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The authors present the theoretical investigation carried out to evaluate the cross-polarization and attenuation of
microwave/millimeter wave from the layer of three main constituents of storm ie, sand, silt and clay. The concept
of differential attenuation and phase shift has been utilized to quantify the cross-polarization and attenuation. It has
been found that differential attenuation, depolarizing angle and cross-polarization depend upon frequency and
visibility. Differential attenuation of microwave signal is greater in sand particles than silt and clay particles. At
higher visibility differential attenuation will be lower and vice versa.
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INTRODUCTION

When microwave and millimeter waves pass through a medium
having sand and dust particles, severals parameter of waves are
affected. The change in amplitude is predominant because of
various phenomena such as scattering and absorption which result
into attenuation. In addition, the change of polarization of the
wave occurs due to sand and dust particles which ultimately gives
rise to de-polarization and cross-polarization. In the present work,
an attempt has been made to investigate the phenomena of depo-
larization, cross-polarization of electromagnetic wave propaga-
tion through the atmosphere with sand and dust particles of
spherical and non-spherical shapes in storm layers. Equations to
compute the degree of polarization taking various atmospheric
parameters into account have been developed.

THEORY

Geometry of the problem

In order to consider the de-polarization effects of main constitu-
ents of sand and dust storms such as sand, silt and clay, the profile
structure of these constituents in atmosphere must be taken into
account. Let it be assumed that the length of communication link
is L which contains the layer of different constituents such as sand,
silt and clay. If ε1, ε2, ε3 and XPD1, XPD2, XPD3 are the permitivity
and cross-polarization discrimination of sand, silt and clay, as
shown in Figure 1(a) the geometry of the problem is defined as,

.
XPD  =  

XPD1  for  0 ≤ z ≤ L,  0≤ t ≤ t1     for  sand
XPD2  for  0 ≤ z ≤ L,  0≤ t ≤ t2     for  silt
XPD3  for  0 ≤ z ≤ L,  0≤ t ≤ t3     for  clay

    










(1)

where t  =  t1  +  t2  +  t3 and t is the thickness of the layer.

Suppose a linear polarized wave E cos ω t which is incident on a
storm layer with a canting angle θ is considered. The electric

vector of the wave can be resolved into two components Ex and

Ey along x and y axis

Thus Ex  =  E  sin θ cos ωt

Ey  =  E cos θ cos ω t (2)

When the wave propagates through the medium, the two wave
components experience different attenuations and different phase
shifts relative to each other. Let αx and αy be the attenuation

factors and βx and βy be the phase constants along the x and y

axis.

Then the two waves passing through the medium can be expressed
as.

E′ x  =  E sin θ exp(−αx L) cos (ωt − βx L)

E′y  =  E cos θ exp(−αy L) cos(ω t − βy L) (3)

The resultant of E′x and E′y is E′ which is also linearly polarized.

The change in the direction of E′ relative to E is indicated by the
depolarization angle δ.

If differential attenuation is considered to be the major cause of
de-polarization produced by dust particles, then differential phase
shift can be taken to be zero ie.

(βx  −  βy) L  =  0 (4)

Substituting equation (4) into equation (3) gives

tan ψ  =  E′x ⁄ E′y  =  E sin θ (− αx L) ⁄ E cos θ exp (− αx L)

          =  tan θ exp 

− (αx  −  αy) L




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Figure 1(a)  Storm layers containing sand, silt, clay particles
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or

ψ  =  tan − 1 [tan θ exp 

−  (αx  −  αy) L



] (5)

Expressing the attenuation in decibels,

exp 

 − (αx − αy) L




  =  log − 1 [ − 


αx(dB) − αy (dB)


 ⁄ 20] (6)

Combining equation (5) and (6) gives 

ψ  =  tan − 1 tan θ log − 1 

 − (αx (dB)  −  αy(dB)


 ⁄ 20

It can be seen from Figure 1(b) that due to differential attenuation
the incident linearly polarized vector E is rotated by an angle δ
while passing through the medium and attains the resultant elec-
tric vector amplitude E′. It is therefore clear that depolarizing
angle δ given by

δ  =  θ  −  ψ

δ  =  θ − tan − 1 tan θ log − 1 

 − (αx (dB) − αy(dB))


 ⁄ 20 (7)

The cross-polarization discrimination (XPD) is given as 

XPD  =  20 log (sin δ ⁄ cos δ) (8)

For small value of depolarization angle δ, cos δ = 1, hence eqation
(8) can be modified as 

XPD  =  20  log sin δ (9)
The cross-polarization discrimination (XPD) from equation (7) and
(9) can be written as 

XPD  =  20 log sin θ − tan − 1 tan θ log − 1

              

− (αx (dB) − αy (dB))


 ⁄ 20 


 (10)

Equation (10) shows that for de-polarizing angle it is necessary to know
the attenuation factors αx (dB) and αy (dB). Evaluation of the horizon-
tal and vertical polarization requires the value of propagation constant
in lossy dielectric medium, which is given by.

γp  =  αi  +  j βi  =  j (ω ⁄ c)  √  εi (11)

where εi, effective di-electric constant of the medium having sus-
pended dust particles. XPD in sand and dust storms can be evaluated
only when the attenuation and phase factors for vertical and hori-
zontal polarization are known. It may be emphasized that the
suspended sand and dust particles in the storm have sufficiently
small size and therefore in the millimeter range the Rayleigh

approximation1 holds good. Under this condition the forward scat-
tering amplitude function can be defined by using the classical
molecular optics or by the integral representation method which
under Rayleigh approximation leads to

F (i, i)  =  Kl
2 Pz  −  j (2π ⁄ λ)5 Pz

2 (12)

where Pz is the complex polarizability of the dipoles of the dust

particles.

For elliptical particles of volume Vellip,  their polarizability may

be defined as.

Pz  =  (Vellip
 ⁄ 4π) ψ1  =  (Vellip

 ⁄ 4π) (lz  +  1 ⁄ ε − 1) − 1 (13)

where l is a factor such that l1  +  l2  +  l3  =  lz; l1 : l2 :

l3  =  a − 1 : b − 1 : c − 1

a, b, c are three axes of an ellipsoidal particle.

If it is assumed that majority of the particles in the dust storms are
aligned such that major axes are horizontal and minor axes are
vertical with respect to the propagating electric vector, then
polarizability along major and minor axes will indicate the po-
larizability for horizontal and vertical polarization for z = 1 and z
= 2 respectively.Therefore, the polarizability for horizontal and
vertical polarization can be given as 

Px  =  (Vellip
 ⁄ 4π) (l1 + 1 ⁄ ε − l) − 1 : 

Py  =  (Vellip
 ⁄ 4π) (l2 + 1 ⁄ ε − l) − 1 (14)

Let it be assumed that there are infinite number of identically
oriented homogenous dust particles randomly distributed in vol-
ume. By Fold’s approximation, the propagation constant is ob-
tained as 

γx  =  (2π ⁄ λ) (1  +  2π n Px) (15)

γy  =  (2π ⁄ λ) (1  +  2π n Py) (16)

Using equation (11) the differential attenuation and differential
phase shift can be obtained as 

αx  −  αy  =  Im [2πn (2π ⁄ λ) (Px − Py)] dB ⁄ Km (17)

βx  −  βy  =  Re [2πn (2π ⁄ λ) (Px − Py)] deg ⁄ Km (18)

The value of n by Ghobrial is given as

n  =  9.43  ×  10 − 9 ⁄ V γ Vellip (19)

where V is visibility in Km, γ = 1.07

combining equations (10) and equation (17) to (19) gives the value
of cross- polarization discrimination as

XPD (z)  =  20 log sin θ − tan − 1 [tan θ log − 1

                   

4 π2  ×  9.43  ×  10 − 9



  Im (Px (z) − Py (z)) L ⁄ 

                   20 λ V γ Vellip]  (20)

where

Px (z)  =  (Vellip
 ⁄ 4π) (l1 + 1 ⁄ εz − 1) − 1 : 

Py (z)  =  (Vellip
 ⁄ 4π) (l2 + 1 ⁄ εz − 1) − 1 (21)

Figure 1(b)  Vectorial resolution of the incident wave
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The above expression can be generalised for sand, silt and clay
particles layer by substituting z = 1, 2, 3.

Sand

XPD (1)  =  20 log sin θ − tan − 1 [tan θ log − 1 

 4 π2 ×.

 .   9.43 × 10 − 9 



 Im (Px (1) − Py (1)) L ⁄ 20 λ V γ Vellip]  (22)

where,

Px (1)  =  (Vellip
 ⁄ 4 π) (l1 + 1 ⁄ εsand − 1) − 1:

Py (z)  =  (Vellip
 ⁄ 4 π) (l2 + 1 ⁄ εsand − 1) − 1

Silt

XPD (2)  =  20 log sin  θ − tan − 1 [tan θ log − 1 

 4 π2 ×.

  .   9.43 × 10 − 9

 Im (Px (2) − Py (2)) L ⁄ 20 λ V γ Vellip]  (23)

where,

Px (2)  =  (Vellip
 ⁄ 4 π) (l1 + 1 ⁄ εsilt − 1) − 1:

Py (2)  =  (Vellip
 ⁄ 4 π) (l2 + 1 ⁄ εsilt − 1) − 1

Clay

XPD (3)  =  20 log sin  θ − tan − 1 [tan θ log − 1 

 4 π2 ×.

    .    9.43 × 10 − 9
 Im (Px (3) − Py (3)) L ⁄ 20 λ V γ Vellip] 

where,

.Px (3)  =  (Vellip
 ⁄ 4 π) (l1 + 1 ⁄ εclay − 1) − 1:

Py (3)  =  (Vellip
 ⁄ 4 π) (l2 + 1 ⁄ εclay − 1) − 1

     









(24)

The total cross-polar discrimination (XPD) can be calculated as

XPD  =  
XPD (1)  +  XPD (2)  +  XPD (3)

3
(25)

Depolarization Loss

The de-polarization loss in dB can be determined using the
following relation

Ld (dB)  =  10 log 
E1

 ⁄ η0

E1 cos2 δ ⁄ η0

  =  10 log (1 ⁄ cos2 δ)

Ld (z)  =  ∑ 

z = 1, 2, 3

  10 log (1 ⁄ cos2 δz) (26)

where,

δz  =  θ − tan − 1 [tan θ log − 1 



 4 π2 × 9.43 ×10 − 9




         Im (Px (z) − Py (z)) L ⁄ 20 Vellip V γ λ] (27)

where,

Px (z)  =  (Vellip
 ⁄ 4π) (l1 + 1 ⁄ εz − 1) − 1 : 

Py (z)  =  (Vellip
 ⁄ 4π) (l2 + 1 ⁄ εz − 1) − 1

The de-polarization loss due to cross-polarization can be deter-
mined for each dust constituent ie, sand, silt, clay by generalising
the above expression as follows.

Sand 

Ld (1)  =  ∑ 10 log (1 ⁄ cos2 δ1)

where

δ1  =  θ  −  tan − 1 tan θ log − 1  

 4 π2  ×  9.43  ×  10 − 9



        Im (Px (1)  −  Py (1)) L ⁄ 20 λ V γ Vellip  (28)

where

Px (1)  =  (Vellip
 ⁄ 4 π) (l1  +  1 ⁄ εsand  −  1) − 1 :

Py (1)  =  (Vellip
 ⁄ 4 π) (l2 + 1 ⁄ εsand − 1) − 1

Silt 

Ld (2)  =  ∑ 10 log (1 ⁄ cos2 δ2)

where

δ2  =  θ  −  tan − 1 tan θ log − 1  

 4 π2  ×  9.43  ×  10 − 9




        Im (Px (2)  −  Py (2)) L ⁄ 20 λ V γ Vellip  (29)

where

Px (2)  =  (Vellip
 ⁄ 4 π) (l1  +  1 ⁄ εsilt  −  1) − 1 :

Py (2)  =  (Vellip
 ⁄ 4 π) (l2 + 1 ⁄ εsilt − 1) − 1

Clay

Ld (3)  =  ∑ 10 log (1 ⁄ cos2 δ3)

where

δ3  =  θ  −  tan − 1 tan θ log − 1  

 4 π2  ×  9.43  ×  10 − 9




        Im (Px (3)  −  Py (3)) L ⁄ 20 λ V γ Vellip  (30)

Total de-polarization loss = 
Ld (1)  +  Ld (2)  +  Ld (3)

3
(31)

Results and Discussion

The phase or attenuation differences for two different polariza-
tions are refered to as differential phase-shift or differential at-
tenuation. For most polarizations a radio wave propagating
through anisotropic medium will have its polarization altered, ie,
wave will be de-polarized and cross-polarized. Horizontal polari-
zation is perpendicular to the propagation direction and tangent
of the surface of earth at the earth terminal. The cross-polarization
discrimination caused by each particle ie, sand, silt and clay have
been seperately calculated. Cross-polarization discrimination is
an important factor in design consideration of microwave com-
munication system. Radio wave propagating through medium
containing sand, silt and clay as dust constituents are attenuated
because of absorption of power in the lossy di-electric medium.
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cross-polarization discrimination attains the maximum value of
infinity. Similar observation has been reported2 to explain in-
creasing cross-polarization discrimination with increasing visi-
bility. The predicted value of cross-polarization for sand at 50
GHz, for 10 m. visibility and 1 Km path length is XPD = 31.36
dB. Similarly for silt, XPD is 23 and for clay XPD is 15.56 dB.
However the reported values are between 19.4 to 77.5 dB at 10
GHz ie, for 1 km path length Bashir et al,  has   reported,  XPD
as  77.3 dB,  Ghobrial et al, 30 dB and Mc Ewan et al and XPD
19.4 for 15m visibility at 10 GHz.

Thus it is seen that the propagation of electromagnetic wave
through sand and dust storms at millimeter range is significantly
affected by cross-polarization which depends on the frequency
and visibility.
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