Problem 8.29 A plane wave in air with

E = (X9-y4—26)e />3 (v/m)

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

(a) The incidence anglé,.

(b) The frequency of the wave.

(c) The fieldE' of the reflected wave.

(d) The fieIdEt of the wave transmitted into the dielectric medium.

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

Solution:

> 7

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

kising = 2,
ki cos6 = 3.



Hence,

ki =v22+32=36 (rad/m)
6 =tan 1(2/3) = 33.7°.

Also,
ko =ki\/€, =3.6vV2.25=54 (rad/m)
/1
_ ein—1 ; | = o
6, = sin [sm&, 2.25] 21.7°.
(b)
2mf
ki = —
! c
; kic _ 3.6x3x 108 172 MHz
21 21

(c) 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 giveassipn

for E indicates that the incident wave is a mixture of parallel and perpendicular
polarization components. Perpendicular polarization hiscamponent only (see
8.46a), whereas parallel polarization has cnéndz components (see 8.65a). Hence,
we shall decompose the incident wave accordingly:

~i o~ i
E =E, +E
with
E'J_ _ _94e—j(2x+32) (V/m)
E| = (x9-26)e 23 (v/m)
From the above expressions, we deduce:
Elo=—4V/m
Ejo= V9 +62=1082V/m

Next, we calculaté andt for each of the two polarizations:

cosB — 4/ (&2/€1) — Sirf 6

M =
cosB + 1/ (&2/&1) — Sirf 6



Using 6 = 33.7° andey /g = 2.25/1 = 2.25 leads to:

N =-025
1, =141, =075

Similarly,

—(&2/£1) 0SB, + 1/ (€2/€1) — SIr? 6

M= = —0.15,
(£2/€1)CcOSB, + 1/ (€2/€1) — Sir? 6
cosB; cos337°
T = (1+ rH)COSQI = (1—0.15)m =0.76.

The electric fields of the reflected and transmitted waves for the two polarizatie
given by (8.49a), (8.49c), (8.65c), and (8.65e):

El -y Eioe*jkl(XSiner*ZCOS@r)
EE_ =y Eioefjkz(xsinaﬁzcoset)
E| = (XcOs8, + 2sin)Ef e ki (xsinér-zcosth)
ET‘ = (XcosB; — Zsinet)Eﬁoe*“‘Z(XSi”Bt“COSBt)
Based on our earlier calculations:
6, =6 =337
6 =217
ki = 3.6 rad/m ko = 5.4 rad/m
Ely=T E y=(-0.25) x (—4) = 1 V/m.
Elg=T1.E (=075x(—4)=-3V/m.
Eﬂo = rHE\IIO =(-0.15) x 10.82= —1.62 V/Im.
Eﬁo = THEll‘O =0.76x 10.82=8.22 V/m.
Using the above values, we have:
E—E| +E|
= (RE[oc0sf; + Y E| o+ 2E[ysing)e />3

= (—%1.35+ 9 —20.90)e /@~ (v/m).



(d)
E —E, +E
= (X7.65— 93— 23.05)e”12+52)  (v/m).

(€)

o &P
212
IEL|2 = (7.65)2+ 32 + (3.05)2 = 76.83
_ Mo _377_
= == 1s =2513Q
S—_8 15086 (mwmnd).
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