
Eletromagnetismo
Aula de 10 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�
@�

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="G/Uqxbv5OjQjaYHWti7/MJVZuKk="></latexit>

~r⇥ v =
1

r sin ✓

h @

@✓
(sin ✓v�)�

@v✓
@�

i
r̂

1
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h 1

sin ✓
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i
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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
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@�

+
@vz
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z

x y

z

s

ŝ
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ẑ

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

~r⇥ ~v =

 
1

s

@vz
@�

� @v�
@z

!
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⌘
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<latexit sha1_base64="yisGU2UklKFtw6nQOQZCpEaKUQI="></latexit>
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Eletrostática
Campo de distribuição de cargas

<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

q

~E

n̂

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

~E =
q

4⇡✏0

r̂

r2

<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⌧

<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

~

P

d⌧

~E

Outra visão

<latexit sha1_base64="wSmatCx/6pyb/mri9GWgCVN+AGM="></latexit>

~E(~r) =
1

4⇡✏0

Z
ˆ
2
⇢(~r0) d⌧ 0



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

~r · ~E =
⇢

✏0

~

P

d⌧

~E

Outra visão

<latexit sha1_base64="wSmatCx/6pyb/mri9GWgCVN+AGM="></latexit>

~E(~r) =
1

4⇡✏0

Z
ˆ
2
⇢(~r0) d⌧ 0

<latexit sha1_base64="M1/Rdrr90f+BjHll41wplrPxUxc="></latexit>

~r · ~E(~r) =
1

4⇡✏0

Z
~r ·

⇣ ˆ
2

⌘
⇢(~r0) d⌧ 0



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

~r · ~E =
⇢

✏0

~

P

d⌧

~E

Outra visão

<latexit sha1_base64="wSmatCx/6pyb/mri9GWgCVN+AGM="></latexit>

~E(~r) =
1

4⇡✏0

Z
ˆ
2
⇢(~r0) d⌧ 0

<latexit sha1_base64="M1/Rdrr90f+BjHll41wplrPxUxc="></latexit>

~r · ~E(~r) =
1

4⇡✏0

Z
~r ·

⇣ ˆ
2

⌘
⇢(~r0) d⌧ 0

<latexit sha1_base64="+oWKnU9M/LPja7OpfwhPVpRB8Bw="></latexit>

~r ·
⇣ ˆ

2

⌘
= 4⇡�3( ) (~ = ~r � ~r0)



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

~r · ~E =
⇢

✏0

~

P

d⌧

~E

Outra visão

<latexit sha1_base64="wSmatCx/6pyb/mri9GWgCVN+AGM="></latexit>

~E(~r) =
1

4⇡✏0

Z
ˆ
2
⇢(~r0) d⌧ 0

<latexit sha1_base64="M1/Rdrr90f+BjHll41wplrPxUxc="></latexit>

~r · ~E(~r) =
1

4⇡✏0

Z
~r ·

⇣ ˆ
2

⌘
⇢(~r0) d⌧ 0

<latexit sha1_base64="/QUa+bfqHAS3+IIVEJpAwVXdkLs="></latexit>

~r · ~E(~r) =
1

4⇡✏0

Z
4⇡�3(~r � ~r0)⇢(~r0) d⌧ 0

<latexit sha1_base64="+oWKnU9M/LPja7OpfwhPVpRB8Bw="></latexit>

~r ·
⇣ ˆ

2

⌘
= 4⇡�3( ) (~ = ~r � ~r0)



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

~r · ~E =
⇢

✏0

<latexit sha1_base64="bgeBSSz+CLxWKMM6JslmbKhCrhI="></latexit>

~r · ~E =
⇢(~r)

✏0

~

P

d⌧

~E

Outra visão

<latexit sha1_base64="wSmatCx/6pyb/mri9GWgCVN+AGM="></latexit>

~E(~r) =
1

4⇡✏0

Z
ˆ
2
⇢(~r0) d⌧ 0

<latexit sha1_base64="M1/Rdrr90f+BjHll41wplrPxUxc="></latexit>

~r · ~E(~r) =
1

4⇡✏0

Z
~r ·

⇣ ˆ
2

⌘
⇢(~r0) d⌧ 0

<latexit sha1_base64="/QUa+bfqHAS3+IIVEJpAwVXdkLs="></latexit>

~r · ~E(~r) =
1

4⇡✏0

Z
4⇡�3(~r � ~r0)⇢(~r0) d⌧ 0

<latexit sha1_base64="+oWKnU9M/LPja7OpfwhPVpRB8Bw="></latexit>

~r ·
⇣ ˆ

2

⌘
= 4⇡�3( ) (~ = ~r � ~r0)



Pratique o que aprendeu      

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

R
~E · n̂ dA =

q

✏0

⃗E = ?
b

a

x
y

z

q



Pratique o que aprendeu      

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

R
~E · n̂ dA =

q

✏0

b
a

x
y

z

q

Escolher superfície simétrica



Pratique o que aprendeu      

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

R
~E · n̂ dA =

q

✏0

b
a

A

Escolher superfície simétrica

q



Pratique o que aprendeu      

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

R
~E · n̂ dA =

q

✏0

b
a

A

Escolher superfície simétrica
<latexit sha1_base64="7fhRpfVQ9wLWv5JKTdZIzeROKhM="></latexit>Z

~E · n̂ dA = EA+ EA

q



Pratique o que aprendeu      

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

R
~E · n̂ dA =

q

✏0

b
a

A

Escolher superfície simétrica
<latexit sha1_base64="7fhRpfVQ9wLWv5JKTdZIzeROKhM="></latexit>Z

~E · n̂ dA = EA+ EA

<latexit sha1_base64="0l0I6MeIlPdqOqTAi0H9RPrKO+E="></latexit>

2EA = �Q

q



Pratique o que aprendeu      

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

R
~E · n̂ dA =

q

✏0

b
a

A

Escolher superfície simétrica
<latexit sha1_base64="7fhRpfVQ9wLWv5JKTdZIzeROKhM="></latexit>Z

~E · n̂ dA = EA+ EA

<latexit sha1_base64="v9YsYlDe/tjSHAQ0Y2D5pHcQLCM="></latexit>

2EA =
�Q

✏0

q



Pratique o que aprendeu      

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

R
~E · n̂ dA =

q

✏0

b
a

A

Q

Escolher superfície simétrica
<latexit sha1_base64="7fhRpfVQ9wLWv5JKTdZIzeROKhM="></latexit>Z

~E · n̂ dA = EA+ EA

<latexit sha1_base64="v9YsYlDe/tjSHAQ0Y2D5pHcQLCM="></latexit>

2EA =
�Q

✏0

<latexit sha1_base64="5Z+2GGMc+gFfBh6wms2K1YhlUgM="></latexit>

E =
�

2✏0



Pratique o que aprendeu      


⃗E = ?
b

a

x
y

z

q

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

~r · ~E =
⇢

✏0



Pratique o que aprendeu      


b
a

x
y

z

q

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

~r · ~E =
⇢

✏0

<latexit sha1_base64="zqPrJZqITD8in29tpIwUtH9Gy9Y="></latexit>

~E =

(
E(z)ẑ (z > 0)

�E(z)ẑ (z < 0)



Pratique o que aprendeu      


b
a

x
y

z

q

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

~r · ~E =
⇢

✏0

<latexit sha1_base64="zqPrJZqITD8in29tpIwUtH9Gy9Y="></latexit>

~E =

(
E(z)ẑ (z > 0)

�E(z)ẑ (z < 0)

<latexit sha1_base64="6V6V7phgpN/w2UZsAV8CvhbYgWM="></latexit>

dE

dz
=

⇢

✏0
= 0 (z 6= 0)



Pratique o que aprendeu      


b
a

x
y

z

q

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

~r · ~E =
⇢

✏0

<latexit sha1_base64="zqPrJZqITD8in29tpIwUtH9Gy9Y="></latexit>

~E =

(
E(z)ẑ (z > 0)

�E(z)ẑ (z < 0)

<latexit sha1_base64="NMIq2nb+fKjm94rHOOhfqQNGwmA="></latexit>

~E =

(
"ẑ (z > 0)

�"ẑ (z < 0)

<latexit sha1_base64="6V6V7phgpN/w2UZsAV8CvhbYgWM="></latexit>

dE

dz
=

⇢

✏0
= 0 (z 6= 0)



Pratique o que aprendeu      


b
a

x
y

z

q

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

~r · ~E =
⇢

✏0

<latexit sha1_base64="zqPrJZqITD8in29tpIwUtH9Gy9Y="></latexit>

~E =

(
E(z)ẑ (z > 0)

�E(z)ẑ (z < 0)

<latexit sha1_base64="NMIq2nb+fKjm94rHOOhfqQNGwmA="></latexit>

~E =

(
"ẑ (z > 0)

�"ẑ (z < 0)

<latexit sha1_base64="xsN6tjsSqZv7wRtKab2CEwSvQoI="></latexit>

⇢ =
q

ab
�(z)

<latexit sha1_base64="6V6V7phgpN/w2UZsAV8CvhbYgWM="></latexit>

dE

dz
=

⇢

✏0
= 0 (z 6= 0)



Pratique o que aprendeu      


b
a

x
y

z

q

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

~r · ~E =
⇢

✏0

<latexit sha1_base64="NMIq2nb+fKjm94rHOOhfqQNGwmA="></latexit>

~E =

(
"ẑ (z > 0)

�"ẑ (z < 0)

<latexit sha1_base64="xsN6tjsSqZv7wRtKab2CEwSvQoI="></latexit>

⇢ =
q

ab
�(z)

<latexit sha1_base64="6V6V7phgpN/w2UZsAV8CvhbYgWM="></latexit>

dE

dz
=

⇢

✏0
= 0 (z 6= 0)

<latexit sha1_base64="/VeSPsNHWyMjTahkoNYE3cabUEQ="></latexit>Z z

�z

dE

dz
dz =

1

✏0

Z z

�z
⇢(z) dz

<latexit sha1_base64="UAKcfFrsjqb9V7k80iRSXX3nqCQ="></latexit>

)"� (�") =
1

✏0

q

ab



Pratique o que aprendeu      


R

r

ρ

⃗E = ? (r < R)

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

~r · ~E =
⇢

✏0



Pratique o que aprendeu      


R

r

ρ

⃗E = ? (r < R)

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

~r · ~E =
⇢

✏0

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

~r · ~v =
1

r2
@(r2vr)

@r
+

1

r sin ✓

@(sin ✓v✓)

@✓
+

1

r sin ✓

@v�
@�



Pratique o que aprendeu      


R

r

ρ

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

~r · ~E =
⇢

✏0

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

~r · ~v =
1

r2
@(r2vr)

@r
+

1

r sin ✓

@(sin ✓v✓)

@✓
+

1

r sin ✓

@v�
@�

<latexit sha1_base64="l3SMqtZ3AYaGNk6HSuEOEBqSwMU="></latexit>

1

r2
d

dr

⇣
r2E(r)

⌘
=

⇢

✏0



Pratique o que aprendeu      


R

r

ρ

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

~r · ~E =
⇢

✏0

<latexit sha1_base64="l3SMqtZ3AYaGNk6HSuEOEBqSwMU="></latexit>

1

r2
d

dr

⇣
r2E(r)

⌘
=

⇢

✏0

<latexit sha1_base64="0/7qSPZFCB7vrNDTuB6D5Tjf0iM="></latexit>

d

dr

⇣
r2E(r)

⌘
=

⇢

✏0
r2



Pratique o que aprendeu      


R

r

ρ

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

~r · ~E =
⇢

✏0

<latexit sha1_base64="l3SMqtZ3AYaGNk6HSuEOEBqSwMU="></latexit>

1

r2
d

dr

⇣
r2E(r)

⌘
=

⇢

✏0

<latexit sha1_base64="0/7qSPZFCB7vrNDTuB6D5Tjf0iM="></latexit>

d

dr

⇣
r2E(r)

⌘
=

⇢

✏0
r2

<latexit sha1_base64="C8qwpRviS3LPrAZuN07eXYe1Gys="></latexit>

E(r)� E(0) =
⇢

✏0r2

Z r

0
r0

2
dr0



Pratique o que aprendeu      


R

r

ρ

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

~r · ~E =
⇢

✏0

<latexit sha1_base64="l3SMqtZ3AYaGNk6HSuEOEBqSwMU="></latexit>

1

r2
d

dr

⇣
r2E(r)

⌘
=

⇢

✏0

<latexit sha1_base64="0/7qSPZFCB7vrNDTuB6D5Tjf0iM="></latexit>

d

dr

⇣
r2E(r)

⌘
=

⇢

✏0
r2

<latexit sha1_base64="IYNx14zf8LeB/PilwvNyelhXecU="></latexit>

E(r) =
⇢

✏0

r

3

<latexit sha1_base64="C8qwpRviS3LPrAZuN07eXYe1Gys="></latexit>

E(r)� E(0) =
⇢

✏0r2

Z r

0
r0

2
dr0

⇒



Rotacional do campo
<latexit sha1_base64="CUUoMwkHSzYtAESuO5Gtp0rRTE0="></latexit>

~E(~r ) =
1

4⇡✏0

q

r2



Rotacional do campo
<latexit sha1_base64="CUUoMwkHSzYtAESuO5Gtp0rRTE0="></latexit>

~E(~r ) =
1

4⇡✏0

q

r2

<latexit sha1_base64="TM1jVMRvq63sExTI0TIPyEGVpXo=">AAADWXicdVHdbtMwFHZafkr569glXFhUQ+OmSkphRWLSJITE5ZDoNqnpKsdxWqtObOyTrsXKO/AqPA7iPbjGSTqJoO1Ilj+d75zv/EVKcAO+/8trte/cvXe/86D78NHjJ097e8/OjMw1ZRMqhdQXETFM8IxNgINgF0ozkkaCnUerjyV/vmbacJl9ha1is5QsMp5wSsC55r0fIc9gbsM1o5gUlzWIiur7dFh9+nW4jiWEcVyzIR OiwMc4jBNNqA0KOwoVD5kyXDhJv7hFsg7/Vlh9OSzCJQGsbxCe9/r+YBi8D96OsD8YjUfBmyMHfH/sOxA4UFof7ex0vuf9DGNJ85RlQAUxZhr4CmaWaOBUsKIb5oYpQldkwaabIMhIyszMbqrdFfjAsTFOpHYvA1x5/02xJDVmm0YuMiWwNP9zpfMmbppDMp5ZnqkcWEbrQkkuMEhcHgLHXDMKYusAoZq7ZjFdErcicOdqVAG++t4YwxqeZxw2zdmI1vIqZmJm1XJrODU1XWYLHmmit7ZqtpGkpIZ8US4kIhETzTJqkSghoRS6hk7PUpkqAscZu2IGmnKpNG71UG0xks0G7UITteTUed2Rry+Jbwdnw0HwbjD8MuqffNidu4Oeo5foEAXoCJ2gz+gUTRBFf7wX3oH3qvW77bU77W4d2vJ2OfuoYe39v/v6G7U=</latexit>Z ~b

~a

~E(~r) · d~̀= 1

4⇡✏0

Z ~b

~a

q

r2
r̂ · d~̀



Rotacional do campo
<latexit sha1_base64="CUUoMwkHSzYtAESuO5Gtp0rRTE0="></latexit>

~E(~r ) =
1

4⇡✏0

q

r2

<latexit sha1_base64="TM1jVMRvq63sExTI0TIPyEGVpXo=">AAADWXicdVHdbtMwFHZafkr569glXFhUQ+OmSkphRWLSJITE5ZDoNqnpKsdxWqtObOyTrsXKO/AqPA7iPbjGSTqJoO1Ilj+d75zv/EVKcAO+/8trte/cvXe/86D78NHjJ097e8/OjMw1ZRMqhdQXETFM8IxNgINgF0ozkkaCnUerjyV/vmbacJl9ha1is5QsMp5wSsC55r0fIc9gbsM1o5gUlzWIiur7dFh9+nW4jiWEcVyzIR OiwMc4jBNNqA0KOwoVD5kyXDhJv7hFsg7/Vlh9OSzCJQGsbxCe9/r+YBi8D96OsD8YjUfBmyMHfH/sOxA4UFof7ex0vuf9DGNJ85RlQAUxZhr4CmaWaOBUsKIb5oYpQldkwaabIMhIyszMbqrdFfjAsTFOpHYvA1x5/02xJDVmm0YuMiWwNP9zpfMmbppDMp5ZnqkcWEbrQkkuMEhcHgLHXDMKYusAoZq7ZjFdErcicOdqVAG++t4YwxqeZxw2zdmI1vIqZmJm1XJrODU1XWYLHmmit7ZqtpGkpIZ8US4kIhETzTJqkSghoRS6hk7PUpkqAscZu2IGmnKpNG71UG0xks0G7UITteTUed2Rry+Jbwdnw0HwbjD8MuqffNidu4Oeo5foEAXoCJ2gz+gUTRBFf7wX3oH3qvW77bU77W4d2vJ2OfuoYe39v/v6G7U=</latexit>Z ~b

~a

~E(~r) · d~̀= 1

4⇡✏0

Z ~b

~a

q

r2
r̂ · d~̀

<latexit sha1_base64="54DOq3dK/RMbw1TBdsBQr/F3Pmc=">AAADQHicdVFNb9QwEHVSPkppYQtHLhYrpHJZJduFLhKVKiEkjkVi20qbbeQ43l1rndjYk/3Ayo/iL/AvOHDnhrhywkm2EkEwkuWneZ434zeJEtxAEHz1/J1bt+/c3b23d3//4MHDzuGjCyMLTdmISiH1VUIMEzxnI+Ag2JXSjGSJYJfJ4k3FXy6ZNlzmH2Cj2CQjs5xPOSXgUnFnFfEcYhstGcWkvG5AUtbX26P60s+jZSohSt OGjZgQJT7FUTrVhNqwtINI8Ygpw4WTDMpGUseVno6dWPPwY2n1db+sdHQZd7pBrx++Cl8McNAbDAfh8YkDQTAMHAgdqKKLtnEeH3qfo1TSImM5UEGMGYeBgoklGjgVrNyLCsMUoQsyY+N1GOYkY2Zi17VFJX7m2BRPpXYnB1xn/yyxJDNmkyXuZUZgbv7mquS/uHEB0+HE8lwVwHLaNJoWAoPEld845ZpREBsHCNXcDYvpnDg/wG2l1QX44lPrG9bwIuewbv+NaC1XKRMTq+Ybw6lp6Kpa8EQTvbH1sK0iJTUUs8qQhCRMtNuo2VQJCZXQDXR6lspMETjN2YoZaMtl0jjroXYxke0B7UwTNefUZd2SbzaJ/w8u+r3wZa//ftA9e71d9y56gp6iIxSiE3SG3qFzNEIUffN2vH3vwP/if/d/+D+bp763rXmMWuH/+g1bIxXA</latexit>Z ~b

~a

~E(~r) · d~̀= 1

4⇡✏0

Z rb

ra

q

r2
dr



Rotacional do campo
<latexit sha1_base64="CUUoMwkHSzYtAESuO5Gtp0rRTE0="></latexit>

~E(~r ) =
1

4⇡✏0

q

r2

<latexit sha1_base64="TM1jVMRvq63sExTI0TIPyEGVpXo=">AAADWXicdVHdbtMwFHZafkr569glXFhUQ+OmSkphRWLSJITE5ZDoNqnpKsdxWqtObOyTrsXKO/AqPA7iPbjGSTqJoO1Ilj+d75zv/EVKcAO+/8trte/cvXe/86D78NHjJ097e8/OjMw1ZRMqhdQXETFM8IxNgINgF0ozkkaCnUerjyV/vmbacJl9ha1is5QsMp5wSsC55r0fIc9gbsM1o5gUlzWIiur7dFh9+nW4jiWEcVyzIR OiwMc4jBNNqA0KOwoVD5kyXDhJv7hFsg7/Vlh9OSzCJQGsbxCe9/r+YBi8D96OsD8YjUfBmyMHfH/sOxA4UFof7ex0vuf9DGNJ85RlQAUxZhr4CmaWaOBUsKIb5oYpQldkwaabIMhIyszMbqrdFfjAsTFOpHYvA1x5/02xJDVmm0YuMiWwNP9zpfMmbppDMp5ZnqkcWEbrQkkuMEhcHgLHXDMKYusAoZq7ZjFdErcicOdqVAG++t4YwxqeZxw2zdmI1vIqZmJm1XJrODU1XWYLHmmit7ZqtpGkpIZ8US4kIhETzTJqkSghoRS6hk7PUpkqAscZu2IGmnKpNG71UG0xks0G7UITteTUed2Rry+Jbwdnw0HwbjD8MuqffNidu4Oeo5foEAXoCJ2gz+gUTRBFf7wX3oH3qvW77bU77W4d2vJ2OfuoYe39v/v6G7U=</latexit>Z ~b

~a

~E(~r) · d~̀= 1

4⇡✏0

Z ~b

~a

q

r2
r̂ · d~̀

<latexit sha1_base64="54DOq3dK/RMbw1TBdsBQr/F3Pmc=">AAADQHicdVFNb9QwEHVSPkppYQtHLhYrpHJZJduFLhKVKiEkjkVi20qbbeQ43l1rndjYk/3Ayo/iL/AvOHDnhrhywkm2EkEwkuWneZ434zeJEtxAEHz1/J1bt+/c3b23d3//4MHDzuGjCyMLTdmISiH1VUIMEzxnI+Ag2JXSjGSJYJfJ4k3FXy6ZNlzmH2Cj2CQjs5xPOSXgUnFnFfEcYhstGcWkvG5AUtbX26P60s+jZSohSt OGjZgQJT7FUTrVhNqwtINI8Ygpw4WTDMpGUseVno6dWPPwY2n1db+sdHQZd7pBrx++Cl8McNAbDAfh8YkDQTAMHAgdqKKLtnEeH3qfo1TSImM5UEGMGYeBgoklGjgVrNyLCsMUoQsyY+N1GOYkY2Zi17VFJX7m2BRPpXYnB1xn/yyxJDNmkyXuZUZgbv7mquS/uHEB0+HE8lwVwHLaNJoWAoPEld845ZpREBsHCNXcDYvpnDg/wG2l1QX44lPrG9bwIuewbv+NaC1XKRMTq+Ybw6lp6Kpa8EQTvbH1sK0iJTUUs8qQhCRMtNuo2VQJCZXQDXR6lspMETjN2YoZaMtl0jjroXYxke0B7UwTNefUZd2SbzaJ/w8u+r3wZa//ftA9e71d9y56gp6iIxSiE3SG3qFzNEIUffN2vH3vwP/if/d/+D+bp763rXmMWuH/+g1bIxXA</latexit>Z ~b

~a

~E(~r) · d~̀= 1

4⇡✏0

Z rb

ra

q

r2
dr

<latexit sha1_base64="I03NO2g6U88NPYp/anIXkb/gQGY=">AAADRnicdVFdb9MwFHUyPrbx1W2PvFhUSN0DVdIVViQmTUJIPA6JfUhNqRzHSa06sbFvuhYrP4p/wV/gmXfeEK84aSctCK4U+eQe33Ovz42V4AaC4Lvnb925e+/+9s7ug4ePHj/p7O1fGFlqys6pFFJfxcQwwQt2DhwEu1KakTwW7DKev635ywXThsviI6wUm+QkK3jKKQGXmnaqiBcwtdGCUUyqT2sQV83xrtcc+jBaJBKiJF mzEROiwic4SlJNqA0rO4wUj5gyXDjJoIoES6G3oT9XVk9J9eL2r9PXPJvB4bTTDfqD8HX4coiD/nA0DI+OHQiCUeBA6EAdXbSJs+me9zVKJC1zVgAVxJhxGCiYWKKBU8Gq3ag0TBE6JxkbL8OwIDkzE7tsjKrwc8cmOJXafQXgJnu7xJLcmFUeu5s5gZn5m6uT/+LGJaSjieWFKoEVdN0oLQUGiWvXccI1oyBWDhCquRsW0xlxhoDbTasL8PmX1jOs4WXBYdl+G9FaXidMTKyarQynZk3X1YLHmuiVbYZtFSmpocxqQ2ISM9Fuo7JUCQm10A10epbKXBE4Kdg1M9CWy6Vx1kPjYizbA9pMEzXj1GXdkm82if8PLgb98FV/8GHYPX2zWfc2eoqeoR4K0TE6Re/RGTpHFP3wdrx978D/5v/0f/m/11d9b1NzgFqxhf4AtrwW1Q==</latexit>Z ~b

~a

~E(~r) · d~̀= 1

4⇡✏0

✓
q

ra
� q

rb

◆



Rotacional do campo
<latexit sha1_base64="CUUoMwkHSzYtAESuO5Gtp0rRTE0="></latexit>

~E(~r ) =
1

4⇡✏0

q

r2

<latexit sha1_base64="TM1jVMRvq63sExTI0TIPyEGVpXo=">AAADWXicdVHdbtMwFHZafkr569glXFhUQ+OmSkphRWLSJITE5ZDoNqnpKsdxWqtObOyTrsXKO/AqPA7iPbjGSTqJoO1Ilj+d75zv/EVKcAO+/8trte/cvXe/86D78NHjJ097e8/OjMw1ZRMqhdQXETFM8IxNgINgF0ozkkaCnUerjyV/vmbacJl9ha1is5QsMp5wSsC55r0fIc9gbsM1o5gUlzWIiur7dFh9+nW4jiWEcVyzIR OiwMc4jBNNqA0KOwoVD5kyXDhJv7hFsg7/Vlh9OSzCJQGsbxCe9/r+YBi8D96OsD8YjUfBmyMHfH/sOxA4UFof7ex0vuf9DGNJ85RlQAUxZhr4CmaWaOBUsKIb5oYpQldkwaabIMhIyszMbqrdFfjAsTFOpHYvA1x5/02xJDVmm0YuMiWwNP9zpfMmbppDMp5ZnqkcWEbrQkkuMEhcHgLHXDMKYusAoZq7ZjFdErcicOdqVAG++t4YwxqeZxw2zdmI1vIqZmJm1XJrODU1XWYLHmmit7ZqtpGkpIZ8US4kIhETzTJqkSghoRS6hk7PUpkqAscZu2IGmnKpNG71UG0xks0G7UITteTUed2Rry+Jbwdnw0HwbjD8MuqffNidu4Oeo5foEAXoCJ2gz+gUTRBFf7wX3oH3qvW77bU77W4d2vJ2OfuoYe39v/v6G7U=</latexit>Z ~b

~a

~E(~r) · d~̀= 1

4⇡✏0

Z ~b

~a

q

r2
r̂ · d~̀

<latexit sha1_base64="54DOq3dK/RMbw1TBdsBQr/F3Pmc=">AAADQHicdVFNb9QwEHVSPkppYQtHLhYrpHJZJduFLhKVKiEkjkVi20qbbeQ43l1rndjYk/3Ayo/iL/AvOHDnhrhywkm2EkEwkuWneZ434zeJEtxAEHz1/J1bt+/c3b23d3//4MHDzuGjCyMLTdmISiH1VUIMEzxnI+Ag2JXSjGSJYJfJ4k3FXy6ZNlzmH2Cj2CQjs5xPOSXgUnFnFfEcYhstGcWkvG5AUtbX26P60s+jZSohSt OGjZgQJT7FUTrVhNqwtINI8Ygpw4WTDMpGUseVno6dWPPwY2n1db+sdHQZd7pBrx++Cl8McNAbDAfh8YkDQTAMHAgdqKKLtnEeH3qfo1TSImM5UEGMGYeBgoklGjgVrNyLCsMUoQsyY+N1GOYkY2Zi17VFJX7m2BRPpXYnB1xn/yyxJDNmkyXuZUZgbv7mquS/uHEB0+HE8lwVwHLaNJoWAoPEld845ZpREBsHCNXcDYvpnDg/wG2l1QX44lPrG9bwIuewbv+NaC1XKRMTq+Ybw6lp6Kpa8EQTvbH1sK0iJTUUs8qQhCRMtNuo2VQJCZXQDXR6lspMETjN2YoZaMtl0jjroXYxke0B7UwTNefUZd2SbzaJ/w8u+r3wZa//ftA9e71d9y56gp6iIxSiE3SG3qFzNEIUffN2vH3vwP/if/d/+D+bp763rXmMWuH/+g1bIxXA</latexit>Z ~b

~a

~E(~r) · d~̀= 1

4⇡✏0

Z rb

ra

q

r2
dr

<latexit sha1_base64="I03NO2g6U88NPYp/anIXkb/gQGY=">AAADRnicdVFdb9MwFHUyPrbx1W2PvFhUSN0DVdIVViQmTUJIPA6JfUhNqRzHSa06sbFvuhYrP4p/wV/gmXfeEK84aSctCK4U+eQe33Ovz42V4AaC4Lvnb925e+/+9s7ug4ePHj/p7O1fGFlqys6pFFJfxcQwwQt2DhwEu1KakTwW7DKev635ywXThsviI6wUm+QkK3jKKQGXmnaqiBcwtdGCUUyqT2sQV83xrtcc+jBaJBKiJF mzEROiwic4SlJNqA0rO4wUj5gyXDjJoIoES6G3oT9XVk9J9eL2r9PXPJvB4bTTDfqD8HX4coiD/nA0DI+OHQiCUeBA6EAdXbSJs+me9zVKJC1zVgAVxJhxGCiYWKKBU8Gq3ag0TBE6JxkbL8OwIDkzE7tsjKrwc8cmOJXafQXgJnu7xJLcmFUeu5s5gZn5m6uT/+LGJaSjieWFKoEVdN0oLQUGiWvXccI1oyBWDhCquRsW0xlxhoDbTasL8PmX1jOs4WXBYdl+G9FaXidMTKyarQynZk3X1YLHmuiVbYZtFSmpocxqQ2ISM9Fuo7JUCQm10A10epbKXBE4Kdg1M9CWy6Vx1kPjYizbA9pMEzXj1GXdkm82if8PLgb98FV/8GHYPX2zWfc2eoqeoR4K0TE6Re/RGTpHFP3wdrx978D/5v/0f/m/11d9b1NzgFqxhf4AtrwW1Q==</latexit>Z ~b

~a

~E(~r) · d~̀= 1

4⇡✏0

✓
q

ra
� q

rb

◆

<latexit sha1_base64="o8Y6ZdaajlzZHIRUKG9ysme/Xd8="></latexit>I
~E(~r) · d~̀= 0



Rotacional do campo
<latexit sha1_base64="CUUoMwkHSzYtAESuO5Gtp0rRTE0="></latexit>

~E(~r ) =
1

4⇡✏0

q

r2

<latexit sha1_base64="TM1jVMRvq63sExTI0TIPyEGVpXo=">AAADWXicdVHdbtMwFHZafkr569glXFhUQ+OmSkphRWLSJITE5ZDoNqnpKsdxWqtObOyTrsXKO/AqPA7iPbjGSTqJoO1Ilj+d75zv/EVKcAO+/8trte/cvXe/86D78NHjJ097e8/OjMw1ZRMqhdQXETFM8IxNgINgF0ozkkaCnUerjyV/vmbacJl9ha1is5QsMp5wSsC55r0fIc9gbsM1o5gUlzWIiur7dFh9+nW4jiWEcVyzIR OiwMc4jBNNqA0KOwoVD5kyXDhJv7hFsg7/Vlh9OSzCJQGsbxCe9/r+YBi8D96OsD8YjUfBmyMHfH/sOxA4UFof7ex0vuf9DGNJ85RlQAUxZhr4CmaWaOBUsKIb5oYpQldkwaabIMhIyszMbqrdFfjAsTFOpHYvA1x5/02xJDVmm0YuMiWwNP9zpfMmbppDMp5ZnqkcWEbrQkkuMEhcHgLHXDMKYusAoZq7ZjFdErcicOdqVAG++t4YwxqeZxw2zdmI1vIqZmJm1XJrODU1XWYLHmmit7ZqtpGkpIZ8US4kIhETzTJqkSghoRS6hk7PUpkqAscZu2IGmnKpNG71UG0xks0G7UITteTUed2Rry+Jbwdnw0HwbjD8MuqffNidu4Oeo5foEAXoCJ2gz+gUTRBFf7wX3oH3qvW77bU77W4d2vJ2OfuoYe39v/v6G7U=</latexit>Z ~b

~a

~E(~r) · d~̀= 1

4⇡✏0

Z ~b

~a

q

r2
r̂ · d~̀

<latexit sha1_base64="54DOq3dK/RMbw1TBdsBQr/F3Pmc=">AAADQHicdVFNb9QwEHVSPkppYQtHLhYrpHJZJduFLhKVKiEkjkVi20qbbeQ43l1rndjYk/3Ayo/iL/AvOHDnhrhywkm2EkEwkuWneZ434zeJEtxAEHz1/J1bt+/c3b23d3//4MHDzuGjCyMLTdmISiH1VUIMEzxnI+Ag2JXSjGSJYJfJ4k3FXy6ZNlzmH2Cj2CQjs5xPOSXgUnFnFfEcYhstGcWkvG5AUtbX26P60s+jZSohSt OGjZgQJT7FUTrVhNqwtINI8Ygpw4WTDMpGUseVno6dWPPwY2n1db+sdHQZd7pBrx++Cl8McNAbDAfh8YkDQTAMHAgdqKKLtnEeH3qfo1TSImM5UEGMGYeBgoklGjgVrNyLCsMUoQsyY+N1GOYkY2Zi17VFJX7m2BRPpXYnB1xn/yyxJDNmkyXuZUZgbv7mquS/uHEB0+HE8lwVwHLaNJoWAoPEld845ZpREBsHCNXcDYvpnDg/wG2l1QX44lPrG9bwIuewbv+NaC1XKRMTq+Ybw6lp6Kpa8EQTvbH1sK0iJTUUs8qQhCRMtNuo2VQJCZXQDXR6lspMETjN2YoZaMtl0jjroXYxke0B7UwTNefUZd2SbzaJ/w8u+r3wZa//ftA9e71d9y56gp6iIxSiE3SG3qFzNEIUffN2vH3vwP/if/d/+D+bp763rXmMWuH/+g1bIxXA</latexit>Z ~b

~a

~E(~r) · d~̀= 1

4⇡✏0

Z rb

ra

q

r2
dr

<latexit sha1_base64="I03NO2g6U88NPYp/anIXkb/gQGY=">AAADRnicdVFdb9MwFHUyPrbx1W2PvFhUSN0DVdIVViQmTUJIPA6JfUhNqRzHSa06sbFvuhYrP4p/wV/gmXfeEK84aSctCK4U+eQe33Ovz42V4AaC4Lvnb925e+/+9s7ug4ePHj/p7O1fGFlqys6pFFJfxcQwwQt2DhwEu1KakTwW7DKev635ywXThsviI6wUm+QkK3jKKQGXmnaqiBcwtdGCUUyqT2sQV83xrtcc+jBaJBKiJF mzEROiwic4SlJNqA0rO4wUj5gyXDjJoIoES6G3oT9XVk9J9eL2r9PXPJvB4bTTDfqD8HX4coiD/nA0DI+OHQiCUeBA6EAdXbSJs+me9zVKJC1zVgAVxJhxGCiYWKKBU8Gq3ag0TBE6JxkbL8OwIDkzE7tsjKrwc8cmOJXafQXgJnu7xJLcmFUeu5s5gZn5m6uT/+LGJaSjieWFKoEVdN0oLQUGiWvXccI1oyBWDhCquRsW0xlxhoDbTasL8PmX1jOs4WXBYdl+G9FaXidMTKyarQynZk3X1YLHmuiVbYZtFSmpocxqQ2ISM9Fuo7JUCQm10A10epbKXBE4Kdg1M9CWy6Vx1kPjYizbA9pMEzXj1GXdkm82if8PLgb98FV/8GHYPX2zWfc2eoqeoR4K0TE6Re/RGTpHFP3wdrx978D/5v/0f/m/11d9b1NzgFqxhf4AtrwW1Q==</latexit>Z ~b

~a

~E(~r) · d~̀= 1

4⇡✏0

✓
q

ra
� q

rb

◆

<latexit sha1_base64="o8Y6ZdaajlzZHIRUKG9ysme/Xd8="></latexit>I
~E(~r) · d~̀= 0

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

~r⇥ ~E=0


