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𝛻 ∙ 𝐸 =
𝜌

𝜖0
 𝛻 ∙ 𝐵 = 0 

𝛻 × 𝐻 = 𝐽 + 𝜖
𝜕𝐸

𝜕𝑡
 𝛻 × 𝐸 = −

𝜕𝐵

𝜕𝑡
 𝐽 = 𝜍𝐸 

𝐸. 𝛻 × 𝐻 = 𝐸. 𝜍𝐸 + 𝜖𝐸.
𝜕𝐸

𝜕𝑡
 𝐸. 𝛻 × 𝐻 = 𝛻. 𝐻 × 𝐸 + 𝐻. 𝛻 × 𝐸 

𝐸. 𝛻 × 𝐻 = 𝛻. 𝐻 × 𝐸 + 𝐻. −𝜇
𝜕𝐻

𝜕𝑡
 

𝛻. 𝐻 × 𝐸 − 𝜇𝐻.
𝜕𝐻

𝜕𝑡
= 𝐸. 𝜍𝐸 + 𝜖𝐸.

𝜕𝐸

𝜕𝑡
 

𝛻. 𝐻 × 𝐸 = 𝜍𝐸2 +
1

2
𝜖
𝜕𝐸2

𝜕𝑡
+
1

2
𝜇
𝜕𝐻2

𝜕𝑡
 



𝛻. 𝐻 × 𝐸 = 𝜍𝐸2 +
1

2
𝜖
𝜕𝐸2

𝜕𝑡
+
1

2
𝜇
𝜕𝐻2

𝜕𝑡
 

 𝛻. 𝐸 × 𝐻 𝑑𝑣 = − 𝜍𝐸2 𝑑𝑣 −  
1

2
𝜖
𝜕𝐸2

𝜕𝑡
𝑑𝑣 −  

1

2
𝜇
𝜕𝐻2

𝜕𝑡
𝑑𝑣 

 𝐸 × 𝐻 . 𝑑𝑆 = − 𝜍𝐸2 𝑑𝑣 −
𝜕

𝜕𝑡
 
1

2
𝜖𝐸2 +

1

2
𝜇𝐻2 𝑑𝑣 

𝑆 = 𝐸 × 𝐻        →       𝑉𝑒𝑡𝑜𝑟 𝑑𝑒 𝑃𝑜𝑖𝑛𝑡𝑖𝑛𝑔 
                                       𝑃𝑜𝑡ê𝑛𝑐𝑖𝑎 𝑝𝑜𝑟 𝑢𝑛𝑖𝑑𝑎𝑑𝑒 𝑑𝑒 á𝑟𝑒𝑎 
                                       𝐼𝑟𝑟𝑎𝑑𝑖â𝑛𝑐𝑖𝑎 



𝐿𝑖𝑛𝑎𝑠 𝑑𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠ã𝑜 



𝐿𝑖𝑛𝑎𝑠 𝑑𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠ã𝑜 

𝛿 =
2

𝜇𝜔𝜍
 

𝑐𝑜𝑠−1
𝑑

2𝑎
~𝑙𝑛

𝑑

𝑎
   𝑠𝑒  

𝑑

2𝑎

2

≫ 1 

𝐿𝐶 = 𝜇𝜖 

𝐺

𝐶
=
𝜍

𝜖
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𝐿𝑖𝑛𝑎𝑠 𝑑𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠ã𝑜 

𝑉 𝑧, 𝑡 = ∆𝑧𝑅𝐼 𝑧, 𝑡 + ∆𝑧𝐿
𝜕𝐼 𝑧, 𝑡

𝜕𝑡
+ 𝑉 𝑧 + ∆𝑧, 𝑡  

−
𝑉 𝑧 + ∆𝑧, 𝑡 − 𝑉 𝑧, 𝑡

∆𝑧
= 𝑅𝐼 𝑧, 𝑡 + 𝐿

𝜕𝐼 𝑧, 𝑡

𝜕𝑡
 

−
𝜕𝑉 𝑧, 𝑡

𝜕𝑧
= 𝑅𝐼 𝑧, 𝑡 + 𝐿

𝜕𝐼 𝑧, 𝑡

𝜕𝑡
 ∆𝑧 → 0 



𝐿𝑖𝑛𝑎𝑠 𝑑𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠ã𝑜 

−
𝐼 𝑧 + ∆𝑧, 𝑡 − 𝐼 𝑧, 𝑡

∆𝑧
= 𝐺𝑉 𝑧 + ∆𝑧, 𝑡 + 𝐶

𝜕𝑉 𝑧 + ∆𝑧, 𝑡

𝜕𝑡
 

−
𝜕𝐼 𝑧, 𝑡

𝜕𝑧
= 𝐺𝑉 𝑧, 𝑡 + 𝐶

𝜕𝑉 𝑧, 𝑡

𝜕𝑡
 ∆𝑧 → 0 

𝐼 𝑧, 𝑡 = 𝐼 𝑧 + ∆𝑧, 𝑡 + ∆𝐼 

𝐼 𝑧, 𝑡 = 𝐼 𝑧 + ∆𝑧, 𝑡 + ∆𝑧𝐺𝑉 𝑧 + ∆𝑧, 𝑡 + ∆𝑧𝐶
𝜕𝑉 𝑧 + ∆𝑧, 𝑡

𝜕𝑡
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−
𝜕𝐼 𝑧, 𝑡

𝜕𝑧
= 𝐺𝑉 𝑧, 𝑡 + 𝐶

𝜕𝑉 𝑧, 𝑡

𝜕𝑡
 

−
𝜕𝑉 𝑧, 𝑡

𝜕𝑧
= 𝑅𝐼 𝑧, 𝑡 + 𝐿

𝜕𝐼 𝑧, 𝑡

𝜕𝑡
 

𝑉 𝑧, 𝑡 = 𝑅𝑒 𝑉𝑆(𝑧)𝑒
𝑗𝜔𝑡  

𝐼 𝑧, 𝑡 = 𝑅𝑒 𝐼𝑆(𝑧)𝑒
𝑗𝜔𝑡  

−
𝑑𝑉𝑆(𝑧)

𝑑𝑧
= 𝑅 + 𝑗𝜔𝐿 𝐼𝑆(𝑧) 

−
𝑑𝐼𝑆(𝑧)

𝑑𝑧
= 𝐺 + 𝑗𝜔𝐶 𝑉𝑆(𝑧) 
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−
𝑑𝑉𝑆(𝑧)

𝑑𝑧
= 𝑅 + 𝑗𝜔𝐿 𝐼𝑆(𝑧) 

−
𝑑𝐼𝑆(𝑧)

𝑑𝑧
= 𝐺 + 𝑗𝜔𝐶 𝑉𝑆(𝑧) 

𝑑2𝑉𝑆(𝑧)

𝑑𝑧2
= 𝑅 + 𝑗𝜔𝐿 𝐺 + 𝑗𝜔𝐶 𝑉𝑆(𝑧) 

𝑑2𝐼𝑆(𝑧)

𝑑𝑧2
= 𝑅 + 𝑗𝜔𝐿 𝐺 + 𝑗𝜔𝐶 𝐼𝑆(𝑧) 

𝑑2𝑉𝑆(𝑧)

𝑑𝑧2
− 𝛾2𝑉𝑆(𝑧) 

𝑑2𝐼𝑆(𝑧)

𝑑𝑧2
− 𝛾2𝐼𝑆(𝑧) 

𝛾 = 𝛼 + 𝑗𝛽 = 𝑅 + 𝑗𝜔𝐿 𝐺 + 𝑗𝜔𝐶  

𝑉𝑆 𝑧 = 𝑉0
+𝑒−𝛾𝑧 + 𝑉0

−𝑒𝛾𝑧 𝐼𝑆 𝑧 = 𝐼0
+𝑒−𝛾𝑧 + 𝐼0

−𝑒𝛾𝑧 
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𝛾 = 𝛼 + 𝑗𝛽 = 𝑅 + 𝑗𝜔𝐿 𝐺 + 𝑗𝜔𝐶  
𝑉𝑆 𝑧 = 𝑉0

+𝑒−𝛾𝑧 + 𝑉0
−𝑒𝛾𝑧 

𝐼𝑆 𝑧 = 𝐼0
+𝑒−𝛾𝑧 + 𝐼0

−𝑒𝛾𝑧 

𝑉 𝑧, 𝑡 = 𝑉0
+𝑒−𝛼𝑧cos (𝜔𝑡 − 𝛽𝑧) + 𝑉0

−𝑒𝛼𝑧cos (𝜔𝑡 + 𝛽𝑧) 

𝐼 𝑧, 𝑡 = 𝐼0
+𝑒−𝛼𝑧cos (𝜔𝑡 − 𝛽𝑧) + 𝐼0

−𝑒𝛼𝑧cos (𝜔𝑡 + 𝛽𝑧) 

𝑉 𝑧, 𝑡 = 𝑅𝑒 𝑉𝑆(𝑧)𝑒
𝑗𝜔𝑡  𝐼 𝑧, 𝑡 = 𝑅𝑒 𝐼𝑆(𝑧)𝑒

𝑗𝜔𝑡  

λ =
2𝜋

𝛽
 𝑣 =

𝜔

𝛽
= 𝑓λ 𝑧 =

1

𝛼
 →   𝐷𝑒𝑐𝑎𝑖𝑚𝑒𝑛𝑡𝑜 𝑒𝑚  

1

𝑒
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−
𝑑𝑉𝑆(𝑧)

𝑑𝑧
= 𝑅 + 𝑗𝜔𝐿 𝐼𝑆(𝑧) −

𝑑𝐼𝑆(𝑧)

𝑑𝑧
= 𝐺 + 𝑗𝜔𝐶 𝑉𝑆(𝑧) 

𝑉𝑆 𝑧 = 𝑉0
+𝑒−𝛾𝑧 + 𝑉0

−𝑒𝛾𝑧 𝐼𝑆 𝑧 = 𝐼0
+𝑒−𝛾𝑧 + 𝐼0

−𝑒𝛾𝑧 

𝛾𝑉0
+𝑒−𝛾𝑧 + 𝛾𝑉0

−𝑒𝛾𝑧 = 𝑅 + 𝑗𝜔𝐿 (𝐼0
+𝑒−𝛾𝑧 + 𝐼0

−𝑒𝛾𝑧) 

𝛾𝐼0
+𝑒−𝛾𝑧 + 𝛾𝐼0

−𝑒𝛾𝑧 = 𝐺 + 𝑗𝜔𝐶 (𝑉0
+𝑒−𝛾𝑧 + 𝑉0

−𝑒𝛾𝑧) 

𝑍0 =
𝑉0
+

𝐼0
+ =

𝑅 + 𝑗𝜔𝐿

𝛾
=

𝛾

𝐺 + 𝑗𝜔𝐶
=

𝑅 + 𝑗𝜔𝐿

𝐺 + 𝑗𝜔𝐶
   → 𝐼𝑚𝑝𝑒𝑑â𝑛𝑐𝑖𝑎 𝐶𝑎𝑟𝑎𝑐𝑡𝑒𝑟í𝑠𝑡𝑖𝑐𝑎 

𝛾 = 𝛼 + 𝑗𝛽 = 𝑅 + 𝑗𝜔𝐿 𝐺 + 𝑗𝜔𝐶  



𝐿𝑖𝑛𝑎𝑠 𝑑𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠ã𝑜 

𝑍0 =
𝑅 + 𝑗𝜔𝐿

𝐺 + 𝑗𝜔𝐶
 

𝑉 𝑧, 𝑡 = 𝑉0
+𝑒−𝛼𝑧cos (𝜔𝑡 − 𝛽𝑧) + 𝑉0

−𝑒𝛼𝑧cos (𝜔𝑡 + 𝛽𝑧) 

𝐼 𝑧, 𝑡 = 𝐼0
+𝑒−𝛼𝑧cos (𝜔𝑡 − 𝛽𝑧) + 𝐼0

−𝑒𝛼𝑧cos (𝜔𝑡 + 𝛽𝑧) 

𝛾 = 𝛼 + 𝑗𝛽 = 𝑅 + 𝑗𝜔𝐿 𝐺 + 𝑗𝜔𝐶  

4𝛽4 + 𝑅𝐺 − 𝜔2𝐿𝐶 𝛽2 − 𝜔 𝐺𝐿 + 𝑅𝐶 = 0 

4𝛼4 − 𝑅𝐺 − 𝜔2𝐿𝐶 𝛼2 + 𝜔 𝐺𝐿 + 𝑅𝐶 = 0 

λ =
2𝜋

𝛽
 𝑣(𝜔) =

𝜔

𝛽(𝜔)
 𝑧(𝜔) =

1

𝛼(𝜔)
 →   𝐷𝑒𝑐𝑎𝑖𝑚𝑒𝑛𝑡𝑜 𝑒𝑚  

1

𝑒
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𝑍0 =
𝑅 + 𝑗𝜔𝐿

𝐺 + 𝑗𝜔𝐶
=

𝐿

𝐶
 

𝛾 = 𝛼 + 𝑗𝛽 = 𝑅 + 𝑗𝜔𝐿 𝐺 + 𝑗𝜔𝐶 = −𝜔2𝐿𝐶 = 𝑗𝜔 𝐿𝐶 

𝑅 = 𝐺 = 0 

𝛼 = 0 𝛽 = 𝜔 𝐿𝐶 𝑣 =
1

𝐿𝐶
 

𝑀𝑒𝑖𝑜 𝑠𝑒𝑚 𝑝𝑒𝑟𝑑𝑎 
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𝑅𝐶 = 𝐺𝐿 

𝛼 = 𝑅𝐺 

𝛾 = 𝛼 + 𝑗𝛽 =
1

𝐿𝐶
𝑅𝐶 + 𝑗𝜔𝐿𝐶 𝐺𝐿 + 𝑗𝜔𝐿𝐶  =

1

𝐿𝐶
𝑅𝐶 + 𝑗𝜔𝐿𝐶 = 𝑅𝐺 + 𝑗𝜔 𝐿𝐶 

𝛽 = 𝜔 𝐿𝐶 

𝑍0 =
𝑅 + 𝑗𝜔𝐿

𝐺 + 𝑗𝜔𝐶
=

𝑅

𝐺
= 𝑅 + 𝑗𝑋 𝑋 = 0 

𝑀𝑒𝑖𝑜 𝑠𝑒𝑚 𝑑𝑖𝑠𝑝𝑒𝑟𝑠ã𝑜 


