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Abstract: Microwave remote sensing of rock requires the stidglielectric parameters
like dielectric constant and dielectric loss ofk®cin this paper dielectric constant of five
igneous rock samples Rhyolite, Granite, Tholeiigs#t, Dolerite Dyke, Basalt Ferro have
been measured at three microwave frequencies 32 %72 GHz and 10.25 GHz of X-
band by using waveguide cell method, under amtaénbspheric conditions. Dielectric
loss was then calculated from dielectric constantafl rock samples. The result shows
that the dielectric constant of igneous rocks undetbient atmospheric conditions
decreases with increase in frequency. Loss fdotdoasic rock samples are greater than
that for acidic rock samples at a fixed frequency.
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INTRODUCTION

The study of earth’s surface is important for reeneensing applications. Its image is a function of
geometric forms and dielectric properties like elittic constant and dielectric loss of the objertshe
earth. Minerals and rocks are the most widesprégLts on the earth surface; hence, their projgesie
fundamental significance in microwave remote sansseveral studies have been reported in thetlitera
on the dielectric properties of rockKs’, but in most of these studies, the reported empsntal
measurements had been made either at MHz or lowquéncies, or at one or very few microwave
frequencies. The dielectric properties of rocks@mmarily a function of frequency, temperature,ishare
content and depending on rock petrology and elelstnmical interactiors Above 1 MHz frequency there
is small variation in dielectric constant of drycks. In microwave frequency region most of the mirgks
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have almost frequenciyndependent values of dielectric cons®. Under atmospheric conditions roc
absorbing minute amount of moisture from the atrhesp. Due to absorption of moisture there
variation in dielectric constant of the rock. Theasurements of dielectric ctant and of rocks i
microwave region under ambient atmospheric conastivave remained the subject of investigat

It was observed that by controlling the variatidnnmisture content in the rock samples, the diele
constant of rocks is a functioof frequency in microwave region. In the prespaper,dielectric constar
of five igneous rock samples was measured at thie®wave frequencies of - band region from 8 GH
to 12 GHz.

EXPERIMENTAL DETAILS

Sample Preparation:We have measured the dielectric constant of fimeagis rock samples viz Rhyoli
Granite, Tholeiite Basalt, Dolerite Dyke, Basaltriéeat microwave frequencies 9.32 GHz, 9.72 GHz
10.25 GHz. Samples shapadcording to the dimension of rectanguleaveguide i.e. with cross secti
2.286 cm. x 1.016 cm.

Dielectric constant and loss factor measurement anicrowave frequency. To avoid the variation i
moisture content of rock samples, eaample expos¢ to same treatment in its preparation and
measured under same atmospheric conditions. Also etisurements were made at room temper
about 38 C and for three different lengths of each sample @verage value of dielectric constant -
taken as true value of dielectric constant. Tlband micowave test bench equipped with Gunn Oscill
was used to measure dielectric constant of rockpksmunder study. For accurate measureme
dielectric constantwidth at twice minima method was used Lar’. Following steps followe in this
method.

(i) The frequency of source was determined by takanggometer reading of cavity resona
(if) The guide wavelength, was measured by short circuiting waveguide se:
(i) The distanceAX, shown infigure 1 was measured by width at twice minima met

(iv) The position of minima without sample ‘A’ wascordec(figure 1).

Figure 1: Standing waves in the waveguide with and without sample

(v) Rock sample was then introduced in the wavegtodcling the short-circuit end.
(vi) The distanceAXs, was measured.

(vii) The position of minimum ‘B’ of standing wavegattern occurring with sample was recor(figure
1).

(viii) Shift in minima Alwas calculated. The dielecticonstant calculated by usinige formula given i
equation (1).

Dielectric constant: Dielectric constantg() given by the following formula

€ = (Xh/21rd)? + (Aofc) 2 ()]
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where,l, is the free space wavelength (= 3.03 dmjhe cutoff wavelength (= 4.582 cm), d the thiclees
of the sample and X the multivalued function agdvdlue was chosen from the tables of (tanX/X) mive
by Von Hippef.

Loss tangent (tand): The loss tangent calculated using the formula &nc
tan= {|{DXs — DX|fe d} (h/Ag) * 2)
Loss factor or Dielectric Loss ¢ ): The loss factorg , is determined from the following formula

¢ =gtand 3)

RESULTS AND DISCUSSION

Variation of Dielectric Constant of rock samples wih Microwave frequencies in X — band region:
Table 1 summarizes the values of dielectric constantifi@ fock samples at three frequencies 9.32 GHz,
9.72 GHz and 10.25 GHz.

Table-1: Dielectric Constant of rock samples at thee frequencies

Frequency Dielectric constants()
_(co) Acidic Rocks Basic Rocks
in GHz

Rhyolite Granite Dolerite | Tholeiite | Basalt

Dyke Basalt Ferro

9.32 2.26 2.06 2.23 2.27 2.16
9.72 1.85 2.03 2.03 2.11 2.13
10.25 1.46 1.96 1.74 1.83 2.05

Fig. 2 shows variation of dielectric constant with freqo for all rock samples. This indicates that the
dielectric constant decreases slightly with inceegsfrequency. This is because, as frequency ases
the dipoles of the molecules tend to orient rangort high frequencies, the dipole cannot follove th
field and remains randomly oriented. As a resuig field cannot induce dipole moment. So that the
relative permittivity i.e. dielectric constant dfet material remains unchanged, Kdsap
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Figure 2: Variation of Dielectric Constant with Frequency for all rock samples
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Fig. 3 shows variation of dielectric constant with fregag for acidic rocks, Rhyolite (RHY) and Granite
(GRT). It is observed that in Rhyolite the dielacttonstant of decreases with increase in frequevitty
relatively high rate while in case of Granite theletctric constant decreases with slow rate. Thisy m
happen because of high density of Granite than Rbyodipoles in Granite cannot respond
instantaneously to the changes in the appliedradidld i.e. frequency.
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Figure 3: Variation of Dielectric Constant with Frequency for acidic rock samples

Fig. 4 shows variation of dielectric constant with fregag for basic rocks Tholeiite Basalt (TB), Dolerite
Dyke (DD) and Ferro Basalt (FB). In all rocks it @bserved that dielectric constant decreases with
frequency. Here also because of high density afoH&asalt, the change in dielectric constant iy wow

as compared to Tholeiite Basalt and Dolerite DyRbung et al?> and Ulaby et al. reported that the
dielectric properties of igneous rocks and volcantcks are sensitive to frequency in microwavéareg
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Figure 4: Variation of Dielectric Constant with Frequency for basic rock samples

Variation of Dielectric Loss of rock samples with Mcrowave frequencies in X — band regionAn
ideal dielectric releases all its stored energthtbexternal circuit when the electric field is mwrad, but
practical dielectrics dissipate some of energyest.nThe loss factor is a measure of the portiostared
energy, which gets converted to heat. Its valueagdnfalls between 0 and 1. Loss factor is affetted
several factors like frequency, moisture contertt smperature. In the study of dielectric properié
rocks by Ulaby et af, they showed that the chemical composition andtahgtructure are presumed to be
important determinants of dielectric loss. The Btigations by the authors, of dielectric constaht o
Limestones, Marbles and Indian Granites Sengwa&mne'lo also favorthe results of Ulaby et §l.at
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microwave frequencies. Sengwa and $ostudied the dielectric behavior of minerals at nmicave
frequencies. They reported that the presence gdNad KO in fuller earth leads to the large value of
loss factorTable 2 gives values of loss factors of five rock sampilethree frequencies, 9.323 GHz, 9.725
GHz, and 10.25 GHz.

Table-2. Loss factor of rock samples at three fregencies.

Frequency Loss Factord”)

() Acidic Rocks Basic Rocks

in GHz Rhyolite Granite Dolerite Tholeiite Basalt
Dyke Basalt Ferro

9.32 0.011726 0.0113159 0.02535957 0.02636992034632

9.72 0.0179809| 0.0243933 0.07556294 0.06775627029791

10.25 0.0392381| 0.0432431 0.02973225 0.1080019035833

FromFig. 5it is observed that, the values of loss factortfasic rock samples are in general greater than
that for acidic rock samples at a fixed frequeriayacidic igneous rock samples, Rhyolite (RHY) and
Granite (GRT), the loss factor increases with fesgy. But no concrete conclusion can be drawn about
basic rock samples. In Tholeiite Basalt (TB), thesl factor increases with frequency. In case ofoFer
Basalt (FB) initially the loss factor decreases #reh increases with frequency. While in case debte
Dyke (DD) initially the value of loss factor incress and then decreases with frequency.

All Rock Samples *—RHY

—8—GRT
B

—4—DD

——FB

0.12
0.1
0.08
0.06
0.04
0.02
0+ \ \ \ \ \
9.2 9.4 9.6 9.8 10 102 104

Loss Factor (g")

Frequency ( )

Figure 5: Variation of Dielectric Loss with Frequency for all rock samples

The study of rocks is much important and usefulusr The present work has much future scopes. The
study of rocks in powder form of different grairzesiis much important and can reveal much more about
the interior dielectric properties of rock. Alscetiiomparison of dielectric constant of rocks alenth

their density and chemical composition can reveathmmore information about dielectric propertie. A
these study can be helpful in further knowledgasafulness of rocks.

CONCLUSIONS

Following conclusions are made from graphs

The dielectric constant decreases slightly as #eqy increases within the range for acidic as agbasic
rock samples.

In Rhyolite the dielectric constant decreases withease in frequency with relatively high rate.
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In Basalt Ferro and Dolerite Dyke rocks, the digleconstant decreases with increase in frequevitty
moderate rate.

In Granite, the dielectric constant decreases weildtively high rate for lower frequencies up t8 G&Hz
and afterwards decreases slowly with frequency.

The values of loss factor for basic rock samplesgaeater than that for acidic rock samples akedfi
frequency.

In acidic igneous rock samples, Rhyolite and Gearilte loss factor increases with frequency whde
conclusion can be made for basic rock samples.
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