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PREFACE

This effort was conducted by Syracusc University under the sponsbrship
of the Rome Air Development Center Post-Doctoral Program for Rome Air
Development Center. Mr. Richard Begelow EEG/DCIT was the task project
engineer and provided overall technical direction and guidance.

The RADC Post-Doctoral Program is a cooperative venture between RADC
and some sixty-five universities eligible to participate in the program.
Syracuse University (Department of Electrical Engineering), Purdue University
(School of Electrical Engineering), Georgia Institute of Technology (School
of Electrical Engineering), and State University of New York at Buffalo
(Department of Electrical Engineering) act as prime contractor -chools with
other schools participating via sub-contracts with the prime schools. The
U.S. Air Force Academy (Department of Electrica® Engineering), Air Torce
Institute of Technology (Department of Electrical Engineering), and the
Naval Post Graduate School (Department of Electrical Engineering) also
participate in the program.

The Post-Doctoral Program provides an opportunity for faculty at
participating universities to spend up to one year full time on exploratory
development and problem-solving efforts with the post-doctorals splitting
their time between the customer location and their educational institutions.
The program is totally customer-funded with current projects being undertaken
for Rome Air Development Center (RADC), Space and Missile Systems Organiza-

tion (S5AMS0), Aeronautical System Division (ASD), Electronics Systems Divi-
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sion (ESD), Air Force Avionics Laboratory (AFAL), Foreign Technology Division
(FTD), Air Force Weapons Laboratory (AFWL), Armament Development and Test
Center (ADTC), Air Force Communications Service (AFCS), Aerospace Defense
Command (ADC), HQ USAF, Defense Communications Agency (DCA), Navy, Army,
Aerospace Medical Division (AMD), and Federal Aviation Administration (FAA).

Further information about the RADC Post-Doctoral Program can be
obtained from Mr. Jacob Scherer, RADC/RBC, Griffiss AFB, NY, 13441,

telephone Autovon 587-2543, Commercial (315) 330-2543.
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EXPERIMENTAL VALIDATION OF THE ANTENNA
PATTERN DISTORTION COMPUTER PROGRAM
(VHF Antenna)

1. Introduction
"~ The Antenna Pattern Distortion Computer Program was written at the re~

quest of AFCS to evaluate the distortion on the radiation pattern of commu-
nication antennas when mounted in close proximity to each other, such as in
the communication towers of many AF installations.

Although the numerical method used in this computer program (Method
of Moments [1]3 has been shown to be very accurate in many applications, it
was felt desirable to verify it with an experimental validation study. This
was done at the RADC anechoic chamber. The first phase of the validation
was for the VHF antenna AN1181. In view of the fact that the actual fre-
quency range of this antenna (100-156 MHz) is below that of the RADC ane-
choic chamber, it was necessary to build a scgle model of the antenna.

This report presents a description of the measurement procedure, the
results and a comparison with the corresponding Antenna Pattern Distortion

Computer Program runs. -/

2. Scale Model
It was decided that a scale model of approximately 10:1 scale ratio
would be suitable, since this would result in a frequency of operation

around 1 GHz which is well within the capability of the RADC anechoic




chamber.
An AN-1181 was disassembled so that its actual dimensions could be

obtained. This is shown in Figure 1.
The scale model shown in Figure 2 was then constructed. Note that |

the scale model is not tapered. This should not introduce any appreciable

error in the measurements since the antenna radiation pattern is practi-

cally independent of its conductor's diameter over a very wide range of

values. Note that the scale model dimensions in miliimeters are very

close to those of the full scale antenna in centimeters, indicating a 10:1

scale factor. The slight differences were due to the fact that they were
rounded off to the closest inch and fraction to facilitate construction.
Four "identical" antennas were constructed. To determine l«w identi-

cal they were, a VSWR versus frequency measurement was carried out in

the RADC HP network analyzer. The results are shown in Figures 3, 4, 5,

¥

and 6 for antennas #7, 8, 9 and 10, respectively. The plots are sur-
prisingly similar showing that good mechanical tolerances were observed

in their manufacture. Since the VSWR is about 3 at 11?0 MHz, this was the

chosen frequency for the measurements.

3. Equipment and Model Check-out Runs.

; The measurement set-up used in this experiment is shown in Figure 7.
The frequency and power were constantly monitored in the Frequency Counter

f and Power Meter.

It was decided that the scale model antennas were to be mounted in a

two feet square ground plane at the positions shown in Figures 8 and 9 for

two and four antenna clusters, respectively. The minimum separation of
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138 mm corresponds approximately to 0.52 wavelengths.

and four antenna cases.

of the Geometric Theory of Diffraction (GTD).

the illuminating antenna.

The subsequent

separations increase in steps of 69 mm which corresponds to 0.26 wavelengths.
Therefore, the measurements were performed at separations that started at
approximately 0.5) and were increased by 0.25\ steps, reaching a maximum of

approximately 2)\. Note that the separations are the same for both the two

The reason for choosing a 2 feet square ground plane was to obtain
data on the effects of diffraction from the edges. It is known that for
low elevation angles (close to the plane of the ground plane) there will
be no diffraction effects since we are measuring a vertical polarized field.
However, if vertical patterns were measured, the edge diffraction would
become important at high elevation angles and therefore should show in the
measurements. This data will be used in making a decision on whether or

not these effects should be included in the computations through the use

In the initial check out, a third ground plane with a single hole in
its geometric center was used. If, indeed, the diffraction effects were
negligible, the pattern of a single antenna mounted on this ground plane

should be a circle. This fact could also be used to adjust the height of

Figure 10 shows the effect of the position of the illuminating antenna

when 6 inches above or below and at the ground plane level. The plot for

6 inches above shows that the pattern is a circle within 0.5 dB.

Next, each of the four antennas were mounted in the center of the

_—

12

ground plane and a horizontal pattern recorded. They are surprisingly







identical and are the same as that of Figure 10 for the probe 6 inches

above the ground plane and therefore are not presented here.

In order to verify the effect of mounting the antennas in the different
holes of the ground planes of Figures 8 and 9, measurements were conducted
with a single antenna mounted in holes #9, 10 and 12 of Figure 8. It is
seen in Figure 11 that the patterns are now circular within 1 dB.

Finally a calibration run of the whole system was carried out and is
shown in Figure 12 where the 0, -2, -5, -10, -15, ~20, -30, ~35 dB signal
levels are shown by the corresponding dots on the graph paper. Although
not shown in Figure 12, it was later verified that any signal strength of
1 dB or above is compressed on a circle about 1.0 dB above the 0 dB circle
due to a mechanical stop on the recorder. Therefore, measurements that |
show an overshot above the 0 dB line should be interpreted cautiously.

It is also necessary to assure that the illuminating antenna is pro-
ducing a plane wave at the receiving set up. This is assured by the ab-

sorbing material of the anechoic chamber and if [2]

2
A
> ——
D> 2 3
where
D is the distance of the illuminating antenna to the receiving set up.

A is the maximum receiving aperture, In this case it is 2/2 = 2.83 ft.

the diagonal of the ground plane.

A is the wavelength = 0.27 m or 1.14 feet at 1120 MHz
Therefore

D > 14.07 feet

14
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The actual distance D is 20.3 feet assuring an adequate plane wave

illumination.

4. Measurements of the Two Antenna Set Up -- Comparison

with the Calculated Results

It was established that for the case of two antennas we would measure
a horizontal pattern with one of the antennas receiving the signal from the
transmitting antenna and the other either terminated in a 50 ohm load or
left open. Normally in any installation all antennas are matched and
therefore the 50 ohm termination case should correspond to the common situ-
ation in practice. The measurement with the parasite antennas unterminated
was carried out to assess this effect. As it will be seen later, it may be
very pronounced especially for small antenna separations. Each measurement
has, therefore, two plots corresponding to the two cases discussed. It was

also decided to orient the antennas in such a way that ¢ = 0°

corresponds
to the line passing through both antennas with the receiving antenna closest
to the illuminating source (see Figure 8).

With this convention a horizontal pattern (8 = 90° zenith angle) and a
vertical pattern in the plane ¢ = 0 was recorded for every antenna position.
A problem arose with the vertical patterns since it was not possible to
rotate the ground plane a full 180°. It was decided to measure it in two
sets of 90° patterns. First the ground plane was set at ¢ = 0 and the first
90 degrees of O were measured. Then the ground plane was rotated to 180°

(terminated antenna facing the illuminating antenna) and the other 90 degrees

of 6 were measured. Unfortunately, since the pedestal was not symmetric,

L

il




-\

the 180° rotation caused changes in the chamber illuminating field and the
two plots do not coincide for 6 = 0 (zenith). As we were interested only in
the general effect of the edge diffraction, this was not considered too
serious. However, it invalidates the data for high elevation angles.

The measurements are shown in Figures 13 through 26.

The corresponding computed results are shown by x's marked on the
pattern. They should be compared with the case where the parasite antenna
is terminated since they were calculated under this hypothesis (solid line).
As the computed results are always normalized to O dB in the cases where the
measured pattern did not reach the 0 dB level, the computed results were
denormalized usually to the maximum value of the measured pattern.

It is seen that the computed values are very close to the measured
ones. Even when deviations occurred, they seldom exceeded 1.5 dB and the
calculated pattern had all the indentations of the measured at the correct
places. A few of the measurements exceeded the O dB level and therefore
a compression may or may not have occurred. Usually these are the patterns
that present the highest deviations between the computed and measured
results.

In the case of the vertical patterns it is seen that the calculated and
measured results are far apart as should be expected. However, for low ele-
vation angles, the pattern is approximately that of a monopole on both the
measured and computed cases and, therefore, the results are still close
when a proper normalization factor is applied.

For the case of two antennas fhe measurements for 0.5\ and 0.75A separa-

tion were performed on two different dates (19/8 and 22/8) during initial

18
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trial runs. The two measurements differ somewhat and are shown in Figures
27 and 28 with the calculated values represented by the x's. It is inter-
esting to note that for the most part the x's fall between both curves.
This seems to indicate that the calculation is within the measurement ac-
curacy.

Other factors which may have contributed to the discrepancies are

1. As shown in Figures 10 and 11, the radiation pattern of each
antenna is not a circle and depends on its position on the ground plane.

2. Changes in the illuminating field across the chamber. This is in-
dicated by the lack of absolute symmetry of the horizontal patterns along

the ¢ = 0.180° line.

3. 1Influence of the pedestal in the illuminating field. This is

clearly seen in the vertical pattern measurements.

5. Measurements of the Four Antenna Set-up -- Comparison with

Calculated Results

The references for the four antenna measurements are shown in Figure 9.
The antenna at ¢ = 315° was the receiving antenna. The others were either
all terminated with 50 ohms or left open. Vertical patterns were measured
at the ¢ = 0° plane.

The measured and computed results are shown in Figures 29 through 42.
The calculated results are shown by x's as in the case of two antennas.

The same remarks previously made for the two antenna case can be made
here.

The agreement between the measured and computed results is, we believe,

within the accuracy of the measurements.
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6. Conclusions and Recommendations

From the results presented it is shown that the Antenna Pattern Dis-~
tortion Computer Program can predict with good accuracy the radiation
pattern of communication antennas at low elevation angles.

It would be important to carry this validation further and complete
the validation for the AT 197 and AT 1097 UHF antennas.

It also would be highly recommended to obtain a few full scale measure-
ments of a pair of AT 1181 at one of the RADC test ranges to check the scale
model.

As a final step, after the above validations are carried out, this
computer program should be compared with the measurements obtained in the
TRACAL evaluation reports. It is hoped that the flights conducted during
the TRACAL measurements can be eliminated or reduced considerably with the

use of the Antenna Pattern Distortion Computer Program.
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