
Eletromagnetismo
Aula de 3 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>
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1
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<latexit sha1_base64="V2MfcfmuYwlyRx9RdUNP9JDEVrA="></latexit>
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<latexit sha1_base64="GAE1V3k5d6niluLDC9VoC/7k6KU="></latexit>
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<latexit sha1_base64="G/Uqxbv5OjQjaYHWti7/MJVZuKk="></latexit>
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Coordenadas cilíndricas
<latexit sha1_base64="wmpmwXa3OYVAiC3P8ERkLBonqyQ="></latexit>

d~̀= ds ŝ+ s d� �̂+ dz ẑ

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

~rT =
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ẑ

<latexit sha1_base64="JsZJm4xeGpv2TkKb8sfzhxv/cPY="></latexit>
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<latexit sha1_base64="vjaIIb5lL1qb8b27GD/NmU5EDD0="></latexit>
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<latexit sha1_base64="yisGU2UklKFtw6nQOQZCpEaKUQI="></latexit>
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Eletrostática
Lei de Coulomb

<latexit sha1_base64="lZowBqyiU6G5cNtl7VtApREYSDQ="></latexit>

~F =
1

4⇡✏0

qQ
2
ˆ

<latexit sha1_base64="oS/YElGGQe8goyNVEkR69GfTxqQ="></latexit>

✏0 = 8.85⇥ 10�12 C2

Nm2

<latexit sha1_base64="DUSt7fuXsFlDYQjmo88Sv7ae9XQ="></latexit>

~ = ~R� ~r



Eletrostática
Lei de Coulomb

<latexit sha1_base64="lZowBqyiU6G5cNtl7VtApREYSDQ="></latexit>

~F =
1

4⇡✏0

qQ
2
ˆ

<latexit sha1_base64="oS/YElGGQe8goyNVEkR69GfTxqQ="></latexit>

✏0 = 8.85⇥ 10�12 C2

Nm2

<latexit sha1_base64="DUSt7fuXsFlDYQjmo88Sv7ae9XQ="></latexit>

~ = ~R� ~r

<latexit sha1_base64="tVwsJJWqeONSkNvoGL1PULaAXM4="></latexit>

~F =
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Q
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qi~ i
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i



Eletrostática
Campo elétrico

<latexit sha1_base64="tVwsJJWqeONSkNvoGL1PULaAXM4="></latexit>

~F =
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4⇡✏0
Q
X

i

qi~ i
3
i



Eletrostática
Campo elétrico

<latexit sha1_base64="tVwsJJWqeONSkNvoGL1PULaAXM4="></latexit>

~F =
1

4⇡✏0
Q
X

i

qi~ i
3
i

<latexit sha1_base64="QTKF/lhVxIvVuuruXba1Y2VJaFY="></latexit>

~E =
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X
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3
i

⃗F = Q ⃗E



Eletrostática
Distribuição de cargas

<latexit sha1_base64="QTKF/lhVxIvVuuruXba1Y2VJaFY="></latexit>

~E =
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4⇡✏0

X
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qi~ i
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i ~
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~E



Eletrostática
Distribuição de cargas

<latexit sha1_base64="QTKF/lhVxIvVuuruXba1Y2VJaFY="></latexit>

~E =
1

4⇡✏0

X

i

qi~ i
3
i

<latexit sha1_base64="dcpXlVOInueQTXtirwuOhMBy/CU="></latexit>
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Z
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2
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d⌧

~E



Eletrostática
Distribuição de cargas

<latexit sha1_base64="QTKF/lhVxIvVuuruXba1Y2VJaFY="></latexit>

~E =
1

4⇡✏0

X

i

qi~ i
3
i

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

~E =
1

4⇡✏0

Z
1
2
ˆ dq

<latexit sha1_base64="6m5/aP0+ZLy2uDn2hvvgEgaektw="></latexit>

dq =

8
><

>:

� d` (linear)

� dA (superficial)

⇢ d⌧ (volumétrica)

~

P

d⌧

~E



Eletrostática
Distribuição de cargas

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

~E =
1

4⇡✏0

Z
1
2
ˆ dq

b
a

x
y

z

<latexit sha1_base64="+snI/PiDFS1ilHXBJVCdFzcbfzE="></latexit>

dq = ⇢(~r) d⌧



Eletrostática
Distribuição de cargas

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

~E =
1

4⇡✏0

Z
1
2
ˆ dq

b
a

x
y

z

<latexit sha1_base64="Ngq6Pm7oppflB2RWI4eImx6DpOU="></latexit>Z
⇢(~r) d⌧ = q

<latexit sha1_base64="+snI/PiDFS1ilHXBJVCdFzcbfzE="></latexit>

dq = ⇢(~r) d⌧



Eletrostática
Distribuição de cargas

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

~E =
1

4⇡✏0

Z
1
2
ˆ dq

b
a

x
y

z

<latexit sha1_base64="Ngq6Pm7oppflB2RWI4eImx6DpOU="></latexit>Z
⇢(~r) d⌧ = q

<latexit sha1_base64="DNWnFitf5GM3ESG7OPCi08en1DU="></latexit>

⇢(~r) = ↵�(z)

<latexit sha1_base64="+snI/PiDFS1ilHXBJVCdFzcbfzE="></latexit>

dq = ⇢(~r) d⌧



Eletrostática
Distribuição de cargas

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

~E =
1

4⇡✏0

Z
1
2
ˆ dq

b
a

x
y

z

<latexit sha1_base64="Ngq6Pm7oppflB2RWI4eImx6DpOU="></latexit>Z
⇢(~r) d⌧ = q

<latexit sha1_base64="DNWnFitf5GM3ESG7OPCi08en1DU="></latexit>

⇢(~r) = ↵�(z)

<latexit sha1_base64="+snI/PiDFS1ilHXBJVCdFzcbfzE="></latexit>

dq = ⇢(~r) d⌧

<latexit sha1_base64="Kov6EUz1iMstRWlGZOHK2psWiSE="></latexit>

↵ab = q



Eletrostática
Distribuição de cargas

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

~E =
1

4⇡✏0

Z
1
2
ˆ dq

b
a

x
y

z

<latexit sha1_base64="Ngq6Pm7oppflB2RWI4eImx6DpOU="></latexit>Z
⇢(~r) d⌧ = q

<latexit sha1_base64="DNWnFitf5GM3ESG7OPCi08en1DU="></latexit>

⇢(~r) = ↵�(z)

<latexit sha1_base64="+snI/PiDFS1ilHXBJVCdFzcbfzE="></latexit>

dq = ⇢(~r) d⌧

<latexit sha1_base64="syNHR5r9z9j2Jz4/lUWbFd0sh8g="></latexit>

↵ab = q ) ⇢(~r) =
q

ab
�(z)



Pratique o que aprendeu       

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

~E =
1

4⇡✏0

Z
1
2
ˆ dq

<latexit sha1_base64="6m5/aP0+ZLy2uDn2hvvgEgaektw="></latexit>

dq =

8
><

>:

� d` (linear)

� dA (superficial)

⇢ d⌧ (volumétrica)

~

P

d⌧

~E



Pratique o que aprendeu       

<latexit sha1_base64="3MH4bSaTcLrPSEGLDtsYEwbpBgQ="></latexit>

x

z

�

�L L

P ~E =?



Pratique o que aprendeu       

<latexit sha1_base64="BAd8E9qYSlkUGd38jNqYELbKADQ="></latexit>

~E =
1

4⇡✏0

Z L

�L

~
3
� dx

<latexit sha1_base64="3MH4bSaTcLrPSEGLDtsYEwbpBgQ="></latexit>

x

z

�

�L L

P ~E =?



Pratique o que aprendeu       

<latexit sha1_base64="BAd8E9qYSlkUGd38jNqYELbKADQ="></latexit>

~E =
1

4⇡✏0

Z L

�L

~
3
� dx

<latexit sha1_base64="Qk2ydRJXHbkjhpSckil373pyIvI="></latexit>

Ez =
1

4⇡✏0
�

Z L

�L

zẑ

(x2 + z2)3/2
dx

<latexit sha1_base64="3MH4bSaTcLrPSEGLDtsYEwbpBgQ="></latexit>

x

z

�

�L L

P ~E =?



Pratique o que aprendeu       

<latexit sha1_base64="3MH4bSaTcLrPSEGLDtsYEwbpBgQ="></latexit>

x

z

�

�L L

P ~E =?

<latexit sha1_base64="BAd8E9qYSlkUGd38jNqYELbKADQ="></latexit>

~E =
1

4⇡✏0

Z L

�L

~
3
� dx

<latexit sha1_base64="Qk2ydRJXHbkjhpSckil373pyIvI="></latexit>

Ez =
1

4⇡✏0
�

Z L

�L

zẑ

(x2 + z2)3/2
dx

<latexit sha1_base64="6uJEl1w2e+2yxAMYInZFasNmyoc="></latexit>

Ez =
1

4⇡✏0

2�L

z
p
z2 + L2



Pratique o que aprendeu       

q

s
y

z

x

(0, 0, z)

~ E

<latexit sha1_base64="aeci4K7zP9vGJZ8H71qESdTUVCA="></latexit>

Ez =
1

4⇡✏0

qz

(z2 + s2)3/2

<latexit sha1_base64="a1LTby3WWeIM6+0y9ZCmZ3epZf8="></latexit>

~E =
1

4⇡✏0

Z
~r

r3
dq



Pratique o que aprendeu       

Q

R

y

z

x

(0, 0, z)

~ E

<latexit sha1_base64="a1LTby3WWeIM6+0y9ZCmZ3epZf8="></latexit>

~E =
1

4⇡✏0

Z
~r

r3
dq

<latexit sha1_base64="d9NA29qGSFKDvtrEAIHWAbnFM0Q="></latexit>

Ez =
�

4⇡✏0

Z R

0

Z 2⇡

0

z

(z2 + s2)3/2
s d� ds



Pratique o que aprendeu       

Q

R

y

z

x

(0, 0, z)

~ E

<latexit sha1_base64="a1LTby3WWeIM6+0y9ZCmZ3epZf8="></latexit>

~E =
1

4⇡✏0

Z
~r

r3
dq

<latexit sha1_base64="Ab3rhhu8+nKoHNXv3+dGH2bz4SY="></latexit>

Ez =
�

2✏0

Z R

0

z

(z2 + s2)3/2
s ds

<latexit sha1_base64="d9NA29qGSFKDvtrEAIHWAbnFM0Q="></latexit>

Ez =
�

4⇡✏0

Z R

0

Z 2⇡

0

z

(z2 + s2)3/2
s d� ds



Pratique o que aprendeu       

Q

R

y

z

x

(0, 0, z)

~ E

<latexit sha1_base64="a1LTby3WWeIM6+0y9ZCmZ3epZf8="></latexit>

~E =
1

4⇡✏0

Z
~r

r3
dq

<latexit sha1_base64="d9NA29qGSFKDvtrEAIHWAbnFM0Q="></latexit>

Ez =
�

4⇡✏0

Z R

0

Z 2⇡

0

z

(z2 + s2)3/2
s d� ds

<latexit sha1_base64="0MRrdypO+jEhZjYD4Oc116iM70I="></latexit>

Ez =
�

2✏0

Z R

0

z

(z2 + s2)3/2
s ds =

�

2✏0

⇣
1� zp

z2 +R2

⌘



Eletrostática

q

~E

n̂

Lei de Gauss
<latexit sha1_base64="Hbu50RRlvFJhqYVVa2/m6qgu2uM="></latexit>

~E =
q

4⇡✏0

r̂

r2



Eletrostática

q

~E

n̂

Lei de Gauss
<latexit sha1_base64="Hbu50RRlvFJhqYVVa2/m6qgu2uM="></latexit>

~E =
q

4⇡✏0

r̂

r2

<latexit sha1_base64="N6anCKUxFrj1vpWtoR7naQ2WB6Q="></latexit>Z
~E · n̂ dA =

q

4⇡✏0

Z 1

�1

Z 2⇡

0

1

R2
R2 d� du



Eletrostática

q

~E

n̂

Lei de Gauss
<latexit sha1_base64="Hbu50RRlvFJhqYVVa2/m6qgu2uM="></latexit>

~E =
q

4⇡✏0

r̂

r2

<latexit sha1_base64="N6anCKUxFrj1vpWtoR7naQ2WB6Q="></latexit>Z
~E · n̂ dA =

q

4⇡✏0

Z 1

�1

Z 2⇡

0

1

R2
R2 d� du

<latexit sha1_base64="9PmnyofUaOUqoC8etvvSggUwx2M="></latexit>

R
~E · n̂ dA =

q

✏0



Eletrostática

q

~E

n̂

Lei de Gauss
<latexit sha1_base64="Hbu50RRlvFJhqYVVa2/m6qgu2uM="></latexit>

~E =
q

4⇡✏0

r̂

r2

<latexit sha1_base64="N6anCKUxFrj1vpWtoR7naQ2WB6Q="></latexit>Z
~E · n̂ dA =

q

4⇡✏0

Z 1

�1

Z 2⇡

0

1

R2
R2 d� du

<latexit sha1_base64="9PmnyofUaOUqoC8etvvSggUwx2M="></latexit>

R
~E · n̂ dA =

q

✏0

•Superfície  não precisa ser esférica. 
•Carga pode estar distribuída dentro da superfície.



Eletrostática

q

~E

n̂

Lei de Gauss
<latexit sha1_base64="9PmnyofUaOUqoC8etvvSggUwx2M="></latexit>

R
~E · n̂ dA =

q

✏0

<latexit sha1_base64="ijoIM6PQJWYscNdSzwPeRBzsmdY="></latexit>Z

S
~E · n̂ dA =

Z

V
~r · ~E d⌧



Eletrostática

q

~E

n̂

Lei de Gauss
<latexit sha1_base64="9PmnyofUaOUqoC8etvvSggUwx2M="></latexit>

R
~E · n̂ dA =

q

✏0

<latexit sha1_base64="ijoIM6PQJWYscNdSzwPeRBzsmdY="></latexit>Z

S
~E · n̂ dA =

Z

V
~r · ~E d⌧



Eletrostática

q

~E

n̂

Lei de Gauss
<latexit sha1_base64="9PmnyofUaOUqoC8etvvSggUwx2M="></latexit>

R
~E · n̂ dA =

q

✏0

<latexit sha1_base64="ijoIM6PQJWYscNdSzwPeRBzsmdY="></latexit>Z

S
~E · n̂ dA =

Z

V
~r · ~E d⌧

<latexit sha1_base64="Z2EsAdOrd9oRJ7DxEgG0bY5Z7S0="></latexit>

q

✏0
=

1

✏0

Z

V
⇢(~r) d⌧



Eletrostática

q

~E

n̂

Lei de Gauss
<latexit sha1_base64="9PmnyofUaOUqoC8etvvSggUwx2M="></latexit>

R
~E · n̂ dA =

q

✏0

<latexit sha1_base64="ijoIM6PQJWYscNdSzwPeRBzsmdY="></latexit>Z

S
~E · n̂ dA =

Z

V
~r · ~E d⌧

<latexit sha1_base64="Z2EsAdOrd9oRJ7DxEgG0bY5Z7S0="></latexit>

q

✏0
=

1

✏0

Z

V
⇢(~r) d⌧

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

~r · ~E =
⇢

✏0



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

~r · ~E =
⇢

✏0

<latexit sha1_base64="UplolbgKrUPP0fpTTvBjp3wfV2U="></latexit>

~E =
1

4⇡✏0

Z
ˆ
2
⇢(~r) d⌧

~

P

d⌧

~E

Outra visão



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

~r · ~E =
⇢

✏0

<latexit sha1_base64="UplolbgKrUPP0fpTTvBjp3wfV2U="></latexit>

~E =
1

4⇡✏0

Z
ˆ
2
⇢(~r) d⌧

<latexit sha1_base64="91isMAu4tqpxov7iF0qh3Nk3+go="></latexit>

~r · ~E =
1

4⇡✏0

Z
~r ·

⇣ ˆ
2

⌘
⇢(~r) d⌧

~

P

d⌧

~E

Outra visão



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

~r · ~E =
⇢

✏0

<latexit sha1_base64="/7HaVL2vTQdXHH5X+0Cves/tZtk="></latexit>

~r ·
ˆ
2
= 4⇡�(~ ) ( = ~r � ~r0)

<latexit sha1_base64="UplolbgKrUPP0fpTTvBjp3wfV2U="></latexit>

~E =
1

4⇡✏0

Z
ˆ
2
⇢(~r) d⌧

<latexit sha1_base64="91isMAu4tqpxov7iF0qh3Nk3+go="></latexit>

~r · ~E =
1

4⇡✏0

Z
~r ·

⇣ ˆ
2

⌘
⇢(~r) d⌧

~

P

d⌧

~E

Outra visão



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

~r · ~E =
⇢

✏0

<latexit sha1_base64="/7HaVL2vTQdXHH5X+0Cves/tZtk="></latexit>

~r ·
ˆ
2
= 4⇡�(~ ) ( = ~r � ~r0)

<latexit sha1_base64="UplolbgKrUPP0fpTTvBjp3wfV2U="></latexit>

~E =
1

4⇡✏0

Z
ˆ
2
⇢(~r) d⌧

<latexit sha1_base64="k4/Mc/6gyVaujSyUaNs4XMUHH6k="></latexit>

~r · ~E =
1

4⇡✏0

Z
4⇡�3(~ )⇢(~r) d⌧

<latexit sha1_base64="91isMAu4tqpxov7iF0qh3Nk3+go="></latexit>

~r · ~E =
1

4⇡✏0

Z
~r ·

⇣ ˆ
2

⌘
⇢(~r) d⌧

~

P

d⌧

~E

Outra visão



Eletrostática<latexit sha1_base64="tOIPAlCRZd4bhTZ7c9TWgng2Avc="></latexit>
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Pratique o que aprendeu       
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<latexit sha1_base64="9PmnyofUaOUqoC8etvvSggUwx2M="></latexit>

R
~E · n̂ dA =

q

✏0

b
a

A
Q

Escolher superfície simétrica



Pratique o que aprendeu       
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~E · n̂ dA = EA+ EA



Pratique o que aprendeu       
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<latexit sha1_base64="9PmnyofUaOUqoC8etvvSggUwx2M="></latexit>
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