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Lei de Coulomb

(1736 – 1806)
Charles Coulomb

1785-1789: trabalhos importantes  sobre eletricidade

Força entre cargas com a balança de torção :

Engenheiro militar e 
físico experimental

9 anos na Martinica
(praia, caribe...)

Casou em 1802





Fluxo de campo elétrico
e

Lei de Gauss



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



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

✓
<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>

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>

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

Fura muito 
(o máximo)

Fura menos Não fura 
(o mínimo)

cos ✓ = 1
<latexit sha1_base64="rKZC2yEXHxM8ew469FjpltxHZ7U="></latexit><latexit sha1_base64="rKZC2yEXHxM8ew469FjpltxHZ7U="></latexit><latexit sha1_base64="rKZC2yEXHxM8ew469FjpltxHZ7U="></latexit><latexit sha1_base64="rKZC2yEXHxM8ew469FjpltxHZ7U="></latexit>

E = const
<latexit sha1_base64="A6rNzlRQHpWn4XUK1CBwEgZZg1s="></latexit><latexit sha1_base64="A6rNzlRQHpWn4XUK1CBwEgZZg1s="></latexit><latexit sha1_base64="A6rNzlRQHpWn4XUK1CBwEgZZg1s="></latexit><latexit sha1_base64="A6rNzlRQHpWn4XUK1CBwEgZZg1s="></latexit>

� =

Z

A
E da = E A

<latexit sha1_base64="z3Y+g5Wo4thUvGnJEafqmlAQfh4="></latexit><latexit sha1_base64="z3Y+g5Wo4thUvGnJEafqmlAQfh4="></latexit><latexit sha1_base64="z3Y+g5Wo4thUvGnJEafqmlAQfh4="></latexit><latexit sha1_base64="z3Y+g5Wo4thUvGnJEafqmlAQfh4="></latexit>

cos ✓ = 0
<latexit sha1_base64="Xi/7frZRTLYBzGNtElAgWbOEonc="></latexit><latexit sha1_base64="Xi/7frZRTLYBzGNtElAgWbOEonc="></latexit><latexit sha1_base64="Xi/7frZRTLYBzGNtElAgWbOEonc="></latexit><latexit sha1_base64="Xi/7frZRTLYBzGNtElAgWbOEonc="></latexit>

� = 0
<latexit sha1_base64="upYkJXOW1xF4R8cCC+MFyQ+u4rU="></latexit><latexit sha1_base64="upYkJXOW1xF4R8cCC+MFyQ+u4rU="></latexit><latexit sha1_base64="upYkJXOW1xF4R8cCC+MFyQ+u4rU="></latexit><latexit sha1_base64="upYkJXOW1xF4R8cCC+MFyQ+u4rU="></latexit>



Fluxo elétrico através e uma superfície fechada  

da

da
da

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>

� =

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>

A integral é sobre toda a área fechada.



Dois casos especiais:

da

da
da

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

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

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

~E . n̂ = �E
<latexit sha1_base64="b6f2A+ViwgMb0wabkDZQTjfg6O0="></latexit><latexit sha1_base64="b6f2A+ViwgMb0wabkDZQTjfg6O0="></latexit><latexit sha1_base64="b6f2A+ViwgMb0wabkDZQTjfg6O0="></latexit><latexit sha1_base64="b6f2A+ViwgMb0wabkDZQTjfg6O0="></latexit>

~E . n̂ = 0
<latexit sha1_base64="qo0SArxj7xaO1MkVa5DJxKKGCtY="></latexit><latexit sha1_base64="qo0SArxj7xaO1MkVa5DJxKKGCtY="></latexit><latexit sha1_base64="qo0SArxj7xaO1MkVa5DJxKKGCtY="></latexit><latexit sha1_base64="qo0SArxj7xaO1MkVa5DJxKKGCtY="></latexit>

~E . n̂ = 0
<latexit sha1_base64="qo0SArxj7xaO1MkVa5DJxKKGCtY="></latexit><latexit sha1_base64="qo0SArxj7xaO1MkVa5DJxKKGCtY="></latexit><latexit sha1_base64="qo0SArxj7xaO1MkVa5DJxKKGCtY="></latexit><latexit sha1_base64="qo0SArxj7xaO1MkVa5DJxKKGCtY="></latexit>

� = 0
<latexit sha1_base64="upYkJXOW1xF4R8cCC+MFyQ+u4rU="></latexit><latexit sha1_base64="upYkJXOW1xF4R8cCC+MFyQ+u4rU="></latexit><latexit sha1_base64="upYkJXOW1xF4R8cCC+MFyQ+u4rU="></latexit><latexit sha1_base64="upYkJXOW1xF4R8cCC+MFyQ+u4rU="></latexit>

O campo  elétrico é constante e não há carga dentro da caixa 

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



Há  uma carga no centro da caixa 

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>





Lei de Gauss

(1777 – 1855)
Carl Gauss

“Príncipe dos matemáticos”

Reconhecido gênio 
aos 10 anos

Educação paga 
pelo duque

Inventou a “gaussiana” :

Línguas, astronomia, eletromagnetismo...

Pobre, filho de pedreiro



Coordenadas esféricas 

Campo elétrico no ponto P  gerado por uma carga na origem

P

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
r sen ✓

<latexit sha1_base64="+9lGlBxW3IuO/K8MVRvsSRIcPyk="></latexit><latexit sha1_base64="+9lGlBxW3IuO/K8MVRvsSRIcPyk="></latexit><latexit sha1_base64="+9lGlBxW3IuO/K8MVRvsSRIcPyk="></latexit><latexit sha1_base64="+9lGlBxW3IuO/K8MVRvsSRIcPyk="></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>

r sen✓ d�
<latexit sha1_base64="wpaF3xL8Zu0S5z8vWk1XUEff3u4="></latexit><latexit sha1_base64="wpaF3xL8Zu0S5z8vWk1XUEff3u4="></latexit><latexit sha1_base64="wpaF3xL8Zu0S5z8vWk1XUEff3u4="></latexit><latexit sha1_base64="wpaF3xL8Zu0S5z8vWk1XUEff3u4="></latexit>

elemento 
de área da



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>



d~a = n̂ da
<latexit sha1_base64="q/cahin/CIgKxoe8olxGKyeXj7Y="></latexit><latexit sha1_base64="q/cahin/CIgKxoe8olxGKyeXj7Y="></latexit><latexit sha1_base64="q/cahin/CIgKxoe8olxGKyeXj7Y="></latexit><latexit sha1_base64="q/cahin/CIgKxoe8olxGKyeXj7Y="></latexit>

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>

Qe = q
<latexit sha1_base64="WpesUu0TSEHvOSM220iDIf2QcNg="></latexit><latexit sha1_base64="WpesUu0TSEHvOSM220iDIf2QcNg="></latexit><latexit sha1_base64="WpesUu0TSEHvOSM220iDIf2QcNg="></latexit><latexit sha1_base64="WpesUu0TSEHvOSM220iDIf2QcNg="></latexit>

1) O resultado desta integral é o mesmo se a carga não estiver no centro ! 

”carga envolvida”

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

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

Fluxo  é  proporcional 
à ”carga envolvida”

Observações



2) O resultado desta integral é o mesmo se a superfície for diferente !

3) Se houverem várias cargas usamos o princípio da superposição !

Campo de n cargas:



Carga total envolvida, contida no volume, ”enclosed”  = Qe = Qenc
<latexit sha1_base64="7lAqo+4vCanbOpT2Hxk31ITp/vY="></latexit><latexit sha1_base64="7lAqo+4vCanbOpT2Hxk31ITp/vY="></latexit><latexit sha1_base64="7lAqo+4vCanbOpT2Hxk31ITp/vY="></latexit><latexit sha1_base64="7lAqo+4vCanbOpT2Hxk31ITp/vY="></latexit>

4) Se a carga envolvida estiver distribuida continuamente, calculamos E 
e depois o fluxo



Lei de Gauss

Esta é a lei de Gauss na forma integral !

S é a chamada de superfície gaussiana: ela envolve a carga elétrica

A  carga elétrica envolvida é chamada Qenc ou Qe ou carga interna Qint

G68

Como usar ? 

Quando o problema tem simetria, podemos descobrir a direção e sentido
do campo elétrico. Também sabemos escolher a superfície gaussiana e 
sabemos qual é Qenc .  Não sabemos o módulo de E  (incógnita dentro da 
integral!)

Usamos a Lei de Gauss para calcular o módulo do campo elétrico !!!



Lei de Gauss na forma diferencial 
Capítulo 1 do Griffiths é sobre a matemática do eletromagnetismo

O operador Nabla :

Pode atuar numa função escalar T(x,y,z): 

Gradiente de T

Pode atuar num vetor v(x,y,z): G17 - G18

Divergente de v



Interpretação geométrica do divergente:

~r.~v > 0
<latexit sha1_base64="oJY67wBeUUTqR1pD+orfCyCe8VY="></latexit><latexit sha1_base64="oJY67wBeUUTqR1pD+orfCyCe8VY="></latexit><latexit sha1_base64="oJY67wBeUUTqR1pD+orfCyCe8VY="></latexit><latexit sha1_base64="oJY67wBeUUTqR1pD+orfCyCe8VY="></latexit>

~r.~v > 0
<latexit sha1_base64="oJY67wBeUUTqR1pD+orfCyCe8VY="></latexit><latexit sha1_base64="oJY67wBeUUTqR1pD+orfCyCe8VY="></latexit><latexit sha1_base64="oJY67wBeUUTqR1pD+orfCyCe8VY="></latexit><latexit sha1_base64="oJY67wBeUUTqR1pD+orfCyCe8VY="></latexit>

~r.~v = 0
<latexit sha1_base64="bKLJc0nTN1FD/sVwn2CNSvM4yxw="></latexit><latexit sha1_base64="bKLJc0nTN1FD/sVwn2CNSvM4yxw="></latexit><latexit sha1_base64="bKLJc0nTN1FD/sVwn2CNSvM4yxw="></latexit><latexit sha1_base64="bKLJc0nTN1FD/sVwn2CNSvM4yxw="></latexit>

As flechas 
representam 
por exemplo
o vetor 
velocidade !



Teorema da divergência

V A

~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=">AAACynicjVHLTsJAFD3UF+ILdemmkZi4aloEwR3RjQsXmMgjAWLaMkBjX5lOTQhh5w+41Q8z/oH+hXfGkuiC6DRt75x7zpm59zqx7yXCNN9z2srq2vpGfrOwtb2zu1fcP2gnUcpd1nIjP+Jdx06Y74WsJTzhs27MmR04Pus4D1cy33lkPPGi8E5MYzYI7HHojTzXFgR1+hNbzML5fbFkGrVq9axe003DKltm5YICs1o9r1R0yz DVKiFbzaj4hj6GiOAiRQCGEIJiHzYSenqwYCImbIAZYZwiT+UZ5iiQNiUWI4ZN6AN9x7TrZWhIe+mZKLVLp/j0clLqOCFNRDxOsTxNV/lUOUt0mfdMecq7TenvZF4BoQITQv/SLZj/1claBEaoqxo8qilWiKzOzVxS1RV5c/1HVYIcYsJkPKQ8p9hVykWfdaVJVO2yt7bKfyimROXezbgpPuUtacCLKerLg3bZsGj8t5VS4zIbdR5HOMYpzbOGBq7RREtV+YwXvGo3Gtem2uybquUyzSF+Le3pCwbUkow=</latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks=">AAACynicjVHLTsJAFD3UF+ILdemmkZi4aloEwR3RjQsXmMgjAWLaMkBjX5lOTQhh5w+41Q8z/oH+hXfGkuiC6DRt75x7zpm59zqx7yXCNN9z2srq2vpGfrOwtb2zu1fcP2gnUcpd1nIjP+Jdx06Y74WsJTzhs27MmR04Pus4D1cy33lkPPGi8E5MYzYI7HHojTzXFgR1+hNbzML5fbFkGrVq9axe003DKltm5YICs1o9r1R0yz DVKiFbzaj4hj6GiOAiRQCGEIJiHzYSenqwYCImbIAZYZwiT+UZ5iiQNiUWI4ZN6AN9x7TrZWhIe+mZKLVLp/j0clLqOCFNRDxOsTxNV/lUOUt0mfdMecq7TenvZF4BoQITQv/SLZj/1claBEaoqxo8qilWiKzOzVxS1RV5c/1HVYIcYsJkPKQ8p9hVykWfdaVJVO2yt7bKfyimROXezbgpPuUtacCLKerLg3bZsGj8t5VS4zIbdR5HOMYpzbOGBq7RREtV+YwXvGo3Gtem2uybquUyzSF+Le3pCwbUkow=</latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks=">AAACynicjVHLTsJAFD3UF+ILdemmkZi4aloEwR3RjQsXmMgjAWLaMkBjX5lOTQhh5w+41Q8z/oH+hXfGkuiC6DRt75x7zpm59zqx7yXCNN9z2srq2vpGfrOwtb2zu1fcP2gnUcpd1nIjP+Jdx06Y74WsJTzhs27MmR04Pus4D1cy33lkPPGi8E5MYzYI7HHojTzXFgR1+hNbzML5fbFkGrVq9axe003DKltm5YICs1o9r1R0yz DVKiFbzaj4hj6GiOAiRQCGEIJiHzYSenqwYCImbIAZYZwiT+UZ5iiQNiUWI4ZN6AN9x7TrZWhIe+mZKLVLp/j0clLqOCFNRDxOsTxNV/lUOUt0mfdMecq7TenvZF4BoQITQv/SLZj/1claBEaoqxo8qilWiKzOzVxS1RV5c/1HVYIcYsJkPKQ8p9hVykWfdaVJVO2yt7bKfyimROXezbgpPuUtacCLKerLg3bZsGj8t5VS4zIbdR5HOMYpzbOGBq7RREtV+YwXvGo3Gtem2uybquUyzSF+Le3pCwbUkow=</latexit><latexit sha1_base64="cXvja4HpccNsf2c7y8a4Q6yu6Ks=">AAACynicjVHLTsJAFD3UF+ILdemmkZi4aloEwR3RjQsXmMgjAWLaMkBjX5lOTQhh5w+41Q8z/oH+hXfGkuiC6DRt75x7zpm59zqx7yXCNN9z2srq2vpGfrOwtb2zu1fcP2gnUcpd1nIjP+Jdx06Y74WsJTzhs27MmR04Pus4D1cy33lkPPGi8E5MYzYI7HHojTzXFgR1+hNbzML5fbFkGrVq9axe003DKltm5YICs1o9r1R0yz DVKiFbzaj4hj6GiOAiRQCGEIJiHzYSenqwYCImbIAZYZwiT+UZ5iiQNiUWI4ZN6AN9x7TrZWhIe+mZKLVLp/j0clLqOCFNRDxOsTxNV/lUOUt0mfdMecq7TenvZF4BoQITQv/SLZj/1claBEaoqxo8qilWiKzOzVxS1RV5c/1HVYIcYsJkPKQ8p9hVykWfdaVJVO2yt7bKfyimROXezbgpPuUtacCLKerLg3bZsGj8t5VS4zIbdR5HOMYpzbOGBq7RREtV+YwXvGo3Gtem2uybquUyzSF+Le3pCwbUkow=</latexit>

I

A

~E . n̂ da =

Z

V
r . ~E dV

<latexit sha1_base64="6Q1G5aArsEY7mW1G4Awioxze7nY="></latexit><latexit sha1_base64="6Q1G5aArsEY7mW1G4Awioxze7nY="></latexit><latexit sha1_base64="6Q1G5aArsEY7mW1G4Awioxze7nY="></latexit><latexit sha1_base64="6Q1G5aArsEY7mW1G4Awioxze7nY="></latexit>

I

A

~E . n̂ da =
Qe

✏0
<latexit sha1_base64="fsv+3O7OkfK0YBHJJsDyAjXU+2I="></latexit><latexit sha1_base64="fsv+3O7OkfK0YBHJJsDyAjXU+2I="></latexit><latexit sha1_base64="fsv+3O7OkfK0YBHJJsDyAjXU+2I="></latexit><latexit sha1_base64="fsv+3O7OkfK0YBHJJsDyAjXU+2I="></latexit>

Qe =

Z

V
⇢ dV

<latexit sha1_base64="wBn7AS1/ZVWIqf2UY20lweVz4OU="></latexit><latexit sha1_base64="wBn7AS1/ZVWIqf2UY20lweVz4OU="></latexit><latexit sha1_base64="wBn7AS1/ZVWIqf2UY20lweVz4OU="></latexit><latexit sha1_base64="wBn7AS1/ZVWIqf2UY20lweVz4OU="></latexit>

~r . ~E =
⇢

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

Z

V

~r . ~E dV =

Z

V

⇢

✏0
dV

<latexit sha1_base64="5iU2ISQx5olGrvWMbM08dzOoyVc="></latexit><latexit sha1_base64="5iU2ISQx5olGrvWMbM08dzOoyVc="></latexit><latexit sha1_base64="5iU2ISQx5olGrvWMbM08dzOoyVc="></latexit><latexit sha1_base64="5iU2ISQx5olGrvWMbM08dzOoyVc="></latexit>

I

A

~E . n̂ da =

Z

V

~r . ~E dV
<latexit sha1_base64="tlSQhZ1hmsTpygXkIg+46KmmKIM="></latexit><latexit sha1_base64="tlSQhZ1hmsTpygXkIg+46KmmKIM="></latexit><latexit sha1_base64="tlSQhZ1hmsTpygXkIg+46KmmKIM="></latexit><latexit sha1_base64="tlSQhZ1hmsTpygXkIg+46KmmKIM="></latexit>



~r . ~E =
⇢

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

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>

Lei de Gauss


