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Coordenadas cilíndricas
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<latexit sha1_base64="rTelZ7WPgK3f38jW8uSskQhNUEY="></latexit>

� ~E · n̂ =
�

✏0



Condições de contorno

++++++++++++++++++++ x

y

�

~E a

A

~E b

B

Descontinuidade do campo elétrico
<latexit sha1_base64="rTelZ7WPgK3f38jW8uSskQhNUEY="></latexit>

� ~E · n̂ =
�

✏0

<latexit sha1_base64="Rhq0nCuJiSHSj55tXenm79GGY1c="></latexit>

�V =

Z
~E · d~̀



Condições de contorno

++++++++++++++++++++ x

y

�

~E a

A

~E b

B

Descontinuidade do campo elétrico
<latexit sha1_base64="rTelZ7WPgK3f38jW8uSskQhNUEY="></latexit>

� ~E · n̂ =
�

✏0

<latexit sha1_base64="Rhq0nCuJiSHSj55tXenm79GGY1c="></latexit>

�V =

Z
~E · d~̀

<latexit sha1_base64="lTjaECoduC/U3Fnx9I2p9aa0qgU="></latexit>

�V =

Z
~E · d~̀! 0



Pratique o que aprendeu      


R

O

~E
�

+

+

+

+
+

+++
+

+

+

+

+

+

+

+
+

+ + +
+

+

+

+

+

<latexit sha1_base64="rTelZ7WPgK3f38jW8uSskQhNUEY="></latexit>

� ~E · n̂ =
�

✏0



Pratique o que aprendeu      


R

O

~E
�

+

+

+

+
+

+++
+

+

+

+

+

+

+

+
+

+ + +
+

+

+

+

+
<latexit sha1_base64="e3zSB+43cKLqFkxnbuYv/lxi8RM="></latexit>

~E = Er̂

<latexit sha1_base64="rTelZ7WPgK3f38jW8uSskQhNUEY="></latexit>

� ~E · n̂ =
�

✏0



Pratique o que aprendeu      


R

O

~E
�

+

+

+

+
+

+++
+

+

+

+

+

+

+

+
+

+ + +
+

+

+

+

+
<latexit sha1_base64="e3zSB+43cKLqFkxnbuYv/lxi8RM="></latexit>

~E = Er̂

<latexit sha1_base64="qvavtcDyNjTiU2lYCtVs2JhloBw="></latexit>

� ~E · n̂ = E

<latexit sha1_base64="rTelZ7WPgK3f38jW8uSskQhNUEY="></latexit>

� ~E · n̂ =
�

✏0



Pratique o que aprendeu      


R

O

~E
�

+

+

+

+
+

+++
+

+

+

+

+

+

+

+
+

+ + +
+

+

+

+

+
<latexit sha1_base64="e3zSB+43cKLqFkxnbuYv/lxi8RM="></latexit>

~E = Er̂

<latexit sha1_base64="qvavtcDyNjTiU2lYCtVs2JhloBw="></latexit>

� ~E · n̂ = E

<latexit sha1_base64="DNf2VJAX6f0S7Gq15Lw+d1rbGNE="></latexit>

E =
�

✏0

<latexit sha1_base64="rTelZ7WPgK3f38jW8uSskQhNUEY="></latexit>

� ~E · n̂ =
�

✏0



Pratique o que aprendeu      


R

O

~E
�

+

+

+

+
+

+++
+

+

+

+

+

+

+

+
+

+ + +
+

+

+

+

+
<latexit sha1_base64="e3zSB+43cKLqFkxnbuYv/lxi8RM="></latexit>

~E = Er̂

<latexit sha1_base64="qvavtcDyNjTiU2lYCtVs2JhloBw="></latexit>

� ~E · n̂ = E

<latexit sha1_base64="DNf2VJAX6f0S7Gq15Lw+d1rbGNE="></latexit>

E =
�

✏0

<latexit sha1_base64="rTelZ7WPgK3f38jW8uSskQhNUEY="></latexit>

� ~E · n̂ =
�

✏0

<latexit sha1_base64="hC21erQ7DjYzb9zFGE7U4nbkFUk="></latexit>

E =
q

4⇡✏0R2



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="4VIPmuoLibkCFZwxgQe5qb6lzSI="></latexit>

W =

Z A

O

~F · d~̀



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="4VIPmuoLibkCFZwxgQe5qb6lzSI="></latexit>

W =

Z A

O

~F · d~̀

<latexit sha1_base64="sIQtn35r917zw5573XBGO5piIEA="></latexit>

~F = �~Fe = �q ~E



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="4VIPmuoLibkCFZwxgQe5qb6lzSI="></latexit>

W =

Z A

O

~F · d~̀

<latexit sha1_base64="sIQtn35r917zw5573XBGO5piIEA="></latexit>

~F = �~Fe = �q ~E

<latexit sha1_base64="3vkcMqs7umdJZRb59aVmj6ep7bE="></latexit>

W = qV (A)



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="4VIPmuoLibkCFZwxgQe5qb6lzSI="></latexit>

W =

Z A

O

~F · d~̀

<latexit sha1_base64="sIQtn35r917zw5573XBGO5piIEA="></latexit>

~F = �~Fe = �q ~E

<latexit sha1_base64="3vkcMqs7umdJZRb59aVmj6ep7bE="></latexit>

W = qV (A)

<latexit sha1_base64="dLXmSk0ljtNtIbz3c7k7ltiO2II="></latexit>

W =
1

4⇡✏0

q1q2

12



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="4VIPmuoLibkCFZwxgQe5qb6lzSI="></latexit>

W =

Z A

O

~F · d~̀

<latexit sha1_base64="sIQtn35r917zw5573XBGO5piIEA="></latexit>

~F = �~Fe = �q ~E

<latexit sha1_base64="3vkcMqs7umdJZRb59aVmj6ep7bE="></latexit>

W = qV (A)

<latexit sha1_base64="dLXmSk0ljtNtIbz3c7k7ltiO2II="></latexit>

W =
1

4⇡✏0

q1q2

12

N cargas

<latexit sha1_base64="Lue1m1P/d38YUjaJUQuhgWBay+o="></latexit>

W =
1

4⇡✏0

X

i

X

j>i

qiqj

ij



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="4VIPmuoLibkCFZwxgQe5qb6lzSI="></latexit>

W =

Z A

O

~F · d~̀

<latexit sha1_base64="sIQtn35r917zw5573XBGO5piIEA="></latexit>

~F = �~Fe = �q ~E

<latexit sha1_base64="3vkcMqs7umdJZRb59aVmj6ep7bE="></latexit>

W = qV (A)

<latexit sha1_base64="dLXmSk0ljtNtIbz3c7k7ltiO2II="></latexit>

W =
1

4⇡✏0

q1q2

12

N cargas

<latexit sha1_base64="Lue1m1P/d38YUjaJUQuhgWBay+o="></latexit>

W =
1

4⇡✏0

X

i

X

j>i

qiqj

ij

<latexit sha1_base64="3GAczDpm6CKZYCfVNGjR3jei7D4="></latexit>

W =
1

8⇡✏0

X

i

X

j

qiqj

ij



Trabalho e energia

A

~F e

�
~F e

N cargas

<latexit sha1_base64="3GAczDpm6CKZYCfVNGjR3jei7D4="></latexit>

W =
1

8⇡✏0

X

i

X

j

qiqj

ij



Trabalho e energia

A

~F e

�
~F e

N cargas

<latexit sha1_base64="3GAczDpm6CKZYCfVNGjR3jei7D4="></latexit>

W =
1

8⇡✏0

X

i

X

j

qiqj

ij

<latexit sha1_base64="kmLCZ3AOspzSOsQZsCxYBUsaHbc="></latexit>

W =
1

8⇡✏0

Z Z
⇢(~r)⇢(~r0)

d~r d~r0



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="kmLCZ3AOspzSOsQZsCxYBUsaHbc="></latexit>

W =
1

8⇡✏0

Z Z
⇢(~r)⇢(~r0)

d~r d~r0

<latexit sha1_base64="vD1J+QgS6G3mwX/af5taUjyuf0c="></latexit>

W =
1

2

Z
⇢(~r)V (~r) d~r



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="kmLCZ3AOspzSOsQZsCxYBUsaHbc="></latexit>

W =
1

8⇡✏0

Z Z
⇢(~r)⇢(~r0)

d~r d~r0

<latexit sha1_base64="vD1J+QgS6G3mwX/af5taUjyuf0c="></latexit>

W =
1

2

Z
⇢(~r)V (~r) d~r

<latexit sha1_base64="mevmrQBrowqdXl4qGBD4NK6JFXg="></latexit>

W =
✏0
2

Z ⇣
~r · ~E

⌘
V d~r



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="ec15SIlYjaOpEnI8GFagOn70Nx8="></latexit>

W =
1

8⇡✏0

Z Z
⇢(~r)⇢(~r0)

d⌧ 0 d⌧

<latexit sha1_base64="or2SqUiRn15QuFYAygXg35IQpek="></latexit>

W =
1

2

Z
⇢(~r)V (~r) d⌧

<latexit sha1_base64="IX6pZgxJhoOi7PobKhyzEsq332c="></latexit>

W =
✏0
2

Z ⇣
~r · ~E

⌘
V d⌧



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="ec15SIlYjaOpEnI8GFagOn70Nx8="></latexit>

W =
1

8⇡✏0

Z Z
⇢(~r)⇢(~r0)

d⌧ 0 d⌧

<latexit sha1_base64="or2SqUiRn15QuFYAygXg35IQpek="></latexit>

W =
1

2

Z
⇢(~r)V (~r) d⌧

<latexit sha1_base64="IX6pZgxJhoOi7PobKhyzEsq332c="></latexit>

W =
✏0
2

Z ⇣
~r · ~E

⌘
V d⌧

<latexit sha1_base64="96GuG7xBQVCYYARe8deSFPePuZQ="></latexit>

~r · (V ~E) = ~rV · ~E + V ~r · ~E



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="ec15SIlYjaOpEnI8GFagOn70Nx8="></latexit>

W =
1

8⇡✏0

Z Z
⇢(~r)⇢(~r0)

d⌧ 0 d⌧

<latexit sha1_base64="or2SqUiRn15QuFYAygXg35IQpek="></latexit>

W =
1

2

Z
⇢(~r)V (~r) d⌧

<latexit sha1_base64="IX6pZgxJhoOi7PobKhyzEsq332c="></latexit>

W =
✏0
2

Z ⇣
~r · ~E

⌘
V d⌧

<latexit sha1_base64="96GuG7xBQVCYYARe8deSFPePuZQ="></latexit>

~r · (V ~E) = ~rV · ~E + V ~r · ~E

<latexit sha1_base64="r94/nRYA5FxtG11rUyHudN6nkz0="></latexit>Z
~r · (V ~E) d⌧ =

Z ⇣
~rV · ~E

⌘
d⌧ +

Z ⇣
V ~r · ~E

⌘
d⌧



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="ec15SIlYjaOpEnI8GFagOn70Nx8="></latexit>

W =
1

8⇡✏0

Z Z
⇢(~r)⇢(~r0)

d⌧ 0 d⌧

<latexit sha1_base64="or2SqUiRn15QuFYAygXg35IQpek="></latexit>

W =
1

2

Z
⇢(~r)V (~r) d⌧

<latexit sha1_base64="IX6pZgxJhoOi7PobKhyzEsq332c="></latexit>

W =
✏0
2

Z ⇣
~r · ~E

⌘
V d⌧

<latexit sha1_base64="96GuG7xBQVCYYARe8deSFPePuZQ="></latexit>

~r · (V ~E) = ~rV · ~E + V ~r · ~E

<latexit sha1_base64="r94/nRYA5FxtG11rUyHudN6nkz0="></latexit>Z
~r · (V ~E) d⌧ =

Z ⇣
~rV · ~E

⌘
d⌧ +

Z ⇣
V ~r · ~E

⌘
d⌧

<latexit sha1_base64="1zGhaYUqb+GhgZbC9I51Pg5CWdE="></latexit>Z
V ~E · n̂ dA = �

Z ⇣
~E · ~E

⌘
d⌧ +

Z ⇣
V ~r · ~E

⌘
d⌧



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="ec15SIlYjaOpEnI8GFagOn70Nx8="></latexit>

W =
1

8⇡✏0

Z Z
⇢(~r)⇢(~r0)

d⌧ 0 d⌧

<latexit sha1_base64="or2SqUiRn15QuFYAygXg35IQpek="></latexit>

W =
1

2

Z
⇢(~r)V (~r) d⌧

<latexit sha1_base64="IX6pZgxJhoOi7PobKhyzEsq332c="></latexit>

W =
✏0
2

Z ⇣
~r · ~E

⌘
V d⌧

<latexit sha1_base64="96GuG7xBQVCYYARe8deSFPePuZQ="></latexit>

~r · (V ~E) = ~rV · ~E + V ~r · ~E

<latexit sha1_base64="r94/nRYA5FxtG11rUyHudN6nkz0="></latexit>Z
~r · (V ~E) d⌧ =

Z ⇣
~rV · ~E

⌘
d⌧ +

Z ⇣
V ~r · ~E

⌘
d⌧

<latexit sha1_base64="1zGhaYUqb+GhgZbC9I51Pg5CWdE="></latexit>Z
V ~E · n̂ dA = �

Z ⇣
~E · ~E

⌘
d⌧ +

Z ⇣
V ~r · ~E

⌘
d⌧

<latexit sha1_base64="NFsVI4nruovGVYIVIHT/U2N4LVk="></latexit>

W =
✏0
2

Z
V ~E · n̂ dA+

✏0
2

Z
E2 d⌧



Trabalho e energia

A

~F e

�
~F e

<latexit sha1_base64="ec15SIlYjaOpEnI8GFagOn70Nx8="></latexit>

W =
1

8⇡✏0

Z Z
⇢(~r)⇢(~r0)

d⌧ 0 d⌧

<latexit sha1_base64="or2SqUiRn15QuFYAygXg35IQpek="></latexit>

W =
1

2

Z
⇢(~r)V (~r) d⌧

<latexit sha1_base64="IX6pZgxJhoOi7PobKhyzEsq332c="></latexit>

W =
✏0
2

Z ⇣
~r · ~E

⌘
V d⌧

<latexit sha1_base64="NFsVI4nruovGVYIVIHT/U2N4LVk="></latexit>

W =
✏0
2

Z
V ~E · n̂ dA+

✏0
2

Z
E2 d⌧

<latexit sha1_base64="Prha/OoY1lRVkCNDhfrS6rZ0vDc="></latexit>

W =
✏0
2

R
E2 d⌧



Pratique o que aprendeu      


R

O

~E
�

+

+

+

+
+

+++
+

+

+

+

+

+

+

+
+

+ + +
+

+

+

+

+

<latexit sha1_base64="Prha/OoY1lRVkCNDhfrS6rZ0vDc="></latexit>

W =
✏0
2

R
E2 d⌧



Pratique o que aprendeu      


R

O

~E
�

+

+

+

+
+

+++
+

+

+

+

+

+

+

+
+

+ + +
+

+

+

+

+

<latexit sha1_base64="Prha/OoY1lRVkCNDhfrS6rZ0vDc="></latexit>

W =
✏0
2

R
E2 d⌧

<latexit sha1_base64="7mrkokuP+amgFxItqyV3YfXatRQ="></latexit>

W =
✏0
2

Z ⇣ 1

4⇡✏0

q

r2

⌘2
d⌧



Pratique o que aprendeu      


R

O

~E
�

+

+

+

+
+

+++
+

+

+

+

+

+

+

+
+

+ + +
+

+

+

+

+

<latexit sha1_base64="Prha/OoY1lRVkCNDhfrS6rZ0vDc="></latexit>

W =
✏0
2

R
E2 d⌧

<latexit sha1_base64="7mrkokuP+amgFxItqyV3YfXatRQ="></latexit>

W =
✏0
2

Z ⇣ 1

4⇡✏0

q

r2

⌘2
d⌧

<latexit sha1_base64="TIHUIj4OvpeYKYROd0co8+BAO2k="></latexit>

W =
✏0
2

q2

(4⇡✏0)2

Z 2⇡

0

Z 1

�1

Z 1

R

1

r4
r2 dr du d�



Pratique o que aprendeu      


R

O

~E
�

+

+

+

+
+

+++
+

+

+

+

+

+

+

+
+

+ + +
+

+

+

+

+

<latexit sha1_base64="Prha/OoY1lRVkCNDhfrS6rZ0vDc="></latexit>

W =
✏0
2

R
E2 d⌧

<latexit sha1_base64="7mrkokuP+amgFxItqyV3YfXatRQ="></latexit>

W =
✏0
2

Z ⇣ 1

4⇡✏0

q

r2

⌘2
d⌧

<latexit sha1_base64="TIHUIj4OvpeYKYROd0co8+BAO2k="></latexit>

W =
✏0
2

q2

(4⇡✏0)2

Z 2⇡

0

Z 1

�1

Z 1

R

1

r4
r2 dr du d�

<latexit sha1_base64="kRVP2SPj+y9ApJ0Q/dYYrmdhGMg="></latexit>

W =
1

2

q2

4⇡✏0

1

R



Pratique o que aprendeu      


<latexit sha1_base64="uYjGFm9z/D2jygqjt/isDusm/Gk="></latexit>

W =
1

2

q2

4⇡✏0

1

R
=

1

8⇡✏0

q2

R

R

O

~E
�

+

+

+

+
+

+++
+

+

+

+

+

+

+

+
+

+ + +
+

+

+

+

+

<latexit sha1_base64="Prha/OoY1lRVkCNDhfrS6rZ0vDc="></latexit>

W =
✏0
2

R
E2 d⌧

<latexit sha1_base64="7mrkokuP+amgFxItqyV3YfXatRQ="></latexit>

W =
✏0
2

Z ⇣ 1

4⇡✏0

q

r2

⌘2
d⌧

<latexit sha1_base64="TIHUIj4OvpeYKYROd0co8+BAO2k="></latexit>

W =
✏0
2

q2

(4⇡✏0)2

Z 2⇡

0

Z 1

�1

Z 1

R

1

r4
r2 dr du d�


