Assignment #4
Ulaby 7.2, 7.3, 7.6, 7.13, 7.14
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(Ulaby Section 4-9)

(Ulaby Section 5-7)
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E_=TE, where the reflection coefficientis I' = "
i, +1,
21,

E, =TE, where the transmission coefficientis T =
I+ 17,
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E =TE. w here (he ransmnssion coelficient is T =
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A plane wawve 1n air has amplitude E, =10 V/m at 1.9 GHz. It is normally incident
on the surface of a half-space filled with concrete. with relative permittivity
£ =6.11 and conductivity & =153 mS/m. Find:
1) The infrinsic impedance of air and the concrete.
2) The transmission coefficient T .
3) The complex amplitude of the transmitted field, E, =TE,
4) The propagation constant in the concrete.
5) The attenuation constant in the concrete.
6) The distance the transmitted wave must travel before its amplitude is reduced to
1 mV/m.
¢ Ifthe problem does not mention the permeability. then assume the materials
are “‘mon-magnetic” with g7 =1.

¢ “Normally incident™ means that the direction of travel of the plane wave is
perpendicular to the surface of the dielectric half space.




1) The intrinsic impedance of air and the congrete.,

|
. | -
For air, 7, = [# _376.73 ohms.

| &,

For the concrete:

Evaluate the radian frequency: @ = 2af = 27-1900x10°=1.1938x10"
rad/sec.

Evaluate the intrinsic impedance:
_ | Jou
\ o+ jos

-~

| 7+1.1938x10° - 4107

= ‘u'153x10‘3 +j-1.1938x10"-6.11-8.854x107"
n, =149.33+ j17.44 ohms




2) The transnussion coefficient T .

r__2h _ 2(149.33+ j17.44)
T +1, 149.33+ j17.44+376.73

=0.5693+70.04749

jj The complex amplitude of the transmitted field. E =TE,

E, =TE,=10%(0.5693+j0.04749)=5.693—j0.4749 V/m

4) Evaluate the propagation constant:
y =+ joulc+ jae)

y=+/(7-1.1938x10° - 471077 f153x107 + j-1.1938x10" - 6.11-58.854x1072)
y=11.58+99.11
5) Evaluate the attenuation constant:

. 1
a=Re(¥)=11.58 Np/m (penetration depth=— =864 cm )
o




6) Find the distance the transmitted wave must travel before its amplitude is

reduced to 1 mV/m.
¢ The ransmitred wave is
E,(z)=Ee " =Ee “e’"
So the amplitude of the transmitted wave is

L
- — —
(=) =|E]e
where |E,|=|5.693+j0.4749| =5.713 V/m
r T.l"\ +‘|-'|1.I"1 1'1'“;‘1. b ar=Fa R L |Z|..i'1 .i'q':{"'fﬂﬂl"\& oot | F f-rx'.l = ﬁ ﬁl“ll q‘i.""i'l"i I".I'l'l.."‘ :n‘w*a.
- LS LIIAE Wil l.k.-\.lLl-Ll'l.-u- L B BN L S ey |.l_.-1|\z_',_'j| LU WoOLLL CLERWE DALY W
- —11.58=
0.001=5.713e
1 5.7 .
= 1 - |=74.7 cm
11.58 1 0.001
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Example
A plane wave in air at 2450 MHz is incident on the surface of an infinite half-space
of brick material. with & =35.1 and zero conductivity. The amplitude of the
incident electric field is 10 volts/meter.
(1) What are the reflection coefficient and the transmission coefficient?
(i) ~ What is the amplitude of the field transmitted into the brick material?
(111)  What 1s the amplitude of the reflected field?
(iv)  What is the maximum value of the standing wave in the air. and how
far is the maximum from the surface of the brick?
(V) What is the standing-wave ratio?




Solution
e The infrinsic impedance of the air is 7, =376.73 ohms.

¢ Evaluate the intrinsic impedance of the brick:
w1 |m 37673 37673

=166.8 ohms

2T — 1 - -
1“ EFEU .,ul EJ’ ‘lu E.:, M-.-S‘?, ‘\'Ilr_i.].

¢ Evaluate the reflection coefficient:
Fzﬁl_nl _ i, —n, 166.8—-376.7

= =—0.3862
m.+n m,+n, 166.8+376.7
¢ Evaluate the transmission coefficient:
2 2, 2x166.8
7=_"" __“h _ —0.6138

n 1, Hy+1n, 166.8+376.7




e The raflected field 1s E, =TE, where E, =10 Vimso
E =1E =-0.3862x10=-3.862 Vim

¢ The field in the air is the sum of the incident field plus the reflected field:
E =10e7"* —3.862¢"*
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