8.15 A 5-MHz plane wave with electric field amplitude of 10 (V/m) is normally
incident in air onto the plane surface of a semi-infinite conducting material with & =
4, u; =1, and o = 100 (S/m). Determine the average power dissipated (lost) per unit
cross-sectional area in a 2-mm penetration of the conducting medium.

Solution: For convenience, let us choose E' to be along % and the incident direction

to be +z. With
o 2mx5x10° 7

kf=—=—rr—u-+— = — d/
=7 3% 108 30  (radim),
we have
E = £10cos (n w107 — % z) (V/m),
m="mn= 377 Q.
From Table 7-1,
n
1
&€ _ o _ 00 x 367 — 9% 10%,
g wgg 7wx107x4x107°

which makes the material a good conductor, for which

0 = \/Tf o = VT x5x 106 x 47 x 107 x 100 = 44.43  (Np/m),
B, =44.43 (rad/m),
%) . 44.43 )
=(1 —=(1 —— =0.44(1 Q.
According to the expression for S,,, given in the answer to Exercise 8.3,
Ej? 1
Sav, =2 |r|2—| 0" 2095, <—> :
2 n<:2
The power lost is equal to the difference between Sy, at z = 0 and S,y, at z =2 mm.
Thus,

P’ = power lost per unit cross-sectional area
= Sav,(0) — Sav,(z =2 mm)
Ej|? 1
— |T|2| O| %e <_*) [1 _67205211]
2 nCQ
where z; =2 mm.
T=14T
— 0.44(1+j)—377
Mo (1+))

=1+ : ~0.0023 (14 /) = 3.3 x 10 3e/4°.
Mo+ 0.44(1+j)+377 (1+)
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