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ABSTRACT

The reflection of radio waves fram an elevated duct, or tropo-
spheric layer, is treated like the reflection of light from a small concave
spherical mirror in order to calculate the amount of comvergence. Ray
tracing methods are used. The effect of roughness of the layer in scatter-’
ing the energy is also considered.,
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l. Introduction

1-1. An elevated duct is treated like a concave spherical mirror whose
radius of curvature is "an, the effective earth's radius. This would include
any layer that would act as a reflector if the radiation were incident at a
sufficiently small angle. The problem is considered as one of geometrical
optics only. Ray tracing methods are used, and the phases are assumed to
add randomly. This assumption might introduce an error as large as 3 db in
the result, but was necessary to simplify the solution of the problem. If
the reflection coefficient is other than unity, it must be maitiplied into
the general relation which will be given for C, the convergence factor.

Re - Gomerggnce Factor

2~1. A bundle of rays leaving a transmitter below the reflecting layer
would be converged on reflection from a concave surface. The convergence
factor, K, would be the ratio of the power density at the receiving antenna
after convergence to the power density at the receiver that would be expected
after reflection from a plane surface (essentially free space condition).
Referring to Fig. 1, the convergence factor is expressed as

g = (x+7)80 @
T T FC0, | ~

or K-EL-'-%W]-I | | ()

where x = distance from transmitter to point of reflection
y = distance from receiver to point of reflection
R = x + y = total range
a = effective earth's radius (usually 4590 n. milés)
¢ = angle of incidence of radiation at reflection
Other angles as shawm on Fig. 1. .

2-2. Equation (2) can be deduced from Equation (1) by remembering that

£= a 4 =_m_xag %1 » (3)
* foy - Sop = 2dx‘=_mi"j°1 _ (4)

2-3., The form shown in Equation (2) is the more useful and is similar
to the divergence factor for reflection at a convex surface that has been in
use for some time., Equation (2) shows that X can grow quite large, and even
become infinite for certain conditions. Curve 1, Fig. 2, shows a plot of the
absolute value of K as a function of b, the height of the layer above the
antennas, for a total range of 80 nautical miles, This plot alsc assumes
x =2y = 40 miles, which 1a a nmecessary condition for a smooth reflector. In

R
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this case, X becomes infinite for a layer 1100 feet above the antennas.
Curve 2, Figs 2, shows a plot of the layer height, b, necessary to give
infinite convergence as a function of the range (plotted on right-hand
scale).

e Roughness Effect

3-1. The most apparent difficulty with the picture presented so far
is that the layers ac¢tually are not perfectly smooth., In order to try to
take that fact into consideration, it was assumed that the layer was com~
posed of a large number of plates set at various small angles about the
horizontal according to a Gaussian distribution. As in other parts of
this problem, variations are considered only in the plane of transmission,
since the effect of sideways deviation would cancel out. This reduces the
problem to one of two dimensions only. Each plate is further assumed to
retain its original cyrvature, :

3-2, A beam falling on a patch of these plates would be reflected in
such a way as to spread the energy at the receiver in a vertical pattern
similar to the Gaussian distribution of the plates. This curve is shown
on Fig. 3. It is only necessary to integrate this curve over the width
of the antenna to find the fraction, L, of the total energy that will be
useful. This is illustrated by the shaded area on Fig. 3. Generally, the
integration will not come from the exact center of the curve as shown, btut
will be sufficiently nesr so that the center value can be used. I will be
a function of the probable value of t.he deviation of the plates, the range,
and the anterma width,

3-3. ™With the rough layer assumption, there will be some plates
correctly oriented at each part of the layer to reflect energy into the
receiver. Therefore, a third factor, M, must be included that is the ratio
of ¥//3 shown on Fig. 4. ¥ is the total angle subtended by the layer that .
can reflect rays to the receiver. ¥ would be limjted by the optical hori-
20ns. /G is the angle subtended by the receiving antenna when reflection
is from a plane surface; i.e., essentially, free space conditions.

3-4. The net convergence factor, C, must be the product of these three
quantities.K, L, M. In this case, K must be the mean value of K averaged
for various polnts of reflectlon. In order to integrate the expression
fox)' the mean value of K, it is necessary to substitute for s in Equation

2).

wi=3(3 58 %) oo

which gives 1

< [ Eek (6)

R? (22b + xy)

This expression is easﬂ.y integrated if the product xy is used for the
variable and x3y)-* xl(R - x3)

-2 =
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4o semple

4=l. On Fig. 4 is shown an example. This example is typicel of opera- |,
tion of a one-way link of the U. S. Navy Radio & Sound lLaboratory at San
Diego, that has been extensively studied. High subsidence layers are common
for this region. The probable value of the deviation of a reflecting plate
from horizontal is taken as 0,1° as an engineering approximation. In this
case, C cames out to be 43, This assumes a reflection coefficient of one.
If the reflection coefficient is not unity, its value as a function of angle
of incidence muat be multiplied into the equation,

4=2. Since K, I, and ¥ can each vary through considerable limits, C
can vary through a very wide range of valyes.

5. Conclusions

5~1. The statlstical treatment of the roughnews is not always appli-
cable, since quite a fintte mmber of plates would actually be engaged in
reflecting energy. Hence, the received signal would vary almost randomly
with time as the orientation of the plates changed slightly. This could
account for marked fading and peaks of large amplitude. Primarily, however,
it could explain signals of the magnitude of free space signals or higher.
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