
Maxwell’s equations

In dielectrics (no charge, no current):

∇ ·D = ρ = 0

∇ ·B = 0

∇× E +
∂B

∂t
= 0

∇×H − ∂D

∂t
= J = 0

(1)

Medium equation:

D = ϵ0E + PL + PNL = ϵ0(1 + χE) + PNL = ϵE + PNL.

∇×
{
∇× E +

∂B

∂t

}
= 0

∇× (∇× E) +∇× ∂B

∂t
= 0

∇(∇ · E)−∇2E +∇× ∂B

∂t
= 0

(2)

∇× ∂B

∂t
= µ0

∂2D

∂t2
= µ0ϵ

∂2E

∂t2
+ µ0

∂2PNL

∂t2

In a linear medium:

∇2E − µ0ϵ
∂2E

∂t2
= 0.

In terms of the index of refraction:

∇2E − n2

c2
∂2E

∂t2
= 0

1


