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3-Dimensional Underground Cavity in Lossy Medium
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Abstract

When the time-harmonic plane wave is incident upon a high-contrast spherical cavity in a lossy
medium, the incoherent shadow intensity pattern is acquired by averaging out the multi-frequency
intensities of the co-polarized total electric field calculated at the measurement plane perpendicular
to the propagating direction of the incident wave in the forward direction. In the spherical rotational
measurement configuration, an incoherent imaging of the spherical cavity is obtained via the
back-projections of the incoherent shadow intensity pattern. This imaging method is validated by
imaging an air sphere in the lossy medium of e,=2 and ¢= 0.001, 0.003S/m and the conditions
for obtaining better images are investigated.
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Fig. 2. (a) Intensity pattern of the co-polarized fotal

1]

electric field scattered from the air sphere of
1 meter radius in a lossy medium of e,=2
and 0=0001S/m for f=400MHz and z,

=5m in the case of the plane wave in- cidence, (b) intensity paftern scattered from the spherical cavity for

F = 1600 MHz, and (c) intensity patterns scattered from the spherical cavity calculated at 2z, =5m and ¢

=0° for f =100, 400, 1600 MHz,
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(a) Intensity pattern of the co-polarized total electric field scattered from the air sphere of 1 meter
radius in a lossy medium of &, =2 and ¢ = 0003S/m for f=400MHz and 2, =5m in the case
of the plane wave incidence, and (b) intensity pattern scattered from the spherical cavity in a lossy
medium of €, =2 and ¢ =0001S/m for f =400MHz and z, = 10m,
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Fig. 4. (a) Frequency-averaged intensity pattern of the co-polarized total electric field scattered from the air
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sphere of 1 meter radius in a lossy medium of &, =2 and ¢ = 0.001 S/m for the frequency band of (10 MHz,
100 MHz) by the interval of 25MHz and 2z, =5m in the case of the plane wave incidence, (b)
frequency-averaged intensity pattern scattered from the spherical cavity for the frequency band of (10 MHz,

400 MHz), (c¢) frequency-averaged intensity pattern scattered from the spherical cavity in a lossy medium of
e,=2 and o0 =0003S/m for the frequency band of (10 MHz, 400MHz) and z,=5m, (d) frequency-
averaged intensity pattern scattered from the spherical cavity in a lossy medium of &, =2 and &= 0001 S/m
for the frequency band of (10 MHz, 400 MHz) and z, = 10m,
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{(a) Incoherent image of the air sphere of 1 meter radius in a lossy medium of €, =2 and o = 0.001
S/m obtained from the frequency-averaged intensity patterns calculated at the distance of 5m from the
scatterer center for the frequency band of (50 MHz, 870 MHz) by the interval of 25MHz in the
spherical rotational measurement configuration with 26 incident plane waves, (b) incoherent image of the
spherical cavity in a lossy medium of &, = 2 and o =0001S/m obtained from the frequency-
averaged intensity patterns calculated at the distance of 10 m from the scatterer center, and (c)
incoherent image of the spherical cavity in a lossy medium of €, =2 and ¢ =0.003S/m obtained
from the frequency-averaged intensity patterns calculated at the distance of Sm from the scatterer

center.
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