
30 de junho de 2021

Magnetostática

⃗∇ ⋅ ⃗D = ρ

⃗∇ × ⃗E = −
∂ ⃗B
∂t

⃗∇ ⋅ ⃗B = 0

⃗∇ × ⃗H = ⃗j + ϵ0
∂ ⃗D
∂t

Eletromagnetismo



Potencial vetor


<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="moVGPCSg1uyu8OC+BoyxO7Ajyy8="></latexit>

~r · ~B = 0

<latexit sha1_base64="247B3EVWKPJKoiBYu/8vHCVaOKo="></latexit>

~r⇥ ~B = µ0
~J

<latexit sha1_base64="qDgtbbd2QzRKM+5nl7P1BYG1u3k="></latexit>"
r2V = � ⇢

✏0

#

<latexit sha1_base64="TgDATmZ6M71Xcr5LBew5x2+MVI8="></latexit>"
V (~r) =

1

4⇡✏0

Z
⇢(~r0)

d⌧ 0
#

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

~r · ~A = 0



Pratique o que aprendeu      

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

~B = ~r⇥ ~A

K

z

y
x

<latexit sha1_base64="i3PHLuOPSqo70mCYWgCw+XXVOZg="></latexit>

r2 ~A = �µ0
~J



Pratique o que aprendeu      

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

~B = ~r⇥ ~A

K

z

y
x

<latexit sha1_base64="kR/QEmK7PWcvwYWS+C0x5XjKHwg="></latexit>

~K = Kx̂

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

�

z

y

x

<latexit sha1_base64="bqgpm8KKFAWisSe2q55IquCItx0="></latexit>

Ax(~r ) $ V (~r )

<latexit sha1_base64="i3PHLuOPSqo70mCYWgCw+XXVOZg="></latexit>

r2 ~A = �µ0
~J



Pratique o que aprendeu      

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

~B = ~r⇥ ~A

K

z

y
x

<latexit sha1_base64="kR/QEmK7PWcvwYWS+C0x5XjKHwg="></latexit>

~K = Kx̂

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

�

z

y

x

<latexit sha1_base64="bqgpm8KKFAWisSe2q55IquCItx0="></latexit>

Ax(~r ) $ V (~r )

<latexit sha1_base64="i3PHLuOPSqo70mCYWgCw+XXVOZg="></latexit>

r2 ~A = �µ0
~J

<latexit sha1_base64="JfLP+WmAWXMkc5z5Kl27Xu5RDWE="></latexit>

V (~r ) = � �

2✏0
z



Pratique o que aprendeu      

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

~B = ~r⇥ ~A

K

z

y
x

<latexit sha1_base64="kR/QEmK7PWcvwYWS+C0x5XjKHwg="></latexit>

~K = Kx̂

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

�

z

y

x

<latexit sha1_base64="bqgpm8KKFAWisSe2q55IquCItx0="></latexit>

Ax(~r ) $ V (~r )

<latexit sha1_base64="8AeVBK/xDE1yw5ZHhqMarELv4VM="></latexit>

Ax(~r ) = �µ0

K

2
z

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

<latexit sha1_base64="i3PHLuOPSqo70mCYWgCw+XXVOZg="></latexit>

r2 ~A = �µ0
~J

<latexit sha1_base64="JfLP+WmAWXMkc5z5Kl27Xu5RDWE="></latexit>

V (~r ) = � �

2✏0
z



Pratique o que aprendeu      


<latexit sha1_base64="8AeVBK/xDE1yw5ZHhqMarELv4VM="></latexit>

Ax(~r ) = �µ0

K

2
z

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

~B = ~r⇥ ~A

K

z

y
x

<latexit sha1_base64="kR/QEmK7PWcvwYWS+C0x5XjKHwg="></latexit>

~K = Kx̂

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

++++++++++

�

z

y

x

<latexit sha1_base64="bqgpm8KKFAWisSe2q55IquCItx0="></latexit>

Ax(~r ) $ V (~r )

<latexit sha1_base64="Wz9fgIEPxoHKIB9cDB1XhVHU7uI="></latexit>

~B = �µ0

K

2
ŷ

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

<latexit sha1_base64="i3PHLuOPSqo70mCYWgCw+XXVOZg="></latexit>

r2 ~A = �µ0
~J

<latexit sha1_base64="JfLP+WmAWXMkc5z5Kl27Xu5RDWE="></latexit>

V (~r ) = � �

2✏0
z



Pratique o que aprendeu      

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

~B = ~r⇥ ~A

K

z

y
x

<latexit sha1_base64="kR/QEmK7PWcvwYWS+C0x5XjKHwg="></latexit>

~K = Kx̂

<latexit sha1_base64="bqgpm8KKFAWisSe2q55IquCItx0="></latexit>

Ax(~r ) $ V (~r )

<latexit sha1_base64="U0rw9bpGX2aLcCjHeXKwnODWodc="></latexit>)
<latexit sha1_base64="8AeVBK/xDE1yw5ZHhqMarELv4VM="></latexit>

Ax(~r ) = �µ0

K

2
z

<latexit sha1_base64="Wz9fgIEPxoHKIB9cDB1XhVHU7uI="></latexit>

~B = �µ0

K

2
ŷ

<latexit sha1_base64="i3PHLuOPSqo70mCYWgCw+XXVOZg="></latexit>

r2 ~A = �µ0
~J

<latexit sha1_base64="JfLP+WmAWXMkc5z5Kl27Xu5RDWE="></latexit>

V (~r ) = � �

2✏0
z



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

~I

d~̀

~r

~

~r 0

~B



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
=

1

r

P1
`=0

⇣r0

r

⌘`
P`(cos ✓0)

~I

d~̀

~r

~

~r 0

~B



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>

~A(~r ) =
µ0I

4⇡r

I
d~̀0

~I

d~̀

~r

~

~r 0

~B



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>

`  1 ) 1 ⇡ 1

r
+

r0

r2
cos ✓

<latexit sha1_base64="zgr4MuJOxcVobdzyZxhwO12uyUY="></latexit>

~A(~r ) =
µ0I

4⇡r

I
d~̀0 +

µ0

4⇡r2

I
r0 cos ✓0d~̀

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

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

~I

d~̀

~r

~

~r 0

~B



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>

~m = mẑ

~I

d~̀

~r

~

~r 0

~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

<latexit sha1_base64="LZA3oJnPJyZ5fB8YiiJOL424vpM="></latexit>

~m⇥ r̂ = 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="6/v25y9haN1OREoBejzMZbzvyu0="></latexit>

~m⇥ r̂ = s~m⇥ 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="6/v25y9haN1OREoBejzMZbzvyu0="></latexit>

~m⇥ r̂ = s~m⇥ ŝ = sm�̂

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

~A =
µ0

4⇡

m sin ✓

r2
�̂



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

d~̀= dr r̂ + r d✓ ✓̂ + r sin ✓ d� �̂

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

~rt =
@t

@r
r̂ +

1

r

@t

@✓
✓̂ +

1

r sin ✓

@t

@�
�̂

<latexit sha1_base64="V2MfcfmuYwlyRx9RdUNP9JDEVrA="></latexit>

~r · ~v =
1

r2
@(r2vr)

@r
+

1

r sin ✓

@(sin ✓v✓)

@✓
+

1

r sin ✓

@v�
@�

x

y

z

r

s ⌘ r sin ✓

r
co
s
✓✓

�

r̂

✓̂

�̂

<latexit sha1_base64="GAE1V3k5d6niluLDC9VoC/7k6KU="></latexit>

r2t =
1

r2
@

@r

✓
r2

@t

@r

◆
+

1

r2 sin ✓

@

@✓

✓
sin ✓

@t

@✓

◆
+

1

r2 sin2 ✓

@2t

@�2

<latexit sha1_base64="y7aBsBMuIg21RivyQ+Avxwtf9l4="></latexit>

~r⇥ ~v =
1

r sin ✓

h @

@✓

⇣
sin ✓v�

⌘
�

@v✓
@�

i
r̂

+
1

r

h 1

sin ✓

@vr
@�

� @

@r

⇣
rv�

⌘i
✓̂ +

1

r

h @

@r

⇣
r v✓

⌘
� @vr

@✓
]�̂



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
�̂



30 de junho de 2021

Magnetismo em materiais

⃗∇ ⋅ ⃗D = ρ

⃗∇ × ⃗E = −
∂ ⃗B
∂t

⃗∇ ⋅ ⃗B = 0

⃗∇ × ⃗H = ⃗j + ϵ0
∂ ⃗D
∂t

Eletromagnetismo



Magnetismo em materiais


•Paramagnéticos


•Diamagnéticos


•Ferromagnéticos


•Antiferromagnéticos




Magnetismo em materiais
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Magnetismo em materiais


•Diamagnéticos




Magnetismo em materiais


•Ferromagnéticos




Magnetismo em materiais


•Antiferromagnéticos




Magnetização

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

~A(~r ) =
µ0

4⇡

~m⇥ r̂

r2

x

y
z


