
⃗∇ ⋅ ⃗D =
ρ
ϵ0

⃗∇ × ⃗E = −
∂ ⃗B
∂t

⃗∇ ⋅ ⃗B = 0

⃗∇ × ⃗H = ⃗j + ϵ0
∂ ⃗D
∂t

Aula de 7 de junho

Métodos especiais

Eletromagnetismo



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="y7aBsBMuIg21RivyQ+Avxwtf9l4="></latexit>

~r⇥ ~v =
1

r sin ✓

h @

@✓

⇣
sin ✓v�

⌘
�

@v✓
@�

i
r̂

+
1

r

h 1

sin ✓

@vr
@�

� @

@r

⇣
rv�

⌘i
✓̂ +

1

r

h @

@r

⇣
r v✓

⌘
� @vr

@✓
]�̂



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
@z

�

z

x y

z

s

ŝ

�̂

ẑ

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

~r⇥ ~v =

 
1

s

@vz
@�

� @v�
@z

!
ŝ+

⇣@vs
@z

� @vz
@s

⌘
�̂+

1

s

 
@(sv�)

@s
� @vs

@�

!
ẑ

<latexit sha1_base64="yisGU2UklKFtw6nQOQZCpEaKUQI="></latexit>

r2T =
1

s

@

@s

 
s
@T

@s

!
+

1

s2
@2T

@�2
+

@2T

@z2



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

x

y

a

0

V (y)

V = 0

V = 0

<latexit sha1_base64="iia89F1WTbdCKGD9QJj9xV4cnMI="></latexit>

V (x, y) =
1X

n=1

Vn exp
⇣
� n⇡x

a

⌘
sin

⇣n⇡y
a

⌘

Simetria plana



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

x

y

a

0

V (y)

V = 0

V = 0

<latexit sha1_base64="2WfR+U8kn+BSBLtxhzNV8uLbauA="></latexit>

Vm =
2

a

R a
0 V (0, y) sin

⇣m⇡y

a

⌘
dy

<latexit sha1_base64="iia89F1WTbdCKGD9QJj9xV4cnMI="></latexit>

V (x, y) =
1X

n=1

Vn exp
⇣
� n⇡x

a

⌘
sin

⇣n⇡y
a

⌘



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<latexit sha1_base64="GAE1V3k5d6niluLDC9VoC/7k6KU="></latexit>

r2t =
1

r2
@

@r

✓
r2

@t

@r

◆
+

1

r2 sin ✓

@

@✓

✓
sin ✓

@t

@✓

◆
+

1

r2 sin2 ✓

@2t

@�2



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<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="27lOKgq/arOzYlo6geNFdkSpL38="></latexit>

⇥(✓)
1

r2
d

dr

⇣
r2

dR

dr

⌘
+R(r)

1

r2 sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= 0



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<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="riuMkjb2EX4pizYChRfXoxfahRM="></latexit>

1

R

d

dr

⇣
r2

dR

dr

⌘
+

1

⇥

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= 0



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<latexit sha1_base64="riuMkjb2EX4pizYChRfXoxfahRM="></latexit>

1

R

d

dr

⇣
r2

dR

dr

⌘
+

1

⇥

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= 0

<latexit sha1_base64="Ve1BLZHq4aYGRvLQnurMzPG6Sbs="></latexit>

d

dr

⇣
r2

dR

dr

⌘
= `(`+ 1)R



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<latexit sha1_base64="riuMkjb2EX4pizYChRfXoxfahRM="></latexit>

1

R

d

dr

⇣
r2

dR

dr

⌘
+

1

⇥

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= 0

<latexit sha1_base64="Ve1BLZHq4aYGRvLQnurMzPG6Sbs="></latexit>

d

dr

⇣
r2

dR

dr

⌘
= `(`+ 1)R

<latexit sha1_base64="FhofyzkU1WSPKszQaIvuLXlIK6k="></latexit>

R(r) = Ar` +
B

r`+1



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<latexit sha1_base64="riuMkjb2EX4pizYChRfXoxfahRM="></latexit>

1

R

d

dr

⇣
r2

dR

dr

⌘
+

1

⇥

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= 0

<latexit sha1_base64="XQlExAEwHO7dZN80rVMFBLrkNcU="></latexit>

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= �`(`+ 1)⇥



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<latexit sha1_base64="riuMkjb2EX4pizYChRfXoxfahRM="></latexit>

1

R

d

dr

⇣
r2

dR

dr

⌘
+

1

⇥

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= 0

<latexit sha1_base64="+zpcMBJYb2HsS1Oxv4kLsd43mSk="></latexit>

u ⌘ cos ✓

<latexit sha1_base64="XQlExAEwHO7dZN80rVMFBLrkNcU="></latexit>

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= �`(`+ 1)⇥



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<latexit sha1_base64="riuMkjb2EX4pizYChRfXoxfahRM="></latexit>

1

R

d

dr

⇣
r2

dR

dr

⌘
+

1

⇥

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= 0

<latexit sha1_base64="+zpcMBJYb2HsS1Oxv4kLsd43mSk="></latexit>

u ⌘ cos ✓
<latexit sha1_base64="q/ShR7rWTajNCCOAGDMMwbGdqyI="></latexit>

) sin ✓ d✓ = � d cos ✓

<latexit sha1_base64="XQlExAEwHO7dZN80rVMFBLrkNcU="></latexit>

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= �`(`+ 1)⇥



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<latexit sha1_base64="riuMkjb2EX4pizYChRfXoxfahRM="></latexit>

1

R

d

dr

⇣
r2

dR

dr

⌘
+

1

⇥

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= 0

<latexit sha1_base64="+zpcMBJYb2HsS1Oxv4kLsd43mSk="></latexit>

u ⌘ cos ✓
<latexit sha1_base64="q/ShR7rWTajNCCOAGDMMwbGdqyI="></latexit>

) sin ✓ d✓ = � d cos ✓

<latexit sha1_base64="XQlExAEwHO7dZN80rVMFBLrkNcU="></latexit>

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= �`(`+ 1)⇥

<latexit sha1_base64="dJ6bSTt5ldR0AbngRAjFfnURHBs="></latexit>

1

sin ✓

d

d✓

⇣ sin2 ✓
sin ✓

d⇥

d✓

⌘
= �`(`+ 1)⇥



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<latexit sha1_base64="riuMkjb2EX4pizYChRfXoxfahRM="></latexit>

1

R

d

dr

⇣
r2

dR

dr

⌘
+

1

⇥

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= 0

<latexit sha1_base64="+zpcMBJYb2HsS1Oxv4kLsd43mSk="></latexit>

u ⌘ cos ✓
<latexit sha1_base64="q/ShR7rWTajNCCOAGDMMwbGdqyI="></latexit>

) sin ✓ d✓ = � d cos ✓

<latexit sha1_base64="XQlExAEwHO7dZN80rVMFBLrkNcU="></latexit>

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= �`(`+ 1)⇥

<latexit sha1_base64="dJ6bSTt5ldR0AbngRAjFfnURHBs="></latexit>

1

sin ✓

d

d✓

⇣ sin2 ✓
sin ✓

d⇥

d✓

⌘
= �`(`+ 1)⇥

<latexit sha1_base64="hmJyRqppmh2BGBhiqjTS1HHD/rg="></latexit>

) d

du

⇣
(1� u2)

d⇥

du

⌘
= �`(`+ 1)⇥



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica
<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<latexit sha1_base64="riuMkjb2EX4pizYChRfXoxfahRM="></latexit>

1

R

d

dr

⇣
r2

dR

dr

⌘
+

1

⇥

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= 0

<latexit sha1_base64="RaEVENP2UYhj1JGE0VLiMrmSV8w="></latexit>

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= �`(`+ 1) sin ✓⇥

<latexit sha1_base64="VEOvoVCiZxHl+MsfGZ4sEjTKcNM="></latexit>

⇥(✓) = P`(u) (u = cos ✓, ` = 0, 1, . . .)

<latexit sha1_base64="QtfxbhVUteVxPfbocbV/uTGrENQ="></latexit>

P0(x) = 1

P1(x) = x

P2(x) =
3x2 � 1

2

P3(x) =
5x3 � 3x

2

<latexit sha1_base64="hmJyRqppmh2BGBhiqjTS1HHD/rg="></latexit>

) d

du

⇣
(1� u2)

d⇥

du

⌘
= �`(`+ 1)⇥



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica

�1 �0.5 0 0.5 1

�1

�0.5

0

0.5

1

cos ✓

P
`

` = 0
` = 1
` = 2
` = 3
` = 4

<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<latexit sha1_base64="riuMkjb2EX4pizYChRfXoxfahRM="></latexit>

1

R

d

dr

⇣
r2

dR

dr

⌘
+

1

⇥

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= 0

<latexit sha1_base64="RaEVENP2UYhj1JGE0VLiMrmSV8w="></latexit>

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= �`(`+ 1) sin ✓⇥

<latexit sha1_base64="VEOvoVCiZxHl+MsfGZ4sEjTKcNM="></latexit>

⇥(✓) = P`(u) (u = cos ✓, ` = 0, 1, . . .)

<latexit sha1_base64="QtfxbhVUteVxPfbocbV/uTGrENQ="></latexit>

P0(x) = 1

P1(x) = x

P2(x) =
3x2 � 1

2

P3(x) =
5x3 � 3x

2



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica

�1 �0.5 0 0.5 1

�1

�0.5

0

0.5

1

cos ✓

P
`

` = 0
` = 1
` = 20

<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<latexit sha1_base64="riuMkjb2EX4pizYChRfXoxfahRM="></latexit>

1

R

d

dr

⇣
r2

dR

dr

⌘
+

1

⇥

1

sin ✓

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= 0

<latexit sha1_base64="RaEVENP2UYhj1JGE0VLiMrmSV8w="></latexit>

d

d✓

⇣
sin ✓

d⇥

d✓

⌘
= �`(`+ 1) sin ✓⇥

<latexit sha1_base64="VEOvoVCiZxHl+MsfGZ4sEjTKcNM="></latexit>

⇥(✓) = P`(u) (u = cos ✓, ` = 0, 1, . . .)

<latexit sha1_base64="QtfxbhVUteVxPfbocbV/uTGrENQ="></latexit>

P0(x) = 1

P1(x) = x

P2(x) =
3x2 � 1

2

P3(x) =
5x3 � 3x

2



Equação de Laplace

Separação de variáveis

<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

Simetria esférica

�1 �0.5 0 0.5 1

�1

�0.5

0

0.5

1

cos ✓

P
`

` = 0
` = 1
` = 2
` = 3
` = 4

<latexit sha1_base64="erfyE+1xhEEDZUqkQFAsavMAekQ="></latexit>

V (r, ✓,�) = R(r)⇥(✓)

<latexit sha1_base64="VEOvoVCiZxHl+MsfGZ4sEjTKcNM="></latexit>

⇥(✓) = P`(u) (u = cos ✓, ` = 0, 1, . . .)

<latexit sha1_base64="9MweBcsGuA+eW8vK+GPSRlzc4wM="></latexit>

P`(x) =
1

2``!

⇣ d

dx

⌘`
(x2 � 1)`

<latexit sha1_base64="a7E8YNghQjr7PUcOVVDzfPviXy8="></latexit>

R 1
�1 P`(x)P`0(x) dx =

2

2`+ 1
�`,`0

<latexit sha1_base64="QtfxbhVUteVxPfbocbV/uTGrENQ="></latexit>

P0(x) = 1

P1(x) = x

P2(x) =
3x2 � 1

2

P3(x) =
5x3 � 3x

2



Pratique o que aprendeu      
<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

z

y

R

E0ẑ

<latexit sha1_base64="wtFi8/wEEDc4rL1OCBLIaoJTSXE="></latexit>

V (r, ✓) = �E0r cos ✓ (r � R)

<latexit sha1_base64="IKoh61lkyjPwUPQAyWDMVbDbwR8="></latexit>

V (R, ✓) = 0

<latexit sha1_base64="QtfxbhVUteVxPfbocbV/uTGrENQ="></latexit>

P0(x) = 1

P1(x) = x

P2(x) =
3x2 � 1

2

P3(x) =
5x3 � 3x

2



Pratique o que aprendeu      
<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

z

y

R

E0ẑ

<latexit sha1_base64="wtFi8/wEEDc4rL1OCBLIaoJTSXE="></latexit>

V (r, ✓) = �E0r cos ✓ (r � R)

<latexit sha1_base64="IKoh61lkyjPwUPQAyWDMVbDbwR8="></latexit>

V (R, ✓) = 0

<latexit sha1_base64="fqtAjdu81UvgjmZc+C3FwybM+CE="></latexit>

V (r, ✓) = R(r)⇥(✓)

<latexit sha1_base64="QtfxbhVUteVxPfbocbV/uTGrENQ="></latexit>

P0(x) = 1

P1(x) = x

P2(x) =
3x2 � 1

2

P3(x) =
5x3 � 3x

2



Pratique o que aprendeu      
<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

z

y

R

E0ẑ

<latexit sha1_base64="wtFi8/wEEDc4rL1OCBLIaoJTSXE="></latexit>

V (r, ✓) = �E0r cos ✓ (r � R)

<latexit sha1_base64="IKoh61lkyjPwUPQAyWDMVbDbwR8="></latexit>

V (R, ✓) = 0

<latexit sha1_base64="fqtAjdu81UvgjmZc+C3FwybM+CE="></latexit>

V (r, ✓) = R(r)⇥(✓)

<latexit sha1_base64="MElzrTI334mTYNBDpTM+1hr0ae0="></latexit>

R`(r) = Ar` +
B

r`+1
<latexit sha1_base64="QtfxbhVUteVxPfbocbV/uTGrENQ="></latexit>

P0(x) = 1

P1(x) = x

P2(x) =
3x2 � 1

2

P3(x) =
5x3 � 3x

2



Pratique o que aprendeu      
<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

z

y

R

E0ẑ

<latexit sha1_base64="wtFi8/wEEDc4rL1OCBLIaoJTSXE="></latexit>

V (r, ✓) = �E0r cos ✓ (r � R)

<latexit sha1_base64="IKoh61lkyjPwUPQAyWDMVbDbwR8="></latexit>

V (R, ✓) = 0

<latexit sha1_base64="fqtAjdu81UvgjmZc+C3FwybM+CE="></latexit>

V (r, ✓) = R(r)⇥(✓)

<latexit sha1_base64="Xc3fAe6UPjUhmkYObiTSc8zn1so="></latexit>

R`(R) = 0 ) AR` = � B

R`+1

<latexit sha1_base64="MElzrTI334mTYNBDpTM+1hr0ae0="></latexit>

R`(r) = Ar` +
B

r`+1
<latexit sha1_base64="QtfxbhVUteVxPfbocbV/uTGrENQ="></latexit>

P0(x) = 1

P1(x) = x

P2(x) =
3x2 � 1

2

P3(x) =
5x3 � 3x

2



Pratique o que aprendeu      
<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

z

y

R

E0ẑ

<latexit sha1_base64="wtFi8/wEEDc4rL1OCBLIaoJTSXE="></latexit>

V (r, ✓) = �E0r cos ✓ (r � R)

<latexit sha1_base64="IKoh61lkyjPwUPQAyWDMVbDbwR8="></latexit>

V (R, ✓) = 0

<latexit sha1_base64="fqtAjdu81UvgjmZc+C3FwybM+CE="></latexit>

V (r, ✓) = R(r)⇥(✓)

<latexit sha1_base64="ps/Fb+dqTX9JcRtYCTBvqBaYy2Y="></latexit>

R`(r) = Ar`
"
1�

⇣R
r

⌘2`+1
#

<latexit sha1_base64="Xc3fAe6UPjUhmkYObiTSc8zn1so="></latexit>

R`(R) = 0 ) AR` = � B

R`+1

<latexit sha1_base64="MElzrTI334mTYNBDpTM+1hr0ae0="></latexit>

R`(r) = Ar` +
B

r`+1
<latexit sha1_base64="QtfxbhVUteVxPfbocbV/uTGrENQ="></latexit>

P0(x) = 1

P1(x) = x

P2(x) =
3x2 � 1

2

P3(x) =
5x3 � 3x

2



Pratique o que aprendeu      
<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

z

y

R

E0ẑ

<latexit sha1_base64="wtFi8/wEEDc4rL1OCBLIaoJTSXE="></latexit>

V (r, ✓) = �E0r cos ✓ (r � R)

<latexit sha1_base64="IKoh61lkyjPwUPQAyWDMVbDbwR8="></latexit>

V (R, ✓) = 0

<latexit sha1_base64="fqtAjdu81UvgjmZc+C3FwybM+CE="></latexit>

V (r, ✓) = R(r)⇥(✓)

<latexit sha1_base64="e8JkydZvaprCA3RdwvZiM7KkzTk="></latexit>

⇥`(✓) = P`(cos ✓)
<latexit sha1_base64="QtfxbhVUteVxPfbocbV/uTGrENQ="></latexit>

P0(x) = 1

P1(x) = x

P2(x) =
3x2 � 1

2

P3(x) =
5x3 � 3x

2



Pratique o que aprendeu      
<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

z

y

R

E0ẑ

<latexit sha1_base64="wtFi8/wEEDc4rL1OCBLIaoJTSXE="></latexit>

V (r, ✓) = �E0r cos ✓ (r � R)

<latexit sha1_base64="IKoh61lkyjPwUPQAyWDMVbDbwR8="></latexit>

V (R, ✓) = 0

<latexit sha1_base64="fqtAjdu81UvgjmZc+C3FwybM+CE="></latexit>

V (r, ✓) = R(r)⇥(✓)

<latexit sha1_base64="B5yyurl5CcSV/MccS0AHA6uGiCY="></latexit>

⇥`(✓) = P`(cos ✓) ) ` = 1
<latexit sha1_base64="QtfxbhVUteVxPfbocbV/uTGrENQ="></latexit>

P0(x) = 1

P1(x) = x

P2(x) =
3x2 � 1

2

P3(x) =
5x3 � 3x

2



Pratique o que aprendeu      
<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

z

y

R

E0ẑ

<latexit sha1_base64="wtFi8/wEEDc4rL1OCBLIaoJTSXE="></latexit>

V (r, ✓) = �E0r cos ✓ (r � R)

<latexit sha1_base64="IKoh61lkyjPwUPQAyWDMVbDbwR8="></latexit>

V (R, ✓) = 0

<latexit sha1_base64="fqtAjdu81UvgjmZc+C3FwybM+CE="></latexit>

V (r, ✓) = R(r)⇥(✓)

<latexit sha1_base64="B5yyurl5CcSV/MccS0AHA6uGiCY="></latexit>

⇥`(✓) = P`(cos ✓) ) ` = 1

<latexit sha1_base64="X+Z4MopADpi7XPARS8eWyTrVTDI="></latexit>

V (r, ✓) = AR1(r)P1(cos ✓)

<latexit sha1_base64="ps/Fb+dqTX9JcRtYCTBvqBaYy2Y="></latexit>

R`(r) = Ar`
"
1�

⇣R
r

⌘2`+1
#



Pratique o que aprendeu      
<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

z

y

R

E0ẑ

<latexit sha1_base64="wtFi8/wEEDc4rL1OCBLIaoJTSXE="></latexit>

V (r, ✓) = �E0r cos ✓ (r � R)

<latexit sha1_base64="IKoh61lkyjPwUPQAyWDMVbDbwR8="></latexit>

V (R, ✓) = 0

<latexit sha1_base64="fqtAjdu81UvgjmZc+C3FwybM+CE="></latexit>

V (r, ✓) = R(r)⇥(✓)

<latexit sha1_base64="B5yyurl5CcSV/MccS0AHA6uGiCY="></latexit>

⇥`(✓) = P`(cos ✓) ) ` = 1

<latexit sha1_base64="X+Z4MopADpi7XPARS8eWyTrVTDI="></latexit>

V (r, ✓) = AR1(r)P1(cos ✓)

<latexit sha1_base64="ps/Fb+dqTX9JcRtYCTBvqBaYy2Y="></latexit>

R`(r) = Ar`
"
1�

⇣R
r

⌘2`+1
#

<latexit sha1_base64="zSjSkfE24U0ADd4SvbciLsbuRu8="></latexit>

V (r, ✓) = �E0r

"
1�

⇣R
r

⌘3
#
cos ✓



Pratique o que aprendeu      
<latexit sha1_base64="vYaed56ZnYU8HmWNhUc2DViSlZY="></latexit>

r2V = 0

+

�

�
+

z

y

R

E0ẑ

<latexit sha1_base64="wtFi8/wEEDc4rL1OCBLIaoJTSXE="></latexit>

V (r, ✓) = �E0r cos ✓ (r � R)

<latexit sha1_base64="IKoh61lkyjPwUPQAyWDMVbDbwR8="></latexit>

V (R, ✓) = 0

<latexit sha1_base64="fqtAjdu81UvgjmZc+C3FwybM+CE="></latexit>

V (r, ✓) = R(r)⇥(✓)

<latexit sha1_base64="B5yyurl5CcSV/MccS0AHA6uGiCY="></latexit>

⇥`(✓) = P`(cos ✓) ) ` = 1

<latexit sha1_base64="X+Z4MopADpi7XPARS8eWyTrVTDI="></latexit>

V (r, ✓) = AR1(r)P1(cos ✓)

<latexit sha1_base64="zSjSkfE24U0ADd4SvbciLsbuRu8="></latexit>

V (r, ✓) = �E0r

"
1�

⇣R
r

⌘3
#
cos ✓


