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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 stormie, 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, severas parameter of waves are
affected. The change in amplitude is predominant because of
various phenomenasuch as scattering and absorption which result
into attenuation. In addition, the change of polarization of the
wave occurs dueto sand and dust particleswhich ultimately gives
riseto de-polarization and cross-pol arization. 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 shapesin storm layers. Equations to
compute the degree of polarization taking various atmospheric
parameters into account have been devel oped.

THEORY
Geometry of the problem

In order to consider the de-polarization effects of main constitu-
entsof sand and dust storms such assand, 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
isL which containsthelayer of different constituentssuch assand,
siltandclay. If €1, €, egand XPD1, XPD,, XPD3 arethe 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; for 0<z<L, 0<t<t; for sand
XPD = XPD, for 0<z<L, 0<t<t, for slt D
XPD; for 0<z<L, 0<t<t; for clay

wheret = t; + t; + tzandtisthethickness of the layer.

Suppose alinear polarized wave E cos w t which isincident on a
storm layer with a canting angle 6 is considered. The electric
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Figure1(a) Storm layerscontaining sand, silt, clay particles
vector of the wave can be resolved into two components E, and
Ey along x and y axis
ThusE, = E sin6 cos ot
E, = Ecosfcoswt o

When the wave propagates through the medium, the two wave
components experience different attenuations and different phase

shifts relative to each other. Let o, and oy, be the attenuation

factors and {3, and 3 be the phase constants along the x and y
axis.

Then thetwo waves passing through the medi um can be expressed
as.

E' y = Esin 6 exp(—ay L) cos (wt — By L)
E'y = Ecos exp(—oy L) cos(w t— 3 L) 3)
The resultant of E', 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 5.

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

By - BY)L =0 4
Substituting equation (4) into equation (3) gives
tany = E/E| = Esin0 (- ayL)/Ecos6 exp (- oxL)

= tan® exp |- (o — &) L|
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Figure1(b) Vectorial resolution of the incident wave
or

v = tan *[tan 6 exp |- (o — oy) L] 5)
Expressing the attenuation in decibels,

exp | — (0 — 0y) L = log™* [ - o(dB) — oty (dB)}/20]  (6)
Combining equation (5) and (6) gives

v = tan’l[tane log™ | - (0 (dB) - ocy(dB)}/ZOJ
It can be seen from Figure 1(b) that dueto differentia attenuation
the incident linearly polarized vector E is rotated by an angle &
while passing through the medium and attains the resultant elec-
tric vector amplitude E’. It is therefore clear that depolarizing
angle § given by

5=0-vy

§ = e—tan’l[tane log™"{ - (0 (dB)—ocy(dB))}/zo] @)
The cross-polarization discrimination (XPD) isgiven as

XPD = 20log (sin 8/cos 8) 8

For small value of depolarization angle d, cos = 1, hence egation
(8) can be modified as
XPD = 20 logsind 9)

The cross-pol arization discrimination (X PD) from equation (7) and
(9) can bewritten as

XPD = 20log sin[e —tan’l[tane log™

[~ (0 (dB) — 0ty (dB))}/zoJ J (10)
Equetion (10) showsthat for de-polarizingangleitisnecessary toknow
theattenuation factors o, (dB) and o, (dB). Evaluation of the horizon-
tal and vertica polarization requiresthe value of propagation constant
in lossy didectric medium, whichisgiven by.

Yo = o + (B =0 Vg (11)

where g;, effective di-electric constant of the medium having sus-
pended dust particles. X PD in sand and dust stormscanbeevaluated
only when the attenuation and phase factors for vertica 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
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approximation* holds good. Under this condition the forward scat-
tering amplitude function can be defined by using the classica
molecular optics or by the integra representation method which
under Rayleigh approximation leads to

F@i,i) = KIP, — j 2n/M)° P
where P, is the complex polarizability of the dipoles of the dust
particles.

(12)

For eliptical particles of volume Vi, their polarizability may

be defined as.
P, = (Vaiip/4m) W1 = (Vaiipg/4m) (I, + 1/e-1)7" (13

where |
l3=a*:bt:c?

is a factor such that I + L + 3 =15 li:12:

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

If it isassumed that magjority of the particlesin the dust stormsare
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 polarizationforz=1and z
= 2 respectively. Therefore, the polarizability for horizontal and
vertical polarization can be given as

Py = (Valip/4m) (li+1/e=1)7":

Py = (Vaiip/4n) (I +1/e = 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

Yy = (2n/A) (1 + 2nnPy) (15)
v = @/A) (L + 2nnPy) (16)

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

oy — ay = Im[21n (2n/) (Px— Py)] dB/Km 17)

By — By = Re[2nn (2n/A) (P;—Py)] deg/Km (18)
The value of n by Ghobrial isgiven as

n =943 x 10"°/V'Vg)ip (19)

where Visvishility in Km,y=1.07

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

XPD (2) = 20log sin[e —tan"'[tan 0 log

[4n® x 943 x 10°° Im (P, (2 - P, (2)) L/

2oxvad”p]] (20)
where
Px(@ = (Vaiip/4m) (l1+1/e,— 1)~
Py (@ = (Vaiip/4m) (Io+1/e,-1)7" (21)
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The above expression can be generalised for sand, silt and clay
particles layer by substitutingz=1, 2, 3.

Sand

XPD (1) = 20log sin[e—tan’l [tan 6 log™* | 472 x.

9.43%10°° [ Im (Py (1) - Py (1)) L/20 A VY Vi ] ] (22)
where,

Px(D) = (Valip/4m) (l1+ Vegng— 1)

Py(@ = (Valip/47) (I + L/eggng— 1)~
St
XPD (2) = 20logsin[e—tan’1[tanelog’l{47t2><-

- 943 x 10‘9} Im Py (2) - Py (2)L/20A VY Ve”id J (23
where,

Px(2 = (Veiip/4m) (I1+ Ve -1 7™

Py (2 = (Vaiip/4m) (Io+ Vegy—1)7*
Clay
XPD (3) = 20|ogsin[e—tarl[tane|og'l{4n2><.

9.43x 109 Im (P, (3) - Py (3)) L/20 A V¥ Vgl J
where,

Py®) = Vaiip/4m) (i +1/ega —1) "
(24)
Py(3) = (Valip/47) (l2+ 1/egay—1) "

Thetotal cross-polar discrimination (XPD) can be calculated as

_ XPD (1) + XPD (2) + XPD (3)

XPD 3

(25)

Depolarization L oss

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

Ly (dB) = 10IogElCEc:;n;/ﬂO = 101log (1/cos’ )
Lq(@ = Y, 10log(1/cos’s,) (26)
Z=1,23
where,
8, =6-tan '[tanBlog ' |47 x 9.43x10"°
Im(Py (2) = Py (2)) L/20 Vgjip V¥ A] (27)

where,

Py(@ = (Valip/4m) (i +1/e,—- 17"
Py(@ = (Valip/4m) (o + 1/e,~ 1)~
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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
Lq(1) = ) 10lo0g (1/cos’ &y)

where

8. =0 — tan *[tanlog™* {47 x 9.43 x 1077

Im (P (1) — Py (1)) L/ZOKVYVe”ipJ (28)
where
Py(D) = (Vaiip/4m) (1 + Vegng — 17':
Py (1) = (Valip/47) (l2+ 1/eggng— 1)~
Slt
Lq(2 = Y 10log (1/cos’ )
where
82= 0 - tan *[tanlog ! [4x x 9.43 x 1077
Im (P, (2) - Py (2) L/zoxvae,,ip} (29)
where
Py = Vaiip/4m) (I + Veg — 17"
Py (2) = (Vaiip/4m) (lo+ L/eg—1)7*
Clay
Lg(3) = Y, 10log (1/cos’ 8s)
where
8= 0 — tan *[tan6log ! [4x’ x 943 x 1077
Im (P (3 — Py (3) L/ZOKVYVe”ipJ (30)
Total de-polarization loss = La@) + La@ + La®) (31)

3
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 atered, ie,
wavewill be de-polarized and cross-polarized. Horizontal polari-
zation is perpendicular to the propagation direction and tangent
of the surface of earth at theearth terminal. The cross-polarization
discrimination caused by each particleie, 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 reported” 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 77.3dB, 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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