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SHORT RANGE SKYWAVE FIELD STRENGTHS
FROM TALL AM BROADCAST TOWERS
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Abstract -Calculations of mediumwave skywave field strengths
within 100 km of an AM broadcast station using a 186 degree
tower are presented. The analysis is novel in that the high ver-
tical elevation angle radiation from the tower is calculated using
a method of moments technique. The results show that skywave
fleld strengths are several times stronger than predicted when us-
ing the FCC tower radiation formula, and that within 100 km the
10 percent time skywave field strength can in some cases be of
comparable amplitude to the groundwave signal amplitude. An
analysis of the resulting signal envelope amplitude and phase fad-
ing statistics is also presented.

1.0 INTRODUCTION

A recent research project involving data trans-
mission on the carrier of an AM broadcast station
showed that significant transmission errors occurred
at night due to signal amplitude fading. The effect
was observed at several locations within 100 km of
the broadcast station, and was unexpected since the
skywave field strength predicted using antenna ra-
diation calculated from classical antenna methods,
as embodied in the FCC Rules, was not of sufficient
amplitude to account for the observed fading. A
short study was undertaken to:

1) produce a more accurate calculation of high el-
evation angle radiation from a 186° broadcast
tower,

2) use the most recently developed skywave propa-
gation equations to predict field strengths, and

3) perform an analysis of the envelope amplitude
and phase statistics of the resultant combination
of groundwave and skywave signals taking into
account the amplitude and phase variations of
the skywave signal.

The results of this study are presented in this
paper. The AM station involved is a 50 kW non-
directional clear channel operation using a guyed
tower which is 186 electrical degrees tall with an
equivalent radius of 1.75 electrical degrees. The
analysis technique is, however, applicable to towers
of other heights and widths, or to radiating systems
with unusual electrical configurations.
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2.0 CALCULATION OF RADIATION
AT HIGH ELEVATION ANGLES

Initial calculations of the skywave field strength
within 100 kilometers of the transmitter showed
that the observed magnitude of fading could not
be accounted for when the vertical elevation radi-
ation pattern of the tower was calculated using the
formula in the FCC Rules. This formula is based
on several simplifying assumptions, chiefly that the
tower is an infinitesimally thin wire and therefore
the current distribution on the wire is sinusoidal
and abrupt (step function) 180 degree phase changes
occur at the current nulls. Because a real tower is
not infinitesimally thin, the current distribution will
not be sinusoidal. To more accurately mode] the
AM tower, the method of moments technique based
on a more realistic current distribution was used to
calculate the vertical radiation pattern. The algo-
rithms to perform this calculation are incorporated
in a custom personal computer program called AM-

MOM.

Developed for AM broadcast antenna analysis,
AMMOM implements Harrington’s general method
of moments formalism [1]. AMMOM subdivides
thin radiating and scattering structures into a num-
ber of straight cylindrical segments, each having an
assumed sinusoidal current distribution. A system
of linear equations relating the unknown currents at
the junctions of the connected segments to the ter-
minal voltages at those same junctions is developed
by application of the reaction concept [2]. By solv-
ing the linear equations using standard matrix in-
version techniques, the current distribution for the
full length of the structure is obtained in terms of
the point currents at each junction. Note that as-
suming a particular current distribution for the in-
dividual segments does not imply that a sinusoidal
current distribution exists over the full length of any
structure. The current distributions for all struc-
tures are calculated instead of postulated in ad-
vance. After determining currents, parameters such
as operating impedances, radiation efficiencies, and
field patterns can be calculated.
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Fig. 1. Magnitude and Phase of Current on 186 Degree Tower. Curve A - FCC Formula, Curve B
- Method of Moments with Radius = 0.00036 Degrees, and Curve C - Method of Moments

with Radius = 1.75 Degrees.

The non-directional AM station studied is a sim-
ple physical structure which can be easily mod-
eled by AMMOM for the calculation of high eleva-
tion far-field pattern characteristics. The series-fed
guyed steel tower with uniform square cross section
and physical length of 186 degrees is supported four
feet above ground by a concrete pier and base in-
sulator. Four single, identical guy wires attach to
the tower by insulators 126 degrees above ground.
To minimize their influence on the tower’s radiation
characteristics, the guys are broken by insulators at
38 degree intervals. Power for the tower lights is
supplied by a toroidal isolation transformer which
has minimal effect on the operating impedance of
the tower.

The environment surrounding the tower is rel-
atively uncluttered compared to many AM trans-
mitting installations. No high-voltage utility lines,
water towers, multistory buildings or other large
scattering objects exist near the tower. The radial
ground system, consisting of at least 120 buried cop-
per wires approximately 140 degrees in length, is
well maintained.

The physical aspects of the tall tower and sur-
rounding ground system determined the type of
mathematical model used by AMMOM for the far-
field radiation calculations. Since the tower is a
relatively simple structure with a uniform cross sec-
tional dimension and no appurtenances, it was mod-
eled as a perfectly conducting cylinder 186 degrees

long and subdivided into 19 equal length segments.
The radius of the cylinder was chosen to give it the
same cross sectional area as the tower.

The actual ground system is near optimum and
provides a highly reflective surface within 140 de-
grees of the tower base. Therefore. the mathemat-
ical model used was based on the assumption that
the cylindrical tower element is normal to a per-
fectly conducting half plane. It can be shown that
the specular point for far-fields resulting from plane
wave ground reflection is within the limits of the
station’s radial ground system for vertical angles
greater than 52 degrees above the horizon. Con-
sequently, the reflected energy from the ground sys-
tem which produces cancellation of high angle radi-
ation and nulls in the vertical pattern is not likely
to be attenuated by the station’s existing ground
system. The result is that any lack of nulls or field
cancellation at high vertical angles must be a result
of the tower’s finite width and actual current dis- -
tribution rather than a poorly conducting ground
plane. Since this study is concerned primarily with
vertical angles greater than 60 degrees, the assump-
tion of a perfectly conductive ground plane seems
reasonable.

Calculations of the tower’s current distribution
and vertical plane radiation characteristics pro-
duced by AMMOM differ markedly from calcula-
tions based on the formulas given in Part 73 of the
FCC Rules. The resulting current magnitude and
phase distributions along the length of the tower for
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Fig. 2. Radiation at 1 km from 186 Degree Tower vs. Elevation Angle. Curve A - FCC Formula,
Curve B - Method, of Moments with Radius = 0.00036 Degrees, and Curve C - Method of
Moments with Radius = 1.75 Degrees.






