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Abstract—In this paper Brillouin Precursor formation through 
wet loamy soil-filled waveguide operating in dominant TE10 mode 
is discussed. Simulations are performed for precursor formations 
in TE mode and TEM modes and results are compared.   

I. INTRODUCTION 
It is well established theoretically [1] and demonstrated 

experimentally [2-5] that Brillouin precursors arise when an 
ultrawideband (UWB) electromagnetic (EM) wave propagates 
through a dispersive media. Further, Brillouin precursor (BP) 
attenuates algebraically as compared to the exponential decay 
experienced by the carrier. This property of the precursor field 
can be exploited to design remote sensing systems, such as 
ground-penetrating radar, for imaging through dispersive 
medium.  

In this paper, we investigate the behavior of BP through a 
rectangular waveguide operating in its dominant 10TE  mode.  
The waveguide is filled with wet loamy soil comprised of 75% 
local soil and 25% tap water by volume. Precursors in TEM 
and 10TE  modes are compared. 

II. THEORITICAL FORMULATION  
We consider wet loamy soil consisting of 25% tap water 

and 75% soil by volume as per [2]. The relative real and 
imaginary parts of soil permittivity, rε ′  and rε ′′ are estimated 
both experimentally and according to the mixing model as 
shown in Fig. 7 of [2]. These are then used to estimate the 
attenuation constant  (Nep/m)α and the phase constant 

 (rad/m)β through the waveguide operating in its dominant 

10TE  mode as given in (1) and (2) below. In (1-2) constant “c” 

denotes the speed of light and cf is the waveguide cutoff 
frequency in Hz. 
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The dimensions for the rectangular waveguide are: a=16.52 
cm, b=8.29 cm, z=37.50 cm. Thus, the cutoff frequency for 
soil-filled and air-filled waveguide are about 200MHz, 0.9 
GHz, respectively.  

The attenuation constant  (Nep/m)α and the phase 
constant  (rad/m)β for TEM mode through soil are 
calculated as follows: 

=    r rj j j
c
ωγ α β ε ε′ ′′= + −                                   (3) 

It has been established experimentally [2-5] that precursors 
can be formed when a band-limited sine-modulated pulse is 
decomposed into its orthogonal frequency components such 
that if only a limited set of 2M+1 frequency components are 
considered around its carrier frequency 0f , the time-domain 

transmitted signal ( )x t  can be re-constructed with significant 
accuracy. Assuming the amplitude of the kth frequency 
component ( ) k z

k kA z X e α−= at a distance z, the 
reconstructed signal can be represented as:    
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Where  and k ka β are estimated components at kth 
frequency as per (1-3).  

III. NUMERICAL SIMULATIONS 
Depicted in Fig. 1 and Fig. 2 are the numerical results for 

the model in (1-3), indicating values for TEM mode through 
soil, TE mode through soil-filled and air-filled waveguide. We 
chose the operating frequency for soil and air, respectively, 
250MHz - 3GHz, and 1GHz-3GHz.  As can be seen in these 
figures, air has a very small value for attenuation constant and 
phase constant compared to soil. The propagation constants 
pertaining to TE and TEM modes are close.  
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Figures 3 and 4 depict Brillouin precursor formation at two 
different depths through the wet soil for both TEM and TE 
modes. Since the attenuation constant and phase constant for 
TE and TEM mode are close to each other, the precursors are 
almost of identical amplitude as indicated in Figure 5.  

Conclusions 

This paper investigates the effect on the Brillouin precursor 
formation through wet loamy soil-filled waveguide operating in

10TE mode. Numerical calculations indicate that precursors do 
emerge through soil-filled waveguide. Experimental results 
will be presented at the symposium. 

 
Fig. 1:  Attenuation constant for TE10  mode’s soil and air.  

 
Fig.2:  Phase constant in TE10 through air and soil-filled waveguide, as 

well as in TEM mode through wet loamy soil.  

 

Fig.3: Brillouin Precursor in TEM and TE10 mode through wet loamy 
soil-filled waveguide at a depth of 50 cm,  center frequency 1.5 GHz. 

 

Fig.4:  Brillouin Precursor in TEM mode and in 10TE mode through wet 
loamy soil-filled waveguide at a depth of 70 cm,  center frequency 1.5 GHz. 

 
Fig.5: Maximum amplitude of Brillouin Precursor in TEM  and TE10 

modes  through wet loamy soil-filled waveguide at a center frequency of 1.5 
GHz. 
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