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Jean Luc Godard 
(1930 -2022)

“Acossado”  (1960) “2 ou 3 coisas que eu sei dela”  (1967)

“Um filme tem que ter começo, meio e fim, 
mas não necessariamente nesta ordem”



Aula 7



A energia potencial eletrostática

W =
1

2

Z
⇢V d3r0

<latexit sha1_base64="oBMlMSw24P6wzdoqpEV99IFNKgM="></latexit>

W =
✏0
2

Z
E2 d3r

<latexit sha1_base64="jdWnwNbQNKzuI0DJV+HIFAMd4ak="></latexit>

q1
<latexit sha1_base64="c0RonOINcUdX9yG2Npx7tg0DpEQ="></latexit>

q2
<latexit sha1_base64="NueMyIX6ABh41gO4lNAPlUdnbM4="></latexit>

q3
<latexit sha1_base64="2HzDsdbPFVxG21J6/riIaBOwjr4="></latexit>

q4
<latexit sha1_base64="/8H2fhklKd2kD10Etvj0govITdE="></latexit>

V4
<latexit sha1_base64="CEiPSKRoh90hKuPtO888e2uCotc="></latexit>

V3
<latexit sha1_base64="w0dEi7/nalJuA1IKzzjTMpVT8hM="></latexit>

V2
<latexit sha1_base64="SknBcIzpeejQxMhNuswjf+LvsUk="></latexit>

V1
<latexit sha1_base64="kAPJHhp2gdV4NkiIYuBnO8htIUM="></latexit>

A energia gasta para vencer a repulsão e criar o sistema !



Exemplo 2.8 : calcule a energia de uma casca esférica de raio R
uniformemente carregada com carga q. 

Solução 1: W =
✏0
2

Z
E2 d3r

<latexit sha1_base64="jdWnwNbQNKzuI0DJV+HIFAMd4ak="></latexit>

Vamos calcular o campo elétrico  pela Lei de Gauss 
I

~E . n̂ da =
Qint

✏0
<latexit sha1_base64="2aFpQCT2d9gOqvTG8i3XoPrz4HE="></latexit>

r
R

S2

S1

q

Er̂
<latexit sha1_base64="ooMiFLnIX44w0XSkJq7q/ha6ZRw="></latexit>

n̂
<latexit sha1_base64="dD7Lk+zIP9kZCAIo9g9xCgDk4a8="></latexit>

~E . n̂ = E
<latexit sha1_base64="IUHr3vV0qBPLdLHpCG/SgiSfLYc="></latexit>

E 4⇡ r2 =
Qint

✏0
<latexit sha1_base64="fJBGeI0qinvW1lBrC9VSMJvAZbI="></latexit>

Interior: r < R

Qint = 0
<latexit sha1_base64="H3ni+q016ZZaGAjdtngapfl++AQ="></latexit>

Exterior: r > R

Qint = q
<latexit sha1_base64="FN+PqIuN80B9qDy6YQghwII1AP4="></latexit>

E 4⇡ r2 =
q

✏0
<latexit sha1_base64="f2ApEmdq2g0lHHYtYcs6snd6hWU="></latexit>

E1 = 0
<latexit sha1_base64="Mj08V0jfo/0U8OV2PW9Oxmm8K0k="></latexit>

E2 =
q

4⇡ ✏0 r2
<latexit sha1_base64="OZ4ZKLjcgq3HDiq4snMduPfXjlk="></latexit>

d3r = 4⇡ r2 dr
<latexit sha1_base64="GxFUH5Cvxs6DnkaLv0vvQ4qnBu0="></latexit>

W =
✏0
2

"
4⇡

Z R

0
dr r2 E2

1 + 4⇡

Z 1

R
dr r2 E2

2

#

<latexit sha1_base64="WMDAM11t78RR+zJven9GONSnyos="></latexit>

W =
✏0
2
4⇡

Z 1

R
dr r2

✓
q

4⇡ ✏0 r2

◆2

<latexit sha1_base64="qsNouj/UzvSvaERt9LAXw/uFrhU="></latexit>

0



Exemplo 2.8 : calcule a energia de uma casca esférica de raio R
uniformemente carregada com carga q. 

Solução 1: W =
✏0
2

Z
E2 d3r

<latexit sha1_base64="jdWnwNbQNKzuI0DJV+HIFAMd4ak="></latexit>

Vamos calcular o campo elétrico  pela Lei de Gauss 

r
R

S2

S1

q

Er̂
<latexit sha1_base64="ooMiFLnIX44w0XSkJq7q/ha6ZRw="></latexit>

n̂
<latexit sha1_base64="dD7Lk+zIP9kZCAIo9g9xCgDk4a8="></latexit>

Exterior: r > R

d3r = 4⇡ r2 dr
<latexit sha1_base64="GxFUH5Cvxs6DnkaLv0vvQ4qnBu0="></latexit>

W =
✏0
2
4⇡

Z 1

R
dr r2

✓
q

4⇡ ✏0 r2

◆2

<latexit sha1_base64="qsNouj/UzvSvaERt9LAXw/uFrhU=">AAADQXicjVHLTtwwFL1JH0zpa4BlNxajSlSqRpkpUtlUQu2GJSCGQSIwSjzOYOFJUsepNErzdf2Iqtuuyq5i202PjekLVa2j2Mfn3nPs65uWSlYmij4F4a3bd+4 ude4t33/w8NHj7srqYVXUmosRL1Shj9KkEkrmYmSkUeKo1CKZp0qM0/M3Nj5+J3Qli/zALEpxMk9mucwkTwyoSfc9G7NXLM50wptYlJVUYKO2GbYsfs427RSXksUyN5P90wZrZhYtm2ob0adDl6BEZja8ydu2+anC8sPTC+ Cr5ezMPIN20u1F/cgNdhMMPOiRH7tF9yPFNKWCONU0J0E5GWBFCVX4jmlAEZXgTqgBp4GkiwtqaRnaGlkCGQnYc8wz7I49m2NvPSun5jhF4ddQMnoKTYE8DWxPYy5eO2fL/s27cZ72bgusqfeagzV0BvZfuuvM/9XZWgxltOVqkKipdIytjnuX2r2KvTn7pSoDhxKcxVPENTB3yut3Zk5Tudrt2yYu/sVlWtbuuc+t6cLeEg0e/NnOm+Bw2B+86A/3Nnvbr32rO/SE1mkD/XxJ27RDuzSC9+egE6wEq+GH8CL8Gl5epYaB16zRbyP89h3yKbmW</latexit>

W =
q2

8⇡ ✏0

1

R
<latexit sha1_base64="+McmvdZqiBzonb/dUbIJmuatIwU="></latexit>

W =
✏0
2
4⇡

q2

16⇡2 ✏20

Z 1

R
dr r2

✓
1

r4

◆

<latexit sha1_base64="zQvry/njE6hTLluJfC64pQsSPr8=">AAADVHicjVHRTtRAFL3diiIqLvjIy8SVBBOzaetGfTEh+uIjEJYloeymnZ0uE2bbOp2SbJp+A38H8Q/0A3zzgTuXgaDE6DTtnDn3nNO5M2mpZGWC4JvX8R8sPXy </latexit>

=
q2

8⇡ ✏0

Z 1

R
dr

1

r2
<latexit sha1_base64="v3rSuvgtKfMxDR+vi8VIe22w3LA="></latexit>

=
q2

8⇡ ✏0

✓
�1

r

◆1

R
<latexit sha1_base64="48rWfocGYkoeiFAmro2vFDhl/os="></latexit>



Solução 2: W =
1

2

Z
⇢V d3r0

<latexit sha1_base64="oBMlMSw24P6wzdoqpEV99IFNKgM="></latexit>

W =
1

2

Z

S
� V da

<latexit sha1_base64="F+1BXEoycBxHZkguLskLTU+5MxU="></latexit>

� =
q

4⇡R2
<latexit sha1_base64="YCEvTrENQLZPnlqvAwTn2dgLFDw="></latexit>

V (r) = �
Z r

1
~E . d~l

<latexit sha1_base64="Ch+S/Ibea8QvplUZlOxDzkKrqis="></latexit>

Na casca r = R

V (r) =
1

4⇡ ✏0

q

R
<latexit sha1_base64="X6yLqjmswfkqrnsB40ZGpU9sWcw="></latexit>

W =
1

2

Z

S
� V da

<latexit sha1_base64="F+1BXEoycBxHZkguLskLTU+5MxU="></latexit>

=
1

2

q

4⇡R2

1

4⇡ ✏0

q

R
4⇡R2

<latexit sha1_base64="Y8xDTQ0Qgvn56XKQl1XaPxLSYgM="></latexit>

W =
q2

8⇡ ✏0

1

R
<latexit sha1_base64="+McmvdZqiBzonb/dUbIJmuatIwU="></latexit>

�
<latexit sha1_base64="yRjUVn9Y0THDlWIDhD41Cg37gA4="></latexit>

V (R)
<latexit sha1_base64="KVlpkIAj4wYM2MpqDAyARMLvLeU="></latexit>

A
<latexit sha1_base64="mLmYijzive7S9Rk8SPOi9nF+l8E="></latexit>



Em que direção o potencial decresce ?

V (r) = �
Z r

1
~E . d~l

<latexit sha1_base64="Ch+S/Ibea8QvplUZlOxDzkKrqis="></latexit>

Casca r = R V (r) =
1

4⇡ ✏0

q

R
<latexit sha1_base64="X6yLqjmswfkqrnsB40ZGpU9sWcw="></latexit>

Mergulhador desorientado: siga a bolha !!!

A gente segue uma carga positiva de teste !

+



Onde a energia está armazenada ?

W =
1

2

Z
⇢V d3r0

<latexit sha1_base64="oBMlMSw24P6wzdoqpEV99IFNKgM="></latexit>

W =
✏0
2

Z
E2 d3r

<latexit sha1_base64="jdWnwNbQNKzuI0DJV+HIFAMd4ak="></latexit>

no campo ?na casca de cargas ?

⇢ = ✏0 ~r. ~E
<latexit sha1_base64="IMQoQRT8ycabFGSCx1ZlzgqBoMc="></latexit>

W =
✏0
2

Z
~r . ~E V d3r0

<latexit sha1_base64="QKiZbMiJWuqUHqHLRiJRR1vg3k0=">AAADE3icjVHPaxQxGH0df7TWX6sevQQX0YMss1uhXoRiETxJBXe30Kklk83W0OzMkMkUyrJ/hv+Jt97Eq2fRqx7a/8KXOAW1iGZmMu973/de8iV5ZU3t0/TLUnL h4qXLyytXVq9eu37jZufW7VFdNk7poSpt6bZzWWtrCj30xlu9XTktZ7nV4/xgM+THh9rVpixe+6NK787kfmGmRklPaq/zciyeimzqpJpnuqqNJZku5oOFyEzhhcgONTOFzK0k9Uj0whTJ5zHmK0ZhnrxZE+7BXqeb9tI4xH nQb0EX7dgqO5+RYYISCg1m0CjgiS0kaj476CNFRW4Xc3KOyMS8xgKr1Das0qyQZA847zPaadmCcfCso1pxFcvPUSlwn5qSdY44rCZivonOgf2b9zx6hr0d8Z+3XjOyHm/J/kt3Vvm/utCLxxRPYg+GPVWRCd2p1qWJpxJ2Ln7pytOhIhfwhHlHrKLy7JxF1NSx93C2MuZPYmVgQ6za2ganYZe84P6f13kejAa9/lpv8Opxd+NZe9UruIt7eMj7XMcGXmALQ3q/x1d8w/fkXXKcfEg+/ixNllrNHfw2kk8/ABIhqvM=</latexit>

W = �✏0
2

Z
~E . ~rV d3r0

<latexit sha1_base64="/DKUAs2y3Lj7ejMyihh1IDEuHYw="></latexit>

~rV = � ~E
<latexit sha1_base64="9tACxYgifoOf6UJyuz1bXKYi1fk="></latexit>

W = �✏0
2

Z
~E . (� ~E) d3r0

<latexit sha1_base64="oUS4ypVjQuDo0ktv2NLKM5r0b3g="></latexit>



Onde a energia está armazenada ?



O princípio da superposição



A energia de uma  única carga 

W =
✏0
2

Z
E2 d3r

<latexit sha1_base64="jdWnwNbQNKzuI0DJV+HIFAMd4ak="></latexit>

E =
1

4⇡ ✏0

q

r2
<latexit sha1_base64="MgBWLTt3ESlPgE61E50tafSNj34="></latexit>

Especulação:  W =
q2

8⇡ ✏0

Z 1

re

dr
1

r2
=

q2

8⇡ ✏0 re
= me c

2

<latexit sha1_base64="uNS3xSkV5iA4KzlS/KXXvS4NCis="></latexit>

W =
q2

8⇡ ✏0

Z 1

re

dr
1

r2
=

q2

8⇡ ✏0 re
= me c

2

<latexit sha1_base64="uNS3xSkV5iA4KzlS/KXXvS4NCis="></latexit>

Uma parte da massa do elétron vem da interação eletromagnética ?

4⇡
<latexit sha1_base64="DnWiXD2HyELSFLz8666nuR6B+c0="></latexit>



Problema: limite quântico !

Problema: Higgs !

(~1962) (~2012)

Prêmio Nobel de 2013



n̂
<latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit>

n̂
<latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit>

n̂
<latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit>

n̂
<latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit>

n̂
<latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit> n̂

<latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks="></latexit>

A1A2

A3

~E
<latexit sha1_base64="WNqdxvO75vUDl0B6l+fpgt01sSw="></latexit><latexit sha1_base64="WNqdxvO75vUDl0B6l+fpgt01sSw="></latexit><latexit sha1_base64="WNqdxvO75vUDl0B6l+fpgt01sSw="></latexit><latexit sha1_base64="WNqdxvO75vUDl0B6l+fpgt01sSw="></latexit>

~E
<latexit sha1_base64="WNqdxvO75vUDl0B6l+fpgt01sSw="></latexit><latexit sha1_base64="WNqdxvO75vUDl0B6l+fpgt01sSw="></latexit><latexit sha1_base64="WNqdxvO75vUDl0B6l+fpgt01sSw="></latexit><latexit sha1_base64="WNqdxvO75vUDl0B6l+fpgt01sSw="></latexit>

~E . n̂ = E
<latexit sha1_base64="bMOUwdAYzk4+KA1sDg/tU33aJqo="></latexit><latexit sha1_base64="bMOUwdAYzk4+KA1sDg/tU33aJqo="></latexit><latexit sha1_base64="bMOUwdAYzk4+KA1sDg/tU33aJqo="></latexit><latexit sha1_base64="bMOUwdAYzk4+KA1sDg/tU33aJqo="></latexit>

~E . n̂ = E
<latexit sha1_base64="bMOUwdAYzk4+KA1sDg/tU33aJqo="></latexit><latexit sha1_base64="bMOUwdAYzk4+KA1sDg/tU33aJqo="></latexit><latexit sha1_base64="bMOUwdAYzk4+KA1sDg/tU33aJqo="></latexit><latexit sha1_base64="bMOUwdAYzk4+KA1sDg/tU33aJqo="></latexit>

~E . n̂ = 0
<latexit sha1_base64="l8nKBAGqAzOc/cfhgmdySGNKaEY="></latexit><latexit sha1_base64="l8nKBAGqAzOc/cfhgmdySGNKaEY="></latexit><latexit sha1_base64="l8nKBAGqAzOc/cfhgmdySGNKaEY="></latexit><latexit sha1_base64="l8nKBAGqAzOc/cfhgmdySGNKaEY="></latexit>

I

A

~E . n̂ da =

Z

A1

~E . n̂ da+

Z

A2

~E . n̂ da+

Z

A3

~E . n̂ da
<latexit sha1_base64="jgdUTHJiMnSMWfJYLFpr4kqjhWY="></latexit><latexit sha1_base64="jgdUTHJiMnSMWfJYLFpr4kqjhWY="></latexit><latexit sha1_base64="jgdUTHJiMnSMWfJYLFpr4kqjhWY="></latexit><latexit sha1_base64="jgdUTHJiMnSMWfJYLFpr4kqjhWY="></latexit>

EE 0

I

A

~E . n̂ da = E

Z

A1

da+ E

Z

A2

da
<latexit sha1_base64="CFogiu01tvvBU7g6lOAhDoaRMb8="></latexit><latexit sha1_base64="CFogiu01tvvBU7g6lOAhDoaRMb8="></latexit><latexit sha1_base64="CFogiu01tvvBU7g6lOAhDoaRMb8="></latexit><latexit sha1_base64="CFogiu01tvvBU7g6lOAhDoaRMb8="></latexit>

= 2E A
<latexit sha1_base64="CWlLak0PsmfPpXxFEcphhl0I7Ws="></latexit><latexit sha1_base64="CWlLak0PsmfPpXxFEcphhl0I7Ws="></latexit><latexit sha1_base64="CWlLak0PsmfPpXxFEcphhl0I7Ws="></latexit><latexit sha1_base64="CWlLak0PsmfPpXxFEcphhl0I7Ws="></latexit>

Qe = �A
<latexit sha1_base64="wy90vab1OVvvS3bWBcX7xgKJ9us="></latexit><latexit sha1_base64="wy90vab1OVvvS3bWBcX7xgKJ9us="></latexit><latexit sha1_base64="wy90vab1OVvvS3bWBcX7xgKJ9us="></latexit><latexit sha1_base64="wy90vab1OVvvS3bWBcX7xgKJ9us="></latexit>

I

A

~E . n̂ da =
Qe

✏0
<latexit sha1_base64="jGr04YhKrqXIxc0g8uxqqqRFDfw="></latexit><latexit sha1_base64="jGr04YhKrqXIxc0g8uxqqqRFDfw="></latexit><latexit sha1_base64="jGr04YhKrqXIxc0g8uxqqqRFDfw="></latexit><latexit sha1_base64="jGr04YhKrqXIxc0g8uxqqqRFDfw="></latexit>

2E A =
�

✏0
A

<latexit sha1_base64="FSVGLTrLmOwuPeYgLwYZTxay900="></latexit><latexit sha1_base64="FSVGLTrLmOwuPeYgLwYZTxay900="></latexit><latexit sha1_base64="FSVGLTrLmOwuPeYgLwYZTxay900="></latexit><latexit sha1_base64="FSVGLTrLmOwuPeYgLwYZTxay900="></latexit>

E =
�

2 ✏0
<latexit sha1_base64="kYjF0a+OHnSDpb6Js6aNMQvizn4="></latexit><latexit sha1_base64="kYjF0a+OHnSDpb6Js6aNMQvizn4="></latexit><latexit sha1_base64="kYjF0a+OHnSDpb6Js6aNMQvizn4="></latexit><latexit sha1_base64="kYjF0a+OHnSDpb6Js6aNMQvizn4="></latexit>

Treinamento funcional: campo elétrico criado pela placa infinita carregada :



Energia por unidade de área armazenada num capacitor de placas paralelas 
(infinitas) com  densidade de carga sigma

+ -

E =
�

2 ✏0
<latexit sha1_base64="wthMG7kF+kjSOx5G17fPRuod1bM="></latexit>

E =
�

2 ✏0
<latexit sha1_base64="xeo0hTJUIYQKB2DN2mjJff+WB30="></latexit>

E = 0
<latexit sha1_base64="bll2DATDYpBqqeNNaM99e0ROgNA="></latexit>

E = 0
<latexit sha1_base64="bll2DATDYpBqqeNNaM99e0ROgNA="></latexit>

E =
�

✏0
<latexit sha1_base64="NOBXnIfNIg03/sOGhUnFA4c6ycw="></latexit>

d

W =
✏0
2

Z
E2 d3r

<latexit sha1_base64="jdWnwNbQNKzuI0DJV+HIFAMd4ak="></latexit>

W =
✏0
2
E2 Ad

<latexit sha1_base64="IxZI8ec6tfyCM6s7UaSP4QPnWGQ="></latexit>

W

A
=

�2 d

2 ✏0
<latexit sha1_base64="RRlYTKQsN9eb5tXK5WyTzD3kRtQ="></latexit>



V (b)� V (a) = �
Z b

a

~E . d~l
<latexit sha1_base64="Oks1M1S6Dq2sIf5L5Gx8z/GmC1c="></latexit>

Vamos calcular  o potencial :

d~l = dx x̂
<latexit sha1_base64="zuvkrWvnuvR81DSm5Sps7R+xcJI="></latexit>

V (a) = 0
<latexit sha1_base64="hgCCEJVaHkd0gx1P83I1qgLOCcs="></latexit>

W

A
=

�2 d

2 ✏0
<latexit sha1_base64="RRlYTKQsN9eb5tXK5WyTzD3kRtQ="></latexit>

~E =
�

✏0
x̂

<latexit sha1_base64="1cJJ8aimX33VGG2ldSIPBzy9UNo="></latexit>

~E . d~l =
�

✏0
dx

<latexit sha1_base64="SYOi0+aq1IfuPcgIje0WJl87rZI="></latexit>

V (b)� V (a) = � (b� a)
�

✏0
<latexit sha1_base64="uWvgrgPjVcJn/a35MyDpFp8zZQM="></latexit>

V (b) = � d
�

✏0
<latexit sha1_base64="kcp+izlFyFV+pq8aZeOurMCDe9Y="></latexit>

Agora usando o potencial : 
-+

da b
x̂

<latexit sha1_base64="X6aBhK6maMNuoe3fiBxuPhPSIz4="></latexit>

d~l
<latexit sha1_base64="oPvjEW0Q4W3JlmL6H5DNzQlBgxY="></latexit>

W =
1

2

Z

S
� V da

<latexit sha1_base64="F+1BXEoycBxHZkguLskLTU+5MxU="></latexit>

E =
�

✏0
<latexit sha1_base64="NOBXnIfNIg03/sOGhUnFA4c6ycw="></latexit>

W =
1

2
(�+ V (a)A + �� V (b)A)

<latexit sha1_base64="YRnyMCXt8a2DX4NMPfhwp49GcdQ="></latexit>

0

W =
1

2
�� V (b)A

<latexit sha1_base64="RciK4rUZMGMycr2W9ID5EEvLu9s="></latexit>

W =
1

2
(��) (�d�

✏0
)A

<latexit sha1_base64="Nnc04vR9v1Z37gbTbBz08otaOqw="></latexit>



Capacitor cilíndrico 

Carga total positiva interna
é igual à 

carga total negativa externa

O campo elétrico 
no interior da casca menor

e 
no exterior da casca maior 

é zero !

~E = 0
<latexit sha1_base64="6+e/QmrrAXnE0uudteWNMLXH2i8="></latexit>

~E = 0
<latexit sha1_base64="6+e/QmrrAXnE0uudteWNMLXH2i8="></latexit>



Capacitor cilíndrico de raios a  e  2a

Campo elétrico entre as cascas:

I

A

~E . n̂ da =
Qe

✏0
<latexit sha1_base64="aL0gK20gh2mrA+rZ7Tn+tOs/tbI="></latexit>

L

n̂
<latexit sha1_base64="LUnS9EjiS6FeewznJppgGjbkuII="></latexit>

r̂
<latexit sha1_base64="0MbEmGdu8WhkltNOFqAjoJZVkv8="></latexit><latexit sha1_base64="0MbEmGdu8WhkltNOFqAjoJZVkv8="></latexit><latexit sha1_base64="0MbEmGdu8WhkltNOFqAjoJZVkv8="></latexit><latexit sha1_base64="0MbEmGdu8WhkltNOFqAjoJZVkv8="></latexit>

r

Nas tampas 
o fluxo é zero !

~E = E r̂
<latexit sha1_base64="Fcb56+JEgwwQuOCbeVLM5fFmQiI="></latexit>

n̂ = r̂
<latexit sha1_base64="khL2rNgSHgbh/zfTa39Yz9plCmQ="></latexit>

~E . n̂ = E
<latexit sha1_base64="lBLaJKHy7O9as43eJQaVOgPtr2A="></latexit>

Z

A3

E da =
�Ac

✏0
<latexit sha1_base64="lsXJV6Cdz3CD+s7zl8R1Z3bvzhs="></latexit>

2⇡ r LE =
2⇡ aL�

✏0
<latexit sha1_base64="o9sCK9rp07oIZbIq3ThFR6y3FAo="></latexit>

~E =
�

✏0

a

r
r̂

<latexit sha1_base64="2CzsjDanQ5+j16dAc+1juErgtqA="></latexit>

aL

2a

�
<latexit sha1_base64="JOf6RVTlIP0QW7PP2gJSbDYkISE="></latexit>

��/2
<latexit sha1_base64="h+anScX5Z42mDuuwdPQcoeRcJNA="></latexit>



Campo elétrico: r < a
<latexit sha1_base64="tC0da8g+nlvpX7UamaXa7ueYftg="></latexit>

Carga envolvida  pela 
sup. Gaussiana é zero 
o campo elétrico é zero ! 

~E = 0
<latexit sha1_base64="mYVdMvCHAb2bI3Om4b+ILqu7cvY="></latexit>

L

- - - - - - - - - -
+ + + + + + ++ +

L

- - - - - - - - - -
+ + + + + + ++ +

Campo elétrico:

r

L

- - - - - - - - - -
+ + + + + + ++ + Carga envolvida  pela 

sup. Gaussiana é zero 
o campo elétrico é zero ! 

~E = 0
<latexit sha1_base64="mYVdMvCHAb2bI3Om4b+ILqu7cvY="></latexit>

L

r

r > 2 a
<latexit sha1_base64="XnMaT71Ygj6BrGg6eejAF9Wy2D0="></latexit>



W =
✏0
2

Z
E2 d3r

<latexit sha1_base64="jdWnwNbQNKzuI0DJV+HIFAMd4ak="></latexit>

Cálculo da energia : 

~E =
�

✏0

a

r
r̂

<latexit sha1_base64="2CzsjDanQ5+j16dAc+1juErgtqA="></latexit>

E2 =
�2 a2

✏20 r
2

<latexit sha1_base64="cFVlMAp9wsrBJLKmNK46BQPbKKg="></latexit>

d3r = 2⇡ r L dr
<latexit sha1_base64="6srZnWvh038ryn5S+ihxYxmsOWI="></latexit>

W =
✏0
2

�2 a2

✏20
2⇡L

Z 2a

a

1

r
dr

<latexit sha1_base64="zSrCw8lag0Y3QB/uVlOCJPlHiMQ="></latexit>

Z 2a

a

1

r
dr = ln(

2 a

a
)

<latexit sha1_base64="6spJYt4iniebA/lR1F6vSFFr5Bw="></latexit>

W =
�2 a2

✏0
⇡L ln 2

<latexit sha1_base64="SAZHORq1AHt8a+1pavB1VmoeRsE="></latexit>



Fim



Potencial de uma casca cilíndrica de raio a com densid. sup. de carga �<latexit sha1_base64="MGjVSXjJBshxwjrr3/sGfhsxXVk="></latexit>

r

E = 0
<latexit sha1_base64="RCJHu9mmp9eqLUetCjOhMWvv/SY="></latexit>

~E =
�

✏0

a

r
r̂

<latexit sha1_base64="2CzsjDanQ5+j16dAc+1juErgtqA="></latexit>

r̂
<latexit sha1_base64="0MbEmGdu8WhkltNOFqAjoJZVkv8="></latexit><latexit sha1_base64="0MbEmGdu8WhkltNOFqAjoJZVkv8="></latexit><latexit sha1_base64="0MbEmGdu8WhkltNOFqAjoJZVkv8="></latexit><latexit sha1_base64="0MbEmGdu8WhkltNOFqAjoJZVkv8="></latexit>

~E
<latexit sha1_base64="KBu3TFyz80mORPx0ytMovFzGYBE="></latexit>

a
d~l = d~r

<latexit sha1_base64="8xVVC4otHetxQSgU9vghxBtJysc="></latexit>

V (b)� V (a) = �
Z b

a

~E . d~l
<latexit sha1_base64="xSPOl9lVy0f71Smy4RhiqVmWT8U="></latexit>

Ponto de referência:  r  =  a  onde V = 0
a = a

<latexit sha1_base64="lvRmFwq1SojswiMS00Za59EOYO0="></latexit>

Ponto de interesse:  r  =  r  onde V(r) 

b = r
<latexit sha1_base64="1PhY9VLRBtdNSOd+2w4RXdLEE5w="></latexit>

d~r = dr r̂
<latexit sha1_base64="q1ffCxcoqCfCYtZcJi0NbpfjKbA="></latexit>

V (r) = �
Z r

a

� a

✏0 r
r̂ . r̂ dr

<latexit sha1_base64="41ItYKJKFtIrcPwvwfxur4Uhjkg="></latexit>

= �� a

✏0

Z r

a

1

r
dr

<latexit sha1_base64="xWoB7Yxcgnmc/IQ1XRxYvqe1++s="></latexit>

= �� a

✏0
(lnr � lna)

<latexit sha1_base64="m0DieMzvwHLIhStb+LZoajhan7k="></latexit>

V (r) = �� a

✏0
ln

r

a
<latexit sha1_base64="TaN6u7OVTputS3m361qB9etnXWM="></latexit>



r

V(r)

a

O gráfico

V (r) = �� a

✏0
ln

r

a
<latexit sha1_base64="TaN6u7OVTputS3m361qB9etnXWM="></latexit>

0

V (r) = 0
<latexit sha1_base64="eOpHQnM943dlF/HkVIBVno9v2EI="></latexit>





Agora usando a definição :

+

E =
�

2 ✏0
<latexit sha1_base64="wthMG7kF+kjSOx5G17fPRuod1bM="></latexit>

V (b)� V (a) = �
Z b

a

~E . d~l
<latexit sha1_base64="Oks1M1S6Dq2sIf5L5Gx8z/GmC1c="></latexit>

-

da b
x̂

<latexit sha1_base64="X6aBhK6maMNuoe3fiBxuPhPSIz4="></latexit>d~l
<latexit sha1_base64="oPvjEW0Q4W3JlmL6H5DNzQlBgxY="></latexit>

Vamos calcular  o potencial na placa vermelha : 

~E =
�

2 ✏0
x̂

<latexit sha1_base64="LSqDLdUZdAjTB5oi+l/ytS0VnRw="></latexit>

d~l = dx x̂
<latexit sha1_base64="zuvkrWvnuvR81DSm5Sps7R+xcJI="></latexit>

~E . d~l =
�

2 ✏0
dx

<latexit sha1_base64="9JNoHxz7RbybQaciQnlTcU/I5/w="></latexit>

V (b)� V (a) = � (b� a)
�

2 ✏0
<latexit sha1_base64="hBpGbtunC47pLrqws5h0m/vic/U="></latexit>

V (a) = 0
<latexit sha1_base64="hgCCEJVaHkd0gx1P83I1qgLOCcs="></latexit>

V (b) = � d
�

2 ✏0
<latexit sha1_base64="sqC4SYFCtLeZe5W/AtVPxTM1jfw="></latexit>

W = q� V (b) = ��A (� � d

2 ✏0
)

<latexit sha1_base64="dJN44neB3W/tlbjO+eo7sCd74M8="></latexit>

W

A
=

�2 d

2 ✏0
<latexit sha1_base64="RRlYTKQsN9eb5tXK5WyTzD3kRtQ="></latexit>

W = q V
<latexit sha1_base64="yqy3jfJ5vBtwf9nwYwV8d6VT9P8="></latexit>

ou 

W = q+ V� = q+ V (a)
<latexit sha1_base64="ROwfW4VPhDfKHi6u2RYwTtA4NcU="></latexit>

W = q� V+ = q� V (b)
<latexit sha1_base64="gQvJVgYKM47uAWs3DRZgktyzcto="></latexit>

W = q V
<latexit sha1_base64="yqy3jfJ5vBtwf9nwYwV8d6VT9P8="></latexit>


