
Problem 7.7 A 60-MHz plane wave traveling in the−x-direction in dry soil
with relative permittivityεr = 4 has an electric field polarized along thez-direction.
Assuming dry soil to be approximately lossless, and given that the magnetic field has
a peak value of 10 (mA/m) and that its value was measured to be 7 (mA/m) att = 0
andx =−0.75 m, develop complete expressions for the wave’s electric and magnetic
fields.

Solution: For f = 60 MHz= 6×107 Hz, εr = 4, µr = 1,

k =
ω
c

√
εr =

2π ×6×107

3×108

√
4 = 0.8π (rad/m).

Given thatE points alonĝz and wave travel is along−x̂, we can write

E(x, t) = ẑE0cos(2π ×60×106t +0.8πx+φ0) (V/m)

whereE0 andφ0 are unknown constants at this time. The intrinsic impedance of the
medium is

η =
η0√

εr
=

120π
2

= 60π (Ω).

With E alongẑ andk̂ along−x̂, (7.39) gives

H =
1
η

k̂×××E

or

H(x, t) = ŷ
E0

η
cos(1.2π ×108t +0.8πx+φ0) (A/m).

Hence,

E0

η
= 10 (mA/m)

E0 = 10×60π ×10−3 = 0.6π (V/m).

Also,

H(−0.75 m,0) = 7×10−3 = 10cos(−0.8π ×0.75+φ0)×10−3

which leads toφ0 = 153.6◦.
Hence,

E(x, t) = ẑ0.6π cos(1.2π ×108t +0.8πx+153.6◦) (V/m).

H(x, t) = ŷ10cos(1.2π ×108t +0.8πx+153.6◦) (mA/m).


