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Abstract—According to the forward scattering amplitude 

function of the charged sand particles under the Rayleigh 

approximation, the calculation models of attenuation and phase 

shift for microwave wave through sand storms incorporating 

charged sand particles are obtained along horizontal paths. The 

attenuation and phase shift due to sand storms along earth-space 

paths are also given. Some results with different visibility, 

moisture content, and charge-to-mass are obtained and discussed. 

Index Terms—Microwave, earth-space paths, changed sand 

particles. 

I. INTRODUCTION 

The theory of microwave propagation in sand storms has 

received much attention in the literature owing to the 

importance of radio relay, communication and remote sensing. 

A number of papers have addressed the problem of prediction 

of the amount of attenuation and phase shift in sand storms [1]-

[5].  

Microwave propagation in sand storms along earth-space or 

slant paths has been investigated by several workers[6]-[9].The 

performance of satellite systems operating in the Ku and Ka 

bands is more sensitive on the propagation characteristics of 

the transmission medium. At frequencies above 10 GHz, sand 

storms effect can cause microwave degradation on earth-space 

paths for substantial percentages of time, which leads to 

reduction in the quality and availability of communication 

services [10]. 

Many measurements and theories show that sand particles 

carry charges, and the charges influence the saltation of sand 

particles obviously [11]. For a single spherical sand particle 

considering part charges on sand particle, using Rayleigh 

scattering theory, there is the forward scattering amplitude 

function of charged sand particle [12]. According to the log-

normal distribution, microwave attenuation induced by the 

charged sand is analyzed in the literature [13]. However, 

considerably less work has been reported on the microwave 

propagation along earth-space paths in charged sand storms. 

The aim of this paper is (i) based on forward propagation 

constants, to present a general formula of propagation of 

microwave in sand storms incorporating charged sand particles 

suitable for equisized particle distribution (ii) To develop a 

model for the calculation of microwave attenuation and phase 

shift in Earth-satellite links. 

II. MICROWAVE ATTENUATION AND PHASE SHIFT IN SAND 

STORMS 

Here we follow the analysis of chu [1], and Ansri and 

Evans [3] which are based on the slab of particles model. This 

gives rise to forward propagation constants  
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where k0 is the propagation constant in free-space,   is the 

elevation angle of the incident radiation and N(r)=N0P(r) is the 

particle size distribution per unit volume (cm
3
) having radii in 

the region  r r dr ,  , ,V Hf r  is the forward scattering 

amplitude for vertical and horizontal polarizations, as 

indicated by the subscripts V and H.  

The attenuation and phase shift can then be determined 

directly as 
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III. MICROWAVE ATTENUATION AND PHASE SHIFT IN SAND 

STORMS INCORPORATING CHARGED SAND PARTICLES FOR 

EQUISIZED PARTICLE  

As the sand particle size is relatively small and the 

frequency is not too high, i.e. 1ka  , using the Rayleigh 

approximation, the forward scattering amplitude of the charged 

sand [12] is 
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where a is the radius of sand particle,  is the mass density of 

sand particle, q is the charge-to-mass ratio , 
0 is the charge 

distribution angle of a single spherical sand particle and it is 

assumed that the distribution of charge is in the shape of a 

spherical cap and the charges distribute uniformly, 0E  is the 

intensity of incident electric field and 0 is the permittivity of 

vacuum, *

m is the dielectric constant of sand particle. 

For equisized particle, the propagation constant can be 

expressed as 
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where N is the concentration, i.e. the number of particles per 

unit volume. 

Most meteorological observations of sand and dust storms 

are made in terms of optical visibility rather than concentration. 

It is further useful to adopt the optical attenuation coefficient α0, 

which is inversely proportional to visibility [3] 
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where α0 is measured in decibels per kilometer and is related to 

the concentration via 
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Thus, in terms of visibility, the propagation coefficient 
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It noted that while q=0 on eqn. (8), the corresponding 

propagation coefficient is 
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It is the same as the result of the propagation coefficient of 

Rayleigh approximation of sand particles without charge [3]. It 

can be concluded that the existing result of propagation 

coefficient of sand particles under the Rayleigh approximation 

is a special case of the result presented by this paper. 

Substituted equation (8) into equations (2), (3), and the 

expression obtained for the attenuation and phase shift due to 

charged sand particles along horizontal paths in (dB/m) and 

phase shift (deg/m) are 
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IV.  MICROWAVE PROPAGATION ALONG EARTH-SPACE PATHS 

The average radii and visibility decrease with the height 

increase along earth-space paths [14] 
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Where a  and 
0aa  are radii at heights h  and 

0h , respectively. 

The 
bV  and 

0bV  are visibility at heights h  and 
0h , respectively. 

The 0h  is height of earth station.  

Substituting equations (12), (13) into equations (10), (11), 

the attenuation coefficient and phase shift coefficient at 

different height may be expressed as 
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The attenuation and phase shift quantity along the earth-

space paths can be expressed as:  
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where hm is the height of sand storms. 

V. CALCULATIONS AND RESULTS 

A. Attenuation and Phase Shift along horizontal path 

In order to analyze the attenuation and phase shift of 

microwave induced by charged sand particles, the parameters 

are frequency f=37GHz, dielectric constant * 4.0 1.3m j    

with moisture content 10%, and f=14GHz, * 3.9 0.62m j    

with moisture content 5% [3],[8], E0=0.5V/m, q=-0.1μC/kg, 

θ0=1.5rad. Using eqns. (10) and (11), the relations attenuation 

and phase shift with visibility are shown in Fig.1 and Fig.2. As 

we can be seen, the attenuation and phase shift decrease with 

the increase of visibility, and the attenuation and phase shift for 

charged sand particles are larger than that for sand particles 

without charge. The results indicate that the larger frequency is, 

the larger the attenuation and phase shift are. 

 

Fig. 1.  Variation of attention with visibility 
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Fig. 2. Variation of phase shift with visibility 

 

Fig. 3. Variation of attenuation with height along earth-space paths 

 

Fig.. 4. Variation of phase shift with height along earth-space paths  

B. Attenuation and Phase Shift along earth-space paths 

Using eqns. (14) and (15), the attenuation and phase shift 

are calculated for heights ranging from 1 to 21 m. Using values 

of frequency f , dielectric constant m
  and moisture content p, 

namely f=37GHz, 4.0 i1.3m
   with p=10%, 

* 6.72 i3.19m    with p=15% [15]. The charge-to-mass ratio 

is 0.1 /q C kg  . The relations of attenuation and phase shift 

with height of storms are shown in Fig.3 and Fig.4 with given 

visibility. It is clear from Fig.3 that, for the same moisture 

content, attenuation decreases with the increase of height and 

visibility. For the same height, Fig.3 shows that attenuation 

increases with the increase of moisture content. 

From Fig.4, it shows that for the same moisture content, 

phase shift decreases with the increase of height and visibility. 

And for the same height, phase shift increases with the increase 

of moisture content, and phase shift decreases with the increase 

of visibility. 

VI. CONCLUSIONS 

This paper discusses the propagation characteristics of 

microwave wave through sand storms incorporating charged 

sand particles. The result shows that attenuation and phase shift 

decrease with the increase of visibility, when the electric 

charges distribute on partial surface of the spherical sand 

particles, the attenuation with charged sand is obviously larger 

than without regard to charges on sand. Because of the electric 

charges on the sand surface, the attenuation becomes increased. 

Based on the analysis of microwave waves propagating along 

horizontal paths, expressions of attenuation and phase due to 

sand storms on earth-space paths are derived and calculated by 

using typical data.  
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