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Olhando pela direita :
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µ0
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<latexit sha1_base64="/xj/oQ2vchWyLm49hF2N9e/2l3k="></latexit><latexit sha1_base64="/xj/oQ2vchWyLm49hF2N9e/2l3k="></latexit><latexit sha1_base64="/xj/oQ2vchWyLm49hF2N9e/2l3k="></latexit><latexit sha1_base64="/xj/oQ2vchWyLm49hF2N9e/2l3k="></latexit>

Vetor de Poynting

A diminuição da energia armazenada nos campos é igual  ao aumento de 
energia das partículas mais a energia que escapa do volume de observação 
com o vetor de Poynting

Vamos lembrar do teorema de Poynting :

Quando não existem partículas:
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<latexit sha1_base64="pTRaOOuv4EUZxlMNXOPPUxorr3M="></latexit><latexit sha1_base64="pTRaOOuv4EUZxlMNXOPPUxorr3M="></latexit><latexit sha1_base64="pTRaOOuv4EUZxlMNXOPPUxorr3M="></latexit><latexit sha1_base64="pTRaOOuv4EUZxlMNXOPPUxorr3M="></latexit>
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<latexit sha1_base64="VNLvbjCiNBXWmB+DDSAsBlniARQ="></latexit><latexit sha1_base64="VNLvbjCiNBXWmB+DDSAsBlniARQ="></latexit><latexit sha1_base64="VNLvbjCiNBXWmB+DDSAsBlniARQ="></latexit><latexit sha1_base64="VNLvbjCiNBXWmB+DDSAsBlniARQ="></latexit>
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<latexit sha1_base64="kC3tb9Er2+4lPG2yCipg8HmyuvY="></latexit><latexit sha1_base64="kC3tb9Er2+4lPG2yCipg8HmyuvY="></latexit><latexit sha1_base64="kC3tb9Er2+4lPG2yCipg8HmyuvY="></latexit><latexit sha1_base64="kC3tb9Er2+4lPG2yCipg8HmyuvY="></latexit>
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<latexit sha1_base64="b94idsJkfDl56/YimyvWGJ5YGzU="></latexit><latexit sha1_base64="b94idsJkfDl56/YimyvWGJ5YGzU="></latexit><latexit sha1_base64="b94idsJkfDl56/YimyvWGJ5YGzU="></latexit><latexit sha1_base64="b94idsJkfDl56/YimyvWGJ5YGzU="></latexit>
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campo 
inicial

campo 
induzido
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<latexit sha1_base64="NMcmIBAyFmWplS+rBnd9XM/spoA="></latexit><latexit sha1_base64="NMcmIBAyFmWplS+rBnd9XM/spoA="></latexit><latexit sha1_base64="NMcmIBAyFmWplS+rBnd9XM/spoA="></latexit><latexit sha1_base64="NMcmIBAyFmWplS+rBnd9XM/spoA="></latexit>

raio a



O campo magnético induzido 
produzido pela corrente que 
passa no anel :
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<latexit sha1_base64="rWWEKdCBrRPubZpe3AZVZZpUIDs="></latexit><latexit sha1_base64="rWWEKdCBrRPubZpe3AZVZZpUIDs="></latexit><latexit sha1_base64="rWWEKdCBrRPubZpe3AZVZZpUIDs="></latexit><latexit sha1_base64="rWWEKdCBrRPubZpe3AZVZZpUIDs="></latexit>
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<latexit sha1_base64="eybpEDhQYzatWGMFgZQJNF/3z4M="></latexit><latexit sha1_base64="eybpEDhQYzatWGMFgZQJNF/3z4M="></latexit><latexit sha1_base64="eybpEDhQYzatWGMFgZQJNF/3z4M="></latexit><latexit sha1_base64="eybpEDhQYzatWGMFgZQJNF/3z4M="></latexit>

campo 
inicial campo 

induzido

~E
<latexit sha1_base64="NMcmIBAyFmWplS+rBnd9XM/spoA="></latexit><latexit sha1_base64="NMcmIBAyFmWplS+rBnd9XM/spoA="></latexit><latexit sha1_base64="NMcmIBAyFmWplS+rBnd9XM/spoA="></latexit><latexit sha1_base64="NMcmIBAyFmWplS+rBnd9XM/spoA="></latexit>

raio a

b

ẑ
<latexit sha1_base64="k74QUI6mWjen/gsbQeMgvhHOmWQ="></latexit><latexit sha1_base64="k74QUI6mWjen/gsbQeMgvhHOmWQ="></latexit><latexit sha1_base64="k74QUI6mWjen/gsbQeMgvhHOmWQ="></latexit><latexit sha1_base64="k74QUI6mWjen/gsbQeMgvhHOmWQ="></latexit>

�̂
<latexit sha1_base64="I9G8Zteu0DTXRP3YyPalIyOIoB8="></latexit><latexit sha1_base64="I9G8Zteu0DTXRP3YyPalIyOIoB8="></latexit><latexit sha1_base64="I9G8Zteu0DTXRP3YyPalIyOIoB8="></latexit><latexit sha1_base64="I9G8Zteu0DTXRP3YyPalIyOIoB8="></latexit>

ŝ
<latexit sha1_base64="qTJcFvgwdy4OcZeoIX0DJkBQ87c="></latexit><latexit sha1_base64="qTJcFvgwdy4OcZeoIX0DJkBQ87c="></latexit><latexit sha1_base64="qTJcFvgwdy4OcZeoIX0DJkBQ87c="></latexit><latexit sha1_base64="qTJcFvgwdy4OcZeoIX0DJkBQ87c="></latexit>

energia fluindo 
para fora !



~r⇥ ~A =
<latexit sha1_base64="2ERF+cOpqh56+Ht7lOM7l2Ljuvs="></latexit><latexit sha1_base64="2ERF+cOpqh56+Ht7lOM7l2Ljuvs="></latexit><latexit sha1_base64="2ERF+cOpqh56+Ht7lOM7l2Ljuvs="></latexit><latexit sha1_base64="2ERF+cOpqh56+Ht7lOM7l2Ljuvs="></latexit>

0

0

0

0

0

0

Z
⇢ d3r =

Z
q �(x) �(y) �(z) dx dy dz = q

<latexit sha1_base64="nv3PmvqQEqYVQcuGTYiFm3aVrlA="></latexit><latexit sha1_base64="nv3PmvqQEqYVQcuGTYiFm3aVrlA="></latexit><latexit sha1_base64="nv3PmvqQEqYVQcuGTYiFm3aVrlA="></latexit><latexit sha1_base64="nv3PmvqQEqYVQcuGTYiFm3aVrlA="></latexit>



A função delta de Dirac

x

y

FaltaEla é meio ruim 
de desenhar ...

Paul Dirac





Tem que ser satisfeita !

Tem que ser satisfeita  e é  desde que :



~B
<latexit sha1_base64="QZgqk4/Rt8rPQdvS86GV7MADyoE="></latexit>

Corrente 
estacionária 
num fio 
retilíneo 
gera campo
magnético

I0 Vimos em aula o caso:

I(t) =
<latexit sha1_base64="aNgvs2nFG4BZhvSu/SHNGmZFfYU="></latexit><latexit sha1_base64="aNgvs2nFG4BZhvSu/SHNGmZFfYU="></latexit><latexit sha1_base64="aNgvs2nFG4BZhvSu/SHNGmZFfYU="></latexit><latexit sha1_base64="aNgvs2nFG4BZhvSu/SHNGmZFfYU="></latexit>

t  0
<latexit sha1_base64="C2GmMJ9o6lw4L++Cj/ks4WSr1Vc="></latexit><latexit sha1_base64="C2GmMJ9o6lw4L++Cj/ks4WSr1Vc="></latexit><latexit sha1_base64="C2GmMJ9o6lw4L++Cj/ks4WSr1Vc="></latexit><latexit sha1_base64="C2GmMJ9o6lw4L++Cj/ks4WSr1Vc="></latexit>

0

I0 t > 0
<latexit sha1_base64="S0zXnkH43rRkJ/XeUO19zFsx1zU="></latexit><latexit sha1_base64="S0zXnkH43rRkJ/XeUO19zFsx1zU="></latexit><latexit sha1_base64="S0zXnkH43rRkJ/XeUO19zFsx1zU="></latexit><latexit sha1_base64="S0zXnkH43rRkJ/XeUO19zFsx1zU="></latexit>

ẑ
<latexit sha1_base64="HL1YhMq9PDzdIU4hBubbiMmm3UQ="></latexit><latexit sha1_base64="HL1YhMq9PDzdIU4hBubbiMmm3UQ="></latexit><latexit sha1_base64="HL1YhMq9PDzdIU4hBubbiMmm3UQ="></latexit><latexit sha1_base64="HL1YhMq9PDzdIU4hBubbiMmm3UQ="></latexit>

ŝ
<latexit sha1_base64="a8yo5L2kQsrZuA/MtA+gS8S9MNc="></latexit><latexit sha1_base64="a8yo5L2kQsrZuA/MtA+gS8S9MNc="></latexit><latexit sha1_base64="a8yo5L2kQsrZuA/MtA+gS8S9MNc="></latexit><latexit sha1_base64="a8yo5L2kQsrZuA/MtA+gS8S9MNc="></latexit>

�̂
<latexit sha1_base64="ADbLOzq4ZqdLSZUeRejMW/PA+ew="></latexit><latexit sha1_base64="ADbLOzq4ZqdLSZUeRejMW/PA+ew="></latexit><latexit sha1_base64="ADbLOzq4ZqdLSZUeRejMW/PA+ew="></latexit><latexit sha1_base64="ADbLOzq4ZqdLSZUeRejMW/PA+ew="></latexit>

s
<latexit sha1_base64="O7LJiefM8UmmHRFZga9M5h6iSBo="></latexit><latexit sha1_base64="O7LJiefM8UmmHRFZga9M5h6iSBo="></latexit><latexit sha1_base64="O7LJiefM8UmmHRFZga9M5h6iSBo="></latexit><latexit sha1_base64="O7LJiefM8UmmHRFZga9M5h6iSBo="></latexit>

Coordenadas
cilíndricas

Temos que levar em conta a 
velocidade de propagação da 
informação (”retardamento”)

Calculamos primeiro os potenciais !

I(t) =
<latexit sha1_base64="aNgvs2nFG4BZhvSu/SHNGmZFfYU="></latexit><latexit sha1_base64="aNgvs2nFG4BZhvSu/SHNGmZFfYU="></latexit><latexit sha1_base64="aNgvs2nFG4BZhvSu/SHNGmZFfYU="></latexit><latexit sha1_base64="aNgvs2nFG4BZhvSu/SHNGmZFfYU="></latexit>

Agora: 

I(t) = k t
<latexit sha1_base64="Wcud35bPK3rDYK29nZfvEm+MCiA="></latexit><latexit sha1_base64="Wcud35bPK3rDYK29nZfvEm+MCiA="></latexit><latexit sha1_base64="Wcud35bPK3rDYK29nZfvEm+MCiA="></latexit><latexit sha1_base64="Wcud35bPK3rDYK29nZfvEm+MCiA="></latexit>



O fio não tem carga: ⇢ = 0
<latexit sha1_base64="Fme90PGWIIe9CayMJdeuAirh1pA="></latexit><latexit sha1_base64="Fme90PGWIIe9CayMJdeuAirh1pA="></latexit><latexit sha1_base64="Fme90PGWIIe9CayMJdeuAirh1pA="></latexit><latexit sha1_base64="Fme90PGWIIe9CayMJdeuAirh1pA="></latexit>

~J(t) = I(t) ẑ
<latexit sha1_base64="cDN28Rrs36BYz3+sOI0/8X1ak2U="></latexit><latexit sha1_base64="cDN28Rrs36BYz3+sOI0/8X1ak2U="></latexit><latexit sha1_base64="cDN28Rrs36BYz3+sOI0/8X1ak2U="></latexit><latexit sha1_base64="cDN28Rrs36BYz3+sOI0/8X1ak2U="></latexit>

O fio tem corrente:

V (~r, t) =
1

4⇡ ✏0

Z
⇢(~r0, tr)

|~r � ~r0|
d3r0

<latexit sha1_base64="GSjgt5OuigyAZvoi4R/rJGPO/ko="></latexit><latexit sha1_base64="GSjgt5OuigyAZvoi4R/rJGPO/ko="></latexit><latexit sha1_base64="GSjgt5OuigyAZvoi4R/rJGPO/ko="></latexit><latexit sha1_base64="GSjgt5OuigyAZvoi4R/rJGPO/ko="></latexit>

V = 0
<latexit sha1_base64="9KNqs0Qt4+17+sW5wsrLh3jcq8s="></latexit><latexit sha1_base64="9KNqs0Qt4+17+sW5wsrLh3jcq8s="></latexit><latexit sha1_base64="9KNqs0Qt4+17+sW5wsrLh3jcq8s="></latexit><latexit sha1_base64="9KNqs0Qt4+17+sW5wsrLh3jcq8s="></latexit>

~A(~r, t) =
µ0

4⇡

Z ~J(~r0, tr)

|~r � ~r0|
d3r0

<latexit sha1_base64="JZ6Wdn7VWY8YYgwmp9JogDYSrE8="></latexit><latexit sha1_base64="JZ6Wdn7VWY8YYgwmp9JogDYSrE8="></latexit><latexit sha1_base64="JZ6Wdn7VWY8YYgwmp9JogDYSrE8="></latexit><latexit sha1_base64="JZ6Wdn7VWY8YYgwmp9JogDYSrE8="></latexit>

|~r � ~r0| =
p
s2 + z2

<latexit sha1_base64="rTGRHwH7rMuzDmxeEcvHh0yu0uM="></latexit><latexit sha1_base64="rTGRHwH7rMuzDmxeEcvHh0yu0uM="></latexit><latexit sha1_base64="rTGRHwH7rMuzDmxeEcvHh0yu0uM="></latexit><latexit sha1_base64="rTGRHwH7rMuzDmxeEcvHh0yu0uM="></latexit>

~A(s, t) =
µ0

4⇡
ẑ

Z 1

1

I(tr)

|~r � ~r0|
dz

<latexit sha1_base64="H5PFwVUvAX7eIE2lncZMvXSQKFQ="></latexit><latexit sha1_base64="H5PFwVUvAX7eIE2lncZMvXSQKFQ="></latexit><latexit sha1_base64="H5PFwVUvAX7eIE2lncZMvXSQKFQ="></latexit><latexit sha1_base64="H5PFwVUvAX7eIE2lncZMvXSQKFQ="></latexit>

tr = t � |~r � ~r0|
c

<latexit sha1_base64="CJXrJhSLLYss1yh6cSYWdJCV4JA="></latexit><latexit sha1_base64="CJXrJhSLLYss1yh6cSYWdJCV4JA="></latexit><latexit sha1_base64="CJXrJhSLLYss1yh6cSYWdJCV4JA="></latexit><latexit sha1_base64="CJXrJhSLLYss1yh6cSYWdJCV4JA="></latexit>

= t �
p
s2 + z2

c
<latexit sha1_base64="ewbMBA59bizur05ttDeXzfcwk5Q="></latexit><latexit sha1_base64="ewbMBA59bizur05ttDeXzfcwk5Q="></latexit><latexit sha1_base64="ewbMBA59bizur05ttDeXzfcwk5Q="></latexit><latexit sha1_base64="ewbMBA59bizur05ttDeXzfcwk5Q="></latexit>

Para um t fixo existe um z especial, para o qual tr = 0

t �
p
s2 + z2

c
= 0

<latexit sha1_base64="AKQR+Pz2VeR8eJ7Q8xg7zr5y59g="></latexit><latexit sha1_base64="AKQR+Pz2VeR8eJ7Q8xg7zr5y59g="></latexit><latexit sha1_base64="AKQR+Pz2VeR8eJ7Q8xg7zr5y59g="></latexit><latexit sha1_base64="AKQR+Pz2VeR8eJ7Q8xg7zr5y59g="></latexit>

z =
p
c2t2 � s2

<latexit sha1_base64="6sApOZ6Y3n9/fziUgA9UZFG3LOs="></latexit><latexit sha1_base64="6sApOZ6Y3n9/fziUgA9UZFG3LOs="></latexit><latexit sha1_base64="6sApOZ6Y3n9/fziUgA9UZFG3LOs="></latexit><latexit sha1_base64="6sApOZ6Y3n9/fziUgA9UZFG3LOs="></latexit>

Para  z maior, a informação ainda não chegou e corrente ainda é zero !



P

z
<latexit sha1_base64="E/VN7j/VK7lkopdbWCqpixRyWuw="></latexit><latexit sha1_base64="E/VN7j/VK7lkopdbWCqpixRyWuw="></latexit><latexit sha1_base64="E/VN7j/VK7lkopdbWCqpixRyWuw="></latexit><latexit sha1_base64="E/VN7j/VK7lkopdbWCqpixRyWuw="></latexit> O ponto P demora 

para sentir o fio todo 

No instante t ele só vê
a parte vermelha do fio

z =
p
c2t2 � s2

<latexit sha1_base64="6sApOZ6Y3n9/fziUgA9UZFG3LOs="></latexit><latexit sha1_base64="6sApOZ6Y3n9/fziUgA9UZFG3LOs="></latexit><latexit sha1_base64="6sApOZ6Y3n9/fziUgA9UZFG3LOs="></latexit><latexit sha1_base64="6sApOZ6Y3n9/fziUgA9UZFG3LOs="></latexit>

z = �
p

c2t2 � s2
<latexit sha1_base64="NTTRrv6tqx4ihbu1FzJ5RlTaHRw="></latexit><latexit sha1_base64="NTTRrv6tqx4ihbu1FzJ5RlTaHRw="></latexit><latexit sha1_base64="NTTRrv6tqx4ihbu1FzJ5RlTaHRw="></latexit><latexit sha1_base64="NTTRrv6tqx4ihbu1FzJ5RlTaHRw="></latexit>

~A(s, t) =
µ0

4⇡
ẑ

Z p
c2t2 � s2

�
p
c2t2 � s2

I(tr)

|~r � ~r0|
dz

<latexit sha1_base64="ocIYo2TK2T2ayas3Q4p2Hk6DrAw="></latexit><latexit sha1_base64="ocIYo2TK2T2ayas3Q4p2Hk6DrAw="></latexit><latexit sha1_base64="ocIYo2TK2T2ayas3Q4p2Hk6DrAw="></latexit><latexit sha1_base64="ocIYo2TK2T2ayas3Q4p2Hk6DrAw="></latexit>

s
<latexit sha1_base64="O7LJiefM8UmmHRFZga9M5h6iSBo="></latexit><latexit sha1_base64="O7LJiefM8UmmHRFZga9M5h6iSBo="></latexit><latexit sha1_base64="O7LJiefM8UmmHRFZga9M5h6iSBo="></latexit><latexit sha1_base64="O7LJiefM8UmmHRFZga9M5h6iSBo="></latexit>

(vamos usar r no lugar de s)






