
Eletromagnetismo 

F.S. Navarra
navarra@if.usp.br

edisciplinas.if.usp.br

4300372

Guilherme Germano (monitor)
guilherme.germano@usp.br



16/08 
19/08
23/08
26/08
30/08
02/09
06/09
09/09

13/09
16/09
20/09 P1
23/09
27/09
30/09
04/10
07/10

11/10
14/10
18/10
21/10 P2
25/10
28/10
01/11
04/11

08/11
11/11
15/11
18/11
22/11
25/11 
29/11 P3
02/12 ex

Plano do Curso 

06/12 Sub



Bibliografia 

Capítulo 2 : eletrostática

Capítulo 5 : magnetostática

Capítulo 7 : eletrodinâmica

Capítulo 8 : leis de conservação

Capítulo 9 : ondas eletromagnéticas

Capítulo 10 : campos e potenciais

Capítulo 11 : radiação



Fluxo de campo elétrico através de uma superfície :

~E
<latexit sha1_base64="LQDRDW4v0mkHZcckgppvYr7B5JY="></latexit><latexit sha1_base64="LQDRDW4v0mkHZcckgppvYr7B5JY="></latexit><latexit sha1_base64="LQDRDW4v0mkHZcckgppvYr7B5JY="></latexit><latexit sha1_base64="LQDRDW4v0mkHZcckgppvYr7B5JY="></latexit>

A

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

da

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

~E
<latexit sha1_base64="LQDRDW4v0mkHZcckgppvYr7B5JY="></latexit><latexit sha1_base64="LQDRDW4v0mkHZcckgppvYr7B5JY="></latexit><latexit sha1_base64="LQDRDW4v0mkHZcckgppvYr7B5JY="></latexit><latexit sha1_base64="LQDRDW4v0mkHZcckgppvYr7B5JY="></latexit>

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

A

✓
<latexit sha1_base64="0KpdcBctvdARqgQ9nWLaDibiVw8="></latexit><latexit sha1_base64="0KpdcBctvdARqgQ9nWLaDibiVw8="></latexit><latexit sha1_base64="0KpdcBctvdARqgQ9nWLaDibiVw8="></latexit><latexit sha1_base64="0KpdcBctvdARqgQ9nWLaDibiVw8="></latexit>

~E
<latexit sha1_base64="LQDRDW4v0mkHZcckgppvYr7B5JY="></latexit><latexit sha1_base64="LQDRDW4v0mkHZcckgppvYr7B5JY="></latexit><latexit sha1_base64="LQDRDW4v0mkHZcckgppvYr7B5JY="></latexit><latexit sha1_base64="LQDRDW4v0mkHZcckgppvYr7B5JY="></latexit>

� =

Z

A

~E . n̂ da
<latexit sha1_base64="2PrVlvPvuTzeINrZBMvuSF1rY2w="></latexit><latexit sha1_base64="2PrVlvPvuTzeINrZBMvuSF1rY2w="></latexit><latexit sha1_base64="2PrVlvPvuTzeINrZBMvuSF1rY2w="></latexit><latexit sha1_base64="2PrVlvPvuTzeINrZBMvuSF1rY2w="></latexit>

Fluxo elétrico : ~E . n̂ = E cos✓
<latexit sha1_base64="omnteUFK9JjUfMszTVze4Foq6EU="></latexit><latexit sha1_base64="omnteUFK9JjUfMszTVze4Foq6EU="></latexit><latexit sha1_base64="omnteUFK9JjUfMszTVze4Foq6EU="></latexit><latexit sha1_base64="omnteUFK9JjUfMszTVze4Foq6EU="></latexit>

É uma medida de quanto a superfície é  ”furada” pelas  flechas



Se a superfície for fechada:

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>

~E . n̂ = E
<latexit sha1_base64="QU1pqJ7zP3AKgj3NGEQ7WCAvJpU="></latexit><latexit sha1_base64="QU1pqJ7zP3AKgj3NGEQ7WCAvJpU="></latexit><latexit sha1_base64="QU1pqJ7zP3AKgj3NGEQ7WCAvJpU="></latexit><latexit sha1_base64="QU1pqJ7zP3AKgj3NGEQ7WCAvJpU="></latexit>

� > 0
<latexit sha1_base64="C2Y+gPY9h+TpG8kWqHDKBEI99Y0="></latexit><latexit sha1_base64="C2Y+gPY9h+TpG8kWqHDKBEI99Y0="></latexit><latexit sha1_base64="C2Y+gPY9h+TpG8kWqHDKBEI99Y0="></latexit><latexit sha1_base64="C2Y+gPY9h+TpG8kWqHDKBEI99Y0="></latexit>

� =

I

A

~E . n̂ da
<latexit sha1_base64="btRa9saa7YRDvJJMI2d57VdjyoE="></latexit><latexit sha1_base64="btRa9saa7YRDvJJMI2d57VdjyoE="></latexit><latexit sha1_base64="btRa9saa7YRDvJJMI2d57VdjyoE="></latexit><latexit sha1_base64="btRa9saa7YRDvJJMI2d57VdjyoE="></latexit>

Carga positiva no centro



Lei de Gauss

Não é dedução...

É sedução...

Em caso de dúvida volte sempre para este exemplo-mãe :



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

q

4⇡✏0

1

r2
r̂

<latexit sha1_base64="/NCqxVhs5LGMY+dohVlrGwNUOfA="></latexit><latexit sha1_base64="/NCqxVhs5LGMY+dohVlrGwNUOfA="></latexit><latexit sha1_base64="/NCqxVhs5LGMY+dohVlrGwNUOfA="></latexit><latexit sha1_base64="/NCqxVhs5LGMY+dohVlrGwNUOfA="></latexit>

q

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

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

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

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

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

A

n̂ = r̂
<latexit sha1_base64="SK6c7S3QlU3rp9ixR7uduVf0Jk8="></latexit><latexit sha1_base64="SK6c7S3QlU3rp9ixR7uduVf0Jk8="></latexit><latexit sha1_base64="SK6c7S3QlU3rp9ixR7uduVf0Jk8="></latexit><latexit sha1_base64="SK6c7S3QlU3rp9ixR7uduVf0Jk8="></latexit>

~E.n̂ =
q

4⇡✏0

1

r2
r̂.r̂

<latexit sha1_base64="ZMFQx9Ob0fwUGet0z4W37r1KSHE="></latexit><latexit sha1_base64="ZMFQx9Ob0fwUGet0z4W37r1KSHE="></latexit><latexit sha1_base64="ZMFQx9Ob0fwUGet0z4W37r1KSHE="></latexit><latexit sha1_base64="ZMFQx9Ob0fwUGet0z4W37r1KSHE="></latexit>

~E.n̂ =
q

4⇡✏0

1

r2
<latexit sha1_base64="ARWGbLkaz/kjHa5oSUYmgBeqvrA="></latexit><latexit sha1_base64="ARWGbLkaz/kjHa5oSUYmgBeqvrA="></latexit><latexit sha1_base64="ARWGbLkaz/kjHa5oSUYmgBeqvrA="></latexit><latexit sha1_base64="ARWGbLkaz/kjHa5oSUYmgBeqvrA="></latexit>

� =

I

A

~E . n̂ da
<latexit sha1_base64="btRa9saa7YRDvJJMI2d57VdjyoE="></latexit><latexit sha1_base64="btRa9saa7YRDvJJMI2d57VdjyoE="></latexit><latexit sha1_base64="btRa9saa7YRDvJJMI2d57VdjyoE="></latexit><latexit sha1_base64="btRa9saa7YRDvJJMI2d57VdjyoE="></latexit>

=

Z 2⇡

0
d�

Z ⇡

0
sen ✓ d✓ r2 dr

q

4⇡✏0

1

r2
<latexit sha1_base64="Oi3PNiEDiTJEMZ1symz3VGVwyu4="></latexit><latexit sha1_base64="Oi3PNiEDiTJEMZ1symz3VGVwyu4="></latexit><latexit sha1_base64="Oi3PNiEDiTJEMZ1symz3VGVwyu4="></latexit><latexit sha1_base64="Oi3PNiEDiTJEMZ1symz3VGVwyu4="></latexit>

da = r d ✓ r sen ✓ d�
<latexit sha1_base64="GAzod+kLAxotYlvxCPU58br50WQ="></latexit><latexit sha1_base64="GAzod+kLAxotYlvxCPU58br50WQ="></latexit><latexit sha1_base64="GAzod+kLAxotYlvxCPU58br50WQ="></latexit><latexit sha1_base64="GAzod+kLAxotYlvxCPU58br50WQ="></latexit>

2⇡
<latexit sha1_base64="PG2FAJqgegMEpgQqDRocUyCr9rQ="></latexit><latexit sha1_base64="PG2FAJqgegMEpgQqDRocUyCr9rQ="></latexit><latexit sha1_base64="PG2FAJqgegMEpgQqDRocUyCr9rQ="></latexit><latexit sha1_base64="PG2FAJqgegMEpgQqDRocUyCr9rQ="></latexit>

2
<latexit sha1_base64="1xqUyEU2jw5UmWWJGwz2cZ+mWs8="></latexit><latexit sha1_base64="1xqUyEU2jw5UmWWJGwz2cZ+mWs8="></latexit><latexit sha1_base64="1xqUyEU2jw5UmWWJGwz2cZ+mWs8="></latexit><latexit sha1_base64="1xqUyEU2jw5UmWWJGwz2cZ+mWs8="></latexit>

=
q

✏0
<latexit sha1_base64="BtbQECbrdOq608kl7dPTSTvkxaM="></latexit><latexit sha1_base64="BtbQECbrdOq608kl7dPTSTvkxaM="></latexit><latexit sha1_base64="BtbQECbrdOq608kl7dPTSTvkxaM="></latexit><latexit sha1_base64="BtbQECbrdOq608kl7dPTSTvkxaM="></latexit>



Lei de Gauss

Forma diferencial

Forma intergal

Fazemos uma generalização corajosa e despudorada !

I

A

~E . n̂ da =

I

A

~E . d~a =
Qe

✏0
<latexit sha1_base64="MqQppJoOl1Hu3vB3HIj+YF4ROXA="></latexit><latexit sha1_base64="MqQppJoOl1Hu3vB3HIj+YF4ROXA="></latexit><latexit sha1_base64="MqQppJoOl1Hu3vB3HIj+YF4ROXA="></latexit><latexit sha1_base64="MqQppJoOl1Hu3vB3HIj+YF4ROXA="></latexit>

~r . ~E =
⇢

✏0
<latexit sha1_base64="KuTH9MEssKARueqAYOLfcOsidoE="></latexit><latexit sha1_base64="KuTH9MEssKARueqAYOLfcOsidoE="></latexit><latexit sha1_base64="KuTH9MEssKARueqAYOLfcOsidoE="></latexit><latexit sha1_base64="KuTH9MEssKARueqAYOLfcOsidoE="></latexit>



Aula 4

Aplicações da  Lei de Gauss



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

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

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

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

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

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

Esfera uniform. carreg. com raio R  e carga Q : 

Simetria esférica: o campo elétrico é radial !

~E = E r̂
<latexit sha1_base64="v4fdWpxGVCeE4RHLFQY0ybE24yE="></latexit><latexit sha1_base64="v4fdWpxGVCeE4RHLFQY0ybE24yE="></latexit><latexit sha1_base64="v4fdWpxGVCeE4RHLFQY0ybE24yE="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="/Bkm+v0bgerP+eiKbv3ueOz0Z7E="></latexit><latexit sha1_base64="/Bkm+v0bgerP+eiKbv3ueOz0Z7E="></latexit><latexit sha1_base64="zARgMVj08gOQEuQp84FmOsymBAU="></latexit><latexit sha1_base64="v4fdWpxGVCeE4RHLFQY0ybE24yE="></latexit><latexit sha1_base64="v4fdWpxGVCeE4RHLFQY0ybE24yE="></latexit><latexit sha1_base64="v4fdWpxGVCeE4RHLFQY0ybE24yE="></latexit><latexit sha1_base64="v4fdWpxGVCeE4RHLFQY0ybE24yE="></latexit><latexit sha1_base64="v4fdWpxGVCeE4RHLFQY0ybE24yE="></latexit><latexit sha1_base64="v4fdWpxGVCeE4RHLFQY0ybE24yE="></latexit>

n̂ = r̂
<latexit sha1_base64="qSB/dRdfp/OFXNlTWSIVKnzpJ94="></latexit><latexit sha1_base64="qSB/dRdfp/OFXNlTWSIVKnzpJ94="></latexit><latexit sha1_base64="qSB/dRdfp/OFXNlTWSIVKnzpJ94="></latexit><latexit sha1_base64="qSB/dRdfp/OFXNlTWSIVKnzpJ94="></latexit>

~E . n̂ = E r̂ . r̂ = E
<latexit sha1_base64="uaxFFzwt4UKHF2R3//bO8YBNFnI="></latexit><latexit sha1_base64="uaxFFzwt4UKHF2R3//bO8YBNFnI="></latexit><latexit sha1_base64="uaxFFzwt4UKHF2R3//bO8YBNFnI="></latexit><latexit sha1_base64="uaxFFzwt4UKHF2R3//bO8YBNFnI="></latexit>

I

A

~E . n̂ da =

I

A
E da

<latexit sha1_base64="X1Z/J8ZljduyHLSpjB67WrijMzc="></latexit><latexit sha1_base64="X1Z/J8ZljduyHLSpjB67WrijMzc="></latexit><latexit sha1_base64="X1Z/J8ZljduyHLSpjB67WrijMzc="></latexit><latexit sha1_base64="X1Z/J8ZljduyHLSpjB67WrijMzc="></latexit>

E é constante  na sup. A
I

A

~E . n̂ da = E

I

A
da

<latexit sha1_base64="S9qZQMXVEzsH1VTNQxXoy1FGF2I="></latexit><latexit sha1_base64="S9qZQMXVEzsH1VTNQxXoy1FGF2I="></latexit><latexit sha1_base64="S9qZQMXVEzsH1VTNQxXoy1FGF2I="></latexit><latexit sha1_base64="S9qZQMXVEzsH1VTNQxXoy1FGF2I="></latexit>

I

A

~E . n̂ da = E 4⇡ r2

<latexit sha1_base64="XGe1nh1V8we2YH2e0pRL8HDo8mM="></latexit><latexit sha1_base64="XGe1nh1V8we2YH2e0pRL8HDo8mM="></latexit><latexit sha1_base64="XGe1nh1V8we2YH2e0pRL8HDo8mM="></latexit><latexit sha1_base64="XGe1nh1V8we2YH2e0pRL8HDo8mM="></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>

E 4⇡ r2 =
Q

✏0
<latexit sha1_base64="j2MvSh7ex8F9j00KP9hDjbtyLKE="></latexit><latexit sha1_base64="j2MvSh7ex8F9j00KP9hDjbtyLKE="></latexit><latexit sha1_base64="j2MvSh7ex8F9j00KP9hDjbtyLKE="></latexit><latexit sha1_base64="j2MvSh7ex8F9j00KP9hDjbtyLKE="></latexit>

E =
Q

4⇡ ✏0

1

r2
<latexit sha1_base64="phFFy7rhIbmVtmd833DCwbUGxfM="></latexit><latexit sha1_base64="phFFy7rhIbmVtmd833DCwbUGxfM="></latexit><latexit sha1_base64="phFFy7rhIbmVtmd833DCwbUGxfM="></latexit><latexit sha1_base64="phFFy7rhIbmVtmd833DCwbUGxfM="></latexit>

(Gauss)

A

r

r > R
<latexit sha1_base64="+7qCc5UWlggu6CpFnP1kU+oWw+g="></latexit><latexit sha1_base64="+7qCc5UWlggu6CpFnP1kU+oWw+g="></latexit><latexit sha1_base64="+7qCc5UWlggu6CpFnP1kU+oWw+g="></latexit><latexit sha1_base64="+7qCc5UWlggu6CpFnP1kU+oWw+g="></latexit>



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

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

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

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

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

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

Esfera uniform. carreg. com raio R  e carga Q : 

Simetria esférica: o campo elétrico é radial !

~E . n̂ = E r̂ . r̂ = E
<latexit sha1_base64="uaxFFzwt4UKHF2R3//bO8YBNFnI="></latexit><latexit sha1_base64="uaxFFzwt4UKHF2R3//bO8YBNFnI="></latexit><latexit sha1_base64="uaxFFzwt4UKHF2R3//bO8YBNFnI="></latexit><latexit sha1_base64="uaxFFzwt4UKHF2R3//bO8YBNFnI="></latexit>

I

A

~E . n̂ da =

I

A
E da

<latexit sha1_base64="X1Z/J8ZljduyHLSpjB67WrijMzc="></latexit><latexit sha1_base64="X1Z/J8ZljduyHLSpjB67WrijMzc="></latexit><latexit sha1_base64="X1Z/J8ZljduyHLSpjB67WrijMzc="></latexit><latexit sha1_base64="X1Z/J8ZljduyHLSpjB67WrijMzc="></latexit>

E é constante  na sup. A
I

A

~E . n̂ da = E

I

A
da

<latexit sha1_base64="S9qZQMXVEzsH1VTNQxXoy1FGF2I="></latexit><latexit sha1_base64="S9qZQMXVEzsH1VTNQxXoy1FGF2I="></latexit><latexit sha1_base64="S9qZQMXVEzsH1VTNQxXoy1FGF2I="></latexit><latexit sha1_base64="S9qZQMXVEzsH1VTNQxXoy1FGF2I="></latexit>

I

A

~E . n̂ da = E 4⇡ r2

<latexit sha1_base64="XGe1nh1V8we2YH2e0pRL8HDo8mM="></latexit><latexit sha1_base64="XGe1nh1V8we2YH2e0pRL8HDo8mM="></latexit><latexit sha1_base64="XGe1nh1V8we2YH2e0pRL8HDo8mM="></latexit><latexit sha1_base64="XGe1nh1V8we2YH2e0pRL8HDo8mM="></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>

(Gauss)

A

r

⇢ =
Q

4
3 ⇡R3

<latexit sha1_base64="RNpuU/i8fZrKjc2+bgWf/hKqAtQ="></latexit><latexit sha1_base64="RNpuU/i8fZrKjc2+bgWf/hKqAtQ="></latexit><latexit sha1_base64="RNpuU/i8fZrKjc2+bgWf/hKqAtQ="></latexit><latexit sha1_base64="RNpuU/i8fZrKjc2+bgWf/hKqAtQ="></latexit>

Qe = ⇢
4

3
⇡ r3

<latexit sha1_base64="GpDQpT5VNoj2gcL6utrQa/qKOnc="></latexit><latexit sha1_base64="GpDQpT5VNoj2gcL6utrQa/qKOnc="></latexit><latexit sha1_base64="GpDQpT5VNoj2gcL6utrQa/qKOnc="></latexit><latexit sha1_base64="GpDQpT5VNoj2gcL6utrQa/qKOnc="></latexit>

E 4⇡ r2 =
4⇡ r3

3 ✏0
⇢

<latexit sha1_base64="jatHsnKi1bM4vrHuj5pNebRBJeY="></latexit><latexit sha1_base64="jatHsnKi1bM4vrHuj5pNebRBJeY="></latexit><latexit sha1_base64="jatHsnKi1bM4vrHuj5pNebRBJeY="></latexit><latexit sha1_base64="jatHsnKi1bM4vrHuj5pNebRBJeY="></latexit>

E =
⇢

3 ✏0
r

<latexit sha1_base64="m1OjE/PUELAQKfNZgxGHA6RKlB0="></latexit><latexit sha1_base64="m1OjE/PUELAQKfNZgxGHA6RKlB0="></latexit><latexit sha1_base64="m1OjE/PUELAQKfNZgxGHA6RKlB0="></latexit><latexit sha1_base64="m1OjE/PUELAQKfNZgxGHA6RKlB0="></latexit>

r < R
<latexit sha1_base64="LYIogaRhkD7CqNHj8gFL6T3IFf0="></latexit><latexit sha1_base64="LYIogaRhkD7CqNHj8gFL6T3IFf0="></latexit><latexit sha1_base64="LYIogaRhkD7CqNHj8gFL6T3IFf0="></latexit><latexit sha1_base64="LYIogaRhkD7CqNHj8gFL6T3IFf0="></latexit>



O gráfico é importante !

E =
⇢

3 ✏0
r

<latexit sha1_base64="m1OjE/PUELAQKfNZgxGHA6RKlB0="></latexit><latexit sha1_base64="m1OjE/PUELAQKfNZgxGHA6RKlB0="></latexit><latexit sha1_base64="m1OjE/PUELAQKfNZgxGHA6RKlB0="></latexit><latexit sha1_base64="m1OjE/PUELAQKfNZgxGHA6RKlB0="></latexit>

⇢ =
Q

4
3 ⇡R3

<latexit sha1_base64="RNpuU/i8fZrKjc2+bgWf/hKqAtQ="></latexit><latexit sha1_base64="RNpuU/i8fZrKjc2+bgWf/hKqAtQ="></latexit><latexit sha1_base64="RNpuU/i8fZrKjc2+bgWf/hKqAtQ="></latexit><latexit sha1_base64="RNpuU/i8fZrKjc2+bgWf/hKqAtQ="></latexit>

E =
Q

4⇡ ✏0

r

R3
<latexit sha1_base64="4kukGdYiDVPzcEdtquaq5nLp+m0="></latexit><latexit sha1_base64="4kukGdYiDVPzcEdtquaq5nLp+m0="></latexit><latexit sha1_base64="4kukGdYiDVPzcEdtquaq5nLp+m0="></latexit><latexit sha1_base64="4kukGdYiDVPzcEdtquaq5nLp+m0="></latexit>

r
E = 0

E a contribuição
da casca externa ?



dq dq 

Componentes horizontais
se cancelam !

Componentes verticais
se somam !

Plano infinito carregado com densidade superficial de carga �
<latexit sha1_base64="GPAQnVuF/mQ618xwey7uXmbc5LM="></latexit><latexit sha1_base64="GPAQnVuF/mQ618xwey7uXmbc5LM="></latexit><latexit sha1_base64="GPAQnVuF/mQ618xwey7uXmbc5LM="></latexit><latexit sha1_base64="GPAQnVuF/mQ618xwey7uXmbc5LM="></latexit>

z



Plano infinito carregado com densidade superficial de carga �
<latexit sha1_base64="GPAQnVuF/mQ618xwey7uXmbc5LM="></latexit><latexit sha1_base64="GPAQnVuF/mQ618xwey7uXmbc5LM="></latexit><latexit sha1_base64="GPAQnVuF/mQ618xwey7uXmbc5LM="></latexit><latexit sha1_base64="GPAQnVuF/mQ618xwey7uXmbc5LM="></latexit>

Superfície  Gaussiana é um cilindro !

Carga envolvida

A1A2

A3



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>

~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>



Fio infinito carregado com densidade linear de carga �
<latexit sha1_base64="Bb+IW2qm/Jh/cYEX+dKtVvC0Gfc="></latexit>

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

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

Superfície gaussiana 
é um cilindroI

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>



VamosVamos dar um passeio
pela matemática !

D.J. GriffithsDepois do nabla:

Depois do divergente de um vetor:

Depois do gradiente de um vetor :



Conheça o Rotacional ! 

~r⇥ ~v = 0
<latexit sha1_base64="5t5N2VwDqxc9orduEEIsLnYNITk="></latexit><latexit sha1_base64="5t5N2VwDqxc9orduEEIsLnYNITk="></latexit><latexit sha1_base64="5t5N2VwDqxc9orduEEIsLnYNITk="></latexit><latexit sha1_base64="5t5N2VwDqxc9orduEEIsLnYNITk="></latexit>

~r⇥ ~v = 0
<latexit sha1_base64="5t5N2VwDqxc9orduEEIsLnYNITk="></latexit><latexit sha1_base64="5t5N2VwDqxc9orduEEIsLnYNITk="></latexit><latexit sha1_base64="5t5N2VwDqxc9orduEEIsLnYNITk="></latexit><latexit sha1_base64="5t5N2VwDqxc9orduEEIsLnYNITk="></latexit>

~r⇥ ~v > 0
<latexit sha1_base64="PZgV/TRQTtKflfjn0vT9TuONE6w="></latexit><latexit sha1_base64="PZgV/TRQTtKflfjn0vT9TuONE6w="></latexit><latexit sha1_base64="PZgV/TRQTtKflfjn0vT9TuONE6w="></latexit><latexit sha1_base64="PZgV/TRQTtKflfjn0vT9TuONE6w="></latexit>

~r⇥ ~v > 0
<latexit sha1_base64="PZgV/TRQTtKflfjn0vT9TuONE6w="></latexit><latexit sha1_base64="PZgV/TRQTtKflfjn0vT9TuONE6w="></latexit><latexit sha1_base64="PZgV/TRQTtKflfjn0vT9TuONE6w="></latexit><latexit sha1_base64="PZgV/TRQTtKflfjn0vT9TuONE6w="></latexit>

x

y



Conheça a Integral de linha  !

dx dx dx

X
dx !

Z
dx = L

<latexit sha1_base64="6xoxLh0OOhSHWrQqOyBhqeFoW9A="></latexit><latexit sha1_base64="6xoxLh0OOhSHWrQqOyBhqeFoW9A="></latexit><latexit sha1_base64="6xoxLh0OOhSHWrQqOyBhqeFoW9A="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="3s4eLdYwATOzBQKFiZShBOMAByY="></latexit><latexit sha1_base64="3s4eLdYwATOzBQKFiZShBOMAByY="></latexit><latexit sha1_base64="/B9raET8Wop/p1tzFTQUT8QUcxg="></latexit><latexit sha1_base64="6xoxLh0OOhSHWrQqOyBhqeFoW9A="></latexit><latexit sha1_base64="6xoxLh0OOhSHWrQqOyBhqeFoW9A="></latexit><latexit sha1_base64="6xoxLh0OOhSHWrQqOyBhqeFoW9A="></latexit><latexit sha1_base64="6xoxLh0OOhSHWrQqOyBhqeFoW9A="></latexit><latexit sha1_base64="6xoxLh0OOhSHWrQqOyBhqeFoW9A="></latexit><latexit sha1_base64="6xoxLh0OOhSHWrQqOyBhqeFoW9A="></latexit>

Integral usual : soma de segmentos infinitesimais 

Integral de linha : soma de vetores  infinitesimais 

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

...
X

d~l !
Z

d~l = ~L
<latexit sha1_base64="qvWDoXrHYQ9mnlXx+rdOjSEtmeI="></latexit><latexit sha1_base64="qvWDoXrHYQ9mnlXx+rdOjSEtmeI="></latexit><latexit sha1_base64="qvWDoXrHYQ9mnlXx+rdOjSEtmeI="></latexit><latexit sha1_base64="qvWDoXrHYQ9mnlXx+rdOjSEtmeI="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

... X
~v . d~l !

Z
~v . d~l

<latexit sha1_base64="DhZdDKJmqL/zlZXVURXIzw6cKXs="></latexit><latexit sha1_base64="DhZdDKJmqL/zlZXVURXIzw6cKXs="></latexit><latexit sha1_base64="DhZdDKJmqL/zlZXVURXIzw6cKXs="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="QY/KqF6qPVUBYoQ0BvXGgV9ZBYw="></latexit><latexit sha1_base64="QY/KqF6qPVUBYoQ0BvXGgV9ZBYw="></latexit><latexit sha1_base64="k2rhXvfCT9H2Fvdd40oDxukaDfc="></latexit><latexit sha1_base64="DhZdDKJmqL/zlZXVURXIzw6cKXs="></latexit><latexit sha1_base64="DhZdDKJmqL/zlZXVURXIzw6cKXs="></latexit><latexit sha1_base64="DhZdDKJmqL/zlZXVURXIzw6cKXs="></latexit><latexit sha1_base64="DhZdDKJmqL/zlZXVURXIzw6cKXs="></latexit><latexit sha1_base64="DhZdDKJmqL/zlZXVURXIzw6cKXs="></latexit><latexit sha1_base64="DhZdDKJmqL/zlZXVURXIzw6cKXs="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

~v
<latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

~v
<latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit>

~v
<latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

~v
<latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit>

~v
<latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit><latexit sha1_base64="Q46DpFBsP+rWr8ChPIqmU0XSYYw="></latexit>



Integral de linha fechada 

P
<latexit sha1_base64="pCQDBHOdXpwcrPT7Hxtlro41kMg="></latexit><latexit sha1_base64="pCQDBHOdXpwcrPT7Hxtlro41kMg="></latexit><latexit sha1_base64="pCQDBHOdXpwcrPT7Hxtlro41kMg="></latexit><latexit sha1_base64="pCQDBHOdXpwcrPT7Hxtlro41kMg="></latexit>

é o caminho que vai de a a b

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>d~l

<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit>

d~l
<latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit><latexit sha1_base64="pCdNQoYXniA7gTzkOysTzAFcluA="></latexit> a=b

I
d~l

<latexit sha1_base64="1imHAGfK6UV1RfvFWngdEn2/ohs="></latexit><latexit sha1_base64="1imHAGfK6UV1RfvFWngdEn2/ohs="></latexit><latexit sha1_base64="1imHAGfK6UV1RfvFWngdEn2/ohs="></latexit><latexit sha1_base64="1imHAGfK6UV1RfvFWngdEn2/ohs="></latexit>

Agora vamos juntar estas duas coisas:



Teorema de Stokes

~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

d~l
<latexit sha1_base64="ydNXfRt7PGzyn52tBibJChCVCNA="></latexit><latexit sha1_base64="ydNXfRt7PGzyn52tBibJChCVCNA="></latexit><latexit sha1_base64="ydNXfRt7PGzyn52tBibJChCVCNA="></latexit><latexit sha1_base64="ydNXfRt7PGzyn52tBibJChCVCNA="></latexit>

d~l
<latexit sha1_base64="ydNXfRt7PGzyn52tBibJChCVCNA="></latexit><latexit sha1_base64="ydNXfRt7PGzyn52tBibJChCVCNA="></latexit><latexit sha1_base64="ydNXfRt7PGzyn52tBibJChCVCNA="></latexit><latexit sha1_base64="ydNXfRt7PGzyn52tBibJChCVCNA="></latexit>

d~l
<latexit sha1_base64="ydNXfRt7PGzyn52tBibJChCVCNA="></latexit><latexit sha1_base64="ydNXfRt7PGzyn52tBibJChCVCNA="></latexit><latexit sha1_base64="ydNXfRt7PGzyn52tBibJChCVCNA="></latexit><latexit sha1_base64="ydNXfRt7PGzyn52tBibJChCVCNA="></latexit>

�
<latexit sha1_base64="CVf09PTkXxp/qD+RpYIWLrVAJkI="></latexit><latexit sha1_base64="CVf09PTkXxp/qD+RpYIWLrVAJkI="></latexit><latexit sha1_base64="CVf09PTkXxp/qD+RpYIWLrVAJkI="></latexit><latexit sha1_base64="CVf09PTkXxp/qD+RpYIWLrVAJkI="></latexit>

d~a
<latexit sha1_base64="QWS1I/T0ARMD7LcPc6s8bX1CNC4="></latexit><latexit sha1_base64="QWS1I/T0ARMD7LcPc6s8bX1CNC4="></latexit><latexit sha1_base64="QWS1I/T0ARMD7LcPc6s8bX1CNC4="></latexit><latexit sha1_base64="QWS1I/T0ARMD7LcPc6s8bX1CNC4="></latexit>

~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

George Stokes 
1819-1903

VamosDeduzi a equação de 
Navier-Stokes !

Vamos
Estudei em Cambridge !
Sou da sociedade real

e o escambau !






