8.29 A plane wave in air with
Ei = §20e /34 (v/m)

is incident upon the planar surface of a dielectric material, with & = 4, occupying the
half-space z > 0. Determine:

(a) The polarization of the incident wave.

(b) The angle of incidence.

(¢) 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) Ei =§20e /x4 v/m.

Since E' is along §, 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 6; 4 zcos 6;) = — j(3x+4z).

Hence,
ki sin 6; = 3, kicos 6, =4,

from which we determine that

tan 6; = Z or 6, =36.87°,

and
ki =V32+42=5 (rad/m).
Also,
O =upk=ck=3x10*x5=15x10"  (rad/s).
(c)
Nn="No= 377 Q,
Mo Mo
= =—=188.5Q
Upl % 2 )
6, = sin " [Smﬂ — sin”! [M] = 17.46°,
Ve vz
_ M2cosB; —micos 6 041,

LT M2c0s 6, +1Mycos 6
T, =141} =0.59.

In accordance with Eq. (8.49a), and using the relation Ey =T° LE(i),

Er = —§82¢ /(%4



H 8.2 _.
H = —(f( cos 6, + Zsin 91) n_ e*j(3x74z)’
0

where we used the fact that 6; = 6, and the z-direction has been reversed.

E' = Re[Ere/”] = —§8.2cos(1.5 x 10°1 —3x+4z)  (V/m),
H = —(817.44213.06)cos(1.5x 10° —3x+4z)  (mA/m).

(d) In medium 2,

ks = ki /? —5V3=20 (rad/m),
1

e 1
6, = sin! {, [ sin ei} —sin! {— sin36.87°} — 17.46°
& 2

and the exponent of E' and H' is

and

— jko(xsin 6+ zcos 6;) = — j10(xsin 17.46° + zcos 17.46°) = — j(3x+9.54 7).
Hence,

Et = §20 x 0.59 ¢ /(3x+9:542)

H 20x0.59 _;
H' = (—%cos 6, +sin 6, S x Uo7 o J(3x+9.542)
n2
E' = Re[Ete/®] = §11.8cos(1.5 x 10°7 —3x—9.54z)  (V/m),
11.8
H' = (—%cos 17.46° + 25in 17.46°) 555 cos(1.5 x 10 — 3x —9.547)

= (—%59.72+218.78) cos(1.5 x 10° —3x—9.54z)  (mA/m).

(e)

E§> (11.8)2
Sy = =

_ 2
o, axisss 030 (WmD.




