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EJERCICIO 1 

Partiendo de  
𝑭𝝁𝝂 =  𝛛𝝁𝑨𝝂 − 𝛛𝝂𝑨𝝁  y 𝑭𝝁𝝂 = 𝛛𝝁𝑨𝝂 − 𝛛𝝂𝑨𝝁 

y de 

𝛛𝝁𝑭𝝁𝝂 = 𝟎 

Javier demostró: 

 Para  = 0:  𝛁 ∙ 𝐄 = 𝟎 

 Para  = 1: −𝛛𝟎𝑬𝒙 +  𝛁 × 𝐁ห
𝒙

= 𝟎 

Encontrar las otras dos componentes de la ley de Ampère 

Considerar 

1) 𝐴 = 𝑉; 𝐴ଵ = 𝐴௫;  𝐴ଶ = 𝐴௬;  𝐴ଷ = 𝐴௭ 

2) 𝑬 = − 𝛁 ∙  𝐕 −
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3) 𝛁 × 𝐄 =
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; 𝛁 × 𝐁 =
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 y 𝑩 = 𝛁 × 𝐀 =
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4) ∂ = ∂ ;  ∂ = − ∂  𝑝𝑎𝑟𝑎 𝑎 = 1, 2, 3 

 

 = 2 

∂𝐹ଶ + ∂ଵ𝐹ଵଶ+ ∂ଶ𝐹ଶଶ + ∂ଷ𝐹ଷଶ = 0 

𝐹ଶ = ∂𝐴ଶ − ∂ଶ𝐴 = ∂𝐴ଶ + ∂ଶ𝐴 

𝐹ଵଶ = ∂ଵ𝐴ଶ − ∂ଶ𝐴ଵ = − ∂ଵ𝐴ଶ + ∂ଶ𝐴ଵ 

𝐹ଶଶ = ∂ଶ𝐴ଶ − ∂ଶ𝐴ଶ = 0 

𝐹ଷଶ = ∂ଷ𝐴ଶ − ∂ଶ𝐴ଷ = − ∂ଷ𝐴ଶ + ∂ଶ𝐴ଷ 

∂(∂𝐴ଶ + ∂ଶ𝐴) + ∂ଵ(− ∂ଵ𝐴ଶ + ∂ଶ𝐴ଵ) + ∂ଷ(− ∂ଷ𝐴ଶ + ∂ଶ𝐴ଷ) = 0 

∂൫∂𝐴௬ + ∂௬𝑉൯ + ∂௫൫− ∂௫𝐴௬ + ∂௬𝐴௫൯ + ∂௭൫− ∂௭𝐴௬ + ∂௬𝐴௭൯ = 0 

− ∂൫− ∂௬𝑉 − ∂𝐴௬൯ + ∂௫(−𝐵௭) + ∂௭(𝐵௫) = 0 

− ∂𝐸௬ + (− ∂௫𝐵௭ + ∂௭𝐵௫) = 0 

−𝛛𝟎𝑬𝒚 +  𝛁 × 𝐁|𝒚 = 𝟎 
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 = 3 

∂𝐹ଷ + ∂ଵ𝐹ଵଷ+ ∂ଶ𝐹ଶଷ + ∂ଷ𝐹ଷଷ = 0 

𝐹ଷ = ∂𝐴ଷ − ∂ଷ𝐴 = ∂𝐴ଷ + ∂ଷ𝐴 

𝐹ଵଷ = ∂ଵ𝐴ଷ − ∂ଷ𝐴ଵ = − ∂ଵ𝐴ଷ + ∂ଷ𝐴ଵ 

𝐹ଶଷ = ∂ଶ𝐴ଷ − ∂ଷ𝐴ଶ = − ∂ଶ𝐴ଷ + ∂ଷ𝐴ଶ 

𝐹ଷଷ = ∂ଷ𝐴ଷ − ∂ଷ𝐴ଷ = 0 

∂(∂𝐴ଷ + ∂ଷ𝐴) + ∂ଵ(− ∂ଵ𝐴ଷ + ∂ଷ𝐴ଵ)+ ∂ଶ(− ∂ଶ𝐴ଷ + ∂ଷ𝐴ଶ) = 0 

∂(∂𝐴௭ + ∂௭𝑉) + ∂௫(− ∂௫𝐴௭ + ∂௭𝐴௫) + ∂௬൫− ∂௬𝐴௭ + ∂௭𝐴௬൯ = 0 

− ∂(− ∂௭𝑉 − ∂𝐴௭) + ∂௫൫𝐵௬൯ + ∂௬(−𝐵௫) = 0 

− ∂𝐸௭ + ൫∂௫𝐵௬ − ∂௬𝐵௫൯ = 0 

−𝛛𝟎𝑬𝒛 +  𝛁 × 𝐁|𝒛 = 𝟎 
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EJERCICIO 2 

Partiendo de la identidad de Bianchi 

𝛛𝝁𝑭𝜶𝜷 + 𝛛𝜷𝑭𝝁𝜶 + 𝛛𝜶𝑭𝜷𝝁 = 𝟎 

Obtener las leyes de Faraday y de Gauss del campo magnético, en el vacío.  
 

 = 1;  = 2;  = 3 

∂ଷ𝐹ଵଶ + ∂ଶ𝐹ଷଵ + ∂ଵ𝐹ଶଷ = 0 

− ∂ଷ𝐹ଵଶ− ∂ଶ𝐹ଷଵ− ∂ଵ𝐹ଶଷ = 0 

𝐹ଵଶ = ∂ଵ𝐴ଶ − ∂ଶ𝐴ଵ = − ∂ଵ𝐴ଶ + ∂ଶ𝐴ଵ 

𝐹ଷଵ = ∂ଷ𝐴ଵ − ∂ଵ𝐴ଷ = − ∂ଷ𝐴ଵ + ∂ଵ𝐴ଷ 

𝐹ଶଷ = ∂ଶ𝐴ଷ − ∂ଷ𝐴ଶ = − ∂ଶ𝐴ଷ + ∂ଷ𝐴ଶ 

− ∂ଷ(− ∂ଵ𝐴ଶ + ∂ଶ𝐴ଵ)− ∂ଶ(− ∂ଷ𝐴ଵ + ∂ଵ𝐴ଷ)− ∂ଵ(− ∂ଶ𝐴ଷ + ∂ଷ𝐴ଶ) = 0 

∂௭൫∂௫𝐴௬ − ∂௬𝐴௫൯+ ∂௬(∂௭𝐴௫ − ∂௫𝐴௭)+ ∂௫൫∂௬𝐴௭ − ∂௭𝐴௬൯ = 0 

∂௭(𝐵௭)+ ∂௬൫𝐵௬൯+ ∂௫(𝐵௫) = 0 

𝛁 ∙ 𝐁 = 𝟎 

 

 = 0;  = 1;  = 2 

∂ଶ𝐹ଵ + ∂ଵ𝐹ଶ + ∂𝐹ଵଶ = 0 

− ∂ଶ𝐹ଵ− ∂ଵ𝐹ଶ + ∂𝐹ଵଶ = 0 

𝐹ଵ = ∂𝐴ଵ − ∂ଵ𝐴 = ∂𝐴ଵ + ∂ଵ𝐴 

𝐹ଶ = ∂ଶ𝐴 − ∂𝐴ଶ = − ∂ଶ𝐴 − ∂𝐴ଶ 

𝐹ଵଶ = ∂ଵ𝐴ଶ − ∂ଶ𝐴ଵ = − ∂ଵ𝐴ଶ + ∂ଶ𝐴ଵ 

− ∂ଶ(∂𝐴ଵ + ∂ଵ𝐴)− ∂ଵ(− ∂ଶ𝐴 − ∂𝐴ଶ) + ∂(− ∂ଵ𝐴ଶ + ∂ଶ𝐴ଵ) = 0 

− ∂௬(∂𝐴௫ + ∂௫𝑉)− ∂௫൫− ∂௬𝑉 − ∂𝐴௬൯ + ∂൫− ∂௫𝐴௬ + ∂௬𝐴௫൯ = 0 

− ∂௬(−𝐸௫)− ∂௫൫𝐸௬൯ + ∂(−𝐵௭) = 0 

൫∂௬𝐸௫− ∂௫𝐸௬൯ − ∂𝐵௭ = 0 

−𝛁 × 𝐄|𝒛 − ∂𝐵௭ = 0 

 

 = 0;  = 1;  = 3 

∂ଷ𝐹ଵ + ∂ଵ𝐹ଷ + ∂𝐹ଵଷ = 0 

− ∂ଷ𝐹ଵ− ∂ଵ𝐹ଷ + ∂𝐹ଵଷ = 0 
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𝐹ଵ = ∂𝐴ଵ − ∂ଵ𝐴 = ∂𝐴ଵ + ∂ଵ𝐴 

𝐹ଷ = ∂ଷ𝐴 − ∂𝐴ଷ = − ∂ଷ𝐴 − ∂𝐴ଷ 

𝐹ଵଷ = ∂ଵ𝐴ଷ − ∂ଷ𝐴ଵ = − ∂ଵ𝐴ଷ + ∂ଷ𝐴ଵ 

− ∂ଷ(∂𝐴ଵ + ∂ଵ𝐴)− ∂ଵ(− ∂ଷ𝐴 − ∂𝐴ଷ) + ∂(− ∂ଵ𝐴ଷ + ∂ଷ𝐴ଵ) = 0 

− ∂௭(∂𝐴௫ + ∂௫𝑉)− ∂௫(− ∂௭𝑉 − ∂𝐴௭) + ∂(− ∂௫𝐴௭ + ∂௭𝐴௫) = 0 

− ∂௭(−𝐸௫)− ∂௫(𝐸௭) + ∂൫𝐵௬൯ = 0 

(− ∂௫𝐸௭ + ∂௭𝐸௫) + ∂𝐵௬ = 0 

𝛁 × 𝐄|𝒚 + ∂𝐵௬ = 0 

 

 = 0;  = 2;  = 3 

∂ଷ𝐹ଶ + ∂ଶ𝐹ଷ + ∂𝐹ଶଷ = 0 

− ∂ଷ𝐹ଶ− ∂ଶ𝐹ଷ + ∂𝐹ଶଷ = 0 

𝐹ଶ = ∂𝐴ଶ − ∂ଶ𝐴 = ∂𝐴ଶ + ∂ଶ𝐴 

𝐹ଷ = ∂ଷ𝐴 − ∂𝐴ଷ = − ∂ଷ𝐴 − ∂𝐴ଷ 

𝐹ଶଷ = ∂ଶ𝐴ଷ − ∂ଷ𝐴ଶ = − ∂ଶ𝐴ଷ + ∂ଷ𝐴ଶ 

− ∂ଷ(∂𝐴ଶ + ∂ଶ𝐴)− ∂ଶ(− ∂ଷ𝐴 − ∂𝐴ଷ) + ∂(− ∂ଶ𝐴ଷ + ∂ଷ𝐴ଶ) = 0 

− ∂௭൫∂𝐴௬ + ∂௬𝑉൯− ∂௬(− ∂௭𝑉 − ∂𝐴௭) + ∂൫− ∂௬𝐴௭ + ∂௭𝐴௬൯ = 0 

− ∂௭൫−𝐸௬൯− ∂௬(𝐸௭) + ∂(−𝐵௫) = 0 

൫∂௭𝐸௬ − ∂௬𝐸௭൯ − ∂𝐵௫ = 0 

−𝛁 × 𝐄|𝒙 − ∂𝐵௫ = 0 

 


