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ABSTRACT

With a view to examine the effects of sand and dust storm on
the propagation of microwaves,several parameters,such as attenua-
tion, phaseshift,scattering and absorption were investigated.Both
natural and simulated sand and dust samples were studied with
varying degree of moisture contents,particle size distribution and
visibilities.Scattering and absorption of microwave are found to
depend heavily on the moisture content.The dependence of attenua-
tion and phaseshift on visibilities is also studied.Experimentally
measured and calculated values of aztenuation and phaseshift of
microwave in simulated dust storms with particle size distributions
are compared for the first time in this paper.

I. INTRODUCTION

Propagation of microw?vg through sand and dust storm has recei-
ved considerable attention*T~.The dependence of attenuation and
phase on moisture is already reported3aTo the best of authors know-
ledge,comparison of calculated and experimentally measured attienua-
tion in the sand and dust storm having distribution of particle sizes
are not reported so far.Neither the calculated phase shiftsare com-
pared with experimentally obtained results in the simulated dust
storms .In the present work therefore,effects of visibilities on
attenu.tion and phase shift of microwave,propagating in sand and
dust storm are studied.Experimentally measured and calculated valu-
es of attenuation and phase shift are compared for the first time,
Further scattering and absorption of microwave propagating in sand
and dust storms are studied with varying moisture content and
particle size distribution.

2. ATTENUATION COEFFICIENT

Considering a linearly polarized plane wave incidence and
ap:lying Ray-leigh approximation,the intensity of the scattered
radiation for an arbitrary particle shapeccan be written as,with
spherical co-ordinates (y,0,0)

I = 3(1+Cos26) K*a?/2r?} 1o cee (1)
where K ="2n/% and a is scalar polarizability for isotrépic parti-
cle which is given as 5

a = §3(m*-1)/an(n“+2) } v oee (2]
where m ii the refractive index of the particle and V is the
volume nd>/6.The scattering efficiency factor without absorption
is given P as

4 2 2 2

Q scat = (8/3)x* {(n®-1)/(n?+2) } oo (3)
while the scattering efficiency of a small spherical absorbing
particle is given by

Q scat = (8/3)x* Reika—f)/(m2+2)} 2 aee (4)
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where X = 7ndp/) is a dimensionless optical size F: he
absorption efficiency is Sxpressgd ag parameter. Tie

Q abs = - 4X Im{jm -V)/(m +2)} voo (D)
If there are dN particles in size range dp to dp + d{dp) per unit
volume of the storm,ﬁhis corresponds to a total particle cross-
section area of ( md5/4) dN dz over the wave path length, dz,per
unit area normal to the beam. Microwave attenuation coefficient,
then is given by the relation®.?

Att.=(-dI/Idz)=/ (nd2/4) Qest(X,m)ng(d)d(d,)8.68x10°dB/Kn
where dN = nd(dp) d(dp%, -ee (6)
and Q ext = Q scat + Q abs seo (7)

3. SCATTERING AND ABSORPTION COEFFICIENTS

For a linearly plane polarized wave incident on a small
spherical dust or sand particle,the scattering coefficient can be
expressed as d +d(d_)

_ 5 4 2 .
b scat=8.6x1{0 fd(ndp/of) Qscat nd(dp) d(dp) dBE/Km ... (8)

p
and absorption coefficient is given as

5 dp+d(s )
b abs=8.6x10° f (ndp?4) Q abs ny(d;) d(d,)dB/Kn ces (9)
dp
where nd(d )=(N/d_) exp(d_./d ) sin-e the distribution of the
particle follows an exponential form in the storm where d_ is the

mean diameter and 3 3 P
N=no of particles/cm” = (15/dp)/(nvb) 0oo(10)

DISCUSSION OF RESULTS

Microwave attenuation (9.35 GHz) in storm with dry dust con-
centrations are shown in Fig.{ , against visibility and opgical 5
attenuation alongwith the results obtained using Goldhirsh”, Chu
and Ansari and Evans4 formulas. There is an excellent agreement for
spherical particle of given size distribution (62.5-31 ;31 -15.6;
15.6-7.8; 7.8-3.9; 3.9-2; 2-0.98 and 0.98-0Oum) except the case of
Chu since in this work uniform distribution is assumed. The measured
attenuation in the simulated dry dust storm shows large deviation
from the theoretical values. This is attributed to the fact that tke
shape of the particle,nonuniformity in the volume of storm and refle-
ction etc. are not taken into account.

Variation in the phase shift is shown in Fig.2. It may be
noted that the experimental curve is closer to the theoretical resul-
ts obtained using Ansari and Evans expression. This is because they
have taken into account the size distribution of particles. Results
using Chu's experession deviate to a great extent from the practical
valuesa

Natural and simulated dust particles have diameters3in the
range 500-2,00 and 62.5-0,98um respectively while sands have uniform
diameters. It may be mentioned that the natural sample was collected
at the height of 3m. The variation in dielectric constant as repor-
ted by Haddad etal”® were used to czlculate the various parameters.
The scattering and absorption coefficients are plotted as a
function of visibility and optical attenuation in Figs.3 and 4 for
various moisture contents. It has been found that (i)scattering and
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absorption coelficients of micro-
wave in sand and dust storm depe-
nd directly on its moisture con-
tent. The scattering and absor-
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ption of microwave are found to 10

be considerably higher in sand Becat

and dust storm with moisture as T?ﬁ:
Q

compared to dry samples. The
scattering of microwave is insi-
gnificant as compared to absor-
ption. Large size particles in the
storm exhibit higher scattering
and absorption. The scattering
and absorption of the microwave
increase with increasing particle
concentration i.e. decreasing
visibility. Scattering to absor-
ption ratio is found to decrease
with increasing moisture content
and is independent of visibility
(Fig.5).

CONCLUSION
Experimentally measured and RATIO OF SCATTERING TO ABSORPTION
ealculated values of attenu- ~ COEFFICIENT VS x WATER CONTENTS-

ation and phase shift of microwave

in simulated dust storm with particle size distribution are compa-
red in this paper. They are found +to depend on visibility. Fur-
ther, scattering and absorption of microwave are observed to
depend very much on the moisture content and con.equently their
values are considerably higher in sand and dust storm with
moisture as compared to dry samples.
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