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Ondas 
Eletromagnéticas

Griffiths - Capítulo 9



Ondas

Onda: perturbação em meio contínuo que se propaga com forma fixa 
e velocidade constante

Perfil da onda: é o ”desenho” que vemos e que se move; 
é representado por uma função

Exemplo: y(x, t) = Acos (x� vt)
<latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit><latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit><latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit><latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit>

v

amplitude



Ondas
Funções matemáticas que descrevem ondas satisfazem a equação de onda 

@2f

@x2
=

1

v2
@2f

@t2
<latexit sha1_base64="ihWrKwX112TYXalKjRh6JMYLaRY="></latexit><latexit sha1_base64="ihWrKwX112TYXalKjRh6JMYLaRY="></latexit><latexit sha1_base64="ihWrKwX112TYXalKjRh6JMYLaRY="></latexit><latexit sha1_base64="ihWrKwX112TYXalKjRh6JMYLaRY="></latexit>

Em uma dimensão: 

f = f(x, t)
<latexit sha1_base64="7VVdJVsZv+F/FUDiR17tE9RUBZ0="></latexit><latexit sha1_base64="7VVdJVsZv+F/FUDiR17tE9RUBZ0="></latexit><latexit sha1_base64="7VVdJVsZv+F/FUDiR17tE9RUBZ0="></latexit><latexit sha1_base64="7VVdJVsZv+F/FUDiR17tE9RUBZ0="></latexit>

Em três dimensões: 

f = f(x, y, z, t)
<latexit sha1_base64="iIgc4HdGBdezvIZpCKLXXFNV/S8="></latexit><latexit sha1_base64="iIgc4HdGBdezvIZpCKLXXFNV/S8="></latexit><latexit sha1_base64="iIgc4HdGBdezvIZpCKLXXFNV/S8="></latexit><latexit sha1_base64="iIgc4HdGBdezvIZpCKLXXFNV/S8="></latexit>

@2f

@x2
+

@2f

@y2
+

@2f

@z2
=

1

v2
@2f

@t2
<latexit sha1_base64="vQdCPw2/h+r5TSObk/DcxjjG/Ek="></latexit><latexit sha1_base64="vQdCPw2/h+r5TSObk/DcxjjG/Ek="></latexit><latexit sha1_base64="vQdCPw2/h+r5TSObk/DcxjjG/Ek="></latexit><latexit sha1_base64="vQdCPw2/h+r5TSObk/DcxjjG/Ek="></latexit>

Laplaciano

r2f =
1

v2
@2f

@t2
<latexit sha1_base64="tK7GQC5M6I+/rVct8sVEAiFTGIw="></latexit><latexit sha1_base64="tK7GQC5M6I+/rVct8sVEAiFTGIw="></latexit><latexit sha1_base64="tK7GQC5M6I+/rVct8sVEAiFTGIw="></latexit><latexit sha1_base64="tK7GQC5M6I+/rVct8sVEAiFTGIw="></latexit>

r2 =
@2

@x2
+

@2

@y2
+

@2

@z2
<latexit sha1_base64="HXWKKzr3UrL6OOSYOHI/FzUZsUc="></latexit><latexit sha1_base64="HXWKKzr3UrL6OOSYOHI/FzUZsUc="></latexit><latexit sha1_base64="HXWKKzr3UrL6OOSYOHI/FzUZsUc="></latexit><latexit sha1_base64="HXWKKzr3UrL6OOSYOHI/FzUZsUc="></latexit>



Verificação

y(x, t) = Acos (x� vt)
<latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit><latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit><latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit><latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit>

@2y

@x2
=

1

v2
@2y

@t2
<latexit sha1_base64="RMnQivB6ntBI4k4mM8pEKEzPjbo="></latexit><latexit sha1_base64="RMnQivB6ntBI4k4mM8pEKEzPjbo="></latexit><latexit sha1_base64="RMnQivB6ntBI4k4mM8pEKEzPjbo="></latexit><latexit sha1_base64="RMnQivB6ntBI4k4mM8pEKEzPjbo="></latexit>

A função y(x,t) satisfaz a equação de onda ?

@y

@x
= �Asen (x� vt)

<latexit sha1_base64="sT0pDCTVSnyJTGAVcUSL74YLBwU="></latexit><latexit sha1_base64="sT0pDCTVSnyJTGAVcUSL74YLBwU="></latexit><latexit sha1_base64="sT0pDCTVSnyJTGAVcUSL74YLBwU="></latexit><latexit sha1_base64="sT0pDCTVSnyJTGAVcUSL74YLBwU="></latexit>

@2y

@x2
= �Acos (x� vt)

<latexit sha1_base64="VjTtSYdhcpbgGNcggGN/J/a4zKQ="></latexit><latexit sha1_base64="VjTtSYdhcpbgGNcggGN/J/a4zKQ="></latexit><latexit sha1_base64="VjTtSYdhcpbgGNcggGN/J/a4zKQ="></latexit><latexit sha1_base64="VjTtSYdhcpbgGNcggGN/J/a4zKQ="></latexit>

y(x, t) = Acos (x� vt)
<latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit><latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit><latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit><latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit>

@y

@t
= (�A) (�v) sen (x� vt)

<latexit sha1_base64="UuS3hil/v57CXG3MGjUttYUMdk0="></latexit><latexit sha1_base64="UuS3hil/v57CXG3MGjUttYUMdk0="></latexit><latexit sha1_base64="UuS3hil/v57CXG3MGjUttYUMdk0="></latexit><latexit sha1_base64="UuS3hil/v57CXG3MGjUttYUMdk0="></latexit>

@2y

@t2
= (Av)(�v) cos (x� vt)

<latexit sha1_base64="I93OawaSUJptLURtuyutuMz0qN4="></latexit><latexit sha1_base64="I93OawaSUJptLURtuyutuMz0qN4="></latexit><latexit sha1_base64="I93OawaSUJptLURtuyutuMz0qN4="></latexit><latexit sha1_base64="I93OawaSUJptLURtuyutuMz0qN4="></latexit>

1

v2
@2y

@t2
= �Acos (x� vt)

<latexit sha1_base64="qvljdryOQfi5XXj7F8BdvCP17Ok="></latexit><latexit sha1_base64="qvljdryOQfi5XXj7F8BdvCP17Ok="></latexit><latexit sha1_base64="qvljdryOQfi5XXj7F8BdvCP17Ok="></latexit><latexit sha1_base64="qvljdryOQfi5XXj7F8BdvCP17Ok="></latexit>

Roy Lichtenstein

Lindo !!!

?

y(x,t) é onda !!!



O cosseno (ou seno) que anda !

y(x, t) = Acos (x� vt)
<latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit><latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit><latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit><latexit sha1_base64="AV42OF6DDwcdKvU96d/YyylQI9A="></latexit>



Onda de vetor

f = f(x, t)
<latexit sha1_base64="7VVdJVsZv+F/FUDiR17tE9RUBZ0="></latexit><latexit sha1_base64="7VVdJVsZv+F/FUDiR17tE9RUBZ0="></latexit><latexit sha1_base64="7VVdJVsZv+F/FUDiR17tE9RUBZ0="></latexit><latexit sha1_base64="7VVdJVsZv+F/FUDiR17tE9RUBZ0="></latexit>

~f = ~f(x, t)
<latexit sha1_base64="1lHA/Mj3L6M2mKJG0U1ZTTCSlMs="></latexit><latexit sha1_base64="1lHA/Mj3L6M2mKJG0U1ZTTCSlMs="></latexit><latexit sha1_base64="1lHA/Mj3L6M2mKJG0U1ZTTCSlMs="></latexit><latexit sha1_base64="1lHA/Mj3L6M2mKJG0U1ZTTCSlMs="></latexit>

~f = ~f0 cos (x� vt)
<latexit sha1_base64="42gppxQjsGv2P9QBS7ZZ6vPP1LQ="></latexit><latexit sha1_base64="42gppxQjsGv2P9QBS7ZZ6vPP1LQ="></latexit><latexit sha1_base64="42gppxQjsGv2P9QBS7ZZ6vPP1LQ="></latexit><latexit sha1_base64="42gppxQjsGv2P9QBS7ZZ6vPP1LQ="></latexit>

x

y

~f = f0 cos (x� vt) ŷ
<latexit sha1_base64="fqCTVVNZvtK4SsQBI3XkaLeX4/Y="></latexit><latexit sha1_base64="fqCTVVNZvtK4SsQBI3XkaLeX4/Y="></latexit><latexit sha1_base64="fqCTVVNZvtK4SsQBI3XkaLeX4/Y="></latexit><latexit sha1_base64="fqCTVVNZvtK4SsQBI3XkaLeX4/Y="></latexit>



Ondas Eletromagnéticas 

A gente não pode ver... Como descobrir ondas eletromagnéticas ?

FaltaEncontre a equação diferencial para os campos  E  e  B !!! 

J. Maxwell



~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>

No vácuo não há cargas nem correntes: ⇢ = 0
<latexit sha1_base64="em1zfMJSYrswI9nSVY7Kpc+LPI0="></latexit><latexit sha1_base64="em1zfMJSYrswI9nSVY7Kpc+LPI0="></latexit><latexit sha1_base64="em1zfMJSYrswI9nSVY7Kpc+LPI0="></latexit><latexit sha1_base64="em1zfMJSYrswI9nSVY7Kpc+LPI0="></latexit>

~J = 0
<latexit sha1_base64="bMxENa3usyq8dt4VaY8MVIZQb+w="></latexit><latexit sha1_base64="bMxENa3usyq8dt4VaY8MVIZQb+w="></latexit><latexit sha1_base64="bMxENa3usyq8dt4VaY8MVIZQb+w="></latexit><latexit sha1_base64="bMxENa3usyq8dt4VaY8MVIZQb+w="></latexit>

~r⇥ ~B = µ0 ✏0
@ ~E

@t
<latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit><latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit><latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit><latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit>

~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="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit><latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit><latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit><latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></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>



~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>

~r⇥ (~r⇥ ~E) = ~r (~r . ~E)�r2 ~E
<latexit sha1_base64="bZgBnt22ozI+rC8WDpa7wHjDz38="></latexit><latexit sha1_base64="bZgBnt22ozI+rC8WDpa7wHjDz38="></latexit><latexit sha1_base64="bZgBnt22ozI+rC8WDpa7wHjDz38="></latexit><latexit sha1_base64="bZgBnt22ozI+rC8WDpa7wHjDz38="></latexit>

Vamos tomar o rotacional dos dois lados:

0 ~r . ~E = 0
<latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit><latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit><latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit><latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit>

�r2 ~E = ~r⇥ (�@ ~B

@t
)

<latexit sha1_base64="/BOlvXmp9bt2R2yY9YQNIXw4pqo="></latexit><latexit sha1_base64="/BOlvXmp9bt2R2yY9YQNIXw4pqo="></latexit><latexit sha1_base64="/BOlvXmp9bt2R2yY9YQNIXw4pqo="></latexit><latexit sha1_base64="/BOlvXmp9bt2R2yY9YQNIXw4pqo="></latexit>

= � @

@t
(~r⇥ ~B)

<latexit sha1_base64="ApSg+UfnM0xEu4a8QzdeItRBDO0="></latexit><latexit sha1_base64="ApSg+UfnM0xEu4a8QzdeItRBDO0="></latexit><latexit sha1_base64="ApSg+UfnM0xEu4a8QzdeItRBDO0="></latexit><latexit sha1_base64="ApSg+UfnM0xEu4a8QzdeItRBDO0="></latexit>

~r⇥ ~B = µ0 ✏0
@ ~E

@t
<latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit><latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit><latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit><latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit>

= �µ0 ✏0
@2

@t2
~E

<latexit sha1_base64="IAIreomMUBZzcUyLE6h65CftN8g="></latexit><latexit sha1_base64="IAIreomMUBZzcUyLE6h65CftN8g="></latexit><latexit sha1_base64="IAIreomMUBZzcUyLE6h65CftN8g="></latexit><latexit sha1_base64="IAIreomMUBZzcUyLE6h65CftN8g="></latexit>

�r2 ~E = �µ0 ✏0
@2

@t2
~E

<latexit sha1_base64="zxjy/zMxNbo2nYXzA3SXCdJXRl0="></latexit><latexit sha1_base64="zxjy/zMxNbo2nYXzA3SXCdJXRl0="></latexit><latexit sha1_base64="zxjy/zMxNbo2nYXzA3SXCdJXRl0="></latexit><latexit sha1_base64="zxjy/zMxNbo2nYXzA3SXCdJXRl0="></latexit>

r2 ~E =
1

c2
@2

@t2
~E

<latexit sha1_base64="MKaIVcGZSPkxuSHcKOAzwKdn/sM="></latexit><latexit sha1_base64="MKaIVcGZSPkxuSHcKOAzwKdn/sM="></latexit><latexit sha1_base64="MKaIVcGZSPkxuSHcKOAzwKdn/sM="></latexit><latexit sha1_base64="MKaIVcGZSPkxuSHcKOAzwKdn/sM="></latexit>

c2 =
1

µ0 ✏0
<latexit sha1_base64="r0gskEMxSJTwnqwiMKdXVKbaj98="></latexit><latexit sha1_base64="r0gskEMxSJTwnqwiMKdXVKbaj98="></latexit><latexit sha1_base64="r0gskEMxSJTwnqwiMKdXVKbaj98="></latexit><latexit sha1_base64="r0gskEMxSJTwnqwiMKdXVKbaj98="></latexit>

c =
1

p
µ0 ✏0

<latexit sha1_base64="dsJroHo8cRQDBSX64PYWQ7FTEjw="></latexit><latexit sha1_base64="dsJroHo8cRQDBSX64PYWQ7FTEjw="></latexit><latexit sha1_base64="dsJroHo8cRQDBSX64PYWQ7FTEjw="></latexit><latexit sha1_base64="dsJroHo8cRQDBSX64PYWQ7FTEjw="></latexit>

É onda !!! velocidade de propagação da onda 



~r⇥ ~B = µ0 ✏0
@ ~E

@t
<latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit><latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit><latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit><latexit sha1_base64="sQ8IySnzxTvrtDRm7vQ194Fgr6o="></latexit>

Vamos tomar o rotacional dos dois lados:

~r⇥ (~r⇥ ~B) = ~r (~r . ~B)�r2 ~B
<latexit sha1_base64="khi1NmyomadIkWWyndBrgi+Ycg4="></latexit><latexit sha1_base64="khi1NmyomadIkWWyndBrgi+Ycg4="></latexit><latexit sha1_base64="khi1NmyomadIkWWyndBrgi+Ycg4="></latexit><latexit sha1_base64="khi1NmyomadIkWWyndBrgi+Ycg4="></latexit>

0 ~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>

�r2 ~B = µ0 ✏0 ~r⇥ (
@ ~E

@t
)

<latexit sha1_base64="BeiJGBkNZl4+i5VxLcoA8voykwI="></latexit><latexit sha1_base64="BeiJGBkNZl4+i5VxLcoA8voykwI="></latexit><latexit sha1_base64="BeiJGBkNZl4+i5VxLcoA8voykwI="></latexit><latexit sha1_base64="BeiJGBkNZl4+i5VxLcoA8voykwI="></latexit>

= µ0 ✏0
@

@t
(~r⇥ ~E)

<latexit sha1_base64="OfelbbVfg7930dIt9aqVfBu+XTc="></latexit><latexit sha1_base64="OfelbbVfg7930dIt9aqVfBu+XTc="></latexit><latexit sha1_base64="OfelbbVfg7930dIt9aqVfBu+XTc="></latexit><latexit sha1_base64="OfelbbVfg7930dIt9aqVfBu+XTc="></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>

= �µ0 ✏0
@

@t
(
@ ~B

@t
)

<latexit sha1_base64="eADwkFp0+gNUjv30v3Bbi2IPUgM="></latexit><latexit sha1_base64="eADwkFp0+gNUjv30v3Bbi2IPUgM="></latexit><latexit sha1_base64="eADwkFp0+gNUjv30v3Bbi2IPUgM="></latexit><latexit sha1_base64="eADwkFp0+gNUjv30v3Bbi2IPUgM="></latexit>

�r2 ~B = �µ0 ✏0
@2 ~B

@t2
<latexit sha1_base64="dcYNiH5AN9K+qqh+mxFAcr79hDY="></latexit><latexit sha1_base64="dcYNiH5AN9K+qqh+mxFAcr79hDY="></latexit><latexit sha1_base64="dcYNiH5AN9K+qqh+mxFAcr79hDY="></latexit><latexit sha1_base64="dcYNiH5AN9K+qqh+mxFAcr79hDY="></latexit>

r2 ~B =
1

c2
@2

@t2
~B

<latexit sha1_base64="eE5qr2tY54PkAQxNiyQRuVUFRLc="></latexit><latexit sha1_base64="eE5qr2tY54PkAQxNiyQRuVUFRLc="></latexit><latexit sha1_base64="eE5qr2tY54PkAQxNiyQRuVUFRLc="></latexit><latexit sha1_base64="eE5qr2tY54PkAQxNiyQRuVUFRLc="></latexit>

c2 =
1

µ0 ✏0
<latexit sha1_base64="r0gskEMxSJTwnqwiMKdXVKbaj98="></latexit><latexit sha1_base64="r0gskEMxSJTwnqwiMKdXVKbaj98="></latexit><latexit sha1_base64="r0gskEMxSJTwnqwiMKdXVKbaj98="></latexit><latexit sha1_base64="r0gskEMxSJTwnqwiMKdXVKbaj98="></latexit>

c =
1

p
µ0 ✏0

<latexit sha1_base64="dsJroHo8cRQDBSX64PYWQ7FTEjw="></latexit><latexit sha1_base64="dsJroHo8cRQDBSX64PYWQ7FTEjw="></latexit><latexit sha1_base64="dsJroHo8cRQDBSX64PYWQ7FTEjw="></latexit><latexit sha1_base64="dsJroHo8cRQDBSX64PYWQ7FTEjw="></latexit>

É onda !!! velocidade de propagação da onda 
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r2 ~E =
1

c2
@2

@t2
~E

<latexit sha1_base64="MKaIVcGZSPkxuSHcKOAzwKdn/sM="></latexit><latexit sha1_base64="MKaIVcGZSPkxuSHcKOAzwKdn/sM="></latexit><latexit sha1_base64="MKaIVcGZSPkxuSHcKOAzwKdn/sM="></latexit><latexit sha1_base64="MKaIVcGZSPkxuSHcKOAzwKdn/sM="></latexit>

É uma equação vetorial ! Uma para cada
componente !

r2Ex =
1

c2
@2

@t2
Ex

<latexit sha1_base64="TG4bwSpWk3AhsTEG8UO4cPQNc5U="></latexit><latexit sha1_base64="TG4bwSpWk3AhsTEG8UO4cPQNc5U="></latexit><latexit sha1_base64="TG4bwSpWk3AhsTEG8UO4cPQNc5U="></latexit><latexit sha1_base64="TG4bwSpWk3AhsTEG8UO4cPQNc5U="></latexit>

r2Ey =
1

c2
@2

@t2
Ey

<latexit sha1_base64="/vn3Z4Sz8Nahn0eB/RuX5HA70M8="></latexit><latexit sha1_base64="/vn3Z4Sz8Nahn0eB/RuX5HA70M8="></latexit><latexit sha1_base64="/vn3Z4Sz8Nahn0eB/RuX5HA70M8="></latexit><latexit sha1_base64="/vn3Z4Sz8Nahn0eB/RuX5HA70M8="></latexit>

r2Ez =
1

c2
@2

@t2
Ez

<latexit sha1_base64="SLFOpS1nSJuDqD08odnwYa02e8c="></latexit><latexit sha1_base64="SLFOpS1nSJuDqD08odnwYa02e8c="></latexit><latexit sha1_base64="SLFOpS1nSJuDqD08odnwYa02e8c="></latexit><latexit sha1_base64="SLFOpS1nSJuDqD08odnwYa02e8c="></latexit>

Solução de onda plana: onda se propaga na direção z
x

y

z

~E0
<latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit>

~E0x
<latexit sha1_base64="avknsIH8hdov1Di9ZKj9sKqvgA0="></latexit><latexit sha1_base64="avknsIH8hdov1Di9ZKj9sKqvgA0="></latexit><latexit sha1_base64="avknsIH8hdov1Di9ZKj9sKqvgA0="></latexit><latexit sha1_base64="avknsIH8hdov1Di9ZKj9sKqvgA0="></latexit>

~E0y
<latexit sha1_base64="oCxc8zFC6OokQ3VGKnm81j9UFXY="></latexit><latexit sha1_base64="oCxc8zFC6OokQ3VGKnm81j9UFXY="></latexit><latexit sha1_base64="oCxc8zFC6OokQ3VGKnm81j9UFXY="></latexit><latexit sha1_base64="oCxc8zFC6OokQ3VGKnm81j9UFXY="></latexit>

~E0z
<latexit sha1_base64="0CoOEBOhm/bF1Ew51aAJ265bqzk="></latexit><latexit sha1_base64="0CoOEBOhm/bF1Ew51aAJ265bqzk="></latexit><latexit sha1_base64="0CoOEBOhm/bF1Ew51aAJ265bqzk="></latexit><latexit sha1_base64="0CoOEBOhm/bF1Ew51aAJ265bqzk="></latexit>

~E = ~E0 cos (kz � !t)
<latexit sha1_base64="25gwd+bGKLYm8ocDv2RN/Ic0CVo="></latexit><latexit sha1_base64="25gwd+bGKLYm8ocDv2RN/Ic0CVo="></latexit><latexit sha1_base64="25gwd+bGKLYm8ocDv2RN/Ic0CVo="></latexit><latexit sha1_base64="25gwd+bGKLYm8ocDv2RN/Ic0CVo="></latexit>

~r . ~E = 0
<latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit><latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit><latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit><latexit sha1_base64="B0GCHhw+/iXjlxe7sSlMRJByJhk="></latexit>

~E0 = E0xx̂ + E0y ŷ + E0z ẑ
<latexit sha1_base64="g8ZrkluNcm9eriQGYN/rB75o24g="></latexit><latexit sha1_base64="g8ZrkluNcm9eriQGYN/rB75o24g="></latexit><latexit sha1_base64="g8ZrkluNcm9eriQGYN/rB75o24g="></latexit><latexit sha1_base64="g8ZrkluNcm9eriQGYN/rB75o24g="></latexit>

✓
x̂
@

@x
+ ŷ

@

@y
+ ẑ

@

@z

◆
. (E0xx̂ + E0y ŷ + E0z ẑ) cos (kz � !t) = 0

<latexit sha1_base64="OXGzK4/oufdRn+rGk+7N+FZcd80="></latexit><latexit sha1_base64="OXGzK4/oufdRn+rGk+7N+FZcd80="></latexit><latexit sha1_base64="OXGzK4/oufdRn+rGk+7N+FZcd80="></latexit><latexit sha1_base64="OXGzK4/oufdRn+rGk+7N+FZcd80="></latexit>



✓
x̂
@

@x
+ ŷ

@

@y
+ ẑ

@

@z

◆
. (E0xx̂ + E0y ŷ + E0z ẑ) cos (kz � !t) = 0

<latexit sha1_base64="OXGzK4/oufdRn+rGk+7N+FZcd80="></latexit><latexit sha1_base64="OXGzK4/oufdRn+rGk+7N+FZcd80="></latexit><latexit sha1_base64="OXGzK4/oufdRn+rGk+7N+FZcd80="></latexit><latexit sha1_base64="OXGzK4/oufdRn+rGk+7N+FZcd80="></latexit>

✓
E0x

@

@x
+ E0y

@

@y
+ E0z

@

@z

◆
cos (kz � !t) = 0

<latexit sha1_base64="5cR434R+RaSynmmoe/KbPJ7LbDg="></latexit><latexit sha1_base64="5cR434R+RaSynmmoe/KbPJ7LbDg="></latexit><latexit sha1_base64="5cR434R+RaSynmmoe/KbPJ7LbDg="></latexit><latexit sha1_base64="5cR434R+RaSynmmoe/KbPJ7LbDg="></latexit>

0 0

�E0z k sen (kz � !t) = 0
<latexit sha1_base64="cIjWgG4qSK5DQFSuSAxQVOwSuLA="></latexit><latexit sha1_base64="cIjWgG4qSK5DQFSuSAxQVOwSuLA="></latexit><latexit sha1_base64="cIjWgG4qSK5DQFSuSAxQVOwSuLA="></latexit><latexit sha1_base64="cIjWgG4qSK5DQFSuSAxQVOwSuLA="></latexit>

E0z = 0
<latexit sha1_base64="WYgU82+aBZXWMBwssx6AUDARWDc="></latexit><latexit sha1_base64="WYgU82+aBZXWMBwssx6AUDARWDc="></latexit><latexit sha1_base64="WYgU82+aBZXWMBwssx6AUDARWDc="></latexit><latexit sha1_base64="WYgU82+aBZXWMBwssx6AUDARWDc="></latexit>

x

y

z

~E0
<latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit>

~E0x
<latexit sha1_base64="avknsIH8hdov1Di9ZKj9sKqvgA0="></latexit><latexit sha1_base64="avknsIH8hdov1Di9ZKj9sKqvgA0="></latexit><latexit sha1_base64="avknsIH8hdov1Di9ZKj9sKqvgA0="></latexit><latexit sha1_base64="avknsIH8hdov1Di9ZKj9sKqvgA0="></latexit>

~E0y
<latexit sha1_base64="oCxc8zFC6OokQ3VGKnm81j9UFXY="></latexit><latexit sha1_base64="oCxc8zFC6OokQ3VGKnm81j9UFXY="></latexit><latexit sha1_base64="oCxc8zFC6OokQ3VGKnm81j9UFXY="></latexit><latexit sha1_base64="oCxc8zFC6OokQ3VGKnm81j9UFXY="></latexit>

~E0z
<latexit sha1_base64="0CoOEBOhm/bF1Ew51aAJ265bqzk="></latexit><latexit sha1_base64="0CoOEBOhm/bF1Ew51aAJ265bqzk="></latexit><latexit sha1_base64="0CoOEBOhm/bF1Ew51aAJ265bqzk="></latexit><latexit sha1_base64="0CoOEBOhm/bF1Ew51aAJ265bqzk="></latexit>

x

y

z

~E0
<latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit> ~E0x

<latexit sha1_base64="avknsIH8hdov1Di9ZKj9sKqvgA0="></latexit><latexit sha1_base64="avknsIH8hdov1Di9ZKj9sKqvgA0="></latexit><latexit sha1_base64="avknsIH8hdov1Di9ZKj9sKqvgA0="></latexit><latexit sha1_base64="avknsIH8hdov1Di9ZKj9sKqvgA0="></latexit>

~E0y
<latexit sha1_base64="oCxc8zFC6OokQ3VGKnm81j9UFXY="></latexit><latexit sha1_base64="oCxc8zFC6OokQ3VGKnm81j9UFXY="></latexit><latexit sha1_base64="oCxc8zFC6OokQ3VGKnm81j9UFXY="></latexit><latexit sha1_base64="oCxc8zFC6OokQ3VGKnm81j9UFXY="></latexit>

v



r2 ~B =
1

c2
@2

@t2
~B

<latexit sha1_base64="eE5qr2tY54PkAQxNiyQRuVUFRLc="></latexit><latexit sha1_base64="eE5qr2tY54PkAQxNiyQRuVUFRLc="></latexit><latexit sha1_base64="eE5qr2tY54PkAQxNiyQRuVUFRLc="></latexit><latexit sha1_base64="eE5qr2tY54PkAQxNiyQRuVUFRLc="></latexit>

Podemos repetir tudo isso para a equação do campo magnético

~B0 = B0xx̂ + B0y ŷ + B0z ẑ
<latexit sha1_base64="EA30SLjbwlD53Y8ed+DK0HgtXfU="></latexit><latexit sha1_base64="EA30SLjbwlD53Y8ed+DK0HgtXfU="></latexit><latexit sha1_base64="EA30SLjbwlD53Y8ed+DK0HgtXfU="></latexit><latexit sha1_base64="EA30SLjbwlD53Y8ed+DK0HgtXfU="></latexit>

~B = ~B0 cos (kz � !t)
<latexit sha1_base64="mnxaWjTbOZ0mf0EGVzKOL9qyM+A="></latexit><latexit sha1_base64="mnxaWjTbOZ0mf0EGVzKOL9qyM+A="></latexit><latexit sha1_base64="mnxaWjTbOZ0mf0EGVzKOL9qyM+A="></latexit><latexit sha1_base64="mnxaWjTbOZ0mf0EGVzKOL9qyM+A="></latexit>

~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>

�B0z k sen (kz � !t) = 0
<latexit sha1_base64="TFiE+vmZjioYwxAMRQ1wvsGJGkE="></latexit><latexit sha1_base64="TFiE+vmZjioYwxAMRQ1wvsGJGkE="></latexit><latexit sha1_base64="TFiE+vmZjioYwxAMRQ1wvsGJGkE="></latexit><latexit sha1_base64="TFiE+vmZjioYwxAMRQ1wvsGJGkE="></latexit>

B0z = 0
<latexit sha1_base64="MaaoaHedoQVqFasqeiQumFvWvMw="></latexit><latexit sha1_base64="MaaoaHedoQVqFasqeiQumFvWvMw="></latexit><latexit sha1_base64="MaaoaHedoQVqFasqeiQumFvWvMw="></latexit><latexit sha1_base64="MaaoaHedoQVqFasqeiQumFvWvMw="></latexit>

x

y

z

~B0z
<latexit sha1_base64="4n8Dzytf1IeFfIgL4f3zITBDTC0="></latexit><latexit sha1_base64="4n8Dzytf1IeFfIgL4f3zITBDTC0="></latexit><latexit sha1_base64="4n8Dzytf1IeFfIgL4f3zITBDTC0="></latexit><latexit sha1_base64="4n8Dzytf1IeFfIgL4f3zITBDTC0="></latexit>

~B0y
<latexit sha1_base64="k8Zj0jpYUvFG6u/z+aByZHh9Ek8="></latexit><latexit sha1_base64="k8Zj0jpYUvFG6u/z+aByZHh9Ek8="></latexit><latexit sha1_base64="k8Zj0jpYUvFG6u/z+aByZHh9Ek8="></latexit><latexit sha1_base64="k8Zj0jpYUvFG6u/z+aByZHh9Ek8="></latexit>

~B0x
<latexit sha1_base64="Bh6tBt++qODOLj1coIOXTd9IY84=">AAACz3icjVHLSsNAFD2Nr1pfVZdugkVwVRIRdFnqxmUL9gFtKcl0WkPzIplUS6i49Qfc6l+Jf6B/4Z0xBbWITkhy5tx7zsy91w5dJxaG8ZrTlpZXVtfy64WNza3tneLuXjMOkojxBgvcIGrbVsxdx+cN4QiXt8OIW57t8pY9vpDx1oRHsRP4V2Ia8p5njXxn6DBLENXtTjhLq7N+atzO+sWSUTbU0heBmYESslULii/oYoAADAk8cPgQhF1YiOnpwISBkLgeUuIiQo6Kc8xQIG1CWZwyLGLH9B3RrpOxPu2lZ6zUjE5x6Y1IqeOINAHlRYTlabqKJ8pZsr95p8pT3m1Kfzvz8ogVuCb2L9088786WYvAEOeqBodqChUjq2OZS6K6Im+uf6lKkENInMQDikeEmVLO+6wrTa xql721VPxNZUpW7lmWm+Bd3pIGbP4c5yJonpRNo2zWT0uVajbqPA5wiGOa5xkquEQNDfIO8YgnPGt17Ua70+4/U7VcptnHt6U9fAB98pRG</latexit><latexit sha1_base64="Bh6tBt++qODOLj1coIOXTd9IY84=">AAACz3icjVHLSsNAFD2Nr1pfVZdugkVwVRIRdFnqxmUL9gFtKcl0WkPzIplUS6i49Qfc6l+Jf6B/4Z0xBbWITkhy5tx7zsy91w5dJxaG8ZrTlpZXVtfy64WNza3tneLuXjMOkojxBgvcIGrbVsxdx+cN4QiXt8OIW57t8pY9vpDx1oRHsRP4V2Ia8p5njXxn6DBLENXtTjhLq7N+atzO+sWSUTbU0heBmYESslULii/oYoAADAk8cPgQhF1YiOnpwISBkLgeUuIiQo6Kc8xQIG1CWZwyLGLH9B3RrpOxPu2lZ6zUjE5x6Y1IqeOINAHlRYTlabqKJ8pZsr95p8pT3m1Kfzvz8ogVuCb2L9088786WYvAEOeqBodqChUjq2OZS6K6Im+uf6lKkENInMQDikeEmVLO+6wrTa xql721VPxNZUpW7lmWm+Bd3pIGbP4c5yJonpRNo2zWT0uVajbqPA5wiGOa5xkquEQNDfIO8YgnPGt17Ua70+4/U7VcptnHt6U9fAB98pRG</latexit><latexit sha1_base64="Bh6tBt++qODOLj1coIOXTd9IY84=">AAACz3icjVHLSsNAFD2Nr1pfVZdugkVwVRIRdFnqxmUL9gFtKcl0WkPzIplUS6i49Qfc6l+Jf6B/4Z0xBbWITkhy5tx7zsy91w5dJxaG8ZrTlpZXVtfy64WNza3tneLuXjMOkojxBgvcIGrbVsxdx+cN4QiXt8OIW57t8pY9vpDx1oRHsRP4V2Ia8p5njXxn6DBLENXtTjhLq7N+atzO+sWSUTbU0heBmYESslULii/oYoAADAk8cPgQhF1YiOnpwISBkLgeUuIiQo6Kc8xQIG1CWZwyLGLH9B3RrpOxPu2lZ6zUjE5x6Y1IqeOINAHlRYTlabqKJ8pZsr95p8pT3m1Kfzvz8ogVuCb2L9088786WYvAEOeqBodqChUjq2OZS6K6Im+uf6lKkENInMQDikeEmVLO+6wrTa xql721VPxNZUpW7lmWm+Bd3pIGbP4c5yJonpRNo2zWT0uVajbqPA5wiGOa5xkquEQNDfIO8YgnPGt17Ua70+4/U7VcptnHt6U9fAB98pRG</latexit><latexit sha1_base64="Bh6tBt++qODOLj1coIOXTd9IY84=">AAACz3icjVHLSsNAFD2Nr1pfVZdugkVwVRIRdFnqxmUL9gFtKcl0WkPzIplUS6i49Qfc6l+Jf6B/4Z0xBbWITkhy5tx7zsy91w5dJxaG8ZrTlpZXVtfy64WNza3tneLuXjMOkojxBgvcIGrbVsxdx+cN4QiXt8OIW57t8pY9vpDx1oRHsRP4V2Ia8p5njXxn6DBLENXtTjhLq7N+atzO+sWSUTbU0heBmYESslULii/oYoAADAk8cPgQhF1YiOnpwISBkLgeUuIiQo6Kc8xQIG1CWZwyLGLH9B3RrpOxPu2lZ6zUjE5x6Y1IqeOINAHlRYTlabqKJ8pZsr95p8pT3m1Kfzvz8ogVuCb2L9088786WYvAEOeqBodqChUjq2OZS6K6Im+uf6lKkENInMQDikeEmVLO+6wrTa xql721VPxNZUpW7lmWm+Bd3pIGbP4c5yJonpRNo2zWT0uVajbqPA5wiGOa5xkquEQNDfIO8YgnPGt17Ua70+4/U7VcptnHt6U9fAB98pRG</latexit>

~B0
<latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit>

x

y

z

v
~B0

<latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit> ~B0x
<latexit sha1_base64="Bh6tBt++qODOLj1coIOXTd9IY84="></latexit><latexit sha1_base64="Bh6tBt++qODOLj1coIOXTd9IY84="></latexit><latexit sha1_base64="Bh6tBt++qODOLj1coIOXTd9IY84="></latexit><latexit sha1_base64="Bh6tBt++qODOLj1coIOXTd9IY84="></latexit>

~B0y
<latexit sha1_base64="k8Zj0jpYUvFG6u/z+aByZHh9Ek8="></latexit><latexit sha1_base64="k8Zj0jpYUvFG6u/z+aByZHh9Ek8="></latexit><latexit sha1_base64="k8Zj0jpYUvFG6u/z+aByZHh9Ek8="></latexit><latexit sha1_base64="k8Zj0jpYUvFG6u/z+aByZHh9Ek8="></latexit>



Ondas em são transversais  à direção de propagação !

x

y

z

v

~B0
<latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit>

~E0
<latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit>



=

����������

x̂ ŷ ẑ

@
@x

@
@y

@
@z

E0x cos (kz � !t) E0y cos (kz � !t) E0z cos (kz � !t)

����������
<latexit sha1_base64="BfCO7l1K40afOjtSCuRvUVlCny4="></latexit><latexit sha1_base64="BfCO7l1K40afOjtSCuRvUVlCny4="></latexit><latexit sha1_base64="BfCO7l1K40afOjtSCuRvUVlCny4="></latexit><latexit sha1_base64="BfCO7l1K40afOjtSCuRvUVlCny4="></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>

~E = ~E0 cos (kz � !t)
<latexit sha1_base64="25gwd+bGKLYm8ocDv2RN/Ic0CVo="></latexit><latexit sha1_base64="25gwd+bGKLYm8ocDv2RN/Ic0CVo="></latexit><latexit sha1_base64="25gwd+bGKLYm8ocDv2RN/Ic0CVo="></latexit><latexit sha1_base64="25gwd+bGKLYm8ocDv2RN/Ic0CVo="></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>

= ŷ
@

@z
E0x cos (kz � !t) � x̂

@

@z
E0y cos (kz � !t)

<latexit sha1_base64="eROLbbZyOQymg2cbvRrm+rXmwbY="></latexit><latexit sha1_base64="eROLbbZyOQymg2cbvRrm+rXmwbY="></latexit><latexit sha1_base64="eROLbbZyOQymg2cbvRrm+rXmwbY="></latexit><latexit sha1_base64="eROLbbZyOQymg2cbvRrm+rXmwbY="></latexit>

= �k sen (kz � !t) (ŷ E0x � x̂ E0y)
<latexit sha1_base64="QzjWvtwPJWEk9C9BEQu2pUz/An0="></latexit><latexit sha1_base64="QzjWvtwPJWEk9C9BEQu2pUz/An0="></latexit><latexit sha1_base64="QzjWvtwPJWEk9C9BEQu2pUz/An0="></latexit><latexit sha1_base64="QzjWvtwPJWEk9C9BEQu2pUz/An0="></latexit>

~B = ~B0 cos (kz � !t)
<latexit sha1_base64="mnxaWjTbOZ0mf0EGVzKOL9qyM+A="></latexit><latexit sha1_base64="mnxaWjTbOZ0mf0EGVzKOL9qyM+A="></latexit><latexit sha1_base64="mnxaWjTbOZ0mf0EGVzKOL9qyM+A="></latexit><latexit sha1_base64="mnxaWjTbOZ0mf0EGVzKOL9qyM+A="></latexit>

�@ ~B

@t
= � ~B0 ! sen (kz � !t)

<latexit sha1_base64="zjqUPvjvATnuLAC3/ZOrrVObqw0="></latexit><latexit sha1_base64="zjqUPvjvATnuLAC3/ZOrrVObqw0="></latexit><latexit sha1_base64="zjqUPvjvATnuLAC3/ZOrrVObqw0="></latexit><latexit sha1_base64="zjqUPvjvATnuLAC3/ZOrrVObqw0="></latexit>

(ŷ E0x � x̂ E0y) k = ~B0 !
<latexit sha1_base64="wTNj0a/EcA1BEY3ysTpBD58NGj4="></latexit><latexit sha1_base64="wTNj0a/EcA1BEY3ysTpBD58NGj4="></latexit><latexit sha1_base64="wTNj0a/EcA1BEY3ysTpBD58NGj4="></latexit><latexit sha1_base64="wTNj0a/EcA1BEY3ysTpBD58NGj4="></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>



ẑ ⇥ ~E0 =

����������

x̂ ŷ ẑ

0 0 1

E0x E0y E0z

����������
<latexit sha1_base64="bzYVqFwB+eTs4gvfv1+460U6DRU="></latexit><latexit sha1_base64="bzYVqFwB+eTs4gvfv1+460U6DRU="></latexit><latexit sha1_base64="bzYVqFwB+eTs4gvfv1+460U6DRU="></latexit><latexit sha1_base64="bzYVqFwB+eTs4gvfv1+460U6DRU="></latexit>

= (ŷ E0x � x̂ E0y)
<latexit sha1_base64="FGJL3hZTzNsXHoDd1nLa+O2EZaE="></latexit><latexit sha1_base64="FGJL3hZTzNsXHoDd1nLa+O2EZaE="></latexit><latexit sha1_base64="FGJL3hZTzNsXHoDd1nLa+O2EZaE="></latexit><latexit sha1_base64="FGJL3hZTzNsXHoDd1nLa+O2EZaE="></latexit>

ẑ ⇥ ~E0 = ~B0
!

k
<latexit sha1_base64="qQR5LqSrAdrHmSunWWcyLuCOuUk="></latexit><latexit sha1_base64="qQR5LqSrAdrHmSunWWcyLuCOuUk="></latexit><latexit sha1_base64="qQR5LqSrAdrHmSunWWcyLuCOuUk="></latexit><latexit sha1_base64="qQR5LqSrAdrHmSunWWcyLuCOuUk="></latexit>

E0 e   B0 são perpendiculares entre si !

E0 e   B0 são perpendiculares à direção z !

x

y

z

v

~B0
<latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit>

~E0
<latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit>

x

y

z

v

~B0
<latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit><latexit sha1_base64="6esR/RjqxGi/HVzF9lvldRvsA8c="></latexit>

~E0
<latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit><latexit sha1_base64="KsRr6pYP7YV9k1TxIvp5HgS2gfA="></latexit>

(ŷ E0x � x̂ E0y) k = ~B0 !
<latexit sha1_base64="wTNj0a/EcA1BEY3ysTpBD58NGj4="></latexit><latexit sha1_base64="wTNj0a/EcA1BEY3ysTpBD58NGj4="></latexit><latexit sha1_base64="wTNj0a/EcA1BEY3ysTpBD58NGj4="></latexit><latexit sha1_base64="wTNj0a/EcA1BEY3ysTpBD58NGj4="></latexit>

mas





Sobre  a  2ª Prova



Solenóide

I

C

~B . d~l = µ0 Iin
<latexit sha1_base64="HjBbiqaA3BI/37qcUUGHCovJSF8="></latexit><latexit sha1_base64="HjBbiqaA3BI/37qcUUGHCovJSF8="></latexit><latexit sha1_base64="HjBbiqaA3BI/37qcUUGHCovJSF8="></latexit><latexit sha1_base64="HjBbiqaA3BI/37qcUUGHCovJSF8="></latexit>

i

B

i

i

i

i

i

n espiras 
por unidade 
de comprimento

I

C

~B . d~l =

Z

1

~B . d~l +

Z

2

~B . d~l +

Z

3

~B . d~l +

Z

4

~B . d~l
<latexit sha1_base64="8zbrNWdSVqyEDQiwmTNlItcHssw="></latexit>

000

⌦
<latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit>

⌦
<latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit>

⌦
<latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit>

⌦
<latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit>

⌦
<latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit>

⌦
<latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit><latexit sha1_base64="gLWyfPyePhZNxJElrU3/iq14TXI="></latexit>

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

~B = 0
<latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit><latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit><latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit><latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit>

B

~B = 0
<latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit><latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit><latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit><latexit sha1_base64="N2qVOM5rXmEranBOnSlnCsUeiO8="></latexit>

2

1h

4

3

d~l
<latexit sha1_base64="FTPZvNIUbQsRfqCEK4EEDNRbl3w="></latexit>

d~l
<latexit sha1_base64="FTPZvNIUbQsRfqCEK4EEDNRbl3w="></latexit>

Iin = nh i
<latexit sha1_base64="No/NAEzcrs3sAc7xJFeOQoRx6C8="></latexit>

I

C

~B . d~l = B h
<latexit sha1_base64="bGzZkRpuyz28sGMatvr11dnDhqU=">AAAC7nicjVHLSsNAFD2N7/qqunQzWAQFKakKuhFK3bisYGuhlZJMRzs0TUIyEUrpN7hzJ279Abf6GeIf6F94Z0xBLaITMjn33HtO5s51Q0/GyrZfM9bE5NT0zOx cdn5hcWk5t7Jai4Mk4qLKAy+I6q4TC0/6oqqk8kQ9jITTcz1x7naPdf78WkSxDPwz1Q/FRc+58uWl5I4iqpXbbgbSV61j1rwWfFAesuYOK+itbQhvyI5YWcedVi5vF2yz2DgopiCPdFWC3AuaaCMAR4IeBHwowh4cxPQ0UI SNkLgLDIiLCEmTFxgiS9qEqgRVOMR2ab+iqJGyPsXaMzZqTn/x6I1IybBJmoDqIsL6b8zkE+Os2d+8B8ZTn61PXzf16hGr0CH2L92o8r863YvCJQ5ND5J6Cg2ju+OpS2JuRZ+cfelKkUNInMZtykeEuVGO7pkZTWx613frmPybqdSsjnlam+Bdn5IGXPw5znFQ2y0U9wq7p/v5Ujkd9SzWsYEtmucBSjhBBVXyvsEjnvBshdatdWfdf5ZamVSzhm/LevgAH6GdhQ==</latexit> B h = µ0 nh i

<latexit sha1_base64="126rcKzRI9LwdnmJE2lGriYqdnc="></latexit>

B = µ0 n i
<latexit sha1_base64="Zrud73qZdb53Jut6JIiQpt2BrL0="></latexit>



Solenóide

Energia acumulada no solenóide de comprimento h :

W =
1

2µ0

Z
B2 d3r

<latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit>

W =
1

2µ0
B2

Z
d3r

<latexit sha1_base64="64idyg+a0eFC+TuqV2kZiXTB/ro="></latexit>

W =
1

2µ0
(µ0 n i)2 ⇡ a2 h

<latexit sha1_base64="uMr4hQP7VSkPXN0jiuym8ReNLsU="></latexit>

h

a

B

W =
1

2
⇡ µ0 n

2 a2 h i2
<latexit sha1_base64="EOitxph3qzEGJ51cBQNEHbYvqRk="></latexit>

W =
1

2
LI2

<latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit>

L = ⇡ µ0 n
2 a2 h

<latexit sha1_base64="vXPXXz6vr/n87dnjGvRoaWEJMQY="></latexit>



I

C

~E . d~l = � d

dt

Z

S

~B . ~da
<latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4="></latexit><latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4="></latexit><latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4="></latexit><latexit sha1_base64="ziHRJ5mAkha4Wd5z69pe32tIDv4="></latexit>

2⇡ r E = � d

dt

�
B ⇡ r2

�
<latexit sha1_base64="X8LaW3n0HkXKsyxwOSa7LJhQmdU="></latexit><latexit sha1_base64="X8LaW3n0HkXKsyxwOSa7LJhQmdU="></latexit><latexit sha1_base64="X8LaW3n0HkXKsyxwOSa7LJhQmdU="></latexit><latexit sha1_base64="X8LaW3n0HkXKsyxwOSa7LJhQmdU="></latexit>

E = �dB

dt

r

2
<latexit sha1_base64="C4k5ZK4AyQBOO/MI8toMGQBsfjc="></latexit><latexit sha1_base64="C4k5ZK4AyQBOO/MI8toMGQBsfjc="></latexit><latexit sha1_base64="C4k5ZK4AyQBOO/MI8toMGQBsfjc="></latexit><latexit sha1_base64="C4k5ZK4AyQBOO/MI8toMGQBsfjc="></latexit>

B = µ0 n i
<latexit sha1_base64="Zrud73qZdb53Jut6JIiQpt2BrL0="></latexit>

di

dt
= b

<latexit sha1_base64="/Sz9hZPL7UP6ieDZ7Du8kA40iVs="></latexit>

dB

dt
= µ0 n

di

dt
<latexit sha1_base64="LKJwxWYuLDdWfGMIAzc6iq8FpVc="></latexit>

E = �µ0 n b
r

2
<latexit sha1_base64="lpvMGPcaXY9dYjc+AnzdiWqtSGU="></latexit>

~E = �µ0 n b
r

2
�̂

<latexit sha1_base64="CXyvzoBCxeWpK0zeRnUF5ZrF6Hw="></latexit>

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

d~a
<latexit sha1_base64="xTkqW/nrXoKay0NZ//fYeoiirKE="></latexit>

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

~B
<latexit sha1_base64="qjv/i2DZvBbOgUfBSGgkIn9yraE="></latexit><latexit sha1_base64="qjv/i2DZvBbOgUfBSGgkIn9yraE="></latexit><latexit sha1_base64="qjv/i2DZvBbOgUfBSGgkIn9yraE="></latexit><latexit sha1_base64="qjv/i2DZvBbOgUfBSGgkIn9yraE="></latexit>

~E
<latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit>

~E
<latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit><latexit sha1_base64="lJwz5XOv6Rhp41qTHiE4uX5yvKw="></latexit>

r �̂
<latexit sha1_base64="ayvS6TSxQI+guHm9YAOEQmFMxFk="></latexit>



z

r

0

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>

�
<latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit><latexit sha1_base64="6/Jhf3ZCw+DCjmqjJxRoBbzF5fw="></latexit>~B

<latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit><latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit><latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit><latexit sha1_base64="tAaUN5nBErPt2sU7eywG+AHpqMo="></latexit>

� =

Z
B da

<latexit sha1_base64="L+7wRf4p1EhomhlesgVFA2smRvg="></latexit><latexit sha1_base64="L+7wRf4p1EhomhlesgVFA2smRvg="></latexit><latexit sha1_base64="L+7wRf4p1EhomhlesgVFA2smRvg="></latexit><latexit sha1_base64="L+7wRf4p1EhomhlesgVFA2smRvg="></latexit> B =
µ0 I

2⇡ r
<latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit><latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit><latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit><latexit sha1_base64="rG2w0Etp9XIHFIYmH07Qbnp2LnU="></latexit>

da = dr dz
<latexit sha1_base64="16fQE6+1tWHVVH90R3gSqYGJnms="></latexit><latexit sha1_base64="16fQE6+1tWHVVH90R3gSqYGJnms="></latexit><latexit sha1_base64="16fQE6+1tWHVVH90R3gSqYGJnms="></latexit><latexit sha1_base64="16fQE6+1tWHVVH90R3gSqYGJnms="></latexit>

� =

Z a

0
dz

Z 2a

a
dr

µ0 I

2⇡ r
<latexit sha1_base64="A39NYxcwhQ1wDSIELo1YeV4Ojdo="></latexit>

� =
µ0 I a

2⇡
ln 2

<latexit sha1_base64="ZQdFdY3IZWjo9P3Gh6sydRiP6f0="></latexit>

a

✏ =
d�

dt
<latexit sha1_base64="JDYRmD9qYFzWRheS5M1c3zbBFoo="></latexit>

d�

dt
=

µ0 a

2⇡
ln 2

dI

dt
<latexit sha1_base64="JPTy+bTt8Q3Mv7L9bmYrca4jZJM="></latexit>

✏ =
µ0 a b

2⇡
ln 2

<latexit sha1_base64="uHpAO/9CeosU3FCFL/3TK46Hab4="></latexit>

i =
✏

R
<latexit sha1_base64="YYRUBcclXKK8LboDYwOyP6DFXwU="></latexit>

=
µ0 a b

2⇡R
ln 2

<latexit sha1_base64="W9MZfXIwdLBxr/VTux42ilcKzGI="></latexit>

F1 = i a
µ0 I

2⇡ a
<latexit sha1_base64="yygRQe3u8/pfyn3VOiXFo61zh/E="></latexit>

F3 = i a
µ0 I

2⇡ 2 a
<latexit sha1_base64="QOQmkx5lk5faHiejC57TTHEk+Fg="></latexit>

F3

F1

Espira vai para cima !

F = i B L
<latexit sha1_base64="kuXlnhA/kFjoPnwhLCG5v9SSKzc="></latexit>



R
I

I

B

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

r̂
<latexit sha1_base64="3iiyHp7eq5xHBhY1nbNSsQs9lpk="></latexit> d~l

<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

d~l ⇥ r̂
<latexit sha1_base64="ksOHnZRA/LGUqjNnzj1TP9kiVEg="></latexit>

~B =
µ0 I

4⇡

Z
d~l ⇥ r̂

r2
<latexit sha1_base64="Ud7VFtYppI5W0IXsTBnaYxkbJkI="></latexit>

|d~l ⇥ r̂| = dl
<latexit sha1_base64="pPXgin511dwjT/TTVtpiK7HEAf4="></latexit>

dl = Rd✓
<latexit sha1_base64="7VTlr2mnUpVj4t960gKOOh4C62M="></latexit>

r2 = R2
<latexit sha1_base64="tOJxQUjJ8uPFiuRMvTsx9Y1cuf8="></latexit>

O campo está na direção z

R

�
<latexit sha1_base64="fow4btJaATaaAgbBMTX1UGnag58="></latexit>

d~l ⇥ r̂
<latexit sha1_base64="ksOHnZRA/LGUqjNnzj1TP9kiVEg="></latexit>

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>r̂

<latexit sha1_base64="3iiyHp7eq5xHBhY1nbNSsQs9lpk="></latexit>

I

B

✓
<latexit sha1_base64="ifHdRE6HYtqT9jU5rnAz+n8E1JA="></latexit>

B =
µ0 I

4⇡

Z ⇡

0

Rd✓

R2
<latexit sha1_base64="7t/GHFKQ76SxBAZGnirQeUcv/4U="></latexit>

B =
µ0 I

4R
<latexit sha1_base64="lWjvhpLoUinxNwDrwATWi4J0Zyk="></latexit>

~B =
µ0 I

4R
ẑ

<latexit sha1_base64="25pdC5pgIOWVxKUoOoxB2Cv+Pt4="></latexit>


