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1 マクスウェル方程式

1.1 反対称性

Fµν = −F νµ (1)

Mρµν = ∂ρFµν + ∂µF νρ + ∂νF ρµ (2)

Mρνµ = ∂ρF νµ + ∂νFµρ + ∂µF ρν (3)

= −∂ρFµν − ∂νF ρµ − ∂µF νρ (4)

= −Mρµν (5)

M012 = ∂0F 12 + ∂1F 20 + ∂2F 01 (6)

= ∂t(−Bz)− ∂xEy − ∂y(−Ex) (7)

= −{∂tB+∇×E}z (8)

M123 = ∂1F 23 + ∂2F 31 + ∂3F 12 (9)

= −∂x(−Bx)− ∂y(−By)− ∂z(−Bz) (10)

= ∇ ·B (11)

Fµν = ∂µAν − ∂νAµ (12)

Mρµν = ∂ρ(∂µAν − ∂νAµ) + ∂µ(∂νAρ − ∂ρAν) + ∂ν(∂ρAµ − ∂µAρ) (13)

= 0 (14)
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