
Eletromagnetismo
Aula de 17 de maio 

Eletrostática
⃗∇ ⋅ ⃗D =

ρ
ϵ0

⃗∇ × ⃗E = −
∂ ⃗B
∂t

⃗∇ ⋅ ⃗B = 0

⃗∇ × ⃗H = ⃗j + ϵ0
∂ ⃗D
∂t



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�
@�
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z

r

s ⌘ r sin ✓

r
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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
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1
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⇣
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]�̂



Coordenadas cilíndricas
<latexit sha1_base64="wmpmwXa3OYVAiC3P8ERkLBonqyQ="></latexit>

d~̀= ds ŝ+ s d� �̂+ dz ẑ

<latexit sha1_base64="WGxgvgFBgVe99YHIlqFwCSCLvRg="></latexit>

~rT =
@T

@s
ŝ+

1

s

@T

@�
�̂+

@T

@z
ẑ

<latexit sha1_base64="JsZJm4xeGpv2TkKb8sfzhxv/cPY="></latexit>

~r · ~v =
1

s

@(svs)

@s
+

1

s

@v�
@�

+
@vz
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z
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z

s

ŝ

�̂

ẑ

<latexit sha1_base64="vjaIIb5lL1qb8b27GD/NmU5EDD0="></latexit>

~r⇥ ~v =

 
1

s

@vz
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� @v�
@z

!
ŝ+
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<latexit sha1_base64="yisGU2UklKFtw6nQOQZCpEaKUQI="></latexit>
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1

s

@

@s

 
s
@T

@s

!
+

1

s2
@2T

@�2
+

@2T

@z2



Eletrostática
Campo de distribuição de cargas

<latexit sha1_base64="dcpXlVOInueQTXtirwuOhMBy/CU="></latexit>

~E =
1

4⇡✏0

Z
1
2
ˆ dq

~

P

d⌧

~E

<latexit sha1_base64="iR6nje0I1moB8V+kQjk+RWeGoik="></latexit>

~r⇥ ~E=0

<latexit sha1_base64="tOIPAlCRZd4bhTZ7c9TWgng2Avc="></latexit>

~r · ~E =
⇢

✏0



Potencial elétrico
<latexit sha1_base64="iR6nje0I1moB8V+kQjk+RWeGoik="></latexit>

~r⇥ ~E=0
z

x y
O

P
~r

<latexit sha1_base64="hVaLeuKbR52p7RhyhPAVNhYSA44="></latexit>

V (P ) = �
Z ~r

O

~E · d~̀



Diferença de potencial
<latexit sha1_base64="iR6nje0I1moB8V+kQjk+RWeGoik="></latexit>

~r⇥ ~E=0
z

x y
A

B

O

<latexit sha1_base64="wmqWsOy234xh4wRu6Td+7giWvlI="></latexit>

�V = �
Z ~rb

~ra

~E · d~̀

<latexit sha1_base64="N6z2JZvKl8EDQM/fCGdg0AOIUHg="></latexit>

~E = � ~rV



Potencial de uma carga

<latexit sha1_base64="XeQtSPDuEHdfg5wmvg4KcaqbUO0="></latexit>

V (~r) =
1

4⇡✏0

q

r

Referência no infinito

<latexit sha1_base64="Wsn2EMx1E0vnZ36fufXMznyYTq8="></latexit>

V (P ) =

Z
O

P

~E · d~̀



Potencial de distribuição de cargas
P

dq

<latexit sha1_base64="6EKP4GHdpD7czSCC95foH5y06Hk="></latexit>

V (P ) =
1

4⇡✏0

Z

V

1
dq



Pratique o que aprendeu       

R

r

P

⇢

<latexit sha1_base64="/hXkS5FvBJ8669njzpenTgxzGaQ="></latexit>

�V =

Z ~ra

~rb

~E · d~̀



Pratique o que aprendeu       

R

r

P

⇢

r > R
<latexit sha1_base64="pzjpP2VpURkw9ojfg4UcnECamoI="></latexit>

V (r) =
1

4⇡✏0

q

r

<latexit sha1_base64="/hXkS5FvBJ8669njzpenTgxzGaQ="></latexit>

�V =

Z ~ra

~rb

~E · d~̀



Pratique o que aprendeu       

R

r

P

⇢

r > R
<latexit sha1_base64="pzjpP2VpURkw9ojfg4UcnECamoI="></latexit>

V (r) =
1

4⇡✏0

q

r

q =
4πR3

3
ρ

<latexit sha1_base64="/hXkS5FvBJ8669njzpenTgxzGaQ="></latexit>

�V =

Z ~ra

~rb

~E · d~̀



Pratique o que aprendeu       

R

r

P

⇢

r > R
<latexit sha1_base64="pzjpP2VpURkw9ojfg4UcnECamoI="></latexit>

V (r) =
1

4⇡✏0

q

r

q =
4πR3

3
ρ

<latexit sha1_base64="iyxVmcMMgf3NU1l/RqtdrWP8ysk="></latexit>

V (r) =
R3

3✏0

⇢

r

<latexit sha1_base64="/hXkS5FvBJ8669njzpenTgxzGaQ="></latexit>

�V =

Z ~ra

~rb

~E · d~̀



Pratique o que aprendeu       

R

r

P

⇢

r = R
<latexit sha1_base64="pzjpP2VpURkw9ojfg4UcnECamoI="></latexit>

V (r) =
1

4⇡✏0

q

r

q =
4πR3

3
ρ

<latexit sha1_base64="iyxVmcMMgf3NU1l/RqtdrWP8ysk="></latexit>

V (r) =
R3

3✏0

⇢

r

<latexit sha1_base64="yFJNWujamuHq+f/CVZU30pJSwy0="></latexit>

V (r = R) =
R2

3✏0
⇢

<latexit sha1_base64="/hXkS5FvBJ8669njzpenTgxzGaQ="></latexit>

�V =

Z ~ra

~rb

~E · d~̀



Pratique o que aprendeu       

R

r

P

⇢

r < R
<latexit sha1_base64="yFJNWujamuHq+f/CVZU30pJSwy0="></latexit>

V (r = R) =
R2

3✏0
⇢

<latexit sha1_base64="/hXkS5FvBJ8669njzpenTgxzGaQ="></latexit>

�V =

Z ~ra

~rb

~E · d~̀



Pratique o que aprendeu       

R

r

P

⇢

r < R
<latexit sha1_base64="yFJNWujamuHq+f/CVZU30pJSwy0="></latexit>

V (r = R) =
R2

3✏0
⇢

<latexit sha1_base64="/hXkS5FvBJ8669njzpenTgxzGaQ="></latexit>

�V =

Z ~ra

~rb

~E · d~̀

<latexit sha1_base64="UGOgP8bjZigQpR9J1vPFtgehUi0="></latexit>

E(r) =
⇢

3✏0
r



Pratique o que aprendeu       

R

r

P

⇢

r < R
<latexit sha1_base64="yFJNWujamuHq+f/CVZU30pJSwy0="></latexit>

V (r = R) =
R2

3✏0
⇢

<latexit sha1_base64="/hXkS5FvBJ8669njzpenTgxzGaQ="></latexit>

�V =

Z ~ra

~rb

~E · d~̀

<latexit sha1_base64="UGOgP8bjZigQpR9J1vPFtgehUi0="></latexit>

E(r) =
⇢

3✏0
r

<latexit sha1_base64="MHWcazTBPiRQdf6vGFZ8tlHD6y4=">AAAGpnic5VTRbts2FFXb1Wu9bkvXx70wDYI6QCKIShwnWF0UGAb0aeiKJilguR5FXctEJJIgqcQuoed+TV+7b9nfjJRSJFoT9KGPpW2YuOfcc3nvIZjKgmkTRf/eun3nu7u97+/d7//w4Meffl57+MuxFpWicERFIdSblGgoGIcjw0wBb6QCUqYFnKSnv3v85AyUZoK/NisJ05LknM0ZJcaFZmvrxwO1tXM8eLWFxihh3MzU21 </latexit>

V (r)� V (R) =

Z R

r
E(r0) dr0



Pratique o que aprendeu       

R

r

P

⇢

r < R
<latexit sha1_base64="yFJNWujamuHq+f/CVZU30pJSwy0="></latexit>

V (r = R) =
R2

3✏0
⇢

<latexit sha1_base64="/hXkS5FvBJ8669njzpenTgxzGaQ="></latexit>

�V =

Z ~ra

~rb

~E · d~̀

<latexit sha1_base64="UGOgP8bjZigQpR9J1vPFtgehUi0="></latexit>

E(r) =
⇢

3✏0
r

<latexit sha1_base64="MHWcazTBPiRQdf6vGFZ8tlHD6y4=">AAAGpnic5VTRbts2FFXb1Wu9bkvXx70wDYI6QCKIShwnWF0UGAb0aeiKJilguR5FXctEJJIgqcQuoed+TV+7b9nfjJRSJFoT9KGPpW2YuOfcc3nvIZjKgmkTRf/eun3nu7u97+/d7//w4Meffl57+MuxFpWicERFIdSblGgoGIcjw0wBb6QCUqYFnKSnv3v85AyUZoK/NisJ05LknM0ZJcaFZmvrxwO1tXM8eLWFxihh3MzU21 </latexit>

V (r)� V (R) =

Z R

r
E(r0) dr0

<latexit sha1_base64="mQHG3o4eNnnqfMy/CMmDlwxTCK4=">AAAGs3ic5VRdb9s2FFW71uu8j6bb417YBQEcIBFEJYoTrC4K9KWPXdGkBSwnoKhriQhFEiSV2CX0L/Zr9rr9if2bUlKKRGuCPvRxtA0T95x7Lu89EjPFmbFR9O+9+988eDj69tF34+9/+PGnxxtPfj4xstYUjqnkUr/PiAHOBBxbZjm8VxpIlXF4l52/bPF3F6ANk+KtXStYVKQQbMkosT50thGeTPT27snkzTaaoTRfakJdqk </latexit>

V (r)� V (R) =
⇢

6✏0
(R2 � r2)



Pratique o que aprendeu       

R

r

P

⇢

r < R
<latexit sha1_base64="yFJNWujamuHq+f/CVZU30pJSwy0="></latexit>

V (r = R) =
R2

3✏0
⇢

<latexit sha1_base64="/hXkS5FvBJ8669njzpenTgxzGaQ="></latexit>

�V =

Z ~ra

~rb

~E · d~̀

<latexit sha1_base64="UGOgP8bjZigQpR9J1vPFtgehUi0="></latexit>

E(r) =
⇢

3✏0
r

<latexit sha1_base64="MHWcazTBPiRQdf6vGFZ8tlHD6y4=">AAAGpnic5VTRbts2FFXb1Wu9bkvXx70wDYI6QCKIShwnWF0UGAb0aeiKJilguR5FXctEJJIgqcQuoed+TV+7b9nfjJRSJFoT9KGPpW2YuOfcc3nvIZjKgmkTRf/eun3nu7u97+/d7//w4Meffl57+MuxFpWicERFIdSblGgoGIcjw0wBb6QCUqYFnKSnv3v85AyUZoK/NisJ05LknM0ZJcaFZmvrxwO1tXM8eLWFxihh3MzU21 </latexit>

V (r)� V (R) =

Z R

r
E(r0) dr0

<latexit sha1_base64="mQHG3o4eNnnqfMy/CMmDlwxTCK4=">AAAGs3ic5VRdb9s2FFW71uu8j6bb417YBQEcIBFEJYoTrC4K9KWPXdGkBSwnoKhriQhFEiSV2CX0L/Zr9rr9if2bUlKKRGuCPvRxtA0T95x7Lu89EjPFmbFR9O+9+988eDj69tF34+9/+PGnxxtPfj4xstYUjqnkUr/PiAHOBBxbZjm8VxpIlXF4l52/bPF3F6ANk+KtXStYVKQQbMkosT50thGeTPT27snkzTaaoTRfakJdqk </latexit>

V (r)� V (R) =
⇢

6✏0
(R2 � r2)

<latexit sha1_base64="OEMnE2hzMbSi7baendyWp048Y00="></latexit>

)V (r) =
⇢

2✏0
(R2 � r2

3
)



Pratique o que aprendeu       

z

O

<latexit sha1_base64="6EKP4GHdpD7czSCC95foH5y06Hk="></latexit>

V (P ) =
1

4⇡✏0

Z

V

1
dq

Potencial de uma casca esférica



Pratique o que aprendeu       

z

O

<latexit sha1_base64="6EKP4GHdpD7czSCC95foH5y06Hk="></latexit>

V (P ) =
1

4⇡✏0

Z

V

1
dq

Potencial de uma casca esférica
<latexit sha1_base64="UD4J7jky1lDMlXxoE/Lw01fB048="></latexit>

V (P ) =
1

4⇡✏0

Z

A

�

d
dA



Pratique o que aprendeu       

z

O

<latexit sha1_base64="6EKP4GHdpD7czSCC95foH5y06Hk="></latexit>

V (P ) =
1

4⇡✏0

Z

V

1
dq

Potencial de uma casca esférica
<latexit sha1_base64="UD4J7jky1lDMlXxoE/Lw01fB048="></latexit>

V (P ) =
1

4⇡✏0

Z

A

�

d
dA

<latexit sha1_base64="t5powTl1iIVBcjT5bi60+HNlyeY="></latexit>

d2 = R2 + z2 � 2~z · ~R



Pratique o que aprendeu       

z

O

<latexit sha1_base64="6EKP4GHdpD7czSCC95foH5y06Hk="></latexit>

V (P ) =
1

4⇡✏0

Z

V

1
dq

Potencial de uma casca esférica
<latexit sha1_base64="UD4J7jky1lDMlXxoE/Lw01fB048="></latexit>

V (P ) =
1

4⇡✏0

Z

A

�

d
dA

<latexit sha1_base64="t5powTl1iIVBcjT5bi60+HNlyeY="></latexit>

d2 = R2 + z2 � 2~z · ~R

<latexit sha1_base64="nrm9D+hUB/hYgWDk9tTBseIgOcM="></latexit>

d =
p

R2 + z2 � 2zR cos ✓



Pratique o que aprendeu       

z

O

<latexit sha1_base64="6EKP4GHdpD7czSCC95foH5y06Hk="></latexit>

V (P ) =
1

4⇡✏0

Z

V

1
dq

Potencial de uma casca esférica
<latexit sha1_base64="UD4J7jky1lDMlXxoE/Lw01fB048="></latexit>

V (P ) =
1

4⇡✏0

Z

A

�

d
dA

<latexit sha1_base64="t5powTl1iIVBcjT5bi60+HNlyeY="></latexit>

d2 = R2 + z2 � 2~z · ~R

<latexit sha1_base64="nrm9D+hUB/hYgWDk9tTBseIgOcM="></latexit>

d =
p

R2 + z2 � 2zR cos ✓

<latexit sha1_base64="qkcLt89v1L0L52JTMo59aaqh2wg="></latexit>

V =
�

4⇡✏0

Z 2⇡

0

Z 1

�1

R2

p
R2 + z2 � 2zRu

du d�



Pratique o que aprendeu       

z

O

<latexit sha1_base64="6EKP4GHdpD7czSCC95foH5y06Hk="></latexit>

V (P ) =
1

4⇡✏0

Z

V

1
dq

Potencial de uma casca esférica

<latexit sha1_base64="qkcLt89v1L0L52JTMo59aaqh2wg="></latexit>

V =
�

4⇡✏0

Z 2⇡

0

Z 1

�1

R2

p
R2 + z2 � 2zRu

du d�



Pratique o que aprendeu       

z

O

<latexit sha1_base64="6EKP4GHdpD7czSCC95foH5y06Hk="></latexit>

V (P ) =
1

4⇡✏0

Z

V

1
dq

Potencial de uma casca esférica
<latexit sha1_base64="qkcLt89v1L0L52JTMo59aaqh2wg="></latexit>

V =
�

4⇡✏0

Z 2⇡

0

Z 1

�1

R2

p
R2 + z2 � 2zRu

du d�



Pratique o que aprendeu       

z

O

<latexit sha1_base64="6EKP4GHdpD7czSCC95foH5y06Hk="></latexit>

V (P ) =
1

4⇡✏0

Z

V

1
dq

Potencial de uma casca esférica

<latexit sha1_base64="RhELYE0iklXE+vIXr4jpAZtpdp8="></latexit>

w = R2 + z2 � 2zRu

<latexit sha1_base64="qkcLt89v1L0L52JTMo59aaqh2wg="></latexit>

V =
�

4⇡✏0

Z 2⇡

0

Z 1

�1

R2

p
R2 + z2 � 2zRu

du d�



Pratique o que aprendeu       

z

O

<latexit sha1_base64="6EKP4GHdpD7czSCC95foH5y06Hk="></latexit>

V (P ) =
1

4⇡✏0

Z

V

1
dq

Potencial de uma casca esférica

<latexit sha1_base64="RhELYE0iklXE+vIXr4jpAZtpdp8="></latexit>

w = R2 + z2 � 2zRu

<latexit sha1_base64="XndioxsJ2pIlQ2bzepX/0s2+b/E="></latexit>

dw = �2zR du

<latexit sha1_base64="RHDXjz79RhFni598r6B9fehYS/M="></latexit>

w =

(
(z �R)2 (u = 1)

(z +R)2 (u = �1)

<latexit sha1_base64="qkcLt89v1L0L52JTMo59aaqh2wg="></latexit>

V =
�

4⇡✏0

Z 2⇡

0

Z 1

�1

R2

p
R2 + z2 � 2zRu

du d�



Pratique o que aprendeu       

z

O

<latexit sha1_base64="6EKP4GHdpD7czSCC95foH5y06Hk="></latexit>

V (P ) =
1

4⇡✏0

Z

V

1
dq

Potencial de uma casca esférica

<latexit sha1_base64="RhELYE0iklXE+vIXr4jpAZtpdp8="></latexit>

w = R2 + z2 � 2zRu

<latexit sha1_base64="XndioxsJ2pIlQ2bzepX/0s2+b/E="></latexit>

dw = �2zR du

<latexit sha1_base64="RHDXjz79RhFni598r6B9fehYS/M="></latexit>

w =

(
(z �R)2 (u = 1)

(z +R)2 (u = �1)

<latexit sha1_base64="YhOEV9raDAx2Zysa6x53oScg8uc="></latexit>

V =
2⇡�

4⇡✏0

(�R)

2z

Z (z�R)2

(z+R)2

dwp
w

<latexit sha1_base64="qkcLt89v1L0L52JTMo59aaqh2wg="></latexit>

V =
�

4⇡✏0

Z 2⇡

0

Z 1

�1

R2

p
R2 + z2 � 2zRu

du d�



Pratique o que aprendeu       

z

O

<latexit sha1_base64="6EKP4GHdpD7czSCC95foH5y06Hk="></latexit>

V (P ) =
1

4⇡✏0

Z

V

1
dq

Potencial de uma casca esférica

<latexit sha1_base64="RhELYE0iklXE+vIXr4jpAZtpdp8="></latexit>

w = R2 + z2 � 2zRu

<latexit sha1_base64="XndioxsJ2pIlQ2bzepX/0s2+b/E="></latexit>

dw = �2zR du

<latexit sha1_base64="RHDXjz79RhFni598r6B9fehYS/M="></latexit>

w =

(
(z �R)2 (u = 1)

(z +R)2 (u = �1)

<latexit sha1_base64="YhOEV9raDAx2Zysa6x53oScg8uc="></latexit>

V =
2⇡�

4⇡✏0

(�R)

2z

Z (z�R)2

(z+R)2

dwp
w

<latexit sha1_base64="xEw2tsB7YCOgxSVYsNYijSDUmoQ="></latexit>

V =
�

4✏0

(�R)

z

⇣
2
p
w
⌘(z�R)2

(z+R)2

<latexit sha1_base64="qkcLt89v1L0L52JTMo59aaqh2wg="></latexit>

V =
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