
Eletromagnetismo 
Newton Mansur 



𝐸𝑞𝑢𝑎çõ𝑒𝑠 𝑑𝑒 𝑀𝑎𝑥𝑤𝑒𝑙𝑙 

𝛻 ∙ 𝐸 =
𝜌

𝜖0
 𝛻 ∙ 𝐵 = 0 

𝛻 × 𝐵 = 𝜇0𝐽 + 𝜇0𝜖0
𝑑𝐸

𝑑𝑡
 

𝛻 × 𝐸 = −
𝑑𝐵

𝑑𝑡
 

𝐿𝑒𝑖 𝑑𝑒 𝐺𝑎𝑢𝑠𝑠 

𝐿𝑒𝑖 𝑑𝑒 𝐴𝑚𝑝è𝑟𝑒 

𝐿𝑒𝑖 𝑑𝑒 𝐹𝑎𝑟𝑎𝑑𝑎𝑦 



𝐸𝑞𝑢𝑎çõ𝑒𝑠 𝑑𝑒 𝑀𝑎𝑥𝑤𝑒𝑙𝑙 

𝛻 × 𝐸 = −
𝑑𝐵

𝑑𝑡
 𝐿𝑒𝑖 𝑑𝑒 𝐹𝑎𝑟𝑎𝑑𝑎𝑦 

𝛻 × 𝛻 × 𝐸 = 𝛻 × −
𝑑𝐵

𝑑𝑡
= −

𝑑

𝑑𝑡
𝛻 × 𝐵 

𝛻2𝐸 − 𝛻 ∙ (𝛻 ∙ 𝐸) = −
𝑑

𝑑𝑡
𝛻 × 𝐵 

𝛻 ∙ 𝐸 =
𝜌

𝜖0
 𝐿𝑒𝑖 𝑑𝑒 𝐺𝑎𝑢𝑠𝑠 𝛻 ∙ 𝐸 = 0 𝑝𝑎𝑟𝑎 𝜌 = 0  

𝛻 × 𝐵 = 𝜇0𝐽 + 𝜇0𝜖0
𝑑𝐸

𝑑𝑡
 𝐿𝑒𝑖 𝑑𝑒 𝐴𝑚𝑝è𝑟𝑒 

𝑝𝑎𝑟𝑎 𝐽 = 0  𝛻 × 𝐵 = 𝜇0𝜖0
𝑑𝐸

𝑑𝑡
 



𝛻2𝐸 = −𝜇0𝜖0
𝑑2𝐸

𝑑𝑡2
 

𝐸𝑚 1 𝑑𝑖𝑚𝑒𝑛𝑠ã𝑜 

𝑑2𝐸𝑥(𝑧, 𝑡)

𝑑𝑧2 = −𝜇0𝜖0
𝑑2𝐸𝑥(𝑥, 𝑡)

𝑑𝑡2
= −

1

𝑣2

𝑑2𝐸𝑥(𝑥, 𝑡)

𝑑𝑡2
 

𝑣 =
1

𝜇0𝜖0
= 2,998𝑥108

𝑚

𝑠
= 𝑐 

𝐸𝑞𝑢𝑎çõ𝑒𝑠 𝑑𝑒 𝑀𝑎𝑥𝑤𝑒𝑙𝑙 



𝛻2𝐸 = 𝜇𝜖
𝑑2𝐸

𝑑𝑡2
 

𝜕2 

𝜕𝑥2 +
𝜕2 

𝜕𝑦2 +
𝜕2 

𝜕𝑧2 𝐸𝑥𝑎 𝑥 + 𝐸𝑦𝑎 𝑦 + 𝐸𝑧𝑎 𝑧 = 𝜇𝜖
𝑑2

𝑑𝑡2
𝐸𝑥𝑎 𝑥 + 𝐸𝑦𝑎 𝑦 + 𝐸𝑧𝑎 𝑧  

𝐸𝑚 1 𝑑𝑖𝑚𝑒𝑛𝑠ã𝑜 

𝑧 

𝜕2 

𝜕𝑧2
𝐸𝑥𝑎 𝑥 + 𝐸𝑦𝑎 𝑦 + 𝐸𝑧𝑎 𝑧 = −𝜇𝜖

𝑑2

𝑑𝑡2
𝐸𝑥𝑎 𝑥 + 𝐸𝑦𝑎 𝑦 + 𝐸𝑧𝑎 𝑧  

𝑣 =
1

𝜇𝜖
 𝐸 = 𝐸0𝑒

𝑗 𝜔𝑡−𝛽𝑧  



𝜕2 

𝜕𝑧2 𝐸𝑥𝑎 𝑥 + 𝐸𝑦𝑎 𝑦 + 𝐸𝑧𝑎 𝑧 = −𝜇𝜖
𝑑2

𝑑𝑡2
𝐸𝑥𝑎 𝑥 + 𝐸𝑦𝑎 𝑦 + 𝐸𝑧𝑎 𝑧  

𝐸 = 𝐸0𝑒
𝑗 𝜔𝑡−𝛽𝑧 + 𝐸1𝑒

𝑗 𝜔𝑡+𝛽𝑧  

−𝛽2 𝐸𝑥𝑎 𝑥 + 𝐸𝑦𝑎 𝑦 + 𝐸𝑧𝑎 𝑧 = −𝜇𝜖𝜔2 𝐸𝑥𝑎 𝑥 + 𝐸𝑦𝑎 𝑦 + 𝐸𝑧𝑎 𝑧  

𝜔2

𝛽2 =
1

𝜇𝜖
 

𝜔

𝛽
=

1

𝜇𝜖
= 𝑣 𝛻 ∙ 𝐸 = 0 

𝜕𝐸𝑧

𝜕𝑧
= 0 𝛽𝐸𝑧 = 0 𝐸𝑧 = 0 𝑣 ⊥ 𝐸 

𝜕2 

𝜕𝑧2
𝐸𝑥𝑎 𝑥 + 𝐸𝑦𝑎 𝑦 = −𝜇𝜖

𝑑2

𝑑𝑡2
𝐸𝑥𝑎 𝑥 + 𝐸𝑦𝑎 𝑦  

𝑧 

𝐸 

𝑣  



𝐸 = 𝐸0𝑒
𝑗 𝜔𝑡−𝑘.𝑟  𝛻 ∙ 𝐸 = 0 𝐸𝑚 3 𝑑𝑖𝑚𝑒𝑛𝑠õ𝑒𝑠 𝑘 ∙ 𝐸 = 0 

𝑂𝑛𝑑𝑎 𝑡𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠𝑎𝑙 𝑜𝑛𝑑𝑒  

𝑘  é 𝑎 𝑑𝑖𝑟𝑒çã𝑜 𝑑𝑒 𝑝𝑟𝑜𝑝𝑎𝑔𝑎çã𝑜 𝑑𝑎 𝑜𝑛𝑑𝑎 𝐸 é 𝑎 𝑝𝑜𝑙𝑎𝑟𝑖𝑠𝑎çã𝑜 𝑑𝑎 𝑜𝑛𝑑𝑎 

𝛻2𝐵 = 𝜇𝜖
𝑑2𝐵

𝑑𝑡2
 𝐵 = 𝐵0𝑒

𝑗 𝜔𝑡−𝑘.𝑟  

𝛻 × 𝐵 = 𝜇𝜖
𝑑𝐸

𝑑𝑡
 𝑘 × 𝐵 = −𝜇𝜖𝜔𝐸 𝛻 × 𝐸 = −

𝑑𝐵

𝑑𝑡
 𝑘 × 𝐸 = −𝜔𝐵 

𝛻 ∙ 𝐵 = 0 𝑘 ∙ 𝐵 = 0 

𝑘 ⊥ 𝐸 

𝑘 ⊥ 𝐵 𝐸 ⊥ 𝐵 

𝐸 

𝑣  

𝐵 𝛽  

𝐸 × 𝐵 = 𝐸𝐵𝑘  

𝑘 = 𝛽 



𝐸 

𝐸 

𝐸 

𝑣  

𝐵 𝑘 

𝐸 

𝑣  
𝐵 

𝛽  

𝐸 

𝑣  

𝐵 𝑘 

𝑣  
𝐸 

𝐸 

𝐵 𝐵 

𝐵 𝐵 



𝐸 

𝑣  

𝐵 𝑘 

𝐸1 

𝑣 1 
𝐵1 

𝑘1 

𝐸2 

𝑣 2 

𝐵2 𝑘2 

𝐸 = 𝐸0𝑒
𝑗 𝜔𝑡−𝑘.𝑟  

𝐸1 = 𝐸01𝑒
𝑗 𝜔𝑡+𝑘1.𝑟  

𝐸2 = 𝐸02𝑒
𝑗 𝜔𝑡+𝑘2.𝑟  

𝐸1 𝐸2 

𝐸 

𝐵1 𝐵2 

𝐵 



𝐸 = 𝐸0𝑒
𝑗 𝜔𝑡−𝛽𝑧  𝐸1 = 𝐸01𝑒

𝑗 𝜔𝑡+𝛽1𝑧  

𝐸2 = 𝐸02𝑒
𝑗 𝜔𝑡−𝛽2𝑧  

𝐸1 𝐸2 

𝐸 

𝐵1 𝐵2 

𝐵 

𝑘 × 𝐸 = −𝜔𝐵 𝑘𝐸 = 𝜔𝐵 𝐵 =
𝑘

𝜔
𝐸 =

1

𝑣
𝐸 

𝑧 

𝑥 

𝑧 

𝑥 

𝐵 =
1

𝑣1
𝐸0𝑒

𝑗 𝜔𝑡−𝛽𝑧  𝐵1 = −
1

𝑣1
𝐸01𝑒

𝑗 𝜔𝑡+𝛽1𝑧  

𝐵2 =
1

𝑣2
𝐸02𝑒

𝑗 𝜔𝑡−𝛽2𝑧  



𝜖1𝐸1𝑛 = 𝜖2𝐸2𝑛 

𝐸1 𝐸2 

𝐸 

𝐵1 𝐵2 

𝐵 𝑧 

𝑥 

𝑧 

𝑥 

𝐸1𝑡 = 𝐸2𝑡 

𝐵1𝑛 = 𝐵2𝑛 

1

𝜇1
𝐵1𝑡 =

1

𝜇2
𝐵2𝑡 

𝐸𝑡 + 𝐸1𝑡 = 𝐸2𝑡 

1

𝜇1
𝐵𝑡 + 𝐵1𝑡 =

1

𝜇2
𝐵2𝑡 

1

𝜇1

1

𝑣1
𝐸𝑡 −

1

𝑣1
𝐸1𝑡 =

1

𝜇2

1

𝑣2
𝐸2𝑡 

𝐻 =
1

𝜇
𝐵 𝐻 =

1

𝜇
𝐵 =

1

𝜇

1

𝑣
𝐸 

𝐻𝑙 → 𝐼 

𝐸𝑙 → 𝑉 

𝐸𝑙

𝐻𝑙
=

𝑉

𝐼
 

𝐸

𝐻
= 𝜇𝑣 → 𝑅 

𝐸

𝐻
= 𝜇𝑣 = 𝜂     →    𝐼𝑚𝑝𝑒𝑑â𝑛𝑐𝑖𝑎 𝑖𝑛𝑡𝑟𝑖𝑛𝑠𝑒𝑐𝑎 𝑑𝑜 𝑚𝑒𝑖𝑜 



𝐸1 𝐸2 

𝐸 

𝐵1 𝐵2 

𝐵 𝑧 

𝑥 

𝑧 

𝑥 

𝐸𝑡 + 𝐸1𝑡 = 𝐸2𝑡 
1

𝜇1

1

𝑣1
𝐸𝑡 −

1

𝑣1
𝐸1𝑡 =

1

𝜇2

1

𝑣2
𝐸2𝑡 

1

𝜂1
𝐸𝑡 −

1

𝜂1
𝐸1𝑡 =

1

𝜂2
𝐸2𝑡 

𝐸01 =
𝜂2 − 𝜂1

𝜂2 + 𝜂1
𝐸0 𝐸02 =

2𝜂2

𝜂2 + 𝜂1
𝐸0 

Γ =
𝜂2 − 𝜂1

𝜂2 + 𝜂1
 

𝜏 =
2𝜂2

𝜂2 + 𝜂1
 

Γ =
𝜂2 − 𝜂1

𝜂2 + 𝜂1
  →   𝐶𝑜𝑒𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑒 𝑑𝑒 𝑟𝑒𝑓𝑙𝑒𝑥ã𝑜 

𝜏 =
2𝜂2

𝜂2 + 𝜂1
→   𝐶𝑜𝑒𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑒 𝑑𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠ã𝑜 

Γ + 1 = 𝜏 

−1 ≤ Γ ≤ 1 



𝐸 = 𝐸0𝑒
𝑗 𝜔𝑡−𝑘.𝑟  𝐵 = 𝐵0𝑒

𝑗 𝜔𝑡−𝑘.𝑟  

𝑘2 = 𝑘𝑥
2 + 𝑘𝑦

2 + 𝑘𝑧
2 = 𝜔2𝜇𝜖 

𝑘 × 𝐸 = 𝜔𝜇𝐻 

𝑘 × 𝐻 = 𝜔𝜖𝐸 

𝑘 ∙ 𝐻 = 0 𝑘 ∙ 𝐸 = 0 

𝑘. 𝑟 = 𝑘𝑥𝑥 + 𝑘𝑦𝑦 + 𝑘𝑧𝑧 = 𝑐𝑡𝑒 

𝑘 × 𝐸 = 𝜂𝐻 𝜂 = 𝜇𝑣 



𝐸 = 𝐸0𝑒
𝑗 𝑘.𝑟 −𝜔𝑡 = 𝐸0𝑒

𝑗 𝑘𝑥𝑥+𝑘𝑦𝑦+𝑘𝑧𝑧−𝜔𝑡  

𝐸1 = 𝐸01𝑒
𝑗 𝜔𝑡+𝑘1.𝑟 = 𝐸01𝑒

𝑗 𝑘1𝑥𝑥+𝑘1𝑦𝑦+𝑘1𝑧𝑧−𝜔𝑡  

𝐸2 = 𝐸02𝑒
𝑗 𝜔𝑡−𝑘2.𝑟 = 𝐸02𝑒

𝑗 𝑘2𝑥𝑥+𝑘2𝑦𝑦+𝑘2𝑧𝑧−𝜔𝑡  

𝑃𝑎𝑟𝑎 𝑧 = 0 𝑒 𝑝𝑎𝑟𝑎 𝑞𝑢𝑎𝑙𝑞𝑢𝑒𝑟 𝑥, 𝑦         𝐸𝑡 + 𝐸1𝑡 = 𝐸2𝑡 

𝑧 

𝑥 

𝑘𝑥 = 𝑘1𝑥 = 𝑘2𝑥 

𝑘𝑦 = 𝑘1𝑦 = 𝑘2𝑦 𝑥 

𝑧 

𝜃𝑟 

𝜃𝑖 
𝜃𝑡 

𝑘 𝑠𝑒𝑛𝜃𝑖 = 𝑘𝑟𝑠𝑒𝑛𝜃𝑟 = 𝑘𝑡𝑠𝑒𝑛𝜃𝑡 

𝑘 = 𝑘𝑟 = 𝛽 =
𝜔 

𝑣
 𝜃𝑖 = 𝜃𝑟 



𝑧 

𝑥 

𝜃𝑟 

𝜃𝑖 
𝜃𝑡 

𝑘 𝑠𝑒𝑛𝜃𝑖 = 𝑘𝑟𝑠𝑒𝑛𝜃𝑟 = 𝑘𝑡𝑠𝑒𝑛𝜃𝑡 

𝑘 = 𝑘𝑟 = 𝛽 =
𝜔 

𝑣
 𝜃𝑖 = 𝜃𝑟 

𝑠𝑒𝑛𝜃𝑡

𝑠𝑒𝑛𝜃𝑖
=

𝑘𝑡

𝑘
 =

𝜔
𝑘 

𝜔
𝑘𝑟

 
=

𝑣1

𝑣2
 =

𝑐
𝑣2 

𝑐
𝑣1 

=
𝑛2

𝑛1
 𝐿𝑒𝑖 𝑑𝑒 𝑆𝑛𝑒𝑙𝑙 



𝐿𝑖𝑛𝑕𝑎𝑠 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  

λ =
2𝜋

𝛽
 𝑣(𝜔) =

𝜔

𝛽(𝜔)
 𝑧(𝜔) =

1

𝛼(𝜔)
 →   𝐷𝑒𝑐𝑎𝑖𝑚𝑒𝑛𝑡𝑜 𝑒𝑚  

1

𝑒
 

𝐼 𝑧, 𝑡 =
𝑉0

+

𝑍0

𝑒−𝛼𝑧 cos 𝜔𝑡 − 𝛽𝑧 −
𝑉0

−

𝑍0

𝑒𝛼𝑧cos (𝜔𝑡 + 𝛽𝑧) 



𝐿𝑖𝑛𝑕𝑎𝑠 𝑑𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠ã𝑜 

𝑉 𝑧, 𝑡 = 𝑉0
+𝑒−𝛼𝑧cos (𝜔𝑡 − 𝛽𝑧) + 𝑉0

−𝑒𝛼𝑧cos (𝜔𝑡 + 𝛽𝑧) 

𝐼 𝑧, 𝑡 =
𝑉0

+

𝑍0

𝑒−𝛼𝑧 cos 𝜔𝑡 − 𝛽𝑧 −
𝑉0

−

𝑍0

𝑒𝛼𝑧cos (𝜔𝑡 + 𝛽𝑧) 

𝑧 = 0 𝑉0 = 𝑉 𝑧 = 0  𝐼0 = 𝐼 𝑧 = 0  

𝑉0
+ =

1

2
𝑉0 + 𝑍0𝐼0  𝑉0

− =
1

2
𝑉0 − 𝑍0𝐼0  



𝐿𝑖𝑛𝑕𝑎𝑠 𝑑𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠ã𝑜 

𝑉0 =
𝑍𝑒𝑛𝑡

𝑍𝑒𝑛𝑡 + 𝑍𝑔
𝑉𝑔 

𝑉0
+ =

1

2
𝑉0 + 𝑍0𝐼0  𝑉0

− =
1

2
𝑉0 − 𝑍0𝐼0  

𝐼0 =
𝑉𝑔

𝑍𝑒𝑛𝑡 + 𝑍𝑔
 

𝑧 = 𝑙 𝑉𝐶 = 𝑉 𝑧 = 𝑙  𝐼𝐶 = 𝐼 𝑧 = 𝑙  

𝑉0
+ =

1

2
𝑉𝐶 + 𝑍0𝐼𝐶 𝑒𝛾𝑙 𝑉0

− =
1

2
𝑉𝐶 − 𝑍0𝐼𝐶 𝑒−𝛾𝑙 



𝐿𝑖𝑛𝑕𝑎𝑠 𝑑𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠ã𝑜 

𝑉0
+ =

1

2
𝑉𝐶 + 𝑍0𝐼𝐶 𝑒𝛾𝑙 𝑉0

− =
1

2
𝑉𝐶 − 𝑍0𝐼𝐶 𝑒−𝛾𝑙 

𝑍𝑒𝑛𝑡 =
𝑉𝑆(𝑧)

𝐼𝑆(𝑧)
=

𝑍0 𝑉0
+ + 𝑉0

−

𝑉0
+ − 𝑉0

−  = 𝑍0

𝑍𝐶 + 𝑍0𝑡𝑎𝑛𝑕𝛾𝑙

𝑍𝑜 + 𝑍𝐶𝑡𝑎𝑛𝑕𝛾𝑙
 

𝑉0
−𝑒𝛾𝑙

𝑉0
+𝑒−𝛾𝑙

 =
𝑍𝐶 − 𝑍0

𝑍𝐶 + 𝑍0

 = Γ𝐶 Γ =
𝜂2 − 𝜂1

𝜂2 + 𝜂1
 


