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ABSTRACT Dielectric parameters are the temperature dependent parameters. In this paper, dielectric constant (∈'p), 
dielectric loss (∈"p), relaxation time (∈p), conductivity (∈p), of pulses in pulverized form i.e. Mung bean, Urid 

bean, Lentil, Lathyrus pea, has been studied at different temperature i.e. 20OC, 30OC, 40OC and 50OC.  It is assumed that 
the finest crushed particles of smallest seed size (i.e. micron) under a pressure, behaves as a solid bulk. 
The experimental values have been verified by using co-relation formulae's of Landan-Lifshitz-Looyenga and Bottcher.  
The result shows that the experimental values are very close to the values calculated from the Landau et al. and Bottacher 
formulae.

INTRODUCTION 
The behavior of dielectric substance is changed by the ap-
plication of external electric field. The important concept in 
dielectric theory is that of an electric dipole moment which is 
measure of electrostatic effect of a pair of opposite charges 
separated by a finite distance.  By using the Clausius-Mos-
sotti equation, which leads to complex number for relative 
permittivity.  By convention, we generally write the complex 
dielectric constant as - 

∈r = ∈׳r - j ∈r”

where,  

∈r’  is the real part and ∈”r is the imaginary part. 

The dielectric parameters are generally dependent an fre-
quency, temperature, density and other factors such as mate-
rial structure and composition1,14,15. In this paper influence of 
temperature and density and dielectric parameters and ther-
modynamic parameters are reported.  For the development 
of the field such as dielectric heating effect in germination 
and early growth of agri-products, improvements in nutri-
tional quality, stored grain insect control, drying of grains, 
sterilization of grains etc. It is important to know the actual 
process of molecular level.  To get some information in this 
direction we have undertaken the study of some pulses like 
mung bean, urid bean, lentil, lathyrus pea, pigeon, and cow 
pea.  These samples have been procured from Marathwada 
Agricultural University, Parbhani. 

EXPERIMENTAL DETAILS: 
For the determination of dielectric and thermodynamic pa-
rameters of pulses four samples were prepared by using 
sieves of different sizes. All the samples transferred into the 
glass bottles and labeled according to their grain size.  To 
determine the relative packing factor (δ) densities for each 
powder sample is measured. Measurement of dielectric pa-
rameters (∈’) and (∈”) for these powder samples of differ-
ent packing fractions were carried out using reflectometer 
technique at 9.85 GHz. 5,8,13,15,17 microwave frequency and at 
temperature (20OC to 50OC). But in this paper we have noted 
the values of dielectric parameters for smallest grain size i.e. 

62.5 micron particle size which can be considered as solid 
bulk at a 98 N force. 

For the accurate measurements of wavelength in dielectric 
(λd), sample is introduced in the dielectric cell in steps. Apply-
ing constant force on the sample, each time the correspond-
ing output power is measured by using crystal pick in the di-
rectional coupler. The relationship between reflected power 
and the sample height is approximately given by a sampled 
sinusoidal curve. The distance between two adjacent minima 
of the curve gives half the dielectric wavelength (λd).  

Determination of molecular parameters: 
The dielectric constant (∈’) and loss factor (∈”) for the red 
gram powder at microwave frequency are determined by us-
ing relations5,13,14,15 . 

 ….(1)

 ….(2)

Where,  λo = is free space wavelength, 
  λd = is wavelength in dielectric 
  λc  = is cutoff wavelength of the wave guide 
  λg  = is guide wavelength 

The conductivity (σp) and relaxation time (τp) are obtained by 
using following relations1, 6,11,18.

  σp = ω ∈0 ∈” ………. (3) 

  τp = ∈” /ω ∈’ ………. (4)

Using relation (1) and (2) values of dielectric constant ∈’p and 
dielectric loss ∈”p different temperatures are obtained. The 
values of conductivity (σp) and relaxation time (τp) are ob-
tained using the above relations (3) and (4).  The values of 
∈’s and ∈”s for bulk materials can be co-related for powder 
by using the relations given by Bottcher and Landau-Lifshtz-
Looyenga4,10,11,12,18. 
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RESULTS AND DISCUSSION 
Values of dielectric constant (∈’), dielectric loss (∈”), relaxa-
tion time (τ) and conductivity (σ) of pulses like mung bean, 
urid bean, lentil, lathyrus peas, for different temperatures are 
presented in Table 1. 

An examination of Table - 1 indicates that, there is a decrease 
in ∈’, ∈”, relaxation time and conductivity values with the 
increase of temperature. Such behavior is expected because 
according to Debye, when polar molecules are very large 
then under the influence of electromagnetic field of high fre-
quency, the rotary motion of polar molecular of system is not 
sufficiently rapid to attain equilibrium with the field. 

The decrease in relaxation time with increased values of tem-
perature due to increase in effective length of dipole.  Again 
increase in temperature causes an increase in energy loss 
due to large number of collisions and there by decrease the 
relaxation time. 

Graphical representation of ∈’, ∈”, relaxation time and con-
ductivity for different temperature (20OC to 50OC) are shown 
in figure 1 to 4.  

In the present study, it is observed that there is a fair agree-
ment between experimental values and theoretical values.  
Hence, it may be predicted that the pulses in powder form 
shows large cohesion in its particles and may serve as a con-
tinuous medium.

Table -1 Values of ∈’p, ∈”p, τp and σp with co-relation of 
Bottchers (∈’s and ∈”s) and Londau et al. (∈’s and ∈”s) at 
different temperatures. 

Temp. 
(OC) ∈'p ∈"p τp (p.s)

σp

(10-2)
∈'s1 Bottch-
ers

∈'s1 Lon-
dau

∈''s2 Bottch-
ers

∈''s2 Lon-
dau

Mung bean

20 2.75 0.23 1.36 12.60 2.74 2.75 0.23 0.23

30 2.68 0.21 1.34 11.50 2.67 2.68 0.21 0.21

40 2.55 0.20 1.26 10.54 2.54 2.55 0.20 0.20

50 2.49 0.19 1.23 10.40 2.48 2.49 0.19 0.19

Urid bean 

20 2.87 0.296 1.95 16.2 2.85 2.87 0.296 0.296

30 2.64 0.272 1.76 14.9 2.62 2.64 0.272 0.272

40 2.55 0.223 1.26 12.2 2.54 2.55 0.223 0.223

50 2.50 0.218 1.42 11.9 2.49 2.50 0.218 0.218

Lentil powder 

20 3.13 0.425 2.19 23.2 3.090 3.130 0.425 0.425

30 2.97 0.386 2.11 21.1 2.930 2.970 0.386 0.386

40 2.64 0.308 1.89 16.9 2.610 2.640 0.308 0.308

50 2.53 0.281 1.80 15.4 2.510 2.530 0.281 0.281

Lathyrus pea powder

20 3.16 0.284 1.45 15.6 3.14 3.160 0.284 0.284

30 2.97 0.254 1.39 13.9 2.950 2.970 0.254 0.254

40 2.79 0.227 1.310 12.4 2.780 2.790 0.227 0.227

50 2.70 0.213 1.280 11.7 2.690 2.70 0.213 0.213

Mung bean
Fig. 1.1 Temperature V/s dielectric constant (∈’)

Fig.1.2. Temperature V/s Dielectric loss(∈”)

Fig. 1.3 Temperature V/s relaxation time (τ)

Fig.1.4. Temperature V/s conductivity (σ)
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Urid bean
Fig. 2.1 Temperature V/s dielectric constant (∈’)

Fig.2.2. Temperature V/s Dielectric loss(∈”)

Fig. 2.3 Temperature V/s relaxation time (τ)

Fig.2.4. Temperature V/s conductivity (σ)

Lentil powder
Fig. 3.1 Temperature V/s dielectric constant (∈’)

Fig.3.2. Temperature V/s Dielectric loss(∈”)

Fig. 3.3 Temperature V/s relaxation time (τ)

Fig.3.4. Temperature V/s conductivity (σ)
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Lathyrus pea powder
Fig. 4.1 Temperature V/s dielectric constant (∈’)

Fig.4.2. Temperature V/s Dielectric loss(∈”)

Fig. 4.3 Temperature V/s relaxation time (τ)

Fig.4.4. Temperature V/s conductivity (σ)
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