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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 di erent lengths, and verified the

e ectiveness 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.

: Time domain transmissiometry (TDT), Apparent permittivity, Electrical conductivi-

ty, Travel time, Signal intensity
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Measurement of Dielectric Properties Using Time Domain Transmissiometry

(TDT) with Broad Band Impulse-Signal
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Schematic diagram of a TDT probeEthanol, . kg kg *
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Distilled water (DW)
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Chronological scientific tables
mm,Averaged -value from MHz to MHz at

mm
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CaCl TDT

AVH-S- -C, AVTEC ELECTRO-

SYSTEMS

D, Agilent Technologies HP A, Hewlett-Packard

HP ES, Agilent Technologies

MHz MHz

TDR

Campbell Scientific

TDT a TDR

. mm b
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. D- V, Fujikura ps

TDT B . V

C . mm, . mm, mm

. . dB .
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t, s

t, s t, m

: TDT

Schematic diagram of experimental setup.

.

CaCl

. mm, mm

mm

. D- V, Fujikura

TDR

TDR

Campbell Scientific

TDR TDRTDR

PCTDR

a b

Transmitted signal and step-pulse sig-

nal emitted from a TDR cable tester

expressed in (a) time domain and (b)

frequency domain.

mm TDR TDR

. ps DW

TDT CaCl TDR

TDR

TDT

t
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R

TDT W

W TDT

TDR

CaCl TDR

TDR waveforms measured with a TDR

probe in CaCl solutions with di erent

electrical conductivities.

. S m
TDT CaCl

TDT

TDT waveforms measured for di erent

mm, mm, mm TDT probe lengths in CaCl solutions with

di erent electrical conductivities.

CaCl TDT mm

. S m TDT

TDR

TDT

TDT

mm . ns,

mm . ns, mm TDR

. ns CaCl

TDT

TDR

Dalton and van Genuchten, ;

Ren

B C

TDT

TDT TDT

TDT TDT

TDT

et al.,
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TDT act

TDT

TDT

TDT

TDT

W

W TDT

TDT act

TDT

act

TDT

: TDT

:

SEP

TDR

mm TDR

.

S m

TDT TDR

:

CaCl TDR SEP

mm TDT .

Electrical conductivity of CaCl solu-

tions ( ) versus signal voltage ( ).
TDT

TDT

TDT

. kg kg TDT

mm TDT

TDT TDR CaCl

TDT
Electrical conductivity ( ) of CaCl

solutions determined by TDT and TDR

versus actual electrical conductivity

( ).
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a

a

a

a

a

a

a

a a

a

a

TDT TDR

Apparent permittivity ( ) measured

by TDT and TDR versus real permit-

tivity ( ) of fluid media.

. CaCl

mm TDR

. . mm

TDR . S m

TDT

DW TDT

TDRTDT waveforms measured with di er-

ent TDT probes for standard medium

(air or cooking oil), ethanol, and dis-
TDT

tilled water (DW).
TDT mm

mm TDT . S

m . S m

TDR

TDT TDR

TDT TDR

. S m Ave.

SE mm,

TDT mm TDR mm, mm TDT SE

: . . . TDT

TDT

TDR

Fig.

Fig.
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a W

a

W

Rhoades, J.D. ( ) : Time-domain reflectometry :

: TDT

TDT

TDR

TDT

Blonquist

TDR TDT

TDT TDR CaCl

TDT TDR
Apparent permittivity ( ) of CaCl so-

lutions determined by TDT and TDR

versus actual electrical conductivity

( ).

TDT

TDT

mm TDT

SE mm TDR SE

.

TDT TDR Blonquist Jr., J.M., Jones, S.B. and Robinson, D.A.

TDR ( ) : A time domain transmission sensor with

TDR performance characteristics. Journal of Hy-

drology, : .

Dalton, F.N., Herkelrath, W.N., Rawlins, D.S. and

simultaneous measurement of soil water content

and electrical conductivity with a single probe.

Science, : .

TDT Dalton, F.N. and van Genuchten, M.Th. ( ) : The

time-domain reflectometry method for measur-

Harlow ing soil water content and salinity. Geoderma,

: .

Harlow, R.C., Burke, E. J. and Ferré, P.A. ( ) : Meas-

uring water content in saline soils using impulse

time domain transmission techniques. Vadose

TDT Zone Journal, : .

Hook, W.R., Ferré, T.P.A. and Livingston, N. J. ( ) :

et al.,

et al.
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:

:

tromagnetic determination of soil water content :

The e ects of salinity on the accuracy and un- ment in soils using time domain reflectometry.

certainty of water content measurement. Soil Vadose Zone Journal, : .

Science Society of America Journal, : . Robinson, D.A., Schaap, M., Jones, S.B., Friedman, S.P.

: and Gardner, C.M.K. ( b) : Considerations for

. improving the accuracy of permittivity measure-

Jones, S.B., Wraith, J.M. and Or, D. ( ) : Time ment using time domain reflectometry : Air-

domain reflectometry measurement principles water calibration, e ects of cable length. Soil

and applications. Hydrological Processes, : Science Society of America Journal, : .
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