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The dielectric properties of lunar soil samples 72441,12 and 15301,38 have been measured as a function of
vertical stress to 2 bars, temperature to 200°C and density, in vacuum, over the frequency range 200-10° Hz.
It was found that the dielectric constant varies not only with density, but also with stress at constant sample
density. The loss tangent was found to be insensitive, within experimental limits, to both stress and density varia-
tions over the ranges measured. A solid terrestrial basalt sample has been ground and the dielectric properties of
the powder and a remaining portion of the solid sample have been measured in vacuum. The measured dielectric
constants for the basalt soil at different densities are compared with calculated values using the solid sample data
in conjunction with the Lichtenecker, Rayleigh and Krotikov-Troitskiy mixing formulas. Qualitative behavior of
the dielectric properties of the lunar regolith with depth is discussed.

1. Introduction

Interest in the physical properties of granular media
has become of major importance for the interpreta-
tion of physical models of the lunar regolith. Dielec-
tric and d.c. conductivity data, in particular, have im-
portant applications for interpretation of earth-based
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radar observations [8], the Apollo 17 surface electri-
cal properties experiment [20], the Apollo lunar
sounder experiment [17], and the Standford-Apollo
bistatic radar experiment [22]. Recognizing the need
for electrical property measurements on soils, several
laboratories have become involved in the measure-
ment of lunar and lunar simulant soil samples [1, S5,
11, 15, 16, 21]. Until the present paper, however, no
data as a function of increasing stress, temperature
and density have been published for lunar soil samples.
The main purpose of the present paper is to present
the first electrical propert measurements on a lunar
sample as a function of these thermodynamic vari-
ables.
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2. Experimental apparatus

The apparatus used to make the electrical prop-
erty measurements in vacuum is shown in Fig. 1. The
main body of the assembly (a) is fabricated from a
3-inch diameter stainless steel tube and was con-
structed so the upper portion is removable to
facilitate sample placement and connection of electri-
cal leads. A ceramic rod (), used in application of
vertical stress to the sample, is connected to the upper
portion of the vacuum assembly. The three terminal
molybdenum electrode system (c) and sample (d) are -
placed in a non-inductively wound furnace with a '
250°C capability (e) which seats on a stainless steel
thrust rod (f). Vertical movement of the thrust rod
from outside the vacuum system is provided by means
of a bellows (g) and guides (7). Weights are attached
to the bottom of the thrust rod to balance the force
due to atmosphere (approximately 2 bars) acting on

(b)
P

(a)

(d)

(i)

Fig. 1. Experimental apparatus used to make electrical proper-
ty measurements in vacuum; ¢ = vacuum container, b = ceram-
ic rod, ¢ = three terminal electrode assembly, d = sample, e =
furnace, f = stainless steel thrust rod, g = bellows, 4 = align-
ment bearings, i = linear voltage differential transformer.
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the thrust rod and bellows when the system is evacu-
ated. By removing weights, the sample assembly is
then allowed to move toward the ceramic rod at-
tached to the upper vacuum flange. Contact of the
electrode assembly with the ceramic rod is deter- .
mined by continuity between the guarded electrode
and a thin molybdenum disk adhered to the end of
the ceramic rod. The force acting on the sample is
then given by the difference of the force due to
atmosphere and the force of the weights with a
small correction term to account for the force con-
stant of the bellows. Using the apparatus in this
manner, a minimum vertical stress of 0.04 bar (PO)
due to the weight of the upper electrode assembly
and a maximum vertical stress of 2.0 bars could be
applied to the sample. Higher stresses were obtained
by placing the vacuum system in a jack assembly and
applying additional force on the stainless steel thrust
rod.

Displacements were measured using a linear volt-
age differential transformer (LVDT) (i) which has
been calibrated to within 0.0002 inch. Electrical con-
nections were made using General Radio 874 con- .
nectors and shielded cables. A Genereal Radio 1620-A}:
capacitance bridge was used to measure dielectric
properties. Relative error of the dielectric measure-
ments was 0.5% with an absolute accuracy of 2%.
Dielectric measurements were made over a frequency
range of 200 Hz to 15° Hz from 25 to 200°C.

Due to the high sensitivity of the LVDT, used to
monitor thickness variations, effects of thermal ex-
pansion in the system precluded simultaneous ver-
tical stress—temperature measurements. Consequently,
all temperature measurements were made at P, and
stress tests at room temperature.

3. Experimental fechnique and results

3.1. Lunar sample 72441,12

tAr, s

Lunar sample 72441,12 is an olive gray, soil
sample with approximately 10% black cindery glass,
10% agglutinates, 10—15% white or light gray matrix
breccia and 70% medium gray matrix breccia ob-
tained on EVA?2 of Apollo 17 from under a 2/3-m
diameter rolled boulder. The sample was subjected
to spacecraft atmosphere from 5 to 7 days, to ter-
restrial atmosphere 9—13 hours on the recovery {
ship and sealed in a static terrestrial atmosphere
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Fig. 2. Dielectric constant of lunar soil 72441,12 as.a func-
tion of frequency for p = 1.65 g/cm3 and constant tempera-
ture.

for about 1-1/2 days until introduction into the
Lunar Receiving Laboratory nitrogen processing

' and storage atmosphere (Lunar Samnple Informa-

tion Catalog, Apollo 17, Johnson Space Center,

. Houston, Texas). To avoid further exposure to ter-

- restrial atmosphere, the sample was transferred from
its sealed bag to the experimental apparatus under a
- nitrogen atmosphere. The sample was placed in the

- sample holder and the upper electrode assembly
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placed on the sample. The thickness was then measured
using a micrometer and an initial density of 1.65 g/
cm3 determined from mass to volume ratio. The
initial stress on the sample due to the placement of
the electrode assembly is approximately 0.04 bar
(PO). Immediately after transfer of the sample and
final assembly of the system, the system was evacu-
ated to 10~ 4 torr and dielectric data recorded at
room temperature. Subsequent evacuation of the
system to 2 X 10~ torr had no noticeable effect on
the dielectric data. When the sample was subjected
to temperature, the pressure increased to about

2 X 1073 torr at 100°C due to outgassing of the
sample and sample holder with the majority of the
outgassing presumably due to the history of the
sample after it had been collected. In order to avoid
the possibility of automatic shut down of the ion
pump due to excessively high pressures, the ion pump
was closed to the system and the roughing pump
turned on. The sample was then taken to 200°C and
left for 12 hours, the ion pump turned on, and the
sample left for an additional 12 hours. After this
procedure, the sample was then cooled to room
temperature and the dielectric properties measured
as a function of temperature from 25°C to 200°C.
The dielectric constant and loss tangent for this test
are shown in Fig. 2 and Fig. 3, respectively. Data
recorded at room temperature before and after the
vacuum-temperature treatment were nearly identical
suggesting that water adsorbed by the sample was
not the principal component in the observed out-
gassing.

A vertical stress of 2.0 bars was then applied to
the sample which increased the density to 1.68 g/cm>
and dielectric data recorded as the vertical stress was
decreased to PO. As shown in Fig. 4, the dielectric
constant gradually decreases with stress release to
about 0.34 bar, below which a much more rapid de-
crease is noted. This behavior is most certainly a re-
sult of better and more frequent grain contacts at
the higher stress levels. As a part of a strength and
compressibility test on just over 200 g of Apollo 12
soil (12,001,119), Carrier et al. [4] performed two
rebound cycles to examine the elastic (recoverable)

and plastic (irrecoverable) portions of one-dimensional
settling induced by vertical stress. Their results
showed that the elastic portion of the mechanical
behavior of the soil was negligible compared to the

: 10 10° 10* 10°
FREQUENCY (Hz)
| Fig. 3. Loss tangent of lunar soil 72441,12 as a function of

| frequency for p = 1.65 g/cm3 and constant temperature.

|
|
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Fig. 4. Variation of dielectric constant of lunar soil 72441,12
as a function of vertical stress at 25°C.

plastic portion. Therefore, in the present experiment,
the density is assumed to be essentially unchanged as
pressure is decreased from 2.0 to 0.04 bar.

Dielectric data at densities intermediate to p 0 and
Pmax Were not made due to the low compressibility
of the thin soil sample which made experimental mea-
surement of the raw dielectric data difficult. The com-
pression data from the intermediate pressure recorded
with the LVDT, however, can be used to establish a
density—pressure relation that is useful for discus-
sion of physical models of the lunar regolith. The
compression curve for this test (Test 1) is shown in
Fig. 5.

After completion of this test, the upper portion
of the apparatus was removed under a nitrogen atmo-
sphere and the thickness measured as a check on the
thickness calculated with the LVDT data. This check
showed excellent agreement between the two measure-
ments. The sample was then stirred, smoothed and the
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Fig. 5. Soil compression curves from stress tests for lunar
sample 72441,12 and 15301,38.

vacuum system reassembled. The initial density in the
second test was 1.56 g/cm3. After evacuating to

2 X 10~ 7 torr for 24 hours, measurements were made
to 200°C. Data for this test are shown in Fig. 6 and
Fig. 7. After completion of the temperature test, the
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Fig. 6. Dielectric constant of lunar soil as a function of fre-
quency for p = 1.56 g/cm3 and constant temperature.
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Fig. 7. Loss tangent of lunar soil 72441,12 as a function of
frequency for p = 1.56 g/cm3 and constant temperature.

sample was brought to room temperature and dielec-
tric data remeasured. The data at room temperature
before and after temperature cycling were in excellent
agreement. A stress of 2.0 bars was then applied to
the sample resulting in an increase in density to 1.63
g/cm3. Dielectric data were then recorded as a func-
tion of decreasing stress at an essentially constant
density of 1.63 g/cm3. This data, illustrated in Fig. 4,
shows the same qualitative behavior as the previous
stress release test. To verify the effect of stress on the
dielectric constant and to test for possible stress-in-
duced dielectric hysteresis, data were then recorded

as stress on the sample was increased from P to 2.0
bars. These data, also illustrated in Fig. 4 (P;,.),

show reasonable reproduction of the data recorded
with decreasing stress (Py,.). After reaching maximum
stress, the stress was brought back to P and the dielec-
tric properties remeasured. As shown in Fig. 4, no
significant change in the data was observed after

stress release.

To obtain higher densities the vacuum system was
placed in a jack arrangement to compact the sample.
The sample was subjected to pressure of approximate-
ly 3.4 bars with a resulting density of 1.80 g/cm3,
the stress released to eliminate stress effects, and a
temperature test performed. These data are shown in
Fig. 8 and Fig. 9. After completion of this tempera-
ture test, the sample was subjected to a vertical stress
of approximately 6.9—8.6 bars which increased the
density to 1.87 g/cm3 and data recorded at room
temperature. Finally, the system was opened and the
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Fig. 8. Dielectric constant of lunar soil 72441,12 as a func-
tion of frequency for p = 1.80 g/cm3 and a constant tem-
perature.

thickness measured. The thickness was again in good
agreement with that calculated using the LVDT. Data
recorded for densities resulting from application of

2 bar and 6.9—8.6 bar maximum stress are shown in
Fig. 10 and Fig. 11. These figures illustrate the depen-
dence of the dielectric constant on density and the
relative insensitivity of the loss tangent to density in
the range measured.
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Fig. 9. Loss tangent of lunar soil 72441,12 as a function of
frequency for p = 1.80 g/ cm3 at constant temperature.
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3.45 T ly described by Olhoeft et al. [15]. Measurements |
I 72441,12 were made in this system at 25, 125, 190, and 225°C.
a0k Unfortunately, because of what was interpreted as
' a rapid increase in the d.c. conductivity, no peaks ]
i were observed. The density of the sample in this
_ 335 test was 1.68 = 0.07 g/cm3. Dielectric data from the
< - two systems were within estimated absolute accu- 4
2330} - racy but will not be presented in this paper as the
3 i supplementary data offers no additional information.
é 325 L In both systems, it was observed that, after initial
2 L pumpdown, temperature cycling had essentially no
= effect on the room temperature data even though
3.20- significant outgassing occurred.
315} 3.2. Lunar sample 15301,38
3.10 ) ) The electrical properties of lunar soil 15301,38
102 103 104 10% have been previously measured at a density of
FREQUENCY (H2) 1.47 % 0.06 g/cm?3 and mathematical modeling of the
Fig. 10. Dielectric constant of lunar soil 72441,12 as a func- electrical parameters performed [15]. The electrical
tion of frequency for end points of each stress test. Data pre- properties of a portion of this sample have also been

sented at P =Pg, T'=25°C. investigated in this experiment to provide additional

information on the behavior of the dielectric prop-
erties with density and stress, with primary em-

Mathematical modeling of the dielectric data as phasis on effects of density changes. Because the
performed by Olhoeft et al. [15] was not possible sample had been exposed to air, the sample was sub-
because no relaxation peaks were observed in the tem- jected to vacuum-temperature treatment to a max-
perature and frequency range studied. In an attempt imum temperature of 200°C until further treatment
to obtain the data necessary for a mathematical de- showed no change in the dielectric parameters. The
scription of the electrical properties, the sample was initial density for this test was 1.60 g/cm> with den-
placed in a high vacuum-temperature system previous- sity increasing to 1.68 g/ cm3 under vertical stress

due to atmospheric force acting on the bellows

10 . ; (2 bars). The compression curve for this portion of

72441,12 the test is also shown in Fig. 5. To obtain higher

densities, the sample was compacted using an external
jack arrangement. The dielectric properties of lunar
sample 15301,38 are given for selected frequencies

¢ o at T=25°C and P = P, in Table 1. The dielectric
; el constants measured at different densities agrees quite
3 well with the earlier measurements performed at
Data for = 1.63 and P=1.68 1.46 g/cm3 [15] in which the sample was not exposed
merge within exoerimental {imits to atmosphere. During the high-temperature tests
beyond 1000 Hz .
performed on this sample [15], however, the loss
-001 : : - tangent was irreversibly altered. Consequently, the
102 102 10? 10° o thi a
loss tangent data reported in this paper for lunar soil

FREQUENCY (H2) .
Fig. 11. Loss tangent of lunar soil 72441,12 as a function of 15301,38 are much higher than were measured be-

frequency for end points of each stress test. Data presented fore the high temperature tests.
atP=Py T=25°C. At the highest measured density of 1.83 g/em3,
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Dielectric properties of lunar samples 72441,12, 15301,38 and terrestrial basalt sample at 7= 25°C, P = Py

Density 1 kHz \ 10 kHz 100 kHz

K tan § K’ tan & K tan &
Lunar sample 72441,12
1.56 3.11 0.015 3.06 0.008 3.04 0.004
1.63 3.19 0.015 3.13 0.009 3.11 0.004
1.65 3.20 0.015 3.15 0.009 3.13 0.004
1.68 3.23 0.015 3.18 0.009 3.15 0.005
1.80 3.35 0.015 3.30 0.009 3.27 0.006
1.87 3.42 0.016 3.38 0.009 3.35 0.005
Lunar sample 15301,38
1.60 3.51 0.013 3.45 0.015 3.42 0.013
1.62 3.59 0.013 3.53 0.015 349 ©0.013
1.64 3.61 0.013 3.54 0.015 3.53 0.013
1.68 3.69 0.014 3.62 0.015 3.58 - 0.013
1.80 3.98 . 0.013 3.92 0.015 3.89 0.013
1.83 4.08 0.013 4.02 0.015 3.98 0.012
Terrestrial basalt
1.49 2.64 0.036 2.55 0.015 2.52 0.005
1.56 2.68 , 0.037 2.58 0.015 2.56 0.005
1.58 2.69 0.037 2.60 ° 0.015 2.57 0.005
1.61 2.71 0.038 2.61 0.015 2.58 0.005
1.75 2.88 _ 0.038 -2.78 0.015 2.75 0.006
1.81 : 3.08 0.038 2.98 0.016 2.94 0.006
1.96 3.33 0.042 3.22 0.016 3.18 0.006
2.13 3.84 0.047 3.69 0.019 3.64 0.007
3.0 (solid) 6.87 0.054 6.44 0.010 6.44 0.006

the pressure dependence of the dielectric constant
was measured from approximately 2 bars to P and
is shown in Fig. 13.

3.3 Terrestrial basalt

A portion of a solid terrestrial basalt sample was
ground to a powder and separated to a grain-size dis-
tribution similar to that of a sewed Apollo 12 soil
[4]. Two faces on a remaining thin slab of the solid
basalt sample were ground flat and, with the soil,
provided the basis for measurements over a large
density range. For both the solid and ground basalt
samples, the preliminary vacuum-temperature treat-
'ment to reduce moisture effects consisted of main-
taining the sample at 200°C for 48 hours under
vacuum. Measurements of the soil were performed in
a manner similar to that previously described.

Results of the measurements on the basalt soil at
P=Pjand T =25°C, at selected frequencies are
given in Table 1. The dielectric loss tangent for the
lowest soil density attainable, p = 1.49 g/cm3, the
solid sample, and several intermediate soil densities
are shown in Fig. 12, for a direct comparison of
changes in the loss tangent with density. It is ap-
parent, from this figure, that only small changes in
the loss tangent are observed for relatively large
changes in density. This is consistent with the ob-
served relative insensitivity of the loss tangent with
changes in density for lunar samples 72441,12 and
15301,38 in the respective density ranges measured.

The effect of stress release on the dielectric con-
stant for a density of 1.61 g/cm3 at 100 kHz s il-
lustrated in Fig. 13. Comparing the basalt data in
Fig. 13 with that for the lunar samples in Figs. 4 and
13, shows the effects of pressure release are qualita-
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Fig. 12. Loss tangent of basalt as a function of frequency for
p = 1.49, 1.75, 1.96, 2.13 and 3.0 g/cm3 (solid).
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tively similar, the eéffect being smaller for the terrestrial
basalt.

4. Discussion of experimental results

The variation of dielectric constant with density
for the terrestrial basalt powder sample is shown in
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Fig. 13. Variation of dielectric constant of lunar soil 15301,38
and terrestrial basalt soil with vertical stress at 25°C.
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Fig. 14. Comparison of measured and calculated values of
dielectric constants as a function of density for terrestrial
basalt.

Fig. 14. Several expressions have been presented in
the literature that may be used to determine dielectric
constants as a function of density. Three prominent
formulas are the Lichtenecker [23], Rayleigh [3],
and Krotikov-Troitskiy [12, 13] formulas. These
expressions are given below for reference:

Rayleigh:

which reduces to € = 66/ PO for determining effects
of density changes on a single material.
Rayleigh:

le—1_1%"!
pet2 peO+2

Krotikov-Troitskiy:

3P

T 2e+1
0 __p

€=¢, 1

eo——l
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where € and p represent the permitivity and density
of the soil, €, and p, the corresponding values for the
solidandP=1 — p/;o0 is the soil porosity. Using the
dielectric data for the solid basalt, the Rayleigh and
Lichtenecker formulas were used to calculate dielec-
tric constant as a function of density. As seen in
Fig. 14, the Lichtenecker formula gives calculated
values which are slightly higher than those experi-
mentally determined, while the Rayleigh formula fits
the data more precisely. This data indicates the
Rayleigh formula is a reasonable approximation to the
basalt soil sample if the data for the solid sample is
known. This agrees with the high frequency results
of Gold et al. [9] for measurements on several ter-
restrial samples..
~ For lunar samples, however, it is unreasonable to
expect lunar fines and solids to be related by a mix-
ing formula because of the physical and composi-
tional differences between the returned soils and
solids. It is more appropriate to measure the dielec-
tric constant of the soil at high density and calculate
the variation with decreasing density using a mixing
formula. To examine the feasibility of using mixing
formulas in this manner, the basalt soil data recorded
at 1.93 g/cm3 was used as the basis for calculating
variation of dielectric constant with density. Both
the Rayleigh and Lichtenecker formulas were nearly
identical to the Rayleigh curve calculated using the
solid basalt data. The Krotikov-Troitskiy formula was
also used and the results of the three calculations are
shown in Fig. 14. Within experimental limits, all
formulas give a satisfactory approximation to the mea-
sured data.

The same mixing formulas were used to examine
the calculated and measured values of dielectric con-
stant for the two lunar soils as illustrated in Fig. 15.
For sample 15301,38 all three formulas give a reason-
able approximation to measured values but for sample
72441,12, all calculated curves are in significant dis-
agreement with measured values. While it is possible
that this disagreement reflects the lack of generality
of mathematically describing the dielectric constant,
K', versus density based on a single density measure
[9], it is likely that a systematic experimental error
is at fault. A comparison of the slope of the 72441,12
data with the terrestrial basalt and 15301,38, shows
that the slope of the measured data for 72441,12 is
considerably smaller. While it is not proper to linearly
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Fig. 15. Comparison of measured and calculated values of
dielectric constants as a function of density for lunar sam-
ples 72441,12 and 15301,38.

extrapolate to zero density using the measured data,
since the actual behavior is not linear, if the physical
constraint
limK'=1

p—>0

is considered, a steeper slope is required than observed
for this sample. At present, however, there is no
known justification to modify the measured data to
more adequately satisfy the curves calculated using
the mathematical expressions. It is tentatively con-
cluded that in spite of the discrepancies for the
72441,12 data any of the three mixing formulas may
be used to calculate equally adequate representation
of dielectric constant as a function of density.

From the data presented in this paper, it is certain
that pressure influences the dielectric constant of
soils. Examination of Figs. 4, 5 and 13 shows that the
behavior is different for different soils and is related
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to soil density and is likely related to soil compres-
sibility. To define the pressure dependence and the
influence of soil compressibility, more data than are
presented in this paper are required. Future efforts
to investigate this phenomenon are planned.

The most important feature of the compression
curves for sample 72441,12 shown in Fig. 5 is that
the final densities of Tests 1 and 2 after stress appli-
cation to 2 bars are so dissimilar. For a terrestrial sam-
ple, Carrier et al. [4] found the compression curves
to merge at less than 0.69 bar for different initial
densities. For lunar soil 12001,119, which is a very
weakly coherent soil, they found the compression
curves did not merge as stress was increased to 0.69
bar for different initial densities. What is surprising in
the present data is that the compression curves do
not merge even at pressure reaching 2 bars. While
binding in the system caused by fine lunar powder
working its way between the side of the guard elec-
trode and the inner furnace wall is possible, only a
small amount of fine powder was observed in this
location after disassembling the apparatus. Therefore,
the present data suggests either an important time
dependent term associated with the compressibilities
of lunar soils or that the lunar soil behavior under
stress is significantly different than terrestrial soils.
While it is possible that this phenomenon is related
to the electric dipole moments of lunar soil grains
[2], the compression behavior has not been thoroughly
examined and is not well understood by soil mechan-
ics investigators. A detailed study of the compres-
sibility of lunar soils must be performed under con-
trolled conditions to allow a better understanding of
this phenomenon.

5. Qualitative inferences on the dielectric behavior
and density of the lunar regolith

Several qualitative inferences regarding the behav-
ior of the dielectric and density variation of the lunar
regolith can be made from the present lunar sample..
data. Approximating the lower compression curve
shown in Fig. 5 for lunar sample 72441,12 and the
curve for sample 15301,38 by a straight line in the
region 0.04—0.28 bar, the density variation with
depth in the upper few meters of the lunar regolith
due to self-compaction may be estimated. Using this
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approximation, as increase from 2 to 5% in density
was calculated at 2 m. Such a small increase differs

significantly from density—depth estimates from

soil mechanics and drill core studies [14]. The fact
that self-compaction accounts for only a small in-
crease in density at 2 m supports the suggestion of
Carrier et al. [4] that the lunar regolith may have
experienced a greater confining stress at some time
in the past than is presently applied to it by over-
burden pressure, i.e., the soil may be overconsolidated.

Using dielectric measurements on lunar powder
simulant as a function of density and temperature,
Alvarez [1] concluded the dielectric response of the
uppermost layer of the regolith is controlled mainly
by temperature variations and in the subjacent layer,
by density. His conclusion, based on lunar powder
simulant, is substantiated by the present measure-
ments on actual lunar soil. In addition, the present
results show that overburden pressure also influences
the variation of dielectric properties with depth. Fol-
lowing Alvarez [1] by dividing the lunar regolith into
two zones from O to 10 cm depth and 10 cm depth
and below, the following qualitative behavior of the
dielectric properties with depth may be established.

The upper 10 cm of the lunar regolith behaves in
a complex manner, undergoing drastic temperature
changes and a rapid density increase [4, 14]. There-
fore, the dielectric constant within this region will be
extremely variable depending on temperature, den-
sity and possibly stress whereas the loss tangent will
be influenced almost entirely by temperature varia-
tions. Below 10 cm, where the effects of the lunar.
diurnal period are attenuated and the temperature
remains essentially constant [10, 18], the principal
factors influencing the dielectric constant are stress,
density and mineralogy. Since the actual density and
mineralogical distribution is vertically and laterally
inhomogeneous, the dielectric properties will vary
depending on the electrical properties of each sub-
layer. For each sublayer, however, overburden stress
will increase, and consequently increase the values
of the dielectric constant.

6. Conclusion

The dielectric properties of lunar sample 72441,12
have been measured as a function of vertical stress,

t
|
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unar sample 15301,38 and a terrestrial solid and

ertical stress and density. In all cases, the dielectric
onstant was found to increase with increasing stress
nd density. At constant density the dielectric con-
tant increased rapidly with pressure from 0.04 to
pproximately 0.41 bar and then linearly, thereafter.

It is tentatively concluded that the variation of
ielectric constant with density may be approxi-
ated equally well with the Rayleigh, Lichtenecker
r Krotikov-Troitskiy mixing formulas using dielec-
ric data recorded on powders at high density.

Based on the present lunar soil measurements,
e dielectric properties of the lunar regolith are
xpected to behave in the following qualitative man-
er. The upper 10 cm of the regolith behave in a
omplex manner, being influenced by marked tem-
erature, pressure and density changes. In this re-
ion, the loss tangent appears to be sensitive pri-
arily to temperature variation. Below 10 cm, the
ielectric properties will vary depending on density,
tress and the electrical response of each mineralogi-
ally different sublayer, but for a given sublayer, the
ffects of increasing stress and density will increase
he value of the dielectric constant.
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