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ABSTRACT

The dielectric properties such as dielectric permittivity, dielectric loss
and dielectric tangent loss studied using microwave transmission method at
room temperature. Thedielectric propertiesof different solids and soil samples
such as fused quartz, cream granite, green granite, brown granize and black
granite etc and black soil, red soll and white soil are studied. The value of
dielectric permittivity of solids is in the range of 3.29 mm to 4.38mm. The
dielectric permittivity of red soil is 3.72 and black soil 3,81 forms.This value
of dielectric permittivity of black soll is larger than red soil because black
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Introduction:

The effect of rock/solid/ water interaction on the dielectric behavior of solids has
been studied by Knight and Nur {1} and Knight and Endres [2]. In these studies the real
part of the dielectric constant of solid sample was measured at the level of water
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saturation and was varied the volume fraction of the pore space filled with water, the
ranainderbeingﬁlledwithainTheﬁequmcyofﬂ:emeasmmfswas 1t04MHz Inall
cases, there is dramatic increase in the dielectric constant of the rock stone with the
addition of small amotmtofwatainﬂmeregiono<sw<9w0;whaesw0hasbemdeﬁned
as the critical saturation point such as increase at low saturation was attributed t0
i:neracﬁonsbetweaithcsolidmckandasmfacelayetofwm 1 nm in thickness wetting
the solid surface.Using the complex refractive index method and three component
effective medium theories of Feng and Sen [3], it was shown by knight and Endres 2]
that the dielectric constant of sandstone of various level of water saturation can be
predicted. However, if the three components are defined as the dry rock, the watet, and
the air, the predicted dielectric constant is measured. In this study, we now address the
problem of soil/rock/water interaction in an experimental wayon microwave x-band

setup. [4,5]-

Experimental:
The dielectric permittivity of solidshasbemmeasn’edfor%mmwavdengthsax

room temperature. The solid samples were collected from different locations of

Maharashtra and Karnatak state. These samples were collected from different areas to
determine its dielectric propertiesand to study the solid water interaction by dielectric
measurement. Amongst the solids the soil samples were collected from non-irrigated
i mmawithuegligx’blewalﬂ'eontmtmlhﬂasdrysoﬂ%soﬁ
samplwarethemixm of satﬂ,sﬂtmﬂdaywithvayhighpamwofclaxmsoﬁd

and pressed by a lsboratory developed mechanical system to remove the air and
discontinuities in the sample. The solid cell with
end of the source of microwave bench set Up. The signal generated from the microwave
source was allowed to incident on thesoil sample. Thesoil sample reflects part ofthe
incident signal through the solid from ts ﬁ'cnts\rfwe-’l‘hevalwofpowu'atdiﬁamt
points of standing Waves have been measured 258 function of probe position. About
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are selected for study of solid water interaction which is determined in terms of dielectric
permittivity which is useful in ground penetration radar and similar such studies will pro-
vide usefual mean for determination whether water or some other chemical or fiuid species
is absorbed to the solid surface, which is useful in oil industry to distinguish between
water-wet and oil-wet formation. The quartz and soil samples are collected from the
agricultural lands and these are the subsurface samples. The granite solid samples are
collected from the commercial shops, and they are cut in a particular shape of the solid
cell. Three samples of particular granite are taken for the experimental study. These
samples have been collected to study its dielectric permittivity, dielectric loss and their
interaction with the water and the resultant effect was considered in terms of dielectric
Result and discussion:
The dielectric permittivity and dielectric loss of all solid samples are calculated
byusing following relations (1) and (2).

g= l’o[—l;-‘— +%€] 6))
-3 @

Where free space wavelength, ccutoff wavelength, and are the attenuation
and phase constants respectively and can be obtain experimentally [6]. The values of
dielectric permittivity, dielectric loss and loss tangent of solids are listed Table 1. Form
Table 1 it shows that dielectric permittivity and dielectric loss of fused quartz is less than
all gmnitemplsbemxsetheq\mtznmtaialhavehighpomsitythan granite, The value
oftlielectric loss of all solid samples is also different it less than unity in the range 0£0.13
to 0.42 many investigators have shown that dielectric loss less than one at this
wavelength[7,8]. The loss tangent which is the ratio of dielectric loss to dielectric
pamitﬁvityisaborepormedforthsesolidsmnplaanditisgivminthesametable.'lhe
errors in permittivity lie in the range of (+or =) 0.01 t00.05 and the errors in dielectric
loss are zero and these are given in Table 1. The dielectric permittivity, dielectricloss and
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Fig.1: Standing wave pattern of Cream granite at 35 mm.

References :-

1Y)

2)

3)

4

R. J. Knight and A Nur,, "The dielectric constant of sand stones". Geophysics,
52,644-654. (1987).

R. J. Knight and A, L. Endres, " A new concept in modeling the dielectric
response of sandstones: Defining a wetted rock and bulk water system”
Geophysics, 55 ,586-594(1990),

Rosemary Knight and Ana Abad., "Rock Water Interaction In Dielectric
Properties: Experiments with Hydrophobic Sandstones”. Geophysics, vol.60No2
pp 431-436 (1995).

S. Feng and P. N. Sen, "Geometrical Model of conductive and dielectric
of partially saturated rocks". J. Appl. Phys., 58, 3236-3243. (1985).\

1.B. Hasted, Aqueous Dielectrics, Ch.6, Chapman and Hall London, (1980),
Ch.6.



6)

7

8)

9

10)

RNL MAKMULI2008/2090733461  LALLALIELERNERERIN ISSN 0978-0377
Inserfink Rpsearch Analysis 6.20 m:u.va.v.mzm?ommn

N. E. Hill, W. E. Vaughan, A. R. Price, and M. Davies, Dielectric Properties
And Molecular Behavior, Van Nostrand Reinhold Company, New York,

J. Behari, Frequency dependent variation of dielectric parameters of wet soil,
Microwave measurement techniques and applications, Anamaya publishers, New
Delhi, 71-79 (2003).

A. D. Vyas and D. H. Gadani, Dielectric properties of dry and wet soils at
microwave frequencies, Microwave measurement techniques and applications,
Anamaya publishers, New Dethi, 80-85 (2003).

P. N. Sen "The dielectric constant and conductivity response of sedimentary
rocks: soc.Petr. Eng.Paper 9379(1980).

G Willams and D. C. Watts, " Non symmetrical dielectric relaxation behavior
arising from a simple empirical decay function: Trans. Faraday Soc. 66 80-85
(1970).



