Problem 8.27 A plane wave in air with
Ei _ 92%7j(3x+42) (V/m)

is incident upon the planar surface of a dielectric material, ith 4, occupying the
half-spacez > 0. Determine:

(&) The polarization of the incident wave.

(b) The angle of incidence.

(c) The time-domain expressions for the reflected electric and magnetic fields.

(d) The time-domain expressions for the transmitted electric and magnetic fields.

(e) The average power density carried by the wave in the dielectric medium.
Solution:

(a) E'=920e71(3+42) v/m.

SinceE' is alongy, which is perpendicular to the plane of incidence, the wave is

perpendicularly polarized.
(b) From Eq. (8.48a), the argument of the exponential is

—jki(xsin@ +zcosB ) = —j(3x+4z).

Hence,
ki sing = 3, ki cosf = 4,

from which we determine that

tang, = g or 6 =36.87,

and
ki =+v32+42=5 (rad/m)
Also,
w=Upk=ck=3x10°Fx5=15x10° (rad/s)
(c)
Nni=1no= 377 Q,
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= = - =1885Q,
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6 =sin ! [Sine'} —sin'? [Si”36870] — 17.46°
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T, =140, =059
In accordance with Eq. (8.49a), and using the relaipe- FLE{),
E' = -y8.2¢ /(34

H % s 082
H' = —(X cosB + zsin6) N g i34
0

where we used the fact thét= 6, and thez-direction has been reversed.

E" = Re[E'e™] = —y8.2cog1.5x 10°t —3x+4z) (V/m),
H' = —(X17.4+213.06)cog1.5x 10°t —3x+4z) (MA/m).

(d) In medium 2,

ko — ki /Z —5/4=20 (rad/m)

6 =sin ! [, /?sin&,} =sin?! B sin 36870} =17.46°
2

and the exponent d&' andH' is

and

— jko(xsin6; +zcos6) = —j10(xsin1746° + zcos 1746°) = — j(3x+9.54z).
Hence,

El — §20x 0.59¢1(3+9542)
H . 2 ) .
H' = (—Xcosb; +2sin&) O>’<7059 o 1(3x+9.542)
2
E' = Re[Ele/] = §¥11.8c0g1.5x 10°t — 3x— 9.542) (V/m),

118
Tage COS15x 10°t — 3x— 9.547)

= (—X59.72+218.78) cog1.5 x 10°t —3x— 9.547) (mA/m).

H'= (—Xcos1746° 4 2sin1746°)
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Sv= 50 = 21885 ~ 036 (W)




