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“Abstract

‘The relative fields from the individual towers of an AM
broadcast directional antenna array can be related to the
voltages at the bases of the towers that are necessary to
create those fields. The base voltages are used as sources
for a modified version of Mininec III. The tower base
currents computed by Mininec III for those tower base
voltages are used to adjust the array of towers so that the

correct far field pattern is achieved.

“In the past, patterns for AM directional arrays have been

brought into adjustment by a process of trial and error.
The Mininec calculation procedure can reduce the amount of
field work that 1is required to produce a properly
functioning AM directional antenna system.
We have used the technique to adjust a variety of AM arrays
in the past year. Adjustments are made so that the relative
base currents of the towers are at the computed values,
transmission lines are properly terminated, and field
measurements are conducted without any further adjustments.
In all cases so far, where re-radiating objects are not
present, the resulting measured patterns have been within
the tolerances of the FCC.
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INTRODUCTION

AM (Amplitude Modulation) standard broadcast stations operate in the
U.S. in the medium frequency band between 540 and 1600 kiloHertz.
They frequently use directional antennas consisting of arrays of
vertical radiators (towers) to allow operation without violating the
interference rules of the FCC (Federal Communications Commission).
Simplified mathematical expressions have been used since the 1930’s
to calculate the directional patterns for the electric fields
radiated from these arrays. There have not been mathematical
expressions that could accurately relate the drive voltages at the
bases of the towers, or the tower currents, to the far field
radiation pattern. The only practical way to calculate far field
pattern shape has been to add the contributions to the far field of
the radiation from the individual towers.

'FCC DIRECTIONAL ANTENNA PATTERN FORMULA

Parallel ray geometry combined with the orientation and spacing of
the towers is used to compute AM directional antenna pattern shape.
The electrical constants used for calculating the pattern shape are
the relative magnitudes and phases of the far field contribution of
the radiation leaving each tower and a factor used to specify
pattern size. The electrical and physical array constants that are
used in the expression for calculating AM direction antenna pattern
shapes from parallel ray geometrical assumptions are called “Field
Parameters”. The FCC requires that the DA (Directional Antenna)
horizontal plane pattern be computed according to

Eqy = Kk [F, /S, Cos(#,-8) + ¥, +... f, /5 Cos(d -2)+y, ]

‘where: ’Eth Inverse distance far field
at one kilometer

'k Pattern size constant
f_ Field ratio of tower "n”

'S Spacing of tower ”“n” in degrees
from reference point

$  Orientation of nth tower from
reference point

¢ Orientation of observation point

¥ Phase angle of tower “n”
(See Figure One)




Operating impedances and pattern size are calculated using “Loop
Currents”. Currents flowing in the towers are assumed to have
sinusoidal distributions. The ”“Loop” is located at the point of
maximum current on the tower. The relative magnitudes (ratios) and
phases of the Loop Currents of the various towers were assumed to
be the same as those of the fields of the towers. (The FCC DA
pattern formula uses the relative magnitude of the field from the
tower and the phase angle of the current “Loop” of the tower as
though the tower currents and fields were synonymous.)

The magnitudes and phases of the loop currents are measured by the
antenna monitor and sample system that are installed at AM
directional arrays by requirement of the FCC. A substantial
percentage of AM directional arrays in the U.S.A. use towers that
are a quarter wave or less in physical height with the current loop
at the base of the tower.

"HOW DA ARRAYS HAVE BEEN ADJUSTED

A1l AM directional antennas in the U.S. must be adjusted so that the
field intensities of their measured patterns are less than the field
intensities of the Standard Pattern at all azimuths. Interference
and protection from interference are determined using the Standard
Pattern. The Standard Pattern is calculated from the Theoretical
Pattern (described above) according to

7Estd = 1.05 [(Eth)2 + (Q)Z] k

‘where E..4 = Standard Pattern Field
By = Theo. Pattern Field
Q = Tolerance Factor

When adjustments are made to the phasing, power division and
matching networks that are used to control the station’s Directional
Antenna pattern, the currents measured by the antenna monitor are
set to the field parameter ratios and phases. In most cases this
is just the starting point in the procedure that is used to create
the correct pattern for the directional array. The correct pattern
is not usually achieved when the antenna currents are set to the
field parameters because the field contribution of each radiator is
not exactly proportional to the loop current. Great emphasis is
placed on pattern minima since they are used to supress radiation
in those directions where interference could be created. The
radiated field intensity is monitored in the direction of the minima
(frequently called “Nulls” even though the theoretical pattern field
does not go to zero) while adjustments are made to the DA array.
This trial and error procedure continues until the field intensities
in the nulls are within the Standard Pattern.
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USING MININEC TO RELATE TOWER FIELDS TO TOWER CURRENTS

‘The trial and error procedure that is used for the adjustment of AM

directional arrays can be greatly reduced or eliminated in many
cases. The current or voltage at the base of a tower can be
Tinearly related to the field from that tower by using the familiar
“N” port admittance and impedance parameters. For base currents a
matrix can be formed from

E/k, = Vi = T(Zy) + I(Z,,)

For the base voltages we have

E/k, = L= Vi(Yy) + V(Yy,)

‘Where E, is the field from tower one, the Y’s are the self and

mutual admittances and the k’s are the constants of proportionality
between the fields and base currents and voltages of the towers.
For Mininec we want the base drive voltages so we will limit
ourselves to the admittance parameters.

‘For Mininec the Far Zone E-Field is:

a¥ < e DA
] jkn e’ kIR
el 0
where ,
Far FIRT - J-I-(s)e'j kRF(s)gg
where :
R - R/[R| € il



‘For an array of vertical radiators the ”“Z” component of the far zone

E field in the horizontal or X/Y plane can be approximated as

E, = K, J I(s) ds
L

(where L is over the length of the vertical radiator)

‘since the terms in the more complete expression are approximately

the same for all the towers in the array for great distances in the
horizontal plane. This says that the far field from a tower in a
vertical array is proportional to the summation of the current
moments for that tower. And for Mininec this would be

E, = K, ZI(as).

Where As is the segment length and I is the current
associated with segment length (As).

The expression used to form the matrix is

E\/ky, = KJ/k, ZI(As) = V (Y,,) + V,(Y,,).
If we define Y, (k,/K,) = T,, and Y,,(k,/K,) = T,, we have
E,/k, = 21(As) = V,(T,,) + V,(T,,).

Since we are interested in the field parameters relative to a
reference tower we have

21,(As,)
2\83;
F, = Ez/E1

SI,(As,)

7Where F, = Field ratio and Phase of tower #2

'PRACTICAL IMPLEMENTATION OF THE TECHNIQUE

‘Mariabeth Silkey has modified the Mininec program to list the sums

of the current moments for each wire and the field parameters as
their complex ratios relative to tower (wire) one. (See Figure Two)
To compute the “T” transfer parameters the towers are driven one at
a time with one volt at the base segment. The ”“T” parameters in the
matrix column with non-zero voltage are then equal to the respective
tower current moment summation. The matrix that is formed from the
equations relating the field parameters to the base segment drive
voltages [F, =1 = V,(T,) + V(T;,)..., F, = Vo (T,) + V,(T,,)...etc.]



is inverted to find the base drive voltages for Mininec that give
the correct pattern. The current pulses (taken from the listed
Mininec output currents) for the wire segments closest to the tower
height where the antenna current is sampled give the correct relative
adjustment parameters. The array is then adjusted so that the
antenna monitor indicates those ratios and phases.

MEASURED RESULTS

We have adjusted several directional antennas using this technique
without having to resort to trial and error field adjustment. I
will discuss three examples. In all three examples antenna currents
were monitored at the bases of the towers. Figures 3, 4, and 5 show
the measured and standard horizontal plane patterns of the three
stations.

A two tower array with unequal height towers (0.36) and 0.18)) that
had inductive loading at the center of the taller tower was modeled
using Mininec III. After computing the correct base current
parameters it was necessary to apply a correction to account for the
interaction of the tower base impedance with the base insulator
capacitance. The impedance of the tall tower was quite high while
the impedance of the short tower was almost two orders of magnitude
lower than the capacitive reactance of the base insulator. Therefore
a correction had to be applied only to the taller tower.

Neither the inductance of the coil at the center of the tall tower
nor the capacitance of the base insulator were known or easily
measurable. Measured impedances on both towers were available that
were made with the inductive loading and the bases of the towers in
a variety of open and short circuit configurations. The 1load
inductance at the center of the tall tower and the capacitance of
the base insulator at the tall towers were adjusted in the model
until the computed Mininec values matched the measured values. When
the array was adjusted to the computed base current parameters (the
field ratio and phase angle of the tall tower were 0.83 and -94
degrees while the antenna monitor ratio and phase angle for this
tower were 0.11 and -9.5 degrees) the measured operating base
impedances were close to the predicted values and the measured fields
were within the Standard Pattern (Figure Three).

An equal height 0.24)\ three tower "dog leg” (not in a Tine) array
was adjusted to the base current parameters computed from the Mininec
procedure. The field ratios and phases of the end towers were 0.87
and -82.2 degrees and 0.348 and +88.4 degrees while the computed
antenna monitor parameters were 0.85 and -77.3 degrees and 0.358 and
+96 degrees respectively. The results are shown in Figure Four.

An unequal height (two towers 0.25X and two towers 0.21)X) four tower
parallelogram array (towers located at the corners of a parallelogram
in the horizontal plane) was adjusted according to the Mininec
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procedure. The non-reference tall tower had computed monitor ratio
and phase that were 3% and 2 degrees higher than the field
parameters. One of the shorter towers had antenna monitor ratio
and phase that were 39% and 6.6 degrees higher, respectively, than
the field ratio and phase. The other short tower had computed
monitor ratio and phase that were 25% higher and 3.7 degrees more
negative, respectively, than the field ratio and phase for that
tower. The measured and Standard Pattern for this array are shown
in Figure Five.

DETUNING TOWERS

Our success in adjusting AM directional arrays using tower base
current parameters computed from the Mininec III current moment
summations and the field parameters has led us to use the procedure
for all of our AM directional antenna work. In those cases where
nearby conducting objects such as buildings or power transmission
towers and lines cause scattering and re-radiation of the incident
fields we have had some success in pattern adjustment using the
procedure. When we have been able to realistically model the towers
and re-radiating objects pattern minima have been brought below the
standard pattern. In two specific cases the pattern minimas were
brought within tolerance when the arrays were adjusted to the
computed base current parameters. In two other situations we were
not able to define the situation well enough to make an adequate
model .

We have successfully detuned two towers in an AM array to allow
omni-directional operation from a third tower. The magnitudes of
the field parameters of the towers to be de-tuned were set at 107
and the computed base drive voltages that produced these fields were
applied to the Mininec model of the array. The impedances of the
de-tuned towers in the driven array were computed by Mininec. The
real part of the impedance was typically two orders of magnitude
lower than the imaginary part. Therefore the towers can be detuned
by applying the conjugate of the reactive component of the operating
impedance obtained from Mininec between the bases of the towers and
ground (when towers are driven by base voltages that cause the fields
of the de-tuned towers to be 10 of the field from the tower that
is not de-tuned). When the model is run on Mininec with the grounded
segments loaded with the de-tuning reactances some degredation of
the de-tuning effect is observed (compared to the case where de-
tuning is achieved by applying base drives), however, the scattered
fields from the de-tuned towers are still several orders of
magnitude below the fields from the tower that is not de-tuned.



'CONCLUSION

Field parameters were devised so that AM directional antenna patterns
could be computed. A realistic method to relate the field parameters
to tower currents and tower base drives only became possible with
the advent of numerical computer techniques. Method of moments
procedures are not perfect for all AM antenna problems but they are
more realistic than basing one’s computation on assumed sinusoidal
current distributions. By using programs like NEC-3 and Mininec III
AM design engineers can compute base current parameters for AM
directional antennas that produce measured patterns that are close
to the calculated patterns and are within the limits of the FCC
standard pattern. These results take much longer to achieve using
trial and error in the field.
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FIELD PARAMETERS
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