
 9.2.1 EM waves in a vacuum without doing true justice

Recall Maxwell's equations:

∇⃗⋅E⃗=
ρ
ϵ0

∇⃗⋅B⃗=0 ∇⃗ xE⃗=−
∂B⃗
∂ t

∇⃗ xB⃗=μ0 J⃗+ϵ0μ0

∂ E⃗
∂ t

In a vacuum, there are no charges and thus no conventional currents. These become:

∇⃗⋅E⃗=0 ∇⃗⋅B⃗=0 ∇⃗ xE⃗=−
∂B⃗
∂ t

∇⃗ xB⃗=ϵ0μ0
∂E⃗
∂ t

Take the curl of the last two equations:
And, by the way, we are going to use a vector theorem for curls:
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∂
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So: ∇
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∂
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∂
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∂t2 so:

∇2 B⃗−ϵ0μ0
∂

2B⃗
∂ t2 =0

These represent 3 dimensional (coupled waves) which travel with a speed of:

v=
1

√ϵ0v0

=c=3x108m /s


