
⃗∇ ⋅ ⃗D =
ρ
ϵ0

⃗∇ × ⃗E = −
∂ ⃗B
∂t

⃗∇ ⋅ ⃗B = 0

⃗∇ × ⃗H = ⃗j + ϵ0
∂ ⃗D
∂t

Aula de 9 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>
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1

r sin ✓

h @

@✓

⇣
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⌘
�

@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>
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1

s

@(svs)

@s
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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
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� @vz
@s

⌘
�̂+

1
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@s
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@�

!
ẑ

<latexit sha1_base64="yisGU2UklKFtw6nQOQZCpEaKUQI="></latexit>
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1

s

@

@s

 
s
@T

@s

!
+

1

s2
@2T

@�2
+

@2T

@z2



Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧



Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="ITAZ67eVnYKyedfy5Hnnzp/S9/8="></latexit>

1
= (r2 + r0

2 � 2rr0 cos ✓0)�1/2



Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="ITAZ67eVnYKyedfy5Hnnzp/S9/8="></latexit>

1
= (r2 + r0

2 � 2rr0 cos ✓0)�1/2

<latexit sha1_base64="xPzRwyfZiZckM6yshMRWVU3ycWo="></latexit>

1
=

1

r

"
1� 2

r0

r
cos ✓0 +

⇣r0

r

⌘2
#�1/2



Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="ITAZ67eVnYKyedfy5Hnnzp/S9/8="></latexit>

1
= (r2 + r0

2 � 2rr0 cos ✓0)�1/2

<latexit sha1_base64="xPzRwyfZiZckM6yshMRWVU3ycWo="></latexit>

1
=

1

r

"
1� 2

r0

r
cos ✓0 +

⇣r0

r

⌘2
#�1/2

<latexit sha1_base64="289zgQR7udAqzyr34ilJ7ZPAP+8="></latexit>

✏ =
r0

r
(
r0

r
� 2 cos ✓0)



Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="ITAZ67eVnYKyedfy5Hnnzp/S9/8="></latexit>

1
= (r2 + r0

2 � 2rr0 cos ✓0)�1/2

<latexit sha1_base64="xPzRwyfZiZckM6yshMRWVU3ycWo="></latexit>

1
=

1

r

"
1� 2

r0

r
cos ✓0 +

⇣r0

r

⌘2
#�1/2

<latexit sha1_base64="I0YraTTIXgyXPGuwWbkcbfRTWAQ="></latexit>

1
=

1

r
(1 + ✏)�1/2

<latexit sha1_base64="289zgQR7udAqzyr34ilJ7ZPAP+8="></latexit>

✏ =
r0

r
(
r0

r
� 2 cos ✓0)



Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="ITAZ67eVnYKyedfy5Hnnzp/S9/8="></latexit>

1
= (r2 + r0

2 � 2rr0 cos ✓0)�1/2

<latexit sha1_base64="xPzRwyfZiZckM6yshMRWVU3ycWo="></latexit>

1
=

1

r

"
1� 2

r0

r
cos ✓0 +

⇣r0

r

⌘2
#�1/2

<latexit sha1_base64="I0YraTTIXgyXPGuwWbkcbfRTWAQ="></latexit>

1
=

1

r
(1 + ✏)�1/2

<latexit sha1_base64="mbEcE0tYQ+QgcO3SGv/Se+eGJ+c="></latexit>

(1 + b)n = 1 + nb+
n(n� 1)

2
b2 +

n(n� 1)(n� 2)

6
b3 + . . .

<latexit sha1_base64="289zgQR7udAqzyr34ilJ7ZPAP+8="></latexit>

✏ =
r0

r
(
r0

r
� 2 cos ✓0)



Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="ITAZ67eVnYKyedfy5Hnnzp/S9/8="></latexit>

1
= (r2 + r0

2 � 2rr0 cos ✓0)�1/2

<latexit sha1_base64="xPzRwyfZiZckM6yshMRWVU3ycWo="></latexit>

1
=

1

r

"
1� 2

r0

r
cos ✓0 +

⇣r0

r

⌘2
#�1/2

<latexit sha1_base64="I0YraTTIXgyXPGuwWbkcbfRTWAQ="></latexit>

1
=

1

r
(1 + ✏)�1/2

<latexit sha1_base64="mbEcE0tYQ+QgcO3SGv/Se+eGJ+c="></latexit>

(1 + b)n = 1 + nb+
n(n� 1)

2
b2 +

n(n� 1)(n� 2)

6
b3 + . . .

<latexit sha1_base64="289zgQR7udAqzyr34ilJ7ZPAP+8="></latexit>

✏ =
r0

r
(
r0

r
� 2 cos ✓0)

<latexit sha1_base64="aoyA0BkVhM8bXBmWXDzTnU7gxro="></latexit>

(1 + ✏)�1/2 = 1� 1

2
✏+

3

8
✏2 � 5

16
✏3 + . . .



Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧
<latexit sha1_base64="289zgQR7udAqzyr34ilJ7ZPAP+8="></latexit>

✏ =
r0

r
(
r0

r
� 2 cos ✓0)

<latexit sha1_base64="UsJQ7MdOz1ks48sZn++vh9tQRME="></latexit>

1
=

1

r

h
1 +

⇣r0

r

⌘
(cos ✓0) + . . .

i



Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="289zgQR7udAqzyr34ilJ7ZPAP+8="></latexit>

✏ =
r0

r
(
r0

r
� 2 cos ✓0)

<latexit sha1_base64="6ITQmR8Z4CJGPcHS0OgKV6Hc7nA="></latexit>

1
=

1

r

h
1 +

⇣r0

r

⌘
(cos ✓0) +

⇣r0

r

⌘2⇣3 cos2 ✓0 � 1

2

⌘
+ . . .
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Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="289zgQR7udAqzyr34ilJ7ZPAP+8="></latexit>

✏ =
r0

r
(
r0

r
� 2 cos ✓0)

<latexit sha1_base64="6ITQmR8Z4CJGPcHS0OgKV6Hc7nA="></latexit>

1
=

1

r

h
1 +

⇣r0

r

⌘
(cos ✓0) +

⇣r0

r

⌘2⇣3 cos2 ✓0 � 1

2

⌘
+ . . .

i

<latexit sha1_base64="rNMxh5DeUC3bXPSKmCgl5gbYdG0=">AAAG9Hic5VRdb9s2FJW7xmu9r3R97Au7NGiCuYIk27GDTkXRvuwx+0hbwHINiqYtIhRJkFRsV9A/GbCHoa/7P/s3u5QSJOoS7GGPo23o6p5zz+W9l2aqODM2CP7q3Pns7k7383v3e198+dXX3+w++PaNkYUm9JRILvW7FBvKmaCnlllO3ylNcZ5y+jY9e+3wt+dUGybFr3ar6CzHK8GWjGALrvnu74klqdxMQSnF5Cz+Rch12I </latexit>

1
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1

r

P1
`=0

⇣r0

r

⌘`
P`(cos ✓0)



Equação de Laplace

Expansão em multipolos

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

r2V = 0

~r
0 ~r

~

✓0

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="rNMxh5DeUC3bXPSKmCgl5gbYdG0=">AAAG9Hic5VRdb9s2FJW7xmu9r3R97Au7NGiCuYIk27GDTkXRvuwx+0hbwHINiqYtIhRJkFRsV9A/GbCHoa/7P/s3u5QSJOoS7GGPo23o6p5zz+W9l2aqODM2CP7q3Pns7k7383v3e198+dXX3+w++PaNkYUm9JRILvW7FBvKmaCnlllO3ylNcZ5y+jY9e+3wt+dUGybFr3ar6CzHK8GWjGALrvnu74klqdxMQSnF5Cz+Rch12I </latexit>

1
=

1

r

P1
`=0

⇣r0

r

⌘`
P`(cos ✓0)



Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="rNMxh5DeUC3bXPSKmCgl5gbYdG0=">AAAG9Hic5VRdb9s2FJW7xmu9r3R97Au7NGiCuYIk27GDTkXRvuwx+0hbwHINiqYtIhRJkFRsV9A/GbCHoa/7P/s3u5QSJOoS7GGPo23o6p5zz+W9l2aqODM2CP7q3Pns7k7383v3e198+dXX3+w++PaNkYUm9JRILvW7FBvKmaCnlllO3ylNcZ5y+jY9e+3wt+dUGybFr3ar6CzHK8GWjGALrvnu74klqdxMQSnF5Cz+Rch12I </latexit>

1
=

1

r

P1
`=0

⇣r0

r

⌘`
P`(cos ✓0)



Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="rNMxh5DeUC3bXPSKmCgl5gbYdG0=">AAAG9Hic5VRdb9s2FJW7xmu9r3R97Au7NGiCuYIk27GDTkXRvuwx+0hbwHINiqYtIhRJkFRsV9A/GbCHoa/7P/s3u5QSJOoS7GGPo23o6p5zz+W9l2aqODM2CP7q3Pns7k7383v3e198+dXX3+w++PaNkYUm9JRILvW7FBvKmaCnlllO3ylNcZ5y+jY9e+3wt+dUGybFr3ar6CzHK8GWjGALrvnu74klqdxMQSnF5Cz+Rch12I </latexit>

1
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Z
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Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="rNMxh5DeUC3bXPSKmCgl5gbYdG0=">AAAG9Hic5VRdb9s2FJW7xmu9r3R97Au7NGiCuYIk27GDTkXRvuwx+0hbwHINiqYtIhRJkFRsV9A/GbCHoa/7P/s3u5QSJOoS7GGPo23o6p5zz+W9l2aqODM2CP7q3Pns7k7383v3e198+dXX3+w++PaNkYUm9JRILvW7FBvKmaCnlllO3ylNcZ5y+jY9e+3wt+dUGybFr3ar6CzHK8GWjGALrvnu74klqdxMQSnF5Cz+Rch12I </latexit>

1
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Z
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Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
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d⌧

<latexit sha1_base64="rNMxh5DeUC3bXPSKmCgl5gbYdG0=">AAAG9Hic5VRdb9s2FJW7xmu9r3R97Au7NGiCuYIk27GDTkXRvuwx+0hbwHINiqYtIhRJkFRsV9A/GbCHoa/7P/s3u5QSJOoS7GGPo23o6p5zz+W9l2aqODM2CP7q3Pns7k7383v3e198+dXX3+w++PaNkYUm9JRILvW7FBvKmaCnlllO3ylNcZ5y+jY9e+3wt+dUGybFr3ar6CzHK8GWjGALrvnu74klqdxMQSnF5Cz+Rch12I </latexit>
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Equação de Laplace

Expansão em multipolos

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

r2V = 0

P

d⌧

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1
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Z
⇢(~r 0)

d⌧

<latexit sha1_base64="rNMxh5DeUC3bXPSKmCgl5gbYdG0=">AAAG9Hic5VRdb9s2FJW7xmu9r3R97Au7NGiCuYIk27GDTkXRvuwx+0hbwHINiqYtIhRJkFRsV9A/GbCHoa/7P/s3u5QSJOoS7GGPo23o6p5zz+W9l2aqODM2CP7q3Pns7k7383v3e198+dXX3+w++PaNkYUm9JRILvW7FBvKmaCnlllO3ylNcZ5y+jY9e+3wt+dUGybFr3ar6CzHK8GWjGALrvnu74klqdxMQSnF5Cz+Rch12I </latexit>

1
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`=0
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r

⌘`
P`(cos ✓0)
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Z
(r0)nPn(cos ✓

0)⇢(~r0) d⌧ 0
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n = 1 )
Z
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Z
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Equação de Laplace

Expansão em multipolos

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

r2V = 0

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="rNMxh5DeUC3bXPSKmCgl5gbYdG0=">AAAG9Hic5VRdb9s2FJW7xmu9r3R97Au7NGiCuYIk27GDTkXRvuwx+0hbwHINiqYtIhRJkFRsV9A/GbCHoa/7P/s3u5QSJOoS7GGPo23o6p5zz+W9l2aqODM2CP7q3Pns7k7383v3e198+dXX3+w++PaNkYUm9JRILvW7FBvKmaCnlllO3ylNcZ5y+jY9e+3wt+dUGybFr3ar6CzHK8GWjGALrvnu74klqdxMQSnF5Cz+Rch12I </latexit>

1
=

1

r

P1
`=0

⇣r0

r

⌘`
P`(cos ✓0)

<latexit sha1_base64="8DwTSu9KcUjJ1+YMHYvcgXbiJ88="></latexit>

V (~r) =
1

4⇡✏0

1X

n=0

1

rn+1

Z
(r0)nPn(cos ✓

0)⇢(~r0) d⌧ 0

<latexit sha1_base64="u9TUo/Mhhtz2alrdy6hS/adNL1Q="></latexit>

n = 1 )
Z
(r0)nPn(cos ✓

0)⇢(~r0) d⌧ 0 =

Z
(r0 cos ✓0 )⇢(~r0) d⌧ 0

~r
0 ~r

~

✓0

<latexit sha1_base64="0ZMOXbUcb9o7myBQ2bI/+gr5t+s=">AAAKO3ic5VZNbyM1GJ4sX83wsV24wcVLFbUV7ZBJkzYLpCriApwK2u6uFKeVx+PMWPWMB9uTj7XmX3Hlh3Dmhrhyx55Jk0yaCgm44SSq5fd5n/fbdZAxKlW7/Wvj0RtvvvX2OztN99333v/g8e6TD19IngtMrjBnXLwKkCSMpuRKUcXIq0wQlASMvAxuv7HylxMiJOXpczXPyChBUUrHFCNljm52f4aYS6hiotA+GAAYIwUEnI </latexit>

cos ✓0 = r̂ · ~r0 )
Z

(r0)nPn(cos ✓
0)⇢(~r0) d⌧ 0 = r̂ ·

Z
~r0⇢(~r0) d⌧ 0



Equação de Laplace

Expansão em multipolos

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

r2V = 0

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="rNMxh5DeUC3bXPSKmCgl5gbYdG0=">AAAG9Hic5VRdb9s2FJW7xmu9r3R97Au7NGiCuYIk27GDTkXRvuwx+0hbwHINiqYtIhRJkFRsV9A/GbCHoa/7P/s3u5QSJOoS7GGPo23o6p5zz+W9l2aqODM2CP7q3Pns7k7383v3e198+dXX3+w++PaNkYUm9JRILvW7FBvKmaCnlllO3ylNcZ5y+jY9e+3wt+dUGybFr3ar6CzHK8GWjGALrvnu74klqdxMQSnF5Cz+Rch12I </latexit>

1
=

1

r

P1
`=0

⇣r0

r

⌘`
P`(cos ✓0)

<latexit sha1_base64="8DwTSu9KcUjJ1+YMHYvcgXbiJ88="></latexit>

V (~r) =
1

4⇡✏0

1X

n=0

1

rn+1

Z
(r0)nPn(cos ✓

0)⇢(~r0) d⌧ 0

~r
0 ~r

~

✓0

<latexit sha1_base64="AZZdJ04gRWv6k6jAdB9Yjkw9mNg="></latexit>

n = 1 ) V (~r) =
1

4⇡✏0

~p · r̂
r2



Equação de Laplace

Expansão em multipolos

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

r2V = 0

<latexit sha1_base64="P/TOZ6dS9nDDA+dWsUoP85B647E="></latexit>

V (~r) =
1

4⇡✏0

Z
⇢(~r 0)

d⌧

<latexit sha1_base64="AZZdJ04gRWv6k6jAdB9Yjkw9mNg="></latexit>

n = 1 ) V (~r) =
1

4⇡✏0

~p · r̂
r2

<latexit sha1_base64="dzHStLncNxhzmGfCtJQ69wVc4uo="></latexit>

V (~r) =
1

4⇡✏0

p cos ✓

r2

z

y~p

~r
✓



Pratique o que aprendeu      


~r

z

y
z = a+q

�q

<latexit sha1_base64="XH4IpmYWtzThiyKzdOfhcmDQ+iw="></latexit>

~p =

Z
~r0⇢(~r0) d⌧ 0



Pratique o que aprendeu      


~r

z

y
z = a+q

�q

<latexit sha1_base64="XH4IpmYWtzThiyKzdOfhcmDQ+iw="></latexit>

~p =

Z
~r0⇢(~r0) d⌧ 0

<latexit sha1_base64="i3ciiq4EhbaZo/tvn2KNabbyHTc="></latexit>

⇢(~r0) = q�3(~r0 � aẑ)� q�3(~r0)



Pratique o que aprendeu      


~r

z

y
z = a+q

�q

<latexit sha1_base64="XH4IpmYWtzThiyKzdOfhcmDQ+iw="></latexit>

~p =

Z
~r0⇢(~r0) d⌧ 0

<latexit sha1_base64="i3ciiq4EhbaZo/tvn2KNabbyHTc="></latexit>

⇢(~r0) = q�3(~r0 � aẑ)� q�3(~r0)

<latexit sha1_base64="YycXYwDEMbDuP20FMJYs0Q0MnvA="></latexit>

~p = q

Z
~r0�3(~r0 � aẑ) d⌧ 0 � q

Z
~r0�3(~r0) d⌧ 0



Pratique o que aprendeu      


~r

z

y
z = a+q

�q

<latexit sha1_base64="XH4IpmYWtzThiyKzdOfhcmDQ+iw="></latexit>

~p =

Z
~r0⇢(~r0) d⌧ 0

<latexit sha1_base64="i3ciiq4EhbaZo/tvn2KNabbyHTc="></latexit>

⇢(~r0) = q�3(~r0 � aẑ)� q�3(~r0)

<latexit sha1_base64="YycXYwDEMbDuP20FMJYs0Q0MnvA="></latexit>

~p = q

Z
~r0�3(~r0 � aẑ) d⌧ 0 � q

Z
~r0�3(~r0) d⌧ 0

<latexit sha1_base64="hWntG+gMCrN4GXz7KXXAjnvNjKk="></latexit>

~p = q(aẑ � 0) = qaẑ


