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ABSTRACT

Propagation phenomena, particularly the interference between the direct and terrain
reflected waves, strongly affect the path loss between the transmitting and receiving
antennas. A method of analysis and computer-drawn patterns are presented to show the
multi-lobed character and deep nulls, in range-altitude coverage, that result. Type of
terrain, polarization, and antenna pattern effects are shown. Application of the results to
system design is discussed.

INTRODUCTION

The purpose of this paper is to present information useful to the systems designer in
determining the path loss between airborne transmitting and ground receiving antennas.
The principle effect that must be accounted for is the multipath fading caused by the
resultant of the direct and reflected waves. Other effects at L- and S-band include
atmospheric attenuation, screening and scatter by obstacles, and time-dependent effects
such as rain scattering, rain attenuation, and anomalous atmospheric conditions. The time-
dependent effects vary greatly with the local climate and will not be treated here. For
L- and S-bond the time dependent effects are small compared to the multipath effects. It
will be assumed that standard atmospheric conditions exist in which the gradient with
altitude of the refractive index produces curved signal paths which can be accounted for by
assuming straight signal paths over an earth with an effective radius of four-thirds the
actual radius (5,280 miles instead of 3,960 miles).

Equation (1) is the expression for the combined direct and reflected waves at the receiving
antenna terminals.



(1) S = SMax P(2 - 2t ) [ 1 + (P1 D ' )2 + 2 P1 D ' Cos (" - 0/ )]
sMax = Signal power at receiving antenna pattern peak with no reflected wave present
2 = Elevation angle
2t = Receiving antenna tilt in elevation
P(2) = Antenna power pattern normalized to unity at peak
P1 = Relative antenna voltage gain toward the reflection point
' = Amplitude of ground (or water) reflection coefficient
D = Spherical earth dispersion factor
" = Phase difference between direct and reflected paths
0/ = Phase of reflection coefficient

Figure (1) shows the geometry of the problem. The receiving antenna is at point A at
height h1, and the airborne vehicle antenna at B at height h2. The direct signal path is AB of
length d, and the reflected signal path is A0B of length e + f. The first problem of interest
is to compute received signal level vs elevation angle at constant range. The result can be
converted to effective range for a specified minimum signal on a coverage diagram format.
A second problem of interest is signal level vs range for a constant airborne vehicle height,
h2. This is the type of data obtained from flight testing the receiving system.

Whether elevation or vehicle height is given, the other parameters can be easily calculated,
without approximation, by solving the oblique triangle ABC. The point of reflection, 0, is
uniquely fixed by the parameters of the outer triangle, ABC, the earth radius, and the fact
that the incident and reflected grazing angles, R must be equal. However, its location
requires simultaneous solution of oblique triangles. This difficulty is most easily overcome
by making the grazing angle, R, the independent variable in the problem. In practical
cases, grazing and elevation angles are very nearly equal, but computations need not use
this fact as an approximation. With R as the independent variable, and a,h1, and d or h2 as
fixed parameters of the problem, all the other angles and distances can be calculated,
without approximation, from oblique triangle formulas. Use of exact formulas is
emphasized because the existing literature uses approximations based on a >>h1 and h2,
and treats the problem as a flat earth problem over the tangent plane to the earth’s surface
at 0. Even with these approximations, location of 0 requires solution of a cubic equation,
and very little computer time is saved by the approximations since the exact formulas are
still simple.

Given the grazing angle, and the dielectric constant and conductivity of the reflecting
surface, the amplitude and phase of the reflection coefficient can be calculated from
Equations (2) and (3),

(2)



for vertical polarization

(3)

for
horizontal polarization

Figures (2) and (3) show the amplitude and phase of reflection coefficient for the sea and
several types of ground. The advantage of vertical polarization is obvious due to the
always lower reflection coefficient. The benefit of polarization diversity is small, since in
the region of interest, the difference in phase of the reflection coefficients is not large
enough to displace the nulls for the two polarizations enough to be useful.

These curves are based on a smooth surface. Surface roughness scatters energy away from
the receiving site and reduces the effective reflection coefficient, thus helping to reduce the
effect of reflections. Hence, when possible, the reflection point should be on land rather
than water, and in forest or rough terrain rather than a flat plain.

The effective reflection coefficient is also reduced by the difference in antenna gain toward
the source and the reflection point, and by the spherical earth dispersion factor, D. D is
given by Equation (4). D turns out to be nearly unity for angles greater than one degree.

(4)

Computed results are shown in Figure (4) for ocean and Figure (5) for average ground. The
format is a range coverage diagram in which curved elevation lines account for the
effective earth radius. The elevation angle lines and signal paths are straights lines. An
antenna pattern typical of a 6-ft diameter reflector at L-band has been assumed. The two
figures show the depth of the nulls in range coverage, and thus the margin requires for
multipath under the assumed conditions. Figure (6) shows the same results as Figure (5)
but with the reflection coefficient reduced by a factor of 0.5 for surface roughness.

Figures (7), (8), and (9) show the same results in flight test format; that is, the change in
signal with range when the airborne vehicle flies a radial course at constant altitude. The
required multipath margin results from determining the signal level required for the nulls to
represent a usable signal. Figures (10) and (11) show results for horizontal polarization, 



which are worse due to the greater reflection coefficient. In Figures (4) through (11), the
smooth curve is the antenna pattern, or result that would exist with no reflected wave.

CONCLUSION

A method of computation has been presented that does not depend on low altitude or flat
earth approximations. The computed results shown can assist the system designer in
determining the multipath fading factor required by his application. The multipath effects
shown for L-band are representative of S-band.
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