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1. INTRODUCTION 
 
For the algorithms processing microwave radiometric and radar remote sensing of the Earth surface data, as well 

as for subsurface probing data, it is necessary to have dielectric models for the complex permittivity (CP or ) of 

moist soil which determine the dependence of CP on the temperature, moisture, wave frequency, particle-size 

distribution, mineral and organic matter contents. The basic contribution to the soil CP is invoked by soil water, 

which is present in the free and bound water forms [1], [2]. The experimental researches have shown, that CP of 

various soils depends on particle-size distribution and mineral contents [3]-[5]. So far, the CP at P-band (below 

300 MHz) is less investigated. The frequency dependence analysis for the moist soils CP in this frequency range 

has revealed a noticeable increase of the real and imaginary parts of CP in the frequencies range below 50 MHz 

[5]. This growth is most noticeable for the soils having large clay percentage. 

The presence of the organic matter also results in increase of the DP. At the same time, in the frequency range 

situated above 1 GHz, the presence of organic matter increases the bound water fraction and thus reduces the DP 

values in the whole range of moistures [6]. However, the dependence of the soil DP on moisture, soil particle-

size distribution, in the frequency range situated below 300 MHz has not been studied yet. In the present work, 

the results of CP studies for some moist artificial soil like mixes, having different particle-size distributions, are 

given.1 

 
2. EXPERIMENT DESCRIPTION 

 

To measure CP in the frequency range from 50 MHz to 1 GHz, the sample under investigation was placed in a 

segment of coaxial line with the cross section size of 7/3 mm. While for CP measurement in the range from 10 
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MHz to 80 MHz, the sample was placed in a capacitor, inserted in a gap of the coaxial line. Dielectric 

measurements were made using a vector network analyzer, which measures the scattering matrix components of 

the coaxial segment and capacitor. 

The bentonite (sample No. 13 in Table 1) and three types of quartz particles in the form of nearly spherical 

granules (samples NoNo. 1-3) were used to make soil like mixtures. The mixtures containing quartz granules and 

bentonite clay particles with varying percentages by mass (95 and 5, 70 and 30, 50 and50) for each type of 

granules were measured.  

Also there were measure a number of natural soil samples having different organic matter contents. In total, 16 

samples were manufactured and measured. 

 
Table 1. The distribution of particle size in the studied samples. 

 
The distribution of particle size in mm (in mass fractions) No sample 1-0.25 mm 0.25-0.05 mm 0.05-0.01 mm <0.01 mm 

1 0.133 0.867 0 0 
2 0 0.90 0.10 0 
3 0 0.042 0.958 0 

… … … … … 
11 0.02 0.50 0.171 0.359 
… … … … … 
13 0.04 0 0.242 0.718 

 
 

3. EXPERIMENT RESULTS AND DISCUSSION 

In Fig. 1 the measured values of the real part of CP and dielectric loss tangent, tg , are show as functions of 

frequency and temperature for the two moist samples: 1) pure quartz sand grains with the size of 40-70 microns 

(sample No. 2); 2) bentonite (sample No. 13). In Fig. 2, the values of ' and tg  for the pure quartz sand grains 

mixed with bentonite clay (with all particle sizes < 0.01 mm) in different percentages are given. One can see that 

the temperature dependencies in the cases of only quartz grains or mixtures with bentonite clay are quite different. 

The real part of CP of moist grains decreases with the temperature increasing, which can be explained due to 

dielectric properties of water. The real part of CP of moist bentonite increases the temperature increasing, which 

may be caused by the interlayer polarization taking place near the solids surface. This kind of polarization is 

observed with the samples having a large specific surface of solids, particularly at lower frequencies. 

Figure 3 shows the dependence of the real part of the refractive index jnn  on the volumetric 

moisture W of two samples – pure quartz sand grains (sample No. 2) and the same sand mixed with bentonite 

(sample No. 11) at two frequencies of 300 MHz and 1 GHz. One can see that the regression lines slope angles for 

the pure quartz sand grains and grains with bentonite in the values of the free soil water (for the sand it is the 



entire range of moisture, but for a mixture of sand grains with bentonite it is the value of moisture in excess of 

0.18 m3/ m3) differ significantly. 
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Fig. 1. Frequency dependence of real part of the CP (  ') and the dielectric loss tangent (tg ) of the moist samples. 

1,2 is sample No. 2 with a moisture of 0.30 cm3/cm3; 3,4 is sample No. 13 with a moisture 
of 0.62 cm3/cm3; 1,3 is temperature of 25º ; 2,4 is temperature of 85º . 
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Fig. 2. Frequency dependence of  ' and tg  of the sample No 2 (curve 1) and mixtures with a different clay 

content at the temperature of 25º ; clay content of 3.6 %, moisture of  0.32 cm3/cm3 (curve 2); clay content of 
21.5 %, moisture of 0.34 cm3/cm3 (curve 3); clay content of 36 %, moisture of 0.35 cm3/cm3 (curve 4). 

 
As seen from Fig. 3, the inclination angle tangent of 

the regression line corresponding to the free soil water 

present in the mixture of sand and bentonite clay is 

considerably higher than it is in the case of pure sand.  

This difference becomes larger with the frequency 

decreasing. For instance, in case of sample No. 2 the 

refractive index of free water does not practically 

depend on frequency. While in the case of sample No. 

11 the refractive index of free water noticeably 

increases with the frequency decreasing. 

Similar variations for the free water refractive index 

with the frequency decreasing were also observed in 
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       Fig. 3. The real part of the refractive index vs. 
moisture of samples No. 2 (curve 1,3) and No. 11 
(curve 2,4) at  1 GHz (1,2) and 300 MHz (3,4). 



the case of samples having different organic matter contents. 

 
4. CONCLUSION 

 
The complex permittivity measurement for 16 moist soil like samples were carried out as functions of frequency 

and moisture. It was shown that the greatest variations with the frequency increasing were observed in the case of 

samples containing large clay and organic matter percentages. 
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