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Solution I: Ground-Penetrating Radar

1. Speed of radar signal in the material v,,:
ot - Bz = constant = Pz=-constant + wt (0.2 pts)

|8

v = (0.4 pts)

(0.4 pts)
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2. The maximum depth of detection (skin depth, &) of an object in the ground is
inversely proportional to the attenuation constant:

(0.5 pts) (0.3 pts) (0.2 pts)
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Numerically & = ————— m, where o is in mS/m. (0.5 pts)
o
For a medium with conductivity of 1.0 mS/m and relative permittivity of 9, the skin depth
(53149)
o) o " 1593 m (0.3 pts) + (0.2 pts)
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3. Lateral resolution:

Antenna
rP+d’ = (d+&)2
4
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d +&
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rod rod
(1.0 pts)
2\ /s
r=05m,d=4 m: 1_ ﬂ+L , A +32A-4=0 (0.5 pts)
2 2 16
The wavelength is A=0.125 m. (0.3 pts) + (0.2 pts)
The propagation speed of the signal in medium is
. | 1 1 1
"o Jue Juwee, Jue, Jue,
V. =L=£m/ns , where ¢ =Land wu =1
Toe, e e,
v, =0.1m/ns =10° m/s (0.5 pts)

The minimum frequency need to distinguish the two rods as two separate objects is

v

= 0.5 pts
fmm )\' ( p )
03
A9 00 by -
Sfoin = 0125 x10”" Hz =800 MHz (0.3 pts) + (0.20 pts)
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4. Path of EM waves for some positions on the ground surface

_ Antenna Positions
4 ........... b QT b Scanmng direction
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A4 K <«—— Buried rod(e,, 02)
The traveltime as function of x is
t vy
(7) =d2 +x2 , (1'0 pts)

2 2
1(x) = JM (1.0 pts)
%

1(x) =%\/d2+x2

Graph of traveltime, #(x)
Antenna Positions X
>
t
For x =0 (1.0 pts)
100 =2x(3/0.3) d
d=5m (0.5 pts)
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