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ABSTRACT

Measurements of the complex. dielectric constant of
seawater at 30.00 psu, 35.00 psu and 38.27 psu over the
temperature range from 5°C to 35°C at 1.413 GHz are given
and compared with the Klcin-Swift results. A resonant
cavity technique is used. The calibration constant used in
the ecavity pertwrbation formulas is  determined
experimentally using methanol and ethanediol (ethylene
gycol) as reference liquids. Analysis of the data shows that
the measurements are accurate to better than 1.0% in almost
all cases studied.

Index Terms— Dielectric constant, microwave resonant
cavity, salinity, seawater.

1. INTRODUCTION

This paper describes continuing measurements of the
dielectric constant of seawater at 1.413 GHz by a resonant
cavify technique. Details of the physical measurement setup
have been discussed in IGARSS 2007 paper [1] and
measurements of seawater at 30 psu over a temperature
range from 10°C to 35°C have been presented in the
MicroRad Specialist Meeting in March, 2008 [2]. As has
been pointed out in [2], the measurement method relies on
the perturbation formula

£-1=2CAfI f, , N =f-f
&=CAI/Q) , AYQ)=YQ-1/0,

(1)

where the complex dielectric constant, s, =&’ +ig’, is
calculated from the frequency shift, Af, and the shift in the

cavity Q occurring upon the introduction of seawater into
the cavity. The measurement method depends on the
calibration constant, C, which can be obtained from the
measurement of a reference liquid with a known dielectric
constant. In [2] the calibration constant was calculated using
measurements of methanol.

Ho, et al [3] made L-band seawater dielectric measure-
ments using the cavity technique in 1974. Blanch and
Apguasca [4] have made measurements of seawater dielectric
more recently at this frequency vsing a waveguide method.

Following these introductory comments, new measure-
ments of the calibration constant using methanol, ethanediol
(ethylene glycol) and ethanol will be discussed in section II.
In section ITI, measurements of seawater at 35 and 38 psu
are presented along with previously obtained results at 30
psu. Concluding remarks appear in section IV.

2. CALIBRATION

In this manuscript, new measurements of the calibration
coefficient using several different reference liquids with
known dielectric constants will be explored. Four liquids
have been considered as candidates. They are: methanol,
ethanediol, ethanol and butanol. Accurate dielectric
constants for all liquids in the frequency and temperature
range of interest can be found in Gregory and Clark [5]. In
the past, the calibration coefficient has been obtained using
an average of several methanol measurements. Recently, a
few more methanol measurements have been made after a
time lapse of several months and after several small changes
to the measurement setup. These measurements have been
incorporated into the average and a new calibration
coefficient has been computed. Measurements of ethanediol
have alse been made and used to obtain a calibration
constant, The two other liquids, butanol and ethanol, have
not been chosen as a reference liquids due to their smaller

TABLET
DIELECTRIC CONSTANTS OF REFERENCE LIQUIDS

"AT 14GHz AND 20 °C

Liquid Real Imag.
Methanol 2798 11.13
Ethanediol  20.13 16.97
Ethanol 10.00 810
Butano! ass 277
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Fig. 1. Comparison of the real part of the dielectric constant of

30.00 psu seawater obtained in this study (GWU) with the Klein-
Swift model,

dielectric constant values compared to the dielectric
constants of methanol and ethanediol.

In Table I, the real and imaginary parts of the dielectric
constants at 1.4 GHz and 20°C for the four reference liquids
are shown. The results have been obtained by a linear
interpolation of the data give in [5] at 1.0 and 1.5 GHz. An
examination of the table shows that butanol and ethanol
have much lower dielectric values than the other two
reference liquids. A smaller  dielectric constant value
causes a smaller resonant frequency shift and quality factor
change. Thus, the C constant value becomes more
dependent on resonant frequency and quality factor
fluctuations. For example, a frequency shift of 24 KHz
occurs when methanol is introduced into the cavity while
only a 7.5 KHz shift occurs for ethanol. A fluctuation of
100 Hz variation in resonant frequency shift leads to a 0.42
% change in the C constant calculation in the case of
methanol, and 1.34% change in the case of ethanol.

2.1, Methanol

The experimental data for the methanol calibration measure-

TABLE II
METHANOL EXPERIMENT DATA

Test Empty  Methanol Al Empty Methanol Q1o
Number fo(Hz) Hy (H) Q - Q .
1 Jan 26 1413,279.003 1413.255,084 23.919 7739 6976 141ED5
2 Jan 26 1413278519 1413254126 24393 7752 6980  1.43E-05
3 Jan 27 1413278110 1413261056 24064 7779 7004  1.42E-08
4 Jan 3 1413258135 1413233735 24400 7692 6938  141E05
5 Feb1 1413265777 1413241410 24366 7675 6522 142E05
6§  Febd 1413260615 1413236397 24218 7632 6839  1.39E.05
7T May13 1413207.779 1413163880 23.899 7846 7068  1.40E05
8 May,14 1413205702 1413181833 23870 7852 7074 140E05
Average 1.412,253,830 1,413.229,690 24,948 7,746 5983 1HEDS
Stdev S 732 1.19E-07

Error(%) T 0% 0.64
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Fig. 2. Comparison of the imaginary part of the dielectric constant
of 30.00 psu seawater obtained in this study (GWU) with the
Klein-Swift model

-ments is shown in Table Ii. In this table appear the six
measurements given in [2] plus two recent measurements.
An examination of the table shows that the frequency shift
and the change in the Q do not change very much between
the old and the new measurements. The average calibration
coefficient using the 6 old measurements is 786x10° while
the average value of C with the new measurements included
is 790x10°. A change of approximately 0.5%.

2.2. Ethanediol

Ethanediol was chosen as a second calibration liquid
because of its comparatively high dielectric value. Four
experiments were conducted, and their average results are
shown in Table III. The ethanediol experiment results have
a greater variance than methanol measurements. This may
be attributed to the fact that ethanediol is more viscous and
has a natural susceptibility to combine with water,

The calibration coefficient was evaluated using the data
given in table U1 for ethanediol at 20 °C. The calibration
coefficient obtained using the average value of the
frequency shift given in Table T was found to be 794x10° .
This calibration constant value is 0.47 % greater than the
one obtained by using methanol.

TABLE I11
ETHYLENE GLYCOL EXPERIMENT DATA

Test Empty E.Glycot Af  Empty E.Glyeol

Nmber o)  wmy @y Q@ MOV
1 Jun 9 1413189194 14983472000 17124 7822 6,724 - 2.09E-05
2 Jun,9 1413190466 1413173226 17240 7817 6691 215605
3 Jun 2 1413185197 1413,168,537 16660 7823 6723 2.09ED5
4 Jun 13 1413,186,077 1413168934 17143 7836 6699 217E05
Average 1,413,187,734 1,413,170,692 47,042 1,825 6709 2.92E05
Stdev 259 4.08E-07

Errorf%) o 152 ) 192
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Fig. 3. Comparison of the real part of the dielectric constant of
35.00 psu seawater obtained in this study (GWU) with the Klein-
Swift model.

3.DATA

The complex diclectric constant measurements of
seawater at 30.00, 3500 and 3827 psu over the
temperature range from 10°C to 35°C in increments of

5.0°C are given in Figs. 1-6. Several measurements have

been conducted at each temperature and salinity value to
observe the repeatability of the results. The data has been
calibrated using the new methanol calibration constant of
790x10°.

The 30.00 psu measurements which were shown in
recent MicroRad specialist meeting [2] are reevaluated by
using the new calibration constant. Since the old and new
calibration coefficients differ by only 0.5%, the new data for
30.00 psu is very close the results presented in [2]. The
average dielectric constant of three experiments at cach
temperature value with error bars for real and imaginary
parts are plotted in Figs. 1 and 2 respectively. As can be
seen from the figures, the GWU 30.00 psu dielectric
constant results for the real part are lower than Klein and
Swift [6] results by 1.3% - 2.1 % while the imaginary values
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Fig. 5. Comparison of the real part of the dielectric constant of
38.27 psu seawater obtained in this study (GWU) with the Klein-

Swift model
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Fig. 4. Comparison of the imaginary part of the diclectric constant
of 35.00 psu seawater obtained in this study (GWU) with the
Klein-Swift model.

are closer with a maximum difference being less than 1.2 %.

Two different measurements have been conducted for
each temperature at 35.00 psu and 38.27 psu. The average
dielectric constant results with error bars for real and
imaginary parts are plotted in Figs. 3-6 at these salinity
values. The results have similar trends at 35.00 and 38.27
psu compared to Klein and Swift results. The GWU real
patt results are lower than Klein and Swift by 0.9% -2.2% at
35.00 psu, and by 0.8% -2.1 % at 38.27 psu. Similarly, the
GWU imaginary part results are lower than Klein and Swift
by 0.8%-2.9 % at 35.00 psu, and by 1.2%-3.2 % at 38.27
psu. From Fig. 3 it is seen that there exists an anomalously
large variance for the measurements of the real part at 30°C.
There is no explanation for this behavior at this time but
more measurements will be conducted at terperatures close
to 30°C for seawater with a psu of 35,

The effect of the variability of the calibration
coefficient is shown in Figs, 7-8. Since the calibration
coeflicient for methanol has a variability of about 1%, the
curves for seawater with a psu of 30.00 appearing in Figs 1-
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Fig 6. Comparison of the imaginary part of the dielectric constant
of 38.27 psu seawater obtained in this study (GWU) with the
Klein-Swift model
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Fig 7. Comparison of the real part of the dielectric constant of
30.00 psu seawater obtained in this study (GWU) with the Klein-
Swift model by considering %1 change in the calibration constant
value.

2 have been shifted up and down by this amount. It is seen
that even with this variability taken into account, the
measurements of the real part of the dielectric constant are
still below the Kline Swifi results.

4, CONCLLUSIONS

In this paper, the complex dielectric constant of the seawater
at 30.00 psu, 35.00 psu and 38.27 psu has been measured at
temperatures from 10°C to 35°C in increments of 5°C by
using a temperature controlled resonant cavity. The
experiments at each temperature have been repeated three
times for 30.00 psu, and two times for other salinity values
to indicate the fluctuations in measurement data. Methanol
has been used as a reference liquid. Repeated
measurements of methanol have produced an average
calibration constant with fluctuations of less than 1.0%.

Comparison of the measurement results with Klein and
Swift has shown that the real part is generally 2% lower
than the value predicted by Klein and Swift while the
imaginary part is in better agreement.

Finally, four different reference liquids were considered.
Those with lower dielectric values were eliminated for
accuracy considerations while ethanediol exhibited some
unusual behavior which is still being investigated.
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Fig 8. Comparison of the imaginary part of the dielectric constant

of 30.00 psu seawater obtained in this study (GWU) with the

Klein-Swift model by considering %1 change in the calibration

constant value.
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