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Solution |: Ground-Penetrating Radar

1. Speed of radar sgnd in the materid vp:
W - bz= constant ® bz=-congtant + wt (0.2 pts)
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2. The maximum depth of detection (skin depth, d) of an object in the ground is
inversaly proportiona to the attenuation congtant:
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m, where s isinmSm. (0.5 pts)

Numericdly d :@

For amedium with conductivity of 1.0 mS/m and relaive permittivity of 9, the skin depth

= 1593 m (0.3 pts) + (0.2 pts)
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3. Laterd resolution:

Antenna
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Thewavdengthis| =0.125 m. (0.3 pts) + (0.2 pts)

The propagation speed of the sgnd in mediumis

1 1 1

1
Vm_J__Jnameoe ~Jme, me,

¢ m/ns where ¢ = ! ——andm-=1
~Jme J— me,
v, =0.1mns =10° m/s (0.5 pts)

The minimum frequency need to distinguish the two rods as two separate objectsis

fmin :Il (05 ptS)
03
f. = % 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
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Thetravdtime as function of X is
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t(x) =, /4d+4x2 (1.0 pts)

t(x) = r\/dz +X°

Graph of traveltime, t(x)
Antenna Pogitions X
-
t
For x =0 (L0 pts)
100 =2x%(3/0.3) d
d=5m (0.5 pts)



