
7.41 Given a wave with

E = x̂E0 cos(ωt − kz)

calculate:

(a) The time-average electric energy density

(we)av =
1

T

∫ T

0
we dt =

1

2T

∫ T

0
εE2 dt

(b) The time-average magnetic energy density

(wm)av =
1

T

∫ T

0
wm dt =

1

2T

∫ T

0
µH2 dt

(c) Show that (we)av = (wm)av.

Solution:

(a)

(we)av =
1

2T

∫ T

0
εE2

0 cos2(ωt − kz) dt.

With T = 2π
ω ,

(we)av =
ωεE2

0

4π

∫ 2π/ω

0
cos2(ωt − kz) dt

=
εE2

0

4π

∫ 2π

0
cos2(ωt − kz) d(ωt)

=
εE2

0

4
.

(b)

H = ŷ
E0

η
cos(ωt − kz).

(wm)av =
1

2T

∫ T

0
µH2 dt

=
1

2T

∫ T

0
µ

E2
0

η2
cos2(ωt − kz) dt

=
µE2

0

4η2
.

(c)

(wm)av =
µE2

0

4η2
=

µE2
0

4
( µ

ε

) =
εE2

0

4
= (we)av.


