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B Decagon Devices

B Started in 1983 supplying instrumentation for
measuring water potential

B Goal

B Develop robust instrumentation to take accurate
data AND fit within a budget

H Vision
B [n the future, measuring and modeling the natural

environment will require more high quality,
Innovative, and inexpensive solutions
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B Magnet and iron filings
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B EM fields using electricity

Dielectric material:
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Dielectric constant: Ability to store charge

~~50il minerals:
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The total dielectric of soil Is made up of the
dielectric of each individual constituent

B The volume fractions, V,, are weighting factors
that add to unity

£ —gbV +gbV +&, PO+ gV +gbV

om "~ om

B Where ¢ is dielectric permittivity, & is a constant around 0.5, and
subscripts ¢, m, a, om, I/, and w represent total, mineral soil, air,
organic matter, ice, and water.

DECAGON
DEVICES




Volumetric Water Content and
Dielectric Permittivity

B Rearranging the equation shows
water content, 6, is directly related
to the total dielectric by

I (&N +&XN_ +eN__+&V.)

_ m m a a om ~ om
0 = 0.5 g 0.5
gW gW
B Take home points
B |deally, water content is a simple first-order function of dielectric
permittivity

B Generally, relationship is second-order in the real world

B Therefore, instruments that measure dielectric permittivity of
media can be calibrated to read water content
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Calibrating dielectric
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Reasonably consistent calibration with soil type DECAGON
Problems: High EC, clay activity, temperature, bulk density DEVICES
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B Basic principles
B Highest sensitivity
closest to surface

B Design of sensor
rods can change
volume of influence

B \Wider needle
spacing only
Increases volume of
Influence to a point
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Measuring dielectric to get water

AAIA Alﬂ
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Measuring Dielectric
2 choices

Time Domain Frequency
Domain

VWV
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Dielectric Instruments: Time

mai nfloartNnMmMotryy
Domain Reflectomet

(B I_y

B Measures apparent length (L,) of probe from
an EM wave propagated along metallic rods

B |_is related to ¢ and therefore 6
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B TDR is a good way to measure water
content, why not use It?

B Cost

B Expensive to purchase extensive installation
B Complexity

B System requires expertise to set up

B Power consumption
B Require significant battery capacity/solar panel
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Frequency Domain (FDR or

Capacitor)dielectric sensor basics
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Capacitor

Positive Plate

Dielectric
Material

Negative Plate

Electromagnetic 1
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Example: How Capacitance Sensors Function

2 cm

1cm

Ocm

Sensor (Side View)
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Example: How Capacitance Sensors Function

2 cm

1cm

Ocm

Sensor (Side View)
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Limits to dielectric measurement
accuracy

B Two important factors
B Temperature
B Electrical conductivity

_____________ PFYDECAGON
Buehler, 2011 DEVICES
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Temperature Sensitivity Analysis of 6 (EP) and 70 (TE) MHz
ECH,O Probes
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No temperature dependence in field

Volumetric Water Content (m3 m-3)
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Diurnal fluctuations: Real or caused by

temperature? (toe slope site)

VWC (m?3 m-3)
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Dielectric Constant — EC Dependence

ECH,O frequency (70 MHz) TDR frequency range

250

Temp =25°C

REAL

200 EC[S/cm]=1.00E-4

EC[dS/m]=0.10
150

lon Dipole Orientation

100 Polarization Polarization

IMAGINARY
0 e e

DIELECTRIC CONSTANT

1E+3 1E+4 1E+5 1E+6 1E+7 1E+8 1E+9 1E+10 1E+11 1E+12
DielConst_Water 1330.xIs FREQUENCY, f (Hz)

Buehler, 2011, ISEMA




1.00E-3
=1.00

25°C

TDR frequency range
EC[dS/m]

Temp
EC[S/cm]

444444444 : R

L

Orientation
Polarization

=

le

ipo

lon D

LNy
-

Ization

Polar

ECH,O frequency (70 MHz)

REAL

--l [

— =l

IMAGINARY

o o
o Lo
N —

250

Dielectric Constant — EC Dependence

o
o
—

o
Lo

¥
o

INVLSNOD Jld103131d

1E+3 1E+4 1E+5 1E+6 1E+7 1E+8 1E+9 1E+10 1E+11 1E+12

FREQUENCY, f (Hz)

DielConst Water 1330.xls

Buehler, 2011, ISEMA



Dielectric Constant — EC Dependence

)
o
c
©
LS.
e
=
N
L0
S N
=3 I
x|l &
al g
Sl -

1.00E-2
10.00

EC[S/cm]

EC[dS/m]

Orientation
Polarization

g 2 o
N o =
T 2 S
= QO =
o c © ;
Nl o O
~ - Qa
>
(&)
c
O
S
o
e >
e '
< Ny =
I < —
O L @)
LLI <
* =
- - - - " 2 A A 0 " 2 0 A 0 2 0 0 0 " 2 0 0 0 !
o o o o o o
0 o O =) O
N N — —
INV1ISNOD 21d1203131d

1E+3 1E+4 1E+5 1E+6 1E+7 1E+8 1E+9 1E+10 1E+11 1E+12

FREQUENCY, f (Hz)

DielConst_Water_1330.xls

Buehler, 2011, ISEMA



Dielectric Constant — EC Dependence

ECH,O frequency (70 MHz)
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-5 Sensor shows no significant EC
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Measuring charge storing capacity of soll
(dielectric) gives approximation of water
content

B TDR Is a good measurement but has some
drawbacks

B FDR (capacitance) can also measure dielectric
effectively

B Other factors like temperature and EC can
change sensor calibration, but not in typical
situations
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