
Problem 6.29 The magnetic field in a given dielectric medium is given by

H = ŷ6cos2zsin(2×107t −0.1x) (A/m),

wherex andz are in meters. Determine:

(a) E,

(b) the displacement current densityJd, and

(c) the charge densityρv.

Solution:
(a)

H = ŷ6cos2zsin(2×107t −0.1x) = ŷ6cos2zcos(2×107t −0.1x−π/2),

H̃ = ŷ6cos2z e− j0.1xe− jπ/2 = −ŷ j6cos2z e− j0.1x,
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From the given expression forH,

ω = 2×107 (rad/s),

β = 0.1 (rad/m).

Hence,

up =
ω
β

= 2×108 (m/s),

and

εr =

(
c
up

)2

=

(
3×108
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= 2.25.

Using the values forω andε, we have

Ẽ = (−x̂30sin2z+ ẑ j1.5cos2z)×103e− j0.1x (V/m),

E =
[
−x̂30sin2zcos(2×107t −0.1x)− ẑ1.5cos2zsin(2×107t −0.1x)

]
(kV/m).



(b)

D̃ = εẼ = εrε0Ẽ = (−x̂0.6sin2z+ ẑ j0.03cos2z)×10−6e− j0.1x (C/m2),

Jd =
∂D
∂ t

,

or

J̃d = jωD̃ = (−x̂ j12sin2z− ẑ0.6cos2z)e− j0.1x,

Jd = Re[J̃de jωt ]

=
[
x̂12sin2zsin(2×107t −0.1x)− ẑ0.6cos2zcos(2×107t −0.1x)

]
(A/m2).

(c) We can findρv from
∇ ·D = ρv

or from

∇ ·J = −∂ρv

∂ t
.

Applying Maxwell’s equation,

ρv = ∇ ·D = ε∇ ·E = εrε0

(
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yields

ρv = εrε0

{
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]

+
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∂ z

[
−1.5cos2zsin(2×107t −0.1x)

]}

= εrε0
[
−3sin2zsin(2×107t −0.1x)+3sin2zsin(2×107t −0.1x)

]
= 0.


