3oXVrQcAW4dTdw="></latexit>

1
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r
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`=0
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Expansão multipolar

<latexit sha1_base64="x2wKi2MZ8msCmTKu/4kuKwJU238="></latexit>

~B = ~r⇥ ~A

<latexit sha1_base64="Gsg/xa9NvpfMuC70WlWDpfxYB30="></latexit>

r2 ~A = �µ0
~J

<latexit sha1_base64="ULUKnZYS1pt6OuPjcUMx5nc/s0c="></latexit>

~r · ~A = 0

<latexit sha1_base64="3vXSbbcJtL6+O3oXVrQcAW4dTdw="></latexit>

1
=

1

r

P1
`=0

⇣r0

r

⌘`
P`(cos ✓0)

<latexit sha1_base64="QWfStrkSnA3i5ALxz9lqVKEF/II="></latexit>

` = 0 ) 1 ⇡ 1

r

<latexit sha1_base64="wnsE1mQ1GOvjA7pOYlqbxsUV9CM="></latexit>

~A(~r ) =
µ0

4⇡

Z ~J(~r 0)
d⌧ 0 =

µ0

4⇡

Z ~I(~r 0)
d`0

<latexit sha1_base64="U0rw9bpGX2aLcCjHeXKwnODWodc="></latexit>)
<latexit sha1_base64="BKoQO+Vzgr3ntQwhG6ExbMRgsqI="></latexit>
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I
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Expansão multipolar

<latexit sha1_base64="x2wKi2MZ8msCmTKu/4kuKwJU238="></latexit>

~B = ~r⇥ ~A

<latexit sha1_base64="Gsg/xa9NvpfMuC70WlWDpfxYB30="></latexit>

r2 ~A = �µ0
~J

<latexit sha1_base64="ULUKnZYS1pt6OuPjcUMx5nc/s0c="></latexit>

~r · ~A = 0

<latexit sha1_base64="3vXSbbcJtL6+O3oXVrQcAW4dTdw="></latexit>

1
=

1

r

P1
`=0

⇣r0

r

⌘`
P`(cos ✓0)

<latexit sha1_base64="wnsE1mQ1GOvjA7pOYlqbxsUV9CM="></latexit>

~A(~r ) =
µ0

4⇡

Z ~J(~r 0)
d⌧ 0 =

µ0

4⇡

Z ~I(~r 0)
d`0

<latexit sha1_base64="U0rw9bpGX2aLcCjHeXKwnODWodc="></latexit>)
<latexit sha1_base64="SWNsWrYAyCXRJbl3EwTfCgef4Ns="></latexit>
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r
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r2
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<latexit sha1_base64="zgr4MuJOxcVobdzyZxhwO12uyUY="></latexit>
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I
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<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>
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Expansão multipolar

<latexit sha1_base64="x2wKi2MZ8msCmTKu/4kuKwJU238="></latexit>

~B = ~r⇥ ~A

<latexit sha1_base64="Gsg/xa9NvpfMuC70WlWDpfxYB30="></latexit>

r2 ~A = �µ0
~J

<latexit sha1_base64="ULUKnZYS1pt6OuPjcUMx5nc/s0c="></latexit>

~r · ~A = 0

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

~I

d~̀

~r

~

~r 0

~B

<latexit sha1_base64="aX6WMWj0KEgRSe6NyWF8wSXAGx4="></latexit>

~m = I~a



Pratique o que aprendeu      

<latexit sha1_base64="3xs2ZjoIOjViimudUhfeZakRcB0=">AAAJ23ic5VbLj+M0GM8ur2l4zcCRi5dRpUXMZJs+5gHb0SIucFvQzu5KTbZyHDexxomD7fSxVk7cEFeOXOHOf8N/g+10mkmnIyTghtWqn77v972/z3VUUCJkr/fnvftvvPnW2+/sddx333v/gw/3Dz56LljJEb5EjDL+MoICU5LjS0kkxS8LjmEWUfwiuvrayF/MMReE5c/kqsBhBpOczAiCUrOm+wfBHCOQgTH4FlgSTvcPe95weDIc9YDv9ewBPa836J0MzjecQ2d9nk4P9v4IYobKDOcSUSjExO8VMlSQS4IortygFLiA6AomeLL0/RxmWIRqaYOvQFdLYzBjXH9zCSz3poqCmRCrLNLIDMpUbMsMc5dsUsrZWahIXpQS56h2NCspkAyYS </latexit>

~m = I~a

<latexit sha1_base64="mLenz/Gzky9+rQeL8XoDS/Z2NZY="></latexit>

~m =?



Pratique o que aprendeu      

<latexit sha1_base64="3xs2ZjoIOjViimudUhfeZakRcB0=">AAAJ23ic5VbLj+M0GM8ur2l4zcCRi5dRpUXMZJs+5gHb0SIucFvQzu5KTbZyHDexxomD7fSxVk7cEFeOXOHOf8N/g+10mkmnIyTghtWqn77v972/z3VUUCJkr/fnvftvvPnW2+/sddx333v/gw/3Dz56LljJEb5EjDL+MoICU5LjS0kkxS8LjmEWUfwiuvrayF/MMReE5c/kqsBhBpOczAiCUrOm+wfBHCOQgTH4FlgSTvcPe95weDIc9YDv9ewBPa836J0MzjecQ2d9nk4P9v4IYobKDOcSUSjExO8VMlSQS4IortygFLiA6AomeLL0/RxmWIRqaYOvQFdLYzBjXH9zCSz3poqCmRCrLNLIDMpUbMsMc5dsUsrZWahIXpQS56h2NCspkAyYS </latexit>

~m = I~a

<latexit sha1_base64="KfImveHDtr9fwWKOxaPgfd+WugA="></latexit>

~m = Iw2(ŷ + ẑ)



Expansão multipolar

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="IkHMyryFgDrRULpZ/N2//0zesdA="></latexit>
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~
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~A



Expansão multipolar

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="IkHMyryFgDrRULpZ/N2//0zesdA="></latexit>

~m = mẑ

~I

d~̀

~r

~

~r 0

~A

<latexit sha1_base64="oGfY/K8Rujt5mcimHVU3BiuWzyA="></latexit>

~r = sŝ+ zẑ



Expansão multipolar

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="IkHMyryFgDrRULpZ/N2//0zesdA="></latexit>

~m = mẑ

~I

d~̀

~r

~

~r 0

~A

<latexit sha1_base64="oGfY/K8Rujt5mcimHVU3BiuWzyA="></latexit>

~r = sŝ+ zẑ

<latexit sha1_base64="R6xGC2Zx1PghEn38FKwXFuScxz0="></latexit>

~m⇥ ~r = s~m⇥ ŝ



Expansão multipolar

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="IkHMyryFgDrRULpZ/N2//0zesdA="></latexit>

~m = mẑ

~I

d~̀

~r

~

~r 0

~A

<latexit sha1_base64="oGfY/K8Rujt5mcimHVU3BiuWzyA="></latexit>

~r = sŝ+ zẑ

<latexit sha1_base64="R6xGC2Zx1PghEn38FKwXFuScxz0="></latexit>

~m⇥ ~r = s~m⇥ ŝ

<latexit sha1_base64="0ljmfSfFZiuch2CKMdKBdUNj/eI="></latexit>

~m⇥ ~r = smẑ ⇥ ŝ



Expansão multipolar

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="IkHMyryFgDrRULpZ/N2//0zesdA="></latexit>

~m = mẑ

~I

d~̀

~r

~

~r 0

~A

<latexit sha1_base64="oGfY/K8Rujt5mcimHVU3BiuWzyA="></latexit>

~r = sŝ+ zẑ

<latexit sha1_base64="R6xGC2Zx1PghEn38FKwXFuScxz0="></latexit>

~m⇥ ~r = s~m⇥ ŝ

<latexit sha1_base64="zkdBZoASwKtZWYYgT0ZotSjT3AA="></latexit>

~m⇥ ~r = smẑ ⇥ ŝ = sm�̂



Expansão multipolar

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="IkHMyryFgDrRULpZ/N2//0zesdA="></latexit>

~m = mẑ

~I

d~̀

~r

~

~r 0

~A

<latexit sha1_base64="oGfY/K8Rujt5mcimHVU3BiuWzyA="></latexit>

~r = sŝ+ zẑ

<latexit sha1_base64="R6xGC2Zx1PghEn38FKwXFuScxz0="></latexit>

~m⇥ ~r = s~m⇥ ŝ

<latexit sha1_base64="zkdBZoASwKtZWYYgT0ZotSjT3AA="></latexit>

~m⇥ ~r = smẑ ⇥ ŝ = sm�̂

<latexit sha1_base64="UC6u/KIWpR4t1PS3A0luMIlclds="></latexit>

~m⇥ r̂ =
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r
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Expansão multipolar

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="IkHMyryFgDrRULpZ/N2//0zesdA="></latexit>

~m = mẑ

~I

d~̀

~r

~

~r 0

~A

<latexit sha1_base64="oGfY/K8Rujt5mcimHVU3BiuWzyA="></latexit>

~r = sŝ+ zẑ

<latexit sha1_base64="R6xGC2Zx1PghEn38FKwXFuScxz0="></latexit>

~m⇥ ~r = s~m⇥ ŝ

<latexit sha1_base64="zkdBZoASwKtZWYYgT0ZotSjT3AA="></latexit>

~m⇥ ~r = smẑ ⇥ ŝ = sm�̂

<latexit sha1_base64="93UVT5VkkYtbIMhUN/33i17q5RM="></latexit>

~A =
µ0

4⇡
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�̂

<latexit sha1_base64="UC6u/KIWpR4t1PS3A0luMIlclds="></latexit>
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r
�̂

<latexit sha1_base64="U0rw9bpGX2aLcCjHeXKwnODWodc="></latexit>)



Coordenadas esféricas
<latexit sha1_base64="fERH7+1iUWSPxQawkyG43Feoeq4="></latexit>

d~̀= dr r̂ + r d✓ ✓̂ + r sin ✓ d� �̂

<latexit sha1_base64="NBUHDNwIB4avpdcIM649osnF040="></latexit>
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1
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�̂

<latexit sha1_base64="V2MfcfmuYwlyRx9RdUNP9JDEVrA="></latexit>
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r
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<latexit sha1_base64="GAE1V3k5d6niluLDC9VoC/7k6KU="></latexit>
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1
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<latexit sha1_base64="y7aBsBMuIg21RivyQ+Avxwtf9l4="></latexit>
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1
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⇣
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⇣
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Expansão multipolar

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="IkHMyryFgDrRULpZ/N2//0zesdA="></latexit>

~m = mẑ

~I

d~̀

~r

~

~r 0

~A

<latexit sha1_base64="oGfY/K8Rujt5mcimHVU3BiuWzyA="></latexit>

~r = sŝ+ zẑ

<latexit sha1_base64="6/v25y9haN1OREoBejzMZbzvyu0="></latexit>

~m⇥ r̂ = s~m⇥ ŝ = sm�̂

<latexit sha1_base64="93UVT5VkkYtbIMhUN/33i17q5RM="></latexit>

~A =
µ0

4⇡

m sin ✓

r2
�̂
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Magnetismo em materiais

⃗∇ ⋅ ⃗D = ρ

⃗∇ × ⃗E = −
∂ ⃗B
∂t

⃗∇ ⋅ ⃗B = 0

⃗∇ × ⃗H = ⃗j + ϵ0
∂ ⃗D
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Eletromagnetismo



Magnetismo em materiais


•Paramagnéticos


•Diamagnéticos


•Ferromagnéticos


•Antiferromagnéticos


4 CLASSES
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Magnetismo em materiais
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Magnetismo em materiais


•Ferromagnéticos




Magnetismo em materiais


•Antiferromagnéticos




Magnetismo em materiais




M
<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="qpznNZ/SIRgK/Gxic1XE7foVyjE="></latexit>

~M =
�~m

�⌧
<latexit sha1_base64="GtqzQGWaYwxFt4pxeuLb0GbmFVk="></latexit>

~A(~r ) =
µ0

4⇡

Z ~M(~r0)⇥ ˆ
2

d⌧ 0

CAMPO 
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Magnetização

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="qpznNZ/SIRgK/Gxic1XE7foVyjE="></latexit>

~M =
�~m

�⌧
<latexit sha1_base64="GtqzQGWaYwxFt4pxeuLb0GbmFVk="></latexit>

~A(~r ) =
µ0

4⇡

Z ~M(~r0)⇥ ˆ
2

d⌧ 0

<latexit sha1_base64="ngixjNmWlpExJ649AaAEgHhHHt8="></latexit>

~A(~r ) =
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4⇡

Z
~M(~r0)⇥ ~r0

 
1
!
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Magnetização

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="qpznNZ/SIRgK/Gxic1XE7foVyjE="></latexit>

~M =
�~m

�⌧
<latexit sha1_base64="GtqzQGWaYwxFt4pxeuLb0GbmFVk="></latexit>

~A(~r ) =
µ0

4⇡

Z ~M(~r0)⇥ ˆ
2

d⌧ 0

<latexit sha1_base64="AG0P7oKiEpj+AKAtYuG+FtZqwPk="></latexit>

~A(~r ) =
µ0

4⇡

Z
~M(~r0)⇥ ~r0

 
1
!
d⌧ 0

<latexit sha1_base64="C8f756oJMtd4TpuP4PWAkiCx1DQ="></latexit>

~r0
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= ~r0
 

1
!
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⇥ ~M(~r0)
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Magnetização

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="qpznNZ/SIRgK/Gxic1XE7foVyjE="></latexit>

~M =
�~m

�⌧
<latexit sha1_base64="GtqzQGWaYwxFt4pxeuLb0GbmFVk="></latexit>

~A(~r ) =
µ0

4⇡

Z ~M(~r0)⇥ ˆ
2

d⌧ 0

<latexit sha1_base64="ngixjNmWlpExJ649AaAEgHhHHt8="></latexit>

~A(~r ) =
µ0

4⇡

Z
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!
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<latexit sha1_base64="XLuDhAaCc2ifROlUqirJl0UQwhQ="></latexit>
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Z
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Z
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Magnetização

<latexit sha1_base64="WWMaWeiELHMMo2tjGGgHYpfH5t4="></latexit>

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

<latexit sha1_base64="qpznNZ/SIRgK/Gxic1XE7foVyjE="></latexit>

~M =
�~m

�⌧
<latexit sha1_base64="GtqzQGWaYwxFt4pxeuLb0GbmFVk="></latexit>

~A(~r ) =
µ0

4⇡

Z ~M(~r0)⇥ ˆ
2

d⌧ 0

<latexit sha1_base64="ngixjNmWlpExJ649AaAEgHhHHt8="></latexit>

~A(~r ) =
µ0

4⇡

Z
~M(~r0)⇥ ~r0

 
1
!
d⌧ 0

<latexit sha1_base64="XLuDhAaCc2ifROlUqirJl0UQwhQ="></latexit>

~A(~r ) =
µ0

4⇡

Z
1 ~r⇥ ~M(~r0) d⌧ 0 � µ0

4⇡

Z
~r⇥

 
~M(~r0)

!
d⌧ 0

<latexit sha1_base64="tFtFUOCctA3xGB3ouTMGxP3h6uA="></latexit>

~A(~r ) =
µ0

4⇡

Z
1 ~r⇥ ~M(~r0) d⌧ 0 � µ0

4⇡

Z
1 ~M(~r0)⇥ d~a0



Magnetização


<latexit sha1_base64="tFtFUOCctA3xGB3ouTMGxP3h6uA="></latexit>

~A(~r ) =
µ0

4⇡

Z
1 ~r⇥ ~M(~r0) d⌧ 0 � µ0

4⇡

Z
1 ~M(~r0)⇥ d~a0



Magnetização

<latexit sha1_base64="tFtFUOCctA3xGB3ouTMGxP3h6uA=">AAAKfXic5VZbb9s2FJa7W6pdmm5Pw17YBUYSzNEsO46drc5a7KV7GNANTVvAdAOKoiUi1GUUFdsl9Ke2X7Nfsx1Sjh07DoZd3kZYEHEu37kfK8gFL1S7/Xvj3jvvvvf+Bzv33Q8/+viTB7sPP31ZZKWk7JxmIpOvA1IwwVN2rrgS7HUuGUkCwV4Fl98b/qsrJguepS/UPGfjhEQpn3BKFJAudn/DV4zqp9WBfcsKtw7RECEcTi </latexit>

~A(~r ) =
µ0

4⇡

Z
1 ~r⇥ ~M(~r0) d⌧ 0 � µ0

4⇡

Z
1 ~M(~r0)⇥ d~a0



Magnetização


<latexit sha1_base64="+0bUG2WopJIxh+hBmCA4kKTwp1w=">AAAKNnic5VbLbxtFGN+EV7w8msKRy5TUIhWO8dpx4kA3KuoFISEVaNpKXjeanR3vjjL76MysHx3tP8WJv4MbF26IK0eOfDPrxLHjCAm4MbLl0fd+/L7PExacSdXp/LK1/cabb739zk7Dffe99z+4s3v3w2cyLwWhZyTnuXgRYkk5y+iZYorTF4WgOA05fR5ePDb85xMqJMuzp2pe0FGK44yNGcEKSOe7PFAkzGdDsDQWOKX+0z </latexit>

~r⇥ ~M(~r0) ⌘ ~Jb

<latexit sha1_base64="9chtCmOc+sxuRFAxQ3j9rjm67yA="></latexit>

~M(~r0)⇥ n̂ ⌘ ~Kb

<latexit sha1_base64="5FoDs0NihpzjRFWbqEyOZaRkpZg=">AAAKfnic5VZbbyM1FJ4stzJctgtv8OKlCm21aTaTNG0Km6orXgAJaUF7k+Js5fE4M1Y9FzyeJlnLfwrxZ/g3HHvSpklTIS5vWIlinct37icOC8FL1en80bj3zrvvvf/B1of+Rx9/8un97QefvSzzSlL2guYil69DUjLBM/ZCcSXY60IykoaCvQovvrP8V5dMljzPnqt5wcYpiTM+4ZQoIJ1v/44vGdVPzZ77lQa39tEQIRxNJK </latexit>

~A(~r ) =
µ0

4⇡

Z
1 ~r⇥ ~M(~r0) d⌧ 0 +

µ0

4⇡

Z
1 ~M(~r0)⇥ n̂ da0

<latexit sha1_base64="LwB/JI09xGLJvr2mFGc8yP++ZOY=">AAAKdXic5VZbbxtFFLbLLV0uTeARIU0JJonqbL12HDtQR4l4QfBSUNNW8rrR7Ox4d5S9MTMb2x3NL+KNf8Mv4ZUzs3YcO45AwBsjr3Z0Lt+5H29QJEzIVuv3+oN33n3v/Q+2HjoffvTxJ4+2dz59KfKSE3pB8iTnrwMsaMIyeiGZTOjrglOcBgl9FVx9Z/ivrikXLM9eyFlBRymOMjZmBEsgXW7/6l9Tos71vn1z7TcP0AAhPx </latexit>

~A(~r ) =
µ0

4⇡

Z ~Jb (
~r0)

d⌧ 0 +
µ0

4⇡

Z ~Kb (
~r0)

da0


