8.31 A plane wave in air with
E = (89 —§4—26)e /> (v/m)

is incident upon the planar surface of a dielectric material, with & = 2.25, occupying
the half-space z > 0. Determine

(a) The incidence angle 6;.

(b) The frequency of the wave.

(¢) The field E’ of the reflected wave.

(d) The field E! of the wave transmitted into the dielectric medium.

(e) The average power density carried by the wave into the dielectric medium.

Solution:

0,

(a) From the exponential of the given expression, it is clear that the wave direction
of travel is in the x—z plane. By comparison with the expressions in (8.48a) for
perpendicular polarization or (8.65a) for parallel polarization, both of which have
the same phase factor, we conclude that:

k1 sin 91 = 2,
ki cos 6, = 3.

Hence,

ki =vV22+32=36  (rad/m)

6, =tan"'(2/3) = 33.7°.



Also,
ky =ki /€&, =3.6V2.25=54 (rad/m)

1
6, =sin~! |sin6y/ —— | =21.7°.
h = sin [sm1 2'25]
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(¢) In order to determine the electric field of the reflected wave, we first have to
determine the polarization of the wave. The vector argument in the given expression
for E! indicates that the incident wave is a mixture of parallel and perpendicular
polarization components. Perpendicular polarization has a §-component only (see
8.46a), whereas parallel polarization has only % and Z components (see 8.65a). Hence,
we shall decompose the incident wave accordingly:

E =E +E|
with
E| = —§4e /®%)  (V/m)
E| = (%9 —-26)e /> (V/m)
From the above expressions, we deduce:
E'y=—4V/m

Ejy= V9 +6>=10.82 V/m.

Next, we calculate I" and 7 for each of the two polarizations:

cos 6 —1/(&/€1) — sin” 6;
r =

cos 6+ 1/ (&2/€) — sin” 6,
Using 6, = 33.7° and &, /& = 2.25/1 = 2.25 leads to:

I, =025

T = 1+Fl =0.75.

Similarly,

—(&2/€1)cos 8 + 1/ (&2/€1) —sin 6
r, = L _0.15,

(€2/€1)cos 6 + 1/ (&2/€1) — sin’ 6
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cos 6 cos21.7°
The electric fields of the reflected and transmitted waves for the two polarizations are
given by (8.49a), (8.49c¢), (8.65¢c), and (8.65¢):

]7:1 = yEiOe*jkl (xsin Or—zcos )

]T:tl _ yEioe—jkz(xsin9t+zcos 6;)
]TZT‘ = (Xcos 6; +Zsin Br)Eﬁoe_ﬂ" (xsin 6 —zcos br)
E{ = (%cos 6, — isin ) Ejge /*2(rinfurecos6y)
Based on our earlier calculations:
6, = 6, =33.7°
6, =21.7°
k; = 3.6 rad/m, ko = 5.4 rad/m,
E'y=T,E\,=(-0.25)x(—4) =1 V/m.
E'y=1.E,=075x(—4)= -3 V/m.
Ejy =T|Ej, = (=0.15) x 10.82 = —1.62 V/m.

Efy = 7E( = 0.76 x 10.82 = 8.22 V/m.
Using the above values, we have:

or _ ,r nr
= (XE[cos 6, + Y E' g+ 2.E]sin 6 )e />3
= (—%1.35+§—20.90)e />3 (V/m).

(d)
= (X7.65 — §3—123.05)e /> (V/m).
(e)
St — |E‘(t)|2
2m
IEL)? = (7.65)% + 3%+ (3.05) = 76.83
Mo 377
= = =2513Q
= e T s
. 76.83

_ _ 2
= 552513 152.86 (MW/m"~).




