
Time averages

Griffiths, Electrodynamics, fourth edition, problem 9.12

We have

f(~r, t) = A cos(~k · ~r − ωt+ δa) = <e{Aei(
~k·~r−ωt+δa)} = <e{f̃ ei(~k·~r−ωt)}

where f̃ = Aeiδa . And we have

g(~r, t) = B cos(~k · ~r − ωt+ δb) = <e{Bei(
~k·~r−ωt+δb)} = <e{g̃ei(~k·~r−ωt)}

where g̃ = Beiδb .

But <e{z} = 1
2 [z + z∗], so

f(~r, t) = 1
2 [f̃ e

i(~k·~r−ωt) + f̃∗e−i(
~k·~r−ωt)]

g(~r, t) = 1
2 [g̃e

i(~k·~r−ωt) + g̃∗e−i(
~k·~r−ωt)]

and

fg = 1
4 [f̃ g̃e

2i(~k·~r−ωt) + f̃ g̃∗ + f̃∗g̃ + f̃∗g̃∗e−2i(~k·~r−ωt)].

Now for time averages:
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and, clearly

〈e−2i(~k·~r−ωt)〉 = 0

also. Thus

〈fg〉 = 1
4 [f̃ g̃

∗ + f̃∗g̃] = 1
2<e{f̃ g̃

∗} = 1
2AB cos(δa − δb).


