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ABSTRACT. Refloction cocfficient and impedence of electromagnetic waves in a stratified layered
medium following mathematical laws compatible with the propagation conditons associated with the diwrnal

and seasonal variations, have been deduced.

1. Introduetion

Reflection of electromagnetic waves from
inhomogeneous medium has been studied exten-
sively in the case of special profiles of conductivity.
Although a simple expression for reflection coeffi-
cient may result by assuming exponential variation.
of the conductivity with height, yet in practice
because of the influence of diurnal and seasonal
changes, the conductivity profile may be governed
by different mathematical functions in layered
medium. The reflection coefficient for a plane wave
incident at the tropospheric layer has been studied
when four different analytical forms for the
derivatives of the refractive index are assumed
(Wait 1962). In view of this, it appears necessary
to investigate the reflection cocfficient in layered
medium governed by hyperbolic as well as expon-
ential profiles which are decreasing with height.
The object of this paper is, therefore, to find the
reflection. coefficient in layered medium assuming
a hyperbolic profile for z<<I{ and exponential
profile for z>H. The study has been confined
to the lower atmosphere only where the diurnal
and seasonal influence on the conductivity pro-
files are maximum for tropospheric radio wave
propagation.

2. Maxwell equation in an inhomogeneous medium

Assuming the field is time dependent as exp.
(iwt), Maxwell’s equations in an inhomogeneous
field, free from a source with a tensor dielectric
(¢), a scalar magnetic permeability (1) and conduct-
ivity (o) are given by—
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where o is the angular frequency; H and E are
the magnetic field intensity and electric vector
respectively. Since the present investigation is
confined only to the perpendicular polarisation
wherein electric vector is always parallel to the
plane of stratification and the field is assumed
to vary as exp. (—7Az) every where, the equations

(2+1) under these assumptions, take the form —

ipwH, = oF,[sz (2.2)
ipwl, —iAE, 2.3)
[o(2) f-e(2)w] By == 8H [oz-iM, (2.4)

z being, perpendicular to earth’s surface. Here
E, is the tangential component along Y-axis
of the electrical field. H, and H, are the
tangential and normal components of the magnetic
field intensity. Combining (2-2) to (2-4), we get,

PR, [d2 [ R(2) —A2]H, = 0 (2.5)
where,
A = k,sind
0 being the angle of incidence and
k(2) = ky for <0
k(z) = =V =ipwlo(2) +tew] (2.6)
where, y is the propagation constant.

3. Variation of conductivity profiles

Let the surface of the earth, assumed to be
horizontal, be separated from the atmosphere by
the plane z = 0 where Z-axis is taken vertically
upwards. Let the atmosphere be divided into
two parts —a layer and a half-space separated
from each other by the plane 2 = H as shown in
Fig. 1.
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Let us represent the propagation constants
compatible with the possible diurnal as well a
seasonal variation as—

~Y2 = [2(z) =k, 2sech2(pz-0,)
= (kg2—Fky2)e~P4-ky2

for 2<H (3.1a)
for 2z zH (3.1b)

where, p,, 0, ky, Ky, and B are all constants
depending upon y (2) in the layer and half space.

forzzH RA>0

and lim k(z) =k, sech 0,
2=>0 (3 . 2)
Lim k(z) =k,

>

4. Solution

On substitution from (3-1a) into (2-5), it
follows —
@E, 2% dBy

dg¢2 1—& g¢

v(v—+1) — a2 —p(v-+-1)§2

+ o B, =0 (4.1)
where, :
¢ = tanh (pz + 6,) (1.2)

v (1) = kyfp? (4.3)

a? = A[p? = [, sin2 0/p? (4.4)

Equation (4-1) is the associated ITegendre’s
differential equation whose general solution is
given by (Bateman 1953) —

Ey= AP, ()+B Q" (&) forz<H (4.5)

where, P,* (£) and Q,° (£) are associated Leg-
endre’s functions of the first and second kind res-
pectively. Substituting from (3-1 b) into (2-5) the
governing equation in &, becomes for z > H —
@By Tra2 k.2 A k.2 25in2
Ez—2~+ ((3 —_ 2)‘@ —}«(2_]0(, bm@)]Ey

- (4.6)

Remembering that £,~0 as z—oc0, the solution
of (4-6) is given by (Wait 1962) —
By =07y = VT oxp. (i)}

forz 2H (4.7
J being the Bessel function of the first kind.

In the above —
82 == — (ky2 — k2 sin26) (2/B)> (4.8)
and C is a constant.
The boundary conditions at z= H are —

(i) Tangential component of the electric field
vector, viz., B, must be continuous at z=H

(i1) Tangential component of magnetic field
mtensity, viz., H, must be continuous at z — H

These conditions lead to the following equa-
tions —

EM = E,@ 1
1 6B,M 1 eE®latz=H (1.9)
T 2z thgw 02 ]

where E,1) and E,®) denote the values of E, in
layer and half space respectively.

From (4-9) we can find the constants 4, B
of Eq. (4-5) in terms of ' of Eq. (4-7).

The impedence in the layer 0 << Z<UH can be
expressed after simplification as —

Z = — E,H,

- 1'Mw{gl>ll’ya (tanhz) - ¢, Qva {tanh z)}
$1./1 (tanh 2) -+ 4, £, (tanh 2)

(4-10)
and the reflection coefficient for perpendicular
incident is-—

R = — mo/008 6 —2

nofcos 8 + Z

= —[no{¢y f1 (tanh 2) + ¢, f, (tanh 2)} -+
+ipgw cosd (¢, Pv® (tanh 2) + ¢, Qv™ (tanh 2)}]/
[ {10 {¢1 /1 (tanh 2) ‘+ ¥ fo (tanh 2)}—

— g cos 0{¢, Py (tanh z) -+
+ ¢,@Qv* (tanh 2)} ] "

where, 7, = 4/n./e,

(4:11)

€0 g, are the dielectric constant and permea-
bility in the homogeneous medium z < 0 and —
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$1=[{/a (tanh H) + pafpip. 83/2. @ (tanh H)} x %= (/B V' &t — ?) exp. (—BH/2)

X dJg (u) — Buf2. Qv* (tanh H) Jg.; (u)]/ fi (tanh H) = [ %pﬂ (tanh 2) ] .

[[{Pv* (tanh H) f, (tanh H) — = —ytanh H. P* (tanh H) +

— Q" (tanh H) f; (tanh H)}] (4.12) 4 (v + @) Poy_y (tanh H) (4.14)

Yy = [{ fu (tank H) -+ puy/ps. 88/2. Pv® (tanh H)}

X J g (u) — Buf2 Pv* (tanh H). I35, (u)]/ fa (tanh H) = [ (}i—@va (tanh H) ] L

(@ (tanh H) f; (tanh H) — Pv*(tavh H) X — —ytanh H. Q* (tanh H) +-
Xf, (tanh H)}] (4.13) +(v+a) @*,-1 (tanh H) (4-15)
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