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Aula 19

Campos e Potenciais

Griffiths - Capítulo 10



Antes : tudo parado !

Depois: campos variando no tempo !

A partir de agora: cargas e correntes em movimento !

Potenciais  V e A vão 
ganhar importância !



~r . ~B = 0
<latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit><latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit><latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit><latexit sha1_base64="UKQg9J+rzExtOO9U4fHGkYSwINs="></latexit>

~r . ~E =
⇢

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

~r⇥ ~E = �@ ~B

@t
<latexit sha1_base64="oj7oQ0zHoE6qIR8J16PXdVw+Mo8="></latexit><latexit sha1_base64="oj7oQ0zHoE6qIR8J16PXdVw+Mo8="></latexit><latexit sha1_base64="oj7oQ0zHoE6qIR8J16PXdVw+Mo8="></latexit><latexit sha1_base64="oj7oQ0zHoE6qIR8J16PXdVw+Mo8="></latexit>

Equações de  Maxwell

~r⇥ ~B = µ0
~J + µ0 ✏0

@ ~E

@t
<latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit><latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit><latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit><latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit>

densidade de carga

densidade de  corrente

O grande projeto da eletrostática e magnetostática:

Conhecendo as densidades (”fontes”), encontrar os campos !

⇢ ! Coulomb ouGauss ! ~E
<latexit sha1_base64="gKAfZk7dEQptr0qKjfcoMbZwia0="></latexit><latexit sha1_base64="gKAfZk7dEQptr0qKjfcoMbZwia0="></latexit><latexit sha1_base64="gKAfZk7dEQptr0qKjfcoMbZwia0="></latexit><latexit sha1_base64="gKAfZk7dEQptr0qKjfcoMbZwia0="></latexit>

~J ! Biot-Savart ouAmpère ! ~B
<latexit sha1_base64="aV41OSlxqP0tsbctI8x6iPsrFPQ="></latexit><latexit sha1_base64="aV41OSlxqP0tsbctI8x6iPsrFPQ="></latexit><latexit sha1_base64="aV41OSlxqP0tsbctI8x6iPsrFPQ="></latexit><latexit sha1_base64="aV41OSlxqP0tsbctI8x6iPsrFPQ="></latexit>

E quando as fontes 
variam com o tempo ?



Fontes variando no tempo

Estratégia: primeiro encontrar os potenciais e depois os campos !

~J(~r, t) ! ~A(~r, t) ! ~B(~r, t)
<latexit sha1_base64="j4Qw6xHDFTTeHiFu4zEbA14kN3o="></latexit><latexit sha1_base64="j4Qw6xHDFTTeHiFu4zEbA14kN3o="></latexit><latexit sha1_base64="j4Qw6xHDFTTeHiFu4zEbA14kN3o="></latexit><latexit sha1_base64="j4Qw6xHDFTTeHiFu4zEbA14kN3o="></latexit>

⇢(~r, t) ! V (~r, t) ! ~E(~r, t)
<latexit sha1_base64="62s217r6fxUo/Cd7HtkymQvVKQM="></latexit><latexit sha1_base64="62s217r6fxUo/Cd7HtkymQvVKQM="></latexit><latexit sha1_base64="62s217r6fxUo/Cd7HtkymQvVKQM="></latexit><latexit sha1_base64="62s217r6fxUo/Cd7HtkymQvVKQM="></latexit>

~J(~r, t) ! ~A(~r, t) ! ~B(~r, t)
<latexit sha1_base64="j4Qw6xHDFTTeHiFu4zEbA14kN3o="></latexit><latexit sha1_base64="j4Qw6xHDFTTeHiFu4zEbA14kN3o="></latexit><latexit sha1_base64="j4Qw6xHDFTTeHiFu4zEbA14kN3o="></latexit><latexit sha1_base64="j4Qw6xHDFTTeHiFu4zEbA14kN3o="></latexit>

=  potencial vetor

⇢(~r, t) ! V (~r, t) ! ~E(~r, t)
<latexit sha1_base64="62s217r6fxUo/Cd7HtkymQvVKQM="></latexit><latexit sha1_base64="62s217r6fxUo/Cd7HtkymQvVKQM="></latexit><latexit sha1_base64="62s217r6fxUo/Cd7HtkymQvVKQM="></latexit><latexit sha1_base64="62s217r6fxUo/Cd7HtkymQvVKQM="></latexit>

=  potencial  escalar

~r⇥ ~E = �@ ~B

@t
<latexit sha1_base64="oj7oQ0zHoE6qIR8J16PXdVw+Mo8="></latexit><latexit sha1_base64="oj7oQ0zHoE6qIR8J16PXdVw+Mo8="></latexit><latexit sha1_base64="oj7oQ0zHoE6qIR8J16PXdVw+Mo8="></latexit><latexit sha1_base64="oj7oQ0zHoE6qIR8J16PXdVw+Mo8="></latexit>

~B = ~r⇥ ~A
<latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit>

~r⇥ ~E = � @

@t

⇣
~r⇥ ~A

⌘

<latexit sha1_base64="VjIRT/x2tq9o9X837JM7TeOcPDs="></latexit><latexit sha1_base64="VjIRT/x2tq9o9X837JM7TeOcPDs="></latexit><latexit sha1_base64="VjIRT/x2tq9o9X837JM7TeOcPDs="></latexit><latexit sha1_base64="VjIRT/x2tq9o9X837JM7TeOcPDs="></latexit>

~r⇥
 
~E +

@ ~A

@t

!
= 0

<latexit sha1_base64="tMjuSLuDvEjg8r/dJRsetXDFGMw="></latexit><latexit sha1_base64="tMjuSLuDvEjg8r/dJRsetXDFGMw="></latexit><latexit sha1_base64="tMjuSLuDvEjg8r/dJRsetXDFGMw="></latexit><latexit sha1_base64="tMjuSLuDvEjg8r/dJRsetXDFGMw="></latexit>

~r⇥
⇣
~r(�V )

⌘
= 0

<latexit sha1_base64="xPttY1dKiBGOFU7O5t40KXuCAtY="></latexit><latexit sha1_base64="xPttY1dKiBGOFU7O5t40KXuCAtY="></latexit><latexit sha1_base64="xPttY1dKiBGOFU7O5t40KXuCAtY="></latexit><latexit sha1_base64="xPttY1dKiBGOFU7O5t40KXuCAtY="></latexit>

Lembrando que :

~E +
@ ~A

@t
= �~rV

<latexit sha1_base64="D7giKkh/+sHdB6nj60sQa23r9ys="></latexit><latexit sha1_base64="D7giKkh/+sHdB6nj60sQa23r9ys="></latexit><latexit sha1_base64="D7giKkh/+sHdB6nj60sQa23r9ys="></latexit><latexit sha1_base64="D7giKkh/+sHdB6nj60sQa23r9ys="></latexit>

~E = �~rV � @ ~A

@t
<latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit>



~r . ~E =
⇢

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

~E = �~rV � @ ~A

@t
<latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit>

r2V +
@

@t
~r . ~A = � ⇢

✏0
<latexit sha1_base64="SUHKuwqq6IPTAMNTNxDWovf1G3s="></latexit><latexit sha1_base64="SUHKuwqq6IPTAMNTNxDWovf1G3s="></latexit><latexit sha1_base64="SUHKuwqq6IPTAMNTNxDWovf1G3s="></latexit><latexit sha1_base64="SUHKuwqq6IPTAMNTNxDWovf1G3s="></latexit>

~r⇥ ~B = µ0
~J + µ0 ✏0

@ ~E

@t
<latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit><latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit><latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit><latexit sha1_base64="ozWxraXjZ89fmH1hNfqNQgzX99w="></latexit>

~B = ~r⇥ ~A
<latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit>

r2 ~A � µ0 ✏0
@2

@t2
~A � ~r

✓
~r . ~A + µ0 ✏0

@V

@t

◆
= �µ0

~J
<latexit sha1_base64="YtPF6fhjRRPtKjjfZx6EwRnDRBI="></latexit><latexit sha1_base64="YtPF6fhjRRPtKjjfZx6EwRnDRBI="></latexit><latexit sha1_base64="YtPF6fhjRRPtKjjfZx6EwRnDRBI="></latexit><latexit sha1_base64="YtPF6fhjRRPtKjjfZx6EwRnDRBI="></latexit>

= 0

gauge de
Lorentz

r2 ~A � µ0 ✏0
@2

@t2
~A = �µ0

~J
<latexit sha1_base64="ZiZnNPdZA1I3dmX64iqpxpf2VPs="></latexit><latexit sha1_base64="ZiZnNPdZA1I3dmX64iqpxpf2VPs="></latexit><latexit sha1_base64="ZiZnNPdZA1I3dmX64iqpxpf2VPs="></latexit><latexit sha1_base64="ZiZnNPdZA1I3dmX64iqpxpf2VPs="></latexit>

~r . ~A = �µ0 ✏0
@V

@t
<latexit sha1_base64="J2didFghSb5QtX9e/BZ8DSsvDNU="></latexit><latexit sha1_base64="J2didFghSb5QtX9e/BZ8DSsvDNU="></latexit><latexit sha1_base64="J2didFghSb5QtX9e/BZ8DSsvDNU="></latexit><latexit sha1_base64="J2didFghSb5QtX9e/BZ8DSsvDNU="></latexit>



r2V +
@

@t
~r . ~A = � ⇢

✏0
<latexit sha1_base64="SUHKuwqq6IPTAMNTNxDWovf1G3s="></latexit><latexit sha1_base64="SUHKuwqq6IPTAMNTNxDWovf1G3s="></latexit><latexit sha1_base64="SUHKuwqq6IPTAMNTNxDWovf1G3s="></latexit><latexit sha1_base64="SUHKuwqq6IPTAMNTNxDWovf1G3s="></latexit>

r2 ~A � µ0 ✏0
@2

@t2
~A = �µ0

~J
<latexit sha1_base64="ZiZnNPdZA1I3dmX64iqpxpf2VPs="></latexit><latexit sha1_base64="ZiZnNPdZA1I3dmX64iqpxpf2VPs="></latexit><latexit sha1_base64="ZiZnNPdZA1I3dmX64iqpxpf2VPs="></latexit><latexit sha1_base64="ZiZnNPdZA1I3dmX64iqpxpf2VPs="></latexit>

µ0 ✏0 =
1

c2
<latexit sha1_base64="dBR2xrxPCO4zS0bh7zWOi+OEk4M="></latexit><latexit sha1_base64="dBR2xrxPCO4zS0bh7zWOi+OEk4M="></latexit><latexit sha1_base64="dBR2xrxPCO4zS0bh7zWOi+OEk4M="></latexit><latexit sha1_base64="dBR2xrxPCO4zS0bh7zWOi+OEk4M="></latexit>

r2 � 1

c2
@2

@t2
= ⇤2

<latexit sha1_base64="cz4fjkCU/fzEloh2lgY3b4ypkDk="></latexit><latexit sha1_base64="cz4fjkCU/fzEloh2lgY3b4ypkDk="></latexit><latexit sha1_base64="cz4fjkCU/fzEloh2lgY3b4ypkDk="></latexit><latexit sha1_base64="cz4fjkCU/fzEloh2lgY3b4ypkDk="></latexit>

r2 ~A � 1

c2
@2

@t2
~A = �µ0

~J
<latexit sha1_base64="i3mogLhFEprC2M0sGJ5a6Em1K6o="></latexit><latexit sha1_base64="i3mogLhFEprC2M0sGJ5a6Em1K6o="></latexit><latexit sha1_base64="i3mogLhFEprC2M0sGJ5a6Em1K6o="></latexit><latexit sha1_base64="i3mogLhFEprC2M0sGJ5a6Em1K6o="></latexit>

Equações de onda com fonte !

~r . ~A = �µ0 ✏0
@V

@t
<latexit sha1_base64="J2didFghSb5QtX9e/BZ8DSsvDNU="></latexit><latexit sha1_base64="J2didFghSb5QtX9e/BZ8DSsvDNU="></latexit><latexit sha1_base64="J2didFghSb5QtX9e/BZ8DSsvDNU="></latexit><latexit sha1_base64="J2didFghSb5QtX9e/BZ8DSsvDNU="></latexit>

r2V � µ0 ✏0
@2

@t2
V = � ⇢

✏0
<latexit sha1_base64="TWaqjsHz7Gihisl/VLu9/hnvynM="></latexit><latexit sha1_base64="TWaqjsHz7Gihisl/VLu9/hnvynM="></latexit><latexit sha1_base64="TWaqjsHz7Gihisl/VLu9/hnvynM="></latexit><latexit sha1_base64="TWaqjsHz7Gihisl/VLu9/hnvynM="></latexit>

r2V � 1

c2
@2

@t2
V = � ⇢

✏0
<latexit sha1_base64="RJM2CpBR16vlJM7FP/nKhuTK8c0="></latexit><latexit sha1_base64="RJM2CpBR16vlJM7FP/nKhuTK8c0="></latexit><latexit sha1_base64="RJM2CpBR16vlJM7FP/nKhuTK8c0="></latexit><latexit sha1_base64="RJM2CpBR16vlJM7FP/nKhuTK8c0="></latexit>

d ’ Alembertiano

⇤2V = � ⇢

✏0
<latexit sha1_base64="yzi0zc4agNv3Xu2L2c+bcI6jBvk="></latexit><latexit sha1_base64="yzi0zc4agNv3Xu2L2c+bcI6jBvk="></latexit><latexit sha1_base64="yzi0zc4agNv3Xu2L2c+bcI6jBvk="></latexit><latexit sha1_base64="yzi0zc4agNv3Xu2L2c+bcI6jBvk="></latexit>

⇤2 ~A = �µ0
~J

<latexit sha1_base64="XpiiYnWnI+wxseUA0U+ccbLBx2g="></latexit><latexit sha1_base64="XpiiYnWnI+wxseUA0U+ccbLBx2g="></latexit><latexit sha1_base64="XpiiYnWnI+wxseUA0U+ccbLBx2g="></latexit><latexit sha1_base64="XpiiYnWnI+wxseUA0U+ccbLBx2g="></latexit>



r2 ~A � 1

c2
@2

@t2
~A = �µ0

~J
<latexit sha1_base64="i3mogLhFEprC2M0sGJ5a6Em1K6o="></latexit><latexit sha1_base64="i3mogLhFEprC2M0sGJ5a6Em1K6o="></latexit><latexit sha1_base64="i3mogLhFEprC2M0sGJ5a6Em1K6o="></latexit><latexit sha1_base64="i3mogLhFEprC2M0sGJ5a6Em1K6o="></latexit>

r2V � 1

c2
@2

@t2
V = � ⇢

✏0
<latexit sha1_base64="RJM2CpBR16vlJM7FP/nKhuTK8c0="></latexit><latexit sha1_base64="RJM2CpBR16vlJM7FP/nKhuTK8c0="></latexit><latexit sha1_base64="RJM2CpBR16vlJM7FP/nKhuTK8c0="></latexit><latexit sha1_base64="RJM2CpBR16vlJM7FP/nKhuTK8c0="></latexit>

Encontrando os potenciais

r2 ~A = �µ0
~J

<latexit sha1_base64="XeQG2mHyf65s9fE81VyvR1+F3jo="></latexit><latexit sha1_base64="XeQG2mHyf65s9fE81VyvR1+F3jo="></latexit><latexit sha1_base64="XeQG2mHyf65s9fE81VyvR1+F3jo="></latexit><latexit sha1_base64="XeQG2mHyf65s9fE81VyvR1+F3jo="></latexit>

r2V = � ⇢

✏0
<latexit sha1_base64="2wOBHZa+p6oBPHySPkGnHaFAHTM="></latexit><latexit sha1_base64="2wOBHZa+p6oBPHySPkGnHaFAHTM="></latexit><latexit sha1_base64="2wOBHZa+p6oBPHySPkGnHaFAHTM="></latexit><latexit sha1_base64="2wOBHZa+p6oBPHySPkGnHaFAHTM="></latexit>

Caso estático: as fontes estão em repouso

@ ~A

@t
= 0

<latexit sha1_base64="SkhtOR72QgKZ2mV2eNkHxVs/HgE="></latexit><latexit sha1_base64="SkhtOR72QgKZ2mV2eNkHxVs/HgE="></latexit><latexit sha1_base64="SkhtOR72QgKZ2mV2eNkHxVs/HgE="></latexit><latexit sha1_base64="SkhtOR72QgKZ2mV2eNkHxVs/HgE="></latexit>

@V

@t
= 0

<latexit sha1_base64="wdBmHGnU75py0EqfTSYZbZQnlAM="></latexit><latexit sha1_base64="wdBmHGnU75py0EqfTSYZbZQnlAM="></latexit><latexit sha1_base64="wdBmHGnU75py0EqfTSYZbZQnlAM="></latexit><latexit sha1_base64="wdBmHGnU75py0EqfTSYZbZQnlAM="></latexit>

Solução:

V (~r) =
1

4⇡ ✏0

Z
⇢(~r0)

|~r � ~r0|
d3r0

<latexit sha1_base64="vz2H3iyr6fr7duYXGrtMuRzRNA0="></latexit><latexit sha1_base64="vz2H3iyr6fr7duYXGrtMuRzRNA0="></latexit><latexit sha1_base64="vz2H3iyr6fr7duYXGrtMuRzRNA0="></latexit><latexit sha1_base64="vz2H3iyr6fr7duYXGrtMuRzRNA0="></latexit>

~A(~r) =
µ0

4⇡

Z ~J(~r0)

|~r � ~r0|
d3r0

<latexit sha1_base64="YDVxO4njhSw90LEKkc0JlK3YDss="></latexit><latexit sha1_base64="YDVxO4njhSw90LEKkc0JlK3YDss="></latexit><latexit sha1_base64="YDVxO4njhSw90LEKkc0JlK3YDss="></latexit><latexit sha1_base64="YDVxO4njhSw90LEKkc0JlK3YDss="></latexit>

x

z

y

~r
<latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit><latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit><latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit><latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit>

~r0
<latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit><latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit><latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit><latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit>

P~r � ~r0
<latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit><latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit><latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit><latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit>



Caso dinâmico: as fontes estão em movimento

Quando  há movimento da fonte, a informação da mudança de posição se
propaga com a velocidade da luz (e não instantaneamente)

x

zy
~r

<latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit><latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit><latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit><latexit sha1_base64="9uPvoWYhjJ+RmYSC6nQCrxCo21M="></latexit>

~r0
<latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit><latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit><latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit><latexit sha1_base64="TgGkxegTPb4GDIbVfLzrJScbBCA="></latexit>

P
~r � ~r0

<latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit><latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit><latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit><latexit sha1_base64="Nwio1B2JlYbqbfkTR9EPFEcUIx8="></latexit>

tr
<latexit sha1_base64="HOFV+Z4oFOHnWsLohJztmyZ6P/w="></latexit><latexit sha1_base64="HOFV+Z4oFOHnWsLohJztmyZ6P/w="></latexit><latexit sha1_base64="HOFV+Z4oFOHnWsLohJztmyZ6P/w="></latexit><latexit sha1_base64="HOFV+Z4oFOHnWsLohJztmyZ6P/w="></latexit>

|~r � ~r0| = c (t� tr)
<latexit sha1_base64="SjzsYbWnNDMrrUdQeZDuVao4ryo="></latexit><latexit sha1_base64="SjzsYbWnNDMrrUdQeZDuVao4ryo="></latexit><latexit sha1_base64="SjzsYbWnNDMrrUdQeZDuVao4ryo="></latexit><latexit sha1_base64="SjzsYbWnNDMrrUdQeZDuVao4ryo="></latexit>

t
<latexit sha1_base64="WMwLKTCLzKKYvbw3tt5Zp9/oTsM="></latexit><latexit sha1_base64="WMwLKTCLzKKYvbw3tt5Zp9/oTsM="></latexit><latexit sha1_base64="WMwLKTCLzKKYvbw3tt5Zp9/oTsM="></latexit><latexit sha1_base64="WMwLKTCLzKKYvbw3tt5Zp9/oTsM="></latexit>

fonte em 
movimento

O ponto P não sente o campo criado pela carga  agora e sim o campo criado
no passado, no tempo  ”retardado”, tr , quando a ”mensagem saiu”

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>



Levando em conta o tempo de propagação da informação, os potenciais
gerados por fontes em movimento são:

V (~r) =
1

4⇡ ✏0

Z
⇢(~r0)

|~r � ~r0|
d3r0

<latexit sha1_base64="vz2H3iyr6fr7duYXGrtMuRzRNA0="></latexit><latexit sha1_base64="vz2H3iyr6fr7duYXGrtMuRzRNA0="></latexit><latexit sha1_base64="vz2H3iyr6fr7duYXGrtMuRzRNA0="></latexit><latexit sha1_base64="vz2H3iyr6fr7duYXGrtMuRzRNA0="></latexit>

~A(~r) =
µ0

4⇡

Z ~J(~r0)

|~r � ~r0|
d3r0

<latexit sha1_base64="YDVxO4njhSw90LEKkc0JlK3YDss="></latexit><latexit sha1_base64="YDVxO4njhSw90LEKkc0JlK3YDss="></latexit><latexit sha1_base64="YDVxO4njhSw90LEKkc0JlK3YDss="></latexit><latexit sha1_base64="YDVxO4njhSw90LEKkc0JlK3YDss="></latexit>

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>

~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>

Potenciais Retardados !

A luz das estrelas vem do passado...



Exemplo 10.2

Quais são os campos assim que a gente ”liga” a corrente no fio infinito ?

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

Corrente 
estacionária 
num fio 
retilíneo 
gera campo
magnético

I0 O acontece quando ela ”começa”?

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>

B =
µ0 I0
2⇡ s

<latexit sha1_base64="apbkA8CDNUk8zFXFmTatGFvBIqk="></latexit><latexit sha1_base64="apbkA8CDNUk8zFXFmTatGFvBIqk="></latexit><latexit sha1_base64="apbkA8CDNUk8zFXFmTatGFvBIqk="></latexit><latexit sha1_base64="apbkA8CDNUk8zFXFmTatGFvBIqk="></latexit>

Coordenadas
cilíndricas

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

Calculamos primeiro os potenciais !

A lei de Ampère não vale  porque
a corrente está variando no tempo



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 a 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>

~A(s, t) =
µ0

4⇡
ẑ

Z p
c2t2 � s2

�
p
c2t2 � s2

I0

|~r � ~r0|
dz

<latexit sha1_base64="YrkWuPgWxzJGfpldoFfp05XlFoM="></latexit><latexit sha1_base64="YrkWuPgWxzJGfpldoFfp05XlFoM="></latexit><latexit sha1_base64="YrkWuPgWxzJGfpldoFfp05XlFoM="></latexit><latexit sha1_base64="YrkWuPgWxzJGfpldoFfp05XlFoM="></latexit>

=
µ0 I0
4⇡

ẑ 2

Z p
c2t2 � s2

0

1

|~r � ~r0|
dz

<latexit sha1_base64="EB9elNl1hXmrO9RKB6Bm7f/O9GQ="></latexit><latexit sha1_base64="EB9elNl1hXmrO9RKB6Bm7f/O9GQ="></latexit><latexit sha1_base64="EB9elNl1hXmrO9RKB6Bm7f/O9GQ="></latexit><latexit sha1_base64="EB9elNl1hXmrO9RKB6Bm7f/O9GQ="></latexit>

=
µ0 I0
2⇡

ẑ

Z p
c2t2 � s2

0

1p
s2 + z2

dz
<latexit sha1_base64="gqGHxCi9GXfuUMR7rte/5exRqCk="></latexit><latexit sha1_base64="gqGHxCi9GXfuUMR7rte/5exRqCk="></latexit><latexit sha1_base64="gqGHxCi9GXfuUMR7rte/5exRqCk="></latexit><latexit sha1_base64="gqGHxCi9GXfuUMR7rte/5exRqCk="></latexit>



A(s, t) =
µ0 I0
2⇡

Z p
c2t2 � s2

0

1p
s2 + z2

dz
<latexit sha1_base64="yFwo9hwDYNrNZr4zQiseHQNL0Ww="></latexit><latexit sha1_base64="yFwo9hwDYNrNZr4zQiseHQNL0Ww="></latexit><latexit sha1_base64="yFwo9hwDYNrNZr4zQiseHQNL0Ww="></latexit><latexit sha1_base64="yFwo9hwDYNrNZr4zQiseHQNL0Ww="></latexit>

=
µ0 I0
2⇡

ln
hp

s2 + z2 + z
ipc2t2 � s2

0
<latexit sha1_base64="U448TTs7drUD/sZ1f5CSibWqPJA="></latexit><latexit sha1_base64="U448TTs7drUD/sZ1f5CSibWqPJA="></latexit><latexit sha1_base64="U448TTs7drUD/sZ1f5CSibWqPJA="></latexit><latexit sha1_base64="U448TTs7drUD/sZ1f5CSibWqPJA="></latexit>

~A(s, t) =
µ0 I0
2⇡

ln

"
ct +

p
c2t2 � s2

s

#
ẑ

<latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></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="9X9cjUFV65QVMIGShXaEjtyjg1E="></latexit><latexit sha1_base64="9X9cjUFV65QVMIGShXaEjtyjg1E="></latexit><latexit sha1_base64="yEowrpbqW5YEWUrExZa2SqqqTnI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit>

~E = �~rV � @ ~A

@t
<latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit>

Agora podemos calcular os campos ~B = ~r⇥ ~A
<latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit>

0

~E(s, t) = �µ0 I0 c

2⇡
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ẑ
<latexit sha1_base64="daK3h8zTZ4e3wezfOQnmLYnmGcY="></latexit><latexit sha1_base64="daK3h8zTZ4e3wezfOQnmLYnmGcY="></latexit><latexit sha1_base64="daK3h8zTZ4e3wezfOQnmLYnmGcY="></latexit><latexit sha1_base64="daK3h8zTZ4e3wezfOQnmLYnmGcY="></latexit>



~B = ~r⇥ ~A
<latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit>
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ẑ

<latexit sha1_base64="OLoLE4QSNKMr2wZ+6DFSzpZ5xo0="></latexit><latexit sha1_base64="OLoLE4QSNKMr2wZ+6DFSzpZ5xo0="></latexit><latexit sha1_base64="OLoLE4QSNKMr2wZ+6DFSzpZ5xo0="></latexit><latexit sha1_base64="OLoLE4QSNKMr2wZ+6DFSzpZ5xo0="></latexit>

~A = As ŝ+A� �̂+Az ẑ
<latexit sha1_base64="CRgjR6Ax7hUiAE9vjfkWp/0NN54="></latexit><latexit sha1_base64="CRgjR6Ax7hUiAE9vjfkWp/0NN54="></latexit><latexit sha1_base64="CRgjR6Ax7hUiAE9vjfkWp/0NN54="></latexit><latexit sha1_base64="CRgjR6Ax7hUiAE9vjfkWp/0NN54="></latexit>
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<latexit sha1_base64="SlSfGrvLjbc8Iv380VotVTt39Rc="></latexit><latexit sha1_base64="SlSfGrvLjbc8Iv380VotVTt39Rc="></latexit><latexit sha1_base64="SlSfGrvLjbc8Iv380VotVTt39Rc="></latexit><latexit sha1_base64="SlSfGrvLjbc8Iv380VotVTt39Rc="></latexit>
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<latexit sha1_base64="ZjC3h3bbp80o124ubn4/0a8NI7c="></latexit><latexit sha1_base64="ZjC3h3bbp80o124ubn4/0a8NI7c="></latexit><latexit sha1_base64="ZjC3h3bbp80o124ubn4/0a8NI7c="></latexit><latexit sha1_base64="ZjC3h3bbp80o124ubn4/0a8NI7c="></latexit>
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<latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></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="9X9cjUFV65QVMIGShXaEjtyjg1E="></latexit><latexit sha1_base64="9X9cjUFV65QVMIGShXaEjtyjg1E="></latexit><latexit sha1_base64="yEowrpbqW5YEWUrExZa2SqqqTnI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit><latexit sha1_base64="+Es1yFc3BvkWZ+2PDuMGSgGQYYI="></latexit>
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<latexit sha1_base64="ZjC3h3bbp80o124ubn4/0a8NI7c="></latexit><latexit sha1_base64="ZjC3h3bbp80o124ubn4/0a8NI7c="></latexit><latexit sha1_base64="ZjC3h3bbp80o124ubn4/0a8NI7c="></latexit><latexit sha1_base64="ZjC3h3bbp80o124ubn4/0a8NI7c="></latexit>
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ẑ
<latexit sha1_base64="daK3h8zTZ4e3wezfOQnmLYnmGcY="></latexit><latexit sha1_base64="daK3h8zTZ4e3wezfOQnmLYnmGcY="></latexit><latexit sha1_base64="daK3h8zTZ4e3wezfOQnmLYnmGcY="></latexit><latexit sha1_base64="daK3h8zTZ4e3wezfOQnmLYnmGcY="></latexit>

t ! 1
<latexit sha1_base64="tsbSceaHHZ/U4pOiPM2xVjrpybU="></latexit><latexit sha1_base64="tsbSceaHHZ/U4pOiPM2xVjrpybU="></latexit><latexit sha1_base64="tsbSceaHHZ/U4pOiPM2xVjrpybU="></latexit><latexit sha1_base64="tsbSceaHHZ/U4pOiPM2xVjrpybU="></latexit>

t ! 1
<latexit sha1_base64="tsbSceaHHZ/U4pOiPM2xVjrpybU="></latexit><latexit sha1_base64="tsbSceaHHZ/U4pOiPM2xVjrpybU="></latexit><latexit sha1_base64="tsbSceaHHZ/U4pOiPM2xVjrpybU="></latexit><latexit sha1_base64="tsbSceaHHZ/U4pOiPM2xVjrpybU="></latexit>

~E ! 0
<latexit sha1_base64="GfTFcLZCZMDLAIHV+7tq0nK0Rx4="></latexit><latexit sha1_base64="GfTFcLZCZMDLAIHV+7tq0nK0Rx4="></latexit><latexit sha1_base64="GfTFcLZCZMDLAIHV+7tq0nK0Rx4="></latexit><latexit sha1_base64="GfTFcLZCZMDLAIHV+7tq0nK0Rx4="></latexit>
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<latexit sha1_base64="qplngup/vJz6EJ0WfCuwW0RLJCM="></latexit><latexit sha1_base64="qplngup/vJz6EJ0WfCuwW0RLJCM="></latexit><latexit sha1_base64="qplngup/vJz6EJ0WfCuwW0RLJCM="></latexit><latexit sha1_base64="qplngup/vJz6EJ0WfCuwW0RLJCM="></latexit>
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