
16 de junho de 2021 
Dielétricos

⃗∇ ⋅ ⃗D = ρ

⃗∇ × ⃗E = −
∂ ⃗B
∂t

⃗∇ ⋅ ⃗B = 0

⃗∇ × ⃗H = ⃗j + ϵ0
∂ ⃗D
∂t

Eletromagnetismo



Polarização
<latexit sha1_base64="u8XkTa16j0ziikUnxDFrMltpFjE="></latexit>

V (~r) =
1

4⇡✏0

~p · ˆ
2
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<latexit sha1_base64="3zGznOiwFvQGLB8x6y1nKX2OEwg="></latexit>

~P =

P
j ~pj

�⌧
(Polarização)



Polarização
<latexit sha1_base64="u8XkTa16j0ziikUnxDFrMltpFjE="></latexit>

V (~r) =
1

4⇡✏0

~p · ˆ
2
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<latexit sha1_base64="3zGznOiwFvQGLB8x6y1nKX2OEwg="></latexit>

~P =

P
j ~pj

�⌧

<latexit sha1_base64="mzwfHE+ZKdatQ1DfagiOMU841HU="></latexit>

V (~r) =
1

4⇡✏0

Z
ˆ · ~P (~r0)

2
d⌧ 0

<latexit sha1_base64="/S+G0x42WAXOUpeUZw5FExtmcCE="></latexit>

V (~r ) =
1

4⇡✏0

Z

S

�b dA0 +
1

4⇡✏0

Z

V

⇢b d⌧ 0



Vetor deslocamento
<latexit sha1_base64="rRHPU66eHtcZxrF+WKMItAymSXE="></latexit>

⇢ = ⇢f + ⇢b

<latexit sha1_base64="EQG8VeomEE6Dkouw1ZSUVcDp0qk="></latexit>

⇢b ⌘ � ~r · ~P

<latexit sha1_base64="celf2CXacGljgvN8Q7eJDKnM6bo="></latexit>

~D ⌘ ✏0 ~E + ~P

<latexit sha1_base64="qk/9U6dtrQGjqHuZpEBzxB0SaPw="></latexit>

~r · ~D = ⇢f

<latexit sha1_base64="1ab4+ohALGPqwqRZKsSf8uWQWy8="></latexit>Z

A
~D · n̂ dA = Qf



Meios lineares
<latexit sha1_base64="UOD7Ua3A0nIbhccImKvwgi0f9iU="></latexit>

~P = �e✏0 ~E

Susceptibilidade
⃗P

⃗E



Meios lineares
<latexit sha1_base64="UOD7Ua3A0nIbhccImKvwgi0f9iU="></latexit>

~P = �e✏0 ~E

Susceptibilidade
⃗P

⃗E

<latexit sha1_base64="celf2CXacGljgvN8Q7eJDKnM6bo="></latexit>

~D ⌘ ✏0 ~E + ~P



Meios lineares
<latexit sha1_base64="UOD7Ua3A0nIbhccImKvwgi0f9iU="></latexit>

~P = �e✏0 ~E

Susceptibilidade
⃗P

⃗E
<latexit sha1_base64="xoYprhA7nRZ6VJAHPk2vVa7sOHo="></latexit>

~D = ✏0 ~E + �e✏0 ~E

<latexit sha1_base64="celf2CXacGljgvN8Q7eJDKnM6bo="></latexit>

~D ⌘ ✏0 ~E + ~P



Meios lineares
<latexit sha1_base64="UOD7Ua3A0nIbhccImKvwgi0f9iU="></latexit>

~P = �e✏0 ~E Susceptibilidade

⃗P

⃗E<latexit sha1_base64="xoYprhA7nRZ6VJAHPk2vVa7sOHo="></latexit>

~D = ✏0 ~E + �e✏0 ~E

<latexit sha1_base64="Zh4ly70XkMm1YHVkX4Hoy7Chnno="></latexit>

~D = (1 + �0)✏0 ~E



Meios lineares
<latexit sha1_base64="UOD7Ua3A0nIbhccImKvwgi0f9iU="></latexit>

~P = �e✏0 ~E Susceptibilidade

⃗P

⃗E<latexit sha1_base64="xoYprhA7nRZ6VJAHPk2vVa7sOHo="></latexit>

~D = ✏0 ~E + �e✏0 ~E

<latexit sha1_base64="Zh4ly70XkMm1YHVkX4Hoy7Chnno="></latexit>

~D = (1 + �0)✏0 ~E

<latexit sha1_base64="Wscl5I26Gl71u0Fjs+BuApKIAQE="></latexit>

✏ = (1 + �0)✏0 Permissividade



Meios lineares
<latexit sha1_base64="UOD7Ua3A0nIbhccImKvwgi0f9iU="></latexit>

~P = �e✏0 ~E Susceptibilidade

⃗P

⃗E<latexit sha1_base64="xoYprhA7nRZ6VJAHPk2vVa7sOHo="></latexit>

~D = ✏0 ~E + �e✏0 ~E

<latexit sha1_base64="Zh4ly70XkMm1YHVkX4Hoy7Chnno="></latexit>

~D = (1 + �0)✏0 ~E

<latexit sha1_base64="Wscl5I26Gl71u0Fjs+BuApKIAQE="></latexit>

✏ = (1 + �0)✏0 Permissividade

<latexit sha1_base64="YcTJWJ2n5pMN/Hp6EJ0iENlEgFY="></latexit>

✏r = 1 + �0 Constante dielétrica



Meios lineares
<latexit sha1_base64="UOD7Ua3A0nIbhccImKvwgi0f9iU="></latexit>

~P = �e✏0 ~E Susceptibilidade

⃗P

⃗E<latexit sha1_base64="xoYprhA7nRZ6VJAHPk2vVa7sOHo="></latexit>

~D = ✏0 ~E + �e✏0 ~E

<latexit sha1_base64="Zh4ly70XkMm1YHVkX4Hoy7Chnno="></latexit>

~D = (1 + �0)✏0 ~E

<latexit sha1_base64="Wscl5I26Gl71u0Fjs+BuApKIAQE="></latexit>

✏ = (1 + �0)✏0 Permissividade

<latexit sha1_base64="YcTJWJ2n5pMN/Hp6EJ0iENlEgFY="></latexit>

✏r = 1 + �0 Constante dielétrica

<latexit sha1_base64="uIsMxt6WD9GtyxfxOi1aAG8V8qY="></latexit>

~D = ✏ ~E = ✏r✏0 ~E



Meios lineares
<latexit sha1_base64="UOD7Ua3A0nIbhccImKvwgi0f9iU="></latexit>

~P = �e✏0 ~E Susceptibilidade

⃗P

⃗E<latexit sha1_base64="YcTJWJ2n5pMN/Hp6EJ0iENlEgFY="></latexit>

✏r = 1 + �0

<latexit sha1_base64="uIsMxt6WD9GtyxfxOi1aAG8V8qY="></latexit>

~D = ✏ ~E = ✏r✏0 ~E



Pratique o que aprendeu       

ba

Q
✏<latexit sha1_base64="Zgn4q+ETtvnay+XF/VLecuYIHpw="></latexit>

~E =?



Pratique o que aprendeu       

ba

Q
✏<latexit sha1_base64="Zgn4q+ETtvnay+XF/VLecuYIHpw="></latexit>

~E =?

<latexit sha1_base64="uIsMxt6WD9GtyxfxOi1aAG8V8qY="></latexit>

~D = ✏ ~E = ✏r✏0 ~E



Pratique o que aprendeu       

ba

Q
✏<latexit sha1_base64="Zgn4q+ETtvnay+XF/VLecuYIHpw="></latexit>

~E =?

<latexit sha1_base64="6gd4fgU1pQ1utLVwGrVMruWfTtg="></latexit>Z

A
~D · n̂ dA = 0 (r < a)

<latexit sha1_base64="uIsMxt6WD9GtyxfxOi1aAG8V8qY="></latexit>

~D = ✏ ~E = ✏r✏0 ~E



Pratique o que aprendeu       

ba

Q
✏<latexit sha1_base64="Zgn4q+ETtvnay+XF/VLecuYIHpw="></latexit>

~E =?

<latexit sha1_base64="ZfVL2xElJJ2zB90TIGD2wzdXi80="></latexit>Z

A
~D · n̂ dA = Q (a < r < b)

<latexit sha1_base64="uIsMxt6WD9GtyxfxOi1aAG8V8qY="></latexit>

~D = ✏ ~E = ✏r✏0 ~E

<latexit sha1_base64="LHIuPR0lzDdD8wN0l1J1BnjzciQ="></latexit>

D =
1

4⇡

Q

R2
(a < r < b)



Pratique o que aprendeu       

ba

Q
✏<latexit sha1_base64="Zgn4q+ETtvnay+XF/VLecuYIHpw="></latexit>

~E =?

<latexit sha1_base64="uIsMxt6WD9GtyxfxOi1aAG8V8qY="></latexit>

~D = ✏ ~E = ✏r✏0 ~E

<latexit sha1_base64="bhwK4Go+yHmYjtF+nGppqxYGV1M="></latexit>

D =
1

4⇡

Q

R2
(b < r)

<latexit sha1_base64="2AOACOUWwRmjZDqBMGxSMpwOLzc="></latexit>Z

A
~D · n̂ dA = Q (b < r)



Condições de contorno

~P

USAREMOS GAUSS E STOKES



Condições de contorno

~P

<latexit sha1_base64="ZzKZxpm0anHMOdRm05Q76qHYhCI="></latexit>Z

A
~D · n̂ dA = 0



Condições de contorno

~P

<latexit sha1_base64="uIsMxt6WD9GtyxfxOi1aAG8V8qY="></latexit>

~D = ✏ ~E = ✏r✏0 ~E

<latexit sha1_base64="ZzKZxpm0anHMOdRm05Q76qHYhCI="></latexit>Z

A
~D · n̂ dA = 0

<latexit sha1_base64="aMO0JvTaihbjjSrOS/46F8CwK6s="></latexit>

Da?A�Db?A = 0



Condições de contorno

~P

<latexit sha1_base64="ZzKZxpm0anHMOdRm05Q76qHYhCI="></latexit>Z

A
~D · n̂ dA = 0

<latexit sha1_base64="n8JMTtVvIq/vJfGlwhfinp/WhxI="></latexit>

Da? = Db?

<latexit sha1_base64="aMO0JvTaihbjjSrOS/46F8CwK6s="></latexit>

Da?A�Db?A = 0



Condições de contorno

~P

<latexit sha1_base64="ZzKZxpm0anHMOdRm05Q76qHYhCI="></latexit>Z

A
~D · n̂ dA = 0

<latexit sha1_base64="n8JMTtVvIq/vJfGlwhfinp/WhxI="></latexit>

Da? = Db?

<latexit sha1_base64="aMO0JvTaihbjjSrOS/46F8CwK6s="></latexit>

Da?A�Db?A = 0

<latexit sha1_base64="cDNEnZctgLjmyeqwY8tLqZQBDQw="></latexit>I
~E · d~̀= 0



Condições de contorno

~P

<latexit sha1_base64="ZzKZxpm0anHMOdRm05Q76qHYhCI="></latexit>Z

A
~D · n̂ dA = 0

<latexit sha1_base64="n8JMTtVvIq/vJfGlwhfinp/WhxI="></latexit>

Da? = Db?

<latexit sha1_base64="aMO0JvTaihbjjSrOS/46F8CwK6s="></latexit>

Da?A�Db?A = 0

<latexit sha1_base64="cDNEnZctgLjmyeqwY8tLqZQBDQw="></latexit>I
~E · d~̀= 0

<latexit sha1_base64="/S9CsbOF8RZvy9H1GIRginVOUbY="></latexit>

�Eak`+ Ebk` = 0



Condições de contorno

~P

<latexit sha1_base64="ZzKZxpm0anHMOdRm05Q76qHYhCI="></latexit>Z

A
~D · n̂ dA = 0

<latexit sha1_base64="n8JMTtVvIq/vJfGlwhfinp/WhxI="></latexit>

Da? = Db?

<latexit sha1_base64="aMO0JvTaihbjjSrOS/46F8CwK6s="></latexit>

Da?A�Db?A = 0

<latexit sha1_base64="cDNEnZctgLjmyeqwY8tLqZQBDQw="></latexit>I
~E · d~̀= 0

<latexit sha1_base64="/S9CsbOF8RZvy9H1GIRginVOUbY="></latexit>

�Eak`+ Ebk` = 0

<latexit sha1_base64="3WmTywDv71jMn0Fz5qGOLYQ/XVY="></latexit>

Eak = Ebk



Condições de contorno

~P

<latexit sha1_base64="n8JMTtVvIq/vJfGlwhfinp/WhxI="></latexit>

Da? = Db?

<latexit sha1_base64="Jim4MBPh7ShNYQjKe6e6g0wY11s="></latexit>

Dak � Pak = Dbk � Pbk



Condições de contorno

~P

<latexit sha1_base64="n8JMTtVvIq/vJfGlwhfinp/WhxI="></latexit>

Da? = Db?

<latexit sha1_base64="Jim4MBPh7ShNYQjKe6e6g0wY11s="></latexit>

Dak � Pak = Dbk � Pbk

<latexit sha1_base64="9iMm8a2wB0Y/o5m3QgSh4ZD/rEk="></latexit>

~r · ~P = �⇢b



Condições de contorno

~P

<latexit sha1_base64="n8JMTtVvIq/vJfGlwhfinp/WhxI="></latexit>

Da? = Db?

<latexit sha1_base64="Jim4MBPh7ShNYQjKe6e6g0wY11s="></latexit>

Dak � Pak = Dbk � Pbk

<latexit sha1_base64="9iMm8a2wB0Y/o5m3QgSh4ZD/rEk="></latexit>

~r · ~P = �⇢b

<latexit sha1_base64="EVSD2jkicWs/QVK/hQ1vWEt/qsI="></latexit>

⇢b = � ~r · (�e✏0 ~E)



Condições de contorno

~P

<latexit sha1_base64="n8JMTtVvIq/vJfGlwhfinp/WhxI="></latexit>

Da? = Db?

<latexit sha1_base64="Jim4MBPh7ShNYQjKe6e6g0wY11s="></latexit>

Dak � Pak = Dbk � Pbk

<latexit sha1_base64="9iMm8a2wB0Y/o5m3QgSh4ZD/rEk="></latexit>

~r · ~P = �⇢b

<latexit sha1_base64="1jV795TWmHUCmzHMlgzLLz/QW3M="></latexit>

⇢b = � ~r · (�e✏0 ~E) = � ~r · (�e✏0
~D

✏
)



Condições de contorno

~P

<latexit sha1_base64="n8JMTtVvIq/vJfGlwhfinp/WhxI="></latexit>

Da? = Db?

<latexit sha1_base64="Jim4MBPh7ShNYQjKe6e6g0wY11s="></latexit>

Dak � Pak = Dbk � Pbk

<latexit sha1_base64="9iMm8a2wB0Y/o5m3QgSh4ZD/rEk="></latexit>

~r · ~P = �⇢b

<latexit sha1_base64="1jV795TWmHUCmzHMlgzLLz/QW3M="></latexit>

⇢b = � ~r · (�e✏0 ~E) = � ~r · (�e✏0
~D

✏
)

<latexit sha1_base64="FLqjGxVgvjrTPEDKZpNh0w4b3qs="></latexit>

⇢b = � ~r · ( �e

1 + �e

~D)

<latexit sha1_base64="bC6hewg2u2LkJ5xSDlnL09M0X7E="></latexit>

⇢b = � �e

1 + �e

⇢f



Condições de contorno

~P

<latexit sha1_base64="n8JMTtVvIq/vJfGlwhfinp/WhxI="></latexit>

Da? = Db?

<latexit sha1_base64="Jim4MBPh7ShNYQjKe6e6g0wY11s="></latexit>

Dak � Pak = Dbk � Pbk

<latexit sha1_base64="scn0jjPd1H1cZ9fvDOWQr8fD7mg="></latexit>

Vb = Va



Pratique o que aprendeu       

<latexit sha1_base64="n8JMTtVvIq/vJfGlwhfinp/WhxI="></latexit>

Da? = Db?
<latexit sha1_base64="Jim4MBPh7ShNYQjKe6e6g0wY11s="></latexit>

Dak � Pak = Dbk � Pbk
<latexit sha1_base64="scn0jjPd1H1cZ9fvDOWQr8fD7mg="></latexit>

Vb = Va

z

y

R

E0ẑ

✏



Pratique o que aprendeu       

<latexit sha1_base64="scn0jjPd1H1cZ9fvDOWQr8fD7mg="></latexit>

Vb = Va

z

y

R

E0ẑ

✏

<latexit sha1_base64="hXK54yto4QukquiCp6AM6bngvQ0="></latexit>

✏b
@Vb

@n
= ✏a

@Va

@n



Pratique o que aprendeu       

<latexit sha1_base64="scn0jjPd1H1cZ9fvDOWQr8fD7mg="></latexit>

Vb = Va

z

y

R

E0ẑ

✏

<latexit sha1_base64="hXK54yto4QukquiCp6AM6bngvQ0="></latexit>

✏b
@Vb

@n
= ✏a

@Va

@n

Condições de contorno



Pratique o que aprendeu       

<latexit sha1_base64="scn0jjPd1H1cZ9fvDOWQr8fD7mg="></latexit>

Vb = Va

z

y

R

E0ẑ

✏

<latexit sha1_base64="hXK54yto4QukquiCp6AM6bngvQ0="></latexit>

✏b
@Vb

@n
= ✏a

@Va

@n

Condições de contorno

<latexit sha1_base64="9fiimtSQrvlrKOLm1Hp8Id7d1CM="></latexit>

V (r ! 1) = �E0r cos ✓

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)

<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R



Pratique o que aprendeu       

<latexit sha1_base64="scn0jjPd1H1cZ9fvDOWQr8fD7mg="></latexit>

Vb = Va

z

y

R

E0ẑ

✏

<latexit sha1_base64="hXK54yto4QukquiCp6AM6bngvQ0="></latexit>

✏b
@Vb

@n
= ✏a

@Va

@n

Condições de contorno
<latexit sha1_base64="9fiimtSQrvlrKOLm1Hp8Id7d1CM="></latexit>

V (r ! 1) = �E0r cos ✓
<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R



Pratique o que aprendeu       

<latexit sha1_base64="scn0jjPd1H1cZ9fvDOWQr8fD7mg="></latexit>

Vb = Va

z

y

R

E0ẑ

✏

<latexit sha1_base64="hXK54yto4QukquiCp6AM6bngvQ0="></latexit>

✏b
@Vb

@n
= ✏a

@Va

@n

Condições de contorno
<latexit sha1_base64="9fiimtSQrvlrKOLm1Hp8Id7d1CM="></latexit>

V (r ! 1) = �E0r cos ✓
<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="kIQS1NF3eMnx/s/0KKOy/i7VG6Q="></latexit>

V (r) =
X

`

⇣
A`r

` +
B`

r`+1

⌘
P` (cos ✓)

<latexit sha1_base64="E7/6SrRR26zq2b8b9nUFyfMaaac="></latexit>

r ! 1 ) Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)



Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)



Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)



Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

<latexit sha1_base64="8oCGpbw0UQMAl7DutRB/WOqWE28="></latexit>

r = R)
X

`

A`R
`P` (cos ✓) = �E0R cos ✓ +

X

`

B`

R`+1
P` (cos ✓)

<latexit sha1_base64="XOqnTTTNY5b0FKQoTxT7VWSvJJk="></latexit>

✏r
X

`

`A`R
`�1P` (cos ✓) = �E0 cos ✓ �

X

`

(`+ 1)
B`

R`+2
P` (cos ✓)



Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

<latexit sha1_base64="8oCGpbw0UQMAl7DutRB/WOqWE28="></latexit>

r = R)
X

`

A`R
`P` (cos ✓) = �E0R cos ✓ +

X

`

B`

R`+1
P` (cos ✓)

<latexit sha1_base64="XOqnTTTNY5b0FKQoTxT7VWSvJJk=">AAAKcXic5Vbbbts2GJa7U6odmm43G3bDNjCQILZm+ZDDVgfthmG9zIqmLWC5AUXREhFK1EjKhxJ6nt3vbfYce4GRlGPFjrMB2+7GxBH9f//5FIU5JUJ2Or837r33/gcffrRz3/34k08/e7D78PNXghUc4QvEKONvQigwJRm+kERS/CbnGKYhxa/Dqx8M/nqKuSAseykXOR6nMM7IhCAoNely97cA54JQlgUZjhQvA1Gk9hpgSk </latexit>

✏r
X

`

`A`R
`�1P` (cos ✓) = �E0 cos ✓ �

X

`

(`+ 1)
B`

R`+2
P` (cos ✓)

<latexit sha1_base64="WCBbDc2vWOCrJt3TpGrk784DhKQ="></latexit>

` = 1 ) A1R = �E0R+
B1

R2
<latexit sha1_base64="DL0el04QoOwL6HKYAVXX4PFVhyM="></latexit>

✏rA1 = �E0 � 2
B1

R3

<latexit sha1_base64="oktNmhIEJ8j4g0+snBTAIbMETkk="></latexit>

) A1 = � 3

✏r + 2
E0

B1 =
✏r � 1

✏r + 2
R3E0



Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

<latexit sha1_base64="8oCGpbw0UQMAl7DutRB/WOqWE28="></latexit>

r = R)
X

`

A`R
`P` (cos ✓) = �E0R cos ✓ +

X

`

B`

R`+1
P` (cos ✓)

<latexit sha1_base64="XOqnTTTNY5b0FKQoTxT7VWSvJJk=">AAAKcXic5Vbbbts2GJa7U6odmm43G3bDNjCQILZm+ZDDVgfthmG9zIqmLWC5AUXREhFK1EjKhxJ6nt3vbfYce4GRlGPFjrMB2+7GxBH9f//5FIU5JUJ2Or837r33/gcffrRz3/34k08/e7D78PNXghUc4QvEKONvQigwJRm+kERS/CbnGKYhxa/Dqx8M/nqKuSAseykXOR6nMM7IhCAoNely97cA54JQlgUZjhQvA1Gk9hpgSk </latexit>

✏r
X

`

`A`R
`�1P` (cos ✓) = �E0 cos ✓ �

X

`

(`+ 1)
B`

R`+2
P` (cos ✓)

<latexit sha1_base64="WtSCWd39he4zV6v74xYi4OF1jhQ="></latexit>

` 6= 1 ) A`R
` =

B`

R`+2
<latexit sha1_base64="5JP6wrkHyCIOWpLMxqr0qn0e5RM="></latexit>

✏r`A`R
`�1 = �(`+ 1)

B`

R`+2



Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

<latexit sha1_base64="8oCGpbw0UQMAl7DutRB/WOqWE28="></latexit>

r = R)
X

`

A`R
`P` (cos ✓) = �E0R cos ✓ +

X

`

B`

R`+1
P` (cos ✓)

<latexit sha1_base64="XOqnTTTNY5b0FKQoTxT7VWSvJJk=">AAAKcXic5Vbbbts2GJa7U6odmm43G3bDNjCQILZm+ZDDVgfthmG9zIqmLWC5AUXREhFK1EjKhxJ6nt3vbfYce4GRlGPFjrMB2+7GxBH9f//5FIU5JUJ2Or837r33/gcffrRz3/34k08/e7D78PNXghUc4QvEKONvQigwJRm+kERS/CbnGKYhxa/Dqx8M/nqKuSAseykXOR6nMM7IhCAoNely97cA54JQlgUZjhQvA1Gk9hpgSk </latexit>

✏r
X

`

`A`R
`�1P` (cos ✓) = �E0 cos ✓ �

X

`

(`+ 1)
B`

R`+2
P` (cos ✓)

<latexit sha1_base64="5JP6wrkHyCIOWpLMxqr0qn0e5RM="></latexit>

✏r`A`R
`�1 = �(`+ 1)

B`

R`+2

<latexit sha1_base64="WtSCWd39he4zV6v74xYi4OF1jhQ="></latexit>

` 6= 1 ) A`R
` =

B`

R`+2 <latexit sha1_base64="0qsrs7LzQ3kBXL4H6Um6ONvodHk="></latexit>

) A` = B` = 0



Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

<latexit sha1_base64="0qsrs7LzQ3kBXL4H6Um6ONvodHk="></latexit>

) A` = B` = 0

<latexit sha1_base64="oktNmhIEJ8j4g0+snBTAIbMETkk="></latexit>

) A1 = � 3

✏r + 2
E0

B1 =
✏r � 1

✏r + 2
R3E0

<latexit sha1_base64="MoEno+06ORLjQGRwAbfEYoUBfTY="></latexit>

Vd (r) = � 3

✏r + 2
E0r cos ✓ = � 3

✏r + 2
E0z



Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

<latexit sha1_base64="0qsrs7LzQ3kBXL4H6Um6ONvodHk="></latexit>

) A` = B` = 0

<latexit sha1_base64="oktNmhIEJ8j4g0+snBTAIbMETkk="></latexit>

) A1 = � 3

✏r + 2
E0

B1 =
✏r � 1

✏r + 2
R3E0

<latexit sha1_base64="DnySCI8wRoH1yCpHkLcMNWUkoJ0="></latexit>

Vf (r) = �E0r cos ✓ +
✏r � 1

✏r + 2

E0R
3 cos ✓

r2


