
Eletromagnetismo 
Newton Mansur 



𝜀 = −
𝑑

𝑑𝑡
Φ𝐵 

Lei de Faraday – Neumann - Lenz  

Φ𝐵 =  𝐵 ∙ 𝑑𝐴  



𝜀 = −
𝑑

𝑑𝑡
Φ𝐵 

𝜀 = −
𝑑

𝑑𝑡
𝐿𝑖 

Φ𝐵 = 𝐿𝑖 

𝜀 = −𝐿
𝑑𝑖

𝑑𝑡
 

L - Indutância 

Indutor 

𝐿 =
Φ𝐵
𝑖 

 𝑈 =
1

2
𝐿𝑖2 𝐿 =

2𝑈

𝑖2
 

𝑈 =
1

2
 𝐵𝐻𝑑𝑣 𝑈 = 𝜇

1

2
 𝐻2𝑑𝑣 



𝐼1 

𝐵1 
Φ21 =  𝐵1 ∙ 𝑑𝑆 2 𝑀21 =

Φ21
𝐼1

 𝜀21 = −𝑁2𝑀21
𝑑𝐼1
𝑑𝑡

 

Φ12 =  𝐵2 ∙ 𝑑𝑆 1 𝑀12 =
Φ12
𝐼2

 

𝐵1 = 𝛻 × 𝐴 1 Φ21 =  𝛻 × 𝐴 1 ∙ 𝑑𝑆 2 =  𝐴 1. 𝑑𝑙 2 

𝐴 =
𝜇1
4𝜋
 
𝑗 

𝑟
𝑑𝑣 = 𝑁

𝜇1𝐼

4𝜋
 
𝑑𝑙 

𝑟
 

𝜀12 = −𝑁1𝑀12
𝑑𝐼2
𝑑𝑡

 

Φ21 = 𝑁1𝑁2
𝜇1𝐼1
4𝜋

  
𝑑𝑙 1
𝑟
. 𝑑𝑙 2 𝑀21 = 𝑁1𝑁2

𝜇1
4𝜋
  

𝑑𝑙 1
𝑟
. 𝑑𝑙 2 = 𝑀12 

𝑀21 = 𝑁1𝑁2
𝜇1
4𝜋
  

𝑑𝑙 1
𝑟
. 𝑑𝑙 2 = 𝑀12 



𝐼 
𝐵 

𝑁𝐼 =  𝐻. 𝑑𝑙  = 𝐻𝑙 =
𝐵

𝜇
𝑙 = 𝐵𝑆

𝑙

𝜇𝑆
 = Ψ

𝑙

𝜇𝑆
 

𝜀 = 𝐼𝑅 = 𝐼
𝑙

𝜍𝑆
 ℱ = Ψ

𝑙

𝜇𝑆
 

ℱ = 𝑁𝐼    →   𝐹𝑜𝑟ç𝑎 𝑀𝑎𝑔𝑛𝑒𝑡𝑜𝑚𝑜𝑡𝑟𝑖𝑧 

𝐼 =  𝑗 . 𝑑𝑆  Ψ =  𝑗 . 𝑑𝑆  

Ψ =  𝑗 . 𝑑𝑆 →   𝐹𝑙𝑢𝑥𝑜 𝑀𝑎𝑔𝑛é𝑡𝑖𝑐𝑜 

ℛ =
𝑙

𝜇𝑆
→   𝑅𝑒𝑙𝑢𝑡â𝑛𝑐𝑖𝑎 ℛ =

ℱ

Ψ
 



𝐼 
𝐵 

ℛ =
ℱ

Ψ
 

𝑅 ℰ 

𝑅 =
ℰ 

𝐼
 

𝐼 
𝐵 

𝑙2 

ℛ1 =
𝑙1
𝜇1𝑆

 

ℛ2 =
𝑙2
𝜇0𝑆

 

ℛ𝑇 = ℛ1 + ℛ2 

Ψ =
ℱ

ℛ𝑇
 

𝑅2 

ℰ 

𝑅1 



𝐵 

𝑙2 

ℛ1 =
𝑙1
𝜇1𝑆

 ℛ2 =
𝑙2
𝜇0𝑆

 

ℛ𝑇 =
ℛ3ℛ4
ℛ3+ℛ4

+ℛ1 +ℛ2 Ψ =
ℱ

ℛ𝑇
 

𝑅4 

ℰ 

𝑅3 𝑅2 

𝑅1 

ℛ3 =
𝑙3
𝜇1𝑆

 ℛ4 =
𝑙4
𝜇0𝑆

 



i 

𝐵 =
𝜇0𝑖

2𝜋𝑟
 

𝐵 <
𝜇0𝑖

2𝜋𝑟
 

𝐵 <
𝜇0𝑖

2𝜋𝑟
 

i 

i i 



i i 

 𝐵 ∙ 𝑑𝑠 = 𝜇0𝑖 

i i 

 𝐵 ∙ 𝑑𝑠 = 𝜇0𝑖 



 𝐵 ∙ 𝑑𝑠 = 𝜇0𝑖 

i i 

i i 



i i 𝐵 =
𝜇0𝑖

2𝜋𝑟
 

i i 

𝑞(𝑡) −𝑞(𝑡) 

𝐸(𝑡) 

𝐸 𝑡 =
𝜍(𝑡)

𝜖0
 =

𝑞(𝑡)

𝐴𝜖0
 𝑞 𝑡 = 𝐴𝜖0𝐸(𝑡) 𝑖 =

𝑑𝑞

𝑑𝑡
 = 𝐴𝜖0

𝑑𝐸(𝑡)

𝑑𝑡
 

𝑖 = 𝜖0
𝑑𝐸(𝑡)𝐴

𝑑𝑡
 𝑖 = 𝜖0

𝑑Φ𝐸
𝑑𝑡

 𝑖𝐷 = 𝜖0
𝑑Φ𝐸
𝑑𝑡

 

𝐶𝑜𝑟𝑟𝑒𝑛𝑡𝑒 𝑑𝑒 𝑑𝑒𝑠𝑙𝑜𝑐𝑎𝑚𝑒𝑛𝑡𝑜 



 𝐵 ∙ 𝑑𝑠 = 𝜇0(𝑖 + 𝑖𝐷) 

 𝐵 ∙ 𝑑𝑠 = 𝜇0(𝑖 + 𝜖0
𝑑Φ𝐸
𝑑𝑡

) 

i i + 

+ 

- 

- 

 𝐵 ∙ 𝑑𝑠 = 𝜇0𝑖  𝐵 ∙ 𝑑𝑠 = 𝜇0𝑖𝐷 



 𝐵 ∙ 𝑑𝑠 = 𝜇0(𝑖 + 𝜖0
𝑑Φ𝐸
𝑑𝑡

) = 𝜇0 (𝑖 + 𝜖0
𝑑

𝑑𝑡
 𝐸 ∙ 𝑑𝐴 ) 

𝐿𝑒𝑖 𝑑𝑒 𝐺𝑎𝑢𝑠𝑠  𝐸 ∙ 𝑑𝐴 =
𝑞𝑖𝑛𝑡
𝜖0

 

𝐸𝑞𝑢𝑎çõ𝑒𝑠 𝑑𝑒 𝑀𝑎𝑥𝑤𝑒𝑙𝑙 

 𝐵 ∙ 𝑑𝐴 = 0 

𝐿𝑒𝑖 𝑑𝑒 𝐴𝑚𝑝è𝑟𝑒 

𝐿𝑒𝑖 𝑑𝑒 𝐹𝑎𝑟𝑎𝑑𝑎𝑦  𝐸 ∙ 𝑑𝑠 = −
𝑑Φ𝐵
𝑑𝑡

= −
𝑑

𝑑𝑡
 𝐵 ∙ 𝑑𝐴  



𝐿𝑒𝑖 𝑑𝑒 𝐺𝑎𝑢𝑠𝑠 

 𝐸 ∙ 𝑑𝐴 =  𝛻 ∙ 𝐸𝑑𝑉 =
𝑞𝑖𝑛𝑡
𝜖0
=
1

𝜖0
 𝜌𝑑𝑉 

𝐸𝑞𝑢𝑎çõ𝑒𝑠 𝑑𝑒 𝑀𝑎𝑥𝑤𝑒𝑙𝑙 

𝛻 ∙ 𝐸 =
𝜌

𝜖0
 𝛻 ∙ 𝐵 = 0 



 𝐵 ∙ 𝑑𝑠 =  𝛻 × 𝐵 ∙ 𝑑𝐴 = 𝜇0 (𝑖𝐼𝑛𝑡 + 𝜖0
𝑑

𝑑𝑡
 𝐸 ∙ 𝑑𝐴 ) 

𝐸𝑞𝑢𝑎çõ𝑒𝑠 𝑑𝑒 𝑀𝑎𝑥𝑤𝑒𝑙𝑙 

𝐿𝑒𝑖 𝑑𝑒 𝐴𝑚𝑝è𝑟𝑒 

 𝛻 × 𝐵 ∙ 𝑑𝐴 = 𝜇0 ( 𝐽 ∙ 𝑑𝐴 + 𝜖0
𝑑

𝑑𝑡
 𝐸 ∙ 𝑑𝐴 ) 

 𝛻 × 𝐵 ∙ 𝑑𝐴 =  (𝜇0𝐽 + 𝜇0𝜖0
𝑑𝐸

𝑑𝑡
) ∙ 𝑑𝐴  

𝛻 × 𝐵 = 𝜇0𝐽 + 𝜇0𝜖0
𝑑𝐸

𝑑𝑡
 



𝐸𝑞𝑢𝑎çõ𝑒𝑠 𝑑𝑒 𝑀𝑎𝑥𝑤𝑒𝑙𝑙 

𝐿𝑒𝑖 𝑑𝑒 𝐹𝑎𝑟𝑎𝑑𝑎𝑦 

 𝐸 ∙ 𝑑𝑠 = −
𝑑Φ𝐵
𝑑𝑡

= −
𝑑

𝑑𝑡
 𝐵 ∙ 𝑑𝐴  

 𝛻 × 𝐸 ∙ 𝑑𝐴 =  −
𝑑𝐵

𝑑𝑡
∙ 𝑑𝐴  

𝛻 × 𝐸 = −
𝑑𝐵

𝑑𝑡
 



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 


