
[lex100] Electromagnetic wave in a conductor

In a metal (uncharged material with permittivity ε, permeability µ, and conductivity σ), Maxwell’s
equations read [lln17],

∇ ·E = 0, ∇ ·B = 0, ∇×E = −∂B
∂t
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.

(a) Show that the electric an magnetic fields then satisy wave equations amended by an attenuation
term as follows:

∇2E = µσ
∂E

∂t
+ µε

∂2E

∂t2
, ∇2B = µσ

∂B

∂t
+ µε

∂2B

∂t2
.

(b) Show that a plane-wave solution of the form E(x, t) = E0e
ı(κx−ωt) with E0 ⊥ î, is a solution

for the complex wave number, κ = κ1 + ıκ2, where
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Solution:


