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Abstract

Time domain transmissiometry (TDT), a method of measuring transmitted broadband signal in
microwave frequency, has been drawing a lot of attention more than ever as an alternative
method to monitor water content and solute concentration in soils. To establish the monitoring
method by applying TDT, we measured travel time and amplitude of impulse-signal transmitted
through several types of fluid media using TDT probes with different lengths, and verified the
effectiveness of TDT for the estimation of apparent permittivity and electrical conductivity of the
media. Although the determination of apparent permittivity and electrical conductivity of an
extremely high-conductive medium was not completed due to the inadmissible loss of the
transmitted signal, we successfully determined both properties by TDT in moderate-conductive
media. Judging from their distribution from referential values in literature, we concluded that
the longer probes provided more accurate estimations of apparent permittivity and electrical
conductivity.
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(ow) B& Uth%%$

Electrical conductivity (ow) and real
permittivity (¢”) of materials under test.

Fluid media ow (Sm™) e’
CaCl, solution, #1 0.014 —
CaCl, solution, #2 0.037 —
CaCl, solution, #3 0.074 —
CaCl, solution, #4 0.12 —
CaCl, solution, #5 0.35 —
CaCl, solution, #6 0.60 —
CaCl, solution, #7 0.98 —
Air 0.0 1.00"
Cooking oil — 3.00¢
Ethanol, 1.0kgkg '* — 33.1%
Ethanol, 0.6 kg kg '* — 44 .2+
Ethanol, 0.3kgkg '* — 62.1*
Distilled water (DW) 0.0 81.5"

*Ethanol/(ethanol + water)

TChronological scientific tables 2001

*Averaged &”-value from 30 MHz to 100 MHz at
25°C
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Fig. 3 Schematic diagram of a TDT probe
designed.
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Fig. 4 Schematic diagram of experimental setup.
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Fig.5 Transmitted signal and step-pulse sig-
nal emitted from a TDR100 cable tester
expressed in (a) time domain and (b)
frequency domain.
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Fig. 6 TDR waveforms measured with a TDR
probe in CaCl, solutions with different
electrical conductivities.
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Fig.7 TDT waveforms measured for different

probe lengths in CaCl, solutions with
different electrical conductivities.
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versus actual electrical conductivity
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ent TDT probes for standard medium
(air or cooking oil), ethanol, and dis-
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Fig. 12 Apparent permittivity (e;) of CaCl, so-
lutions determined by TDT and TDR
versus actual electrical conductivity
(ow).
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