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ABSTRACT

In the present paper theoretical investigation has been carried out to evaluate
the effect of the layers of sand, dust particles on the propagation of millimeter wave.
For this purpose the layers of sand, silt and clay particles have been considered. The
expression for effective propagation constant has been utilized to get the expression
for the normalized phase velocity, loss tangent and related attenuation. It has been
found that the normalized phase velocity, loss tangent and attenuation, all increase
with increasing frequency for different values of fractional volume.- Further the loss
tangent first increases with increasing fractional volume and then it starts to decrease

with increasing fractional volume.
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INTRODUCTION

Recently considerable interest has been
devoted to estimate the influence of the layers of dust
particles on the propagation characteristics of
millimeter wave'™. It may emphasized that while the
millimeter waves are allowed to pass through the
medium having such layers the phase and amplitude
of wave affected by the dust particles, which
ultimately cause the attenuation of the wave. In
addition that the normalized phase velocity is also
effective. Therefore in present paper an attempt has
been confined to obtain the expression for the
normalized phase velocity and loss tangent of
millimeter wave in terms of fractional volume and
particle size. The real and imaginary parts of effective
propagation constant have been investigated.

Using the expression for loss tangent

the attenuation constant has also been obtained.
The detail of entire investigations have been given
in following sections of the paper.

air Z =0
sand Z =L
Silt z =L
clay z =Ls

In order to obtain normalized phase velocity
(Veh), effective loss tangent (tander) and
attenuation constant (a) of millimeter wave from the
layers of sand, silt and clay, the profile structure of
these constituents in atmosphere must be taken
into account, which is shown in fig. 1.

Vphi(Z) =Vpn1 for 0 < Z < L, for sand layer
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Vpn2{Z) =Vpn2 for L1 £ Z < L2 for silt layer

= K[1+(1/2) (3f y/(1-fy)) + (1/2)
= for Ly < Z < L3 for clay layer
e . OTCREVEL arkty? i) (L +29)
alZ)= o4 for 0 £ Z <L, for sand layer . o (4)
o for Ly € Z < L for silt clay Separating real and imaginary parts of the
o propagation constant, one has
o for Lz € Z < Ls for clay
And KiF = K[1 +(1/2) (3fy/(1-fy))] 5)

L, +L, + L3 =L the length of communication line.
Kie = K[((1/2) i2 + K* y? (1-)*)/ (1-fy)’(2

+2f)’]
For low frequency approximation :
Now, the effective propagation constant for = K42 (1-H)/(L-fy)X(L +2)? ©)
low frequency approximation may be given as
K,f = K2+ (3fK2y/(1-fy) [1 + Now the normalized phase velocity Ven is given by
; 3,3 _f)4 3 )2
i(2/3) K3 aly (1-H)* / (1-fy) (1+2 )(1]) Ven = K / K @)
where f = 4Trano/3 is the fractional volume Similarly the effective loss tangent many be

K =2 7| 1 is the propagation constant obtained as
a = radius of spherical particles

tan e = 2 Kie/ K 8
y= (Ec-l) / (€c+ 2) eff IF rF ( )

) ) . Comparing equations (5), (6), (7),*(8) one has
and ng is the number of sand dust particles in the
unit volume of atmosphere. Now we have Vpn = K/ K [1+(1/2) (3fy/(1-fy))

=1/11+(1/2) (3fy / (1-fy))
K2 = K2+ (3fK2y/(1-fy) +

and
i 2 fKS y2 (1-)* / (1-fy) (1+20)%] " tan S = 2 K y2 (1-0% /K (1+(1/2)
(3 fy / (1-fy))
K§ = K [K+(3 f Ky/(1-fy)) =2fK*y2 (1-6)* / K (1+(1/2)
+i 2 K4 y? (1-0% 7 (1-fy) (1+26)% (3 fy / (1-fy)
=2fK*y2 (1-H)* /K (1+(3/2)
2 2 K [1+(3 fy/(1-fy) (fy / {1-t))
K N o SR = 21K3y2 (1-0* / (1+(3/2)
(fy / (1-fy)) (9)
K§ = K [1+(3 fy/1-fy) For high frequency approximation :
+i2fK3y2 (147 (1-fy) (1 +21)2] In this case the expression for normalised
phase velocity and effective loss tangent can be
K,Z; = K [1+(3 fy/(1-fy) obtained from the relation given as,

+i 2 fK3y? (1-H% 7 (1-fy)? (1 +2f)2];§) Ke = K-(Ttino/K2) ;(2”_,_1) (TM L T™V) (10)
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where T:™ and T:™ are the coefficient the
amplitude of the field distribution on spherical dust
particles. Further T,™ and T\ are proportional
to the amplitude of magnetic and electric

multipoles, which are induced by incident wave,

then
™ = (i/45)(( e-1)p° )
TN = (i145)(213) ((€0-1 )/( €0 + 2)p°

[ +(3ec-2)/(5¢c + 2))p°)] (12)
Where
p=  (2mah)

Now, for small value of p and finite €. only the first
term of equation (12) is important.

™ = -[[i(2/3) ((ec-1)/( € + 2))]p° (13)
Putting the values of T, and T:™ in eq. (10) one

has
K =K-{37ino/K?) {-i(2/3) ((e-1V
(€c+2))p® +(-i/45)(e-1)p5}

K =K-(37ino/K?) {-i(2/3) ((e~1)/

(€c+2))}p3+ (-i/45)(ec-1)p° (14)
Kr =K-(27tnoi/K?) {(E c1e 5'2)}
p*-(mno/15K?)(c-1)p° (15)

where €. = €4-i €5
Putting the value of €. in equation (15) one has

Ke=K-(21tno/K?) ((e1-i€2-1)/(e1-i€2 + 2)p?
+(mno/15K?)(e 1-ie 2-1)p°

Ke=K-(2mno/K?) {( € +€1-2+ &) +€1 €2

Lie2-3e)M(€1+2)+ &)

(16)

(17)
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Ke=K-(27n0/K?) {( & +€1-2+ Z)/l(e1 +2)°

+ &)}-i2rno/K2){(e2 /le1+ 2)*+ &}

(18)
Now under this approximation, the expression for
tan 5¢tf can be obtained as

tan et = (2Kir/Krr) = [2. (2nno/K2){(ez./((e1
+ 22+ &)2H/IK-(2mno/KA{( & +€1

~2+ &)lie1-22+ &)}

Also the normalised phase velocity can be
obtained as

Ven = (K/Ke)

= {K/(K-(2rno/KNH(E +e1-2+ &)/
((e1+2)%+ &)}

={K/(K-(2mno/KNH( & +€1-2+ €/
((e1+2)2+ &)} * (19

Attenuation constant (a) of millimeter wave

The value of attenuation constant (a) can
be evaluated as per this. Let the propagation
constant (y) of wave given by relation

y = J o VpeV(1-j(c/wc))
or vy =JaVpe(1-jlc/wc)"?)
y = JoVYpell-jlc20t) +(1/8) (c/ot)?

| (20)
Hence
& - J @ Vpellor2at)
=(0/2) V(we) Np/m (21)

Now the attenuation constant is related to loss
tangent by relation

a = (we/2) x loss tangent V(u/e) Np/m (22) since
loss tangent (-o/wc)
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Fig. 1. Variation of normalized phase velocity with frequency for
different values of fractional volume.
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Fig. 2. Variation of normalized phase velocity with fractional volume for
different values of frequency.
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Fig. 3. Variation of loss tangent with
frequency for different values of
fractional volume.
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Fig. 4. Variation of loss tangent with
fractional volume for different values of

frequency.
or oo = (o u'2.e"2/2) tan Sett
or o0 = (@ /2c) tan et

= (21 r/2¢) tan dess
= (21 r/2c) tan et
= (2m/2)\) tan Jest

= (m/A) tan dest Np/m

Putting this value of tan 8.ft in equation (13) one
has
o

(m/A) K3a3y2 £(1-H)*4/1(1-f,)(1 + 2f)4]
[K(1-fa) + 3 f4K]

8.68(n/A) [K3aly? f(1-H)*/[(1-f,)(1 + 2f)*]

[K(1-fs) + 3 f4K] dB/km = 8.68 (11/A)
dB/km Now for the sand particles
a= AleB

Similarly for silt particles
a=AL>
asz= ALz

where

A- 8.68(1r/\) [K3%y?f(1-f)*
[(1-f,)(1 +2f)*[K(1-fs) + 3 f4K] dB/km

Numerical Computation :

In order to obtain the value of normalized
phase velocity and effective loss tangent for low
frequency and high frequency approximation. The
computational work has been done using equations
(8), (9), (18) and (19) respectively. Further the value
of attenuation constant (a) has also been calculated
using equation (20). The graphs have been shown by
figs. 1, 2, 3 and 4.

DISCUSSION
Using equations (8), (9), (18), (19), the
values of normalized phase velocity, effective loss
tangent for low frequency and high frequency
approximation have been calculated respectively.
The obtained results are shown and plotted in the
form of graphs Figures 1,2, 3 and 4.

It has been found from Fig.(1) that the
normalized phase velocity first decreases with
increasing frequency and then oscillates with
increasing frequency. The expression for different
values of fractional volume under low approximation
and high approximation both, and further it is also
observed from figures 3 and 4 that the loss tangent
first increases with increasing frequency and then
saturates at high frequency in both the cases. For low
and high approximation variation of loss tangent and
normalized phase velocity with fractional volume
been
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shown in figure 3 and 4 respectively. The value of
effective loss tangent first increases with increasing
fractional volume and then starts to decrease with
increasing fractional volume.

It is found from figure 4 that the value of
normalized phase velocity decreases with
increasing fractional value. This is according to the
fact that the increasing value of
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the number of
which  ultimately

Fractional volume increases
particles in  atmosphere,
decreases the phase velocity.

Further the variation of attenuation constant
with frequency has been shown in fig. 4, where it is
found that attenuation constant increasing with
increasing frequencies.
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