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EnglishlMetric Conversion Factors

Length

'NTo
Fro Cm m Km in ft s mi nmi

Cm 1 0.01 Ix10 5  0.3937 0.0328 6.21x10 6 5.39x1 6

m 100 1 0.001 39.37 3.281 0.0006 0.0005
Km 100.000 1000 1 39370 3281 0.6214 0.5395
in 2.540 0.0254 2.54x10 5 1 0.0833 1.58x10 5 1.37x10 5

ft 30.48 0.3048 3.05x10 "4 12 1 1.89x10-4 1.64x10 "4

S mi 160.900 1609 1.609 63360 5280 1 0.8688
nmi 185.200 1852 1.852 72930 6076 1,151 1

Area
TNTo

Fro Cm 2  m2  Km2  in2  ft2  S mi2  nmi 2

Cm 2  1 0.0001 1xi0 "10  0.1550 0.0011 3.86x10-1 1 5.11x10 1 1

m2  10,000 1 1x10 "6  1550 10.76 3.86x 10-7  5.1 x10 "7

Km2  x1010  1x10 6  1 1.55x10 9 1.08x10 7 0.3861 0.2914
in2  6.452 0.0006 8.45x10 "10 1 0.0069 2.4910"1 0 1.88x10 "10

ft 2  929.0 0.0929 9.29x10-8  144 1 3.59x10 "8  2.71x10 "8

S mi2 2.59x10 10 2.59x106 2.590 4.01x109 2.79x10 7 1 0.7548
nmi2  3.43x10 10 3.4310 6 3.432 5.31x109 3.70x10 7 1.325 1

Volume

F Crn3  Liter m3  in3  ft 3  yd3  fl oz ff pt f Qt , gal

Cm 3  1 0.001 lx10 "6  0.0610 3.53x10 "5 1.31x10 6 0.0338 0.0021 0.0010 0.0002
liter 1000 1 0.001 61.02 0.0353 0.0013 33.81 2.113 1.057 0.2642
m 2  Ix10 6  1000 1 61.000 35.31 1.308 33.800 2113 1057 264.2
in3  16.39 0.0163 1.64x10- 5 1 0.0006 2.14x10-5 0.5541 0.0346 2113 0.0043
ft3  28.300 28.32 0.0283 1728 1 0.0370 957.5 59.84 0.0173 7.481
yd3  765,000 764.5 0.7646 46700 27 1 25900 1616 807.9 202.0
ft oz 29.57 0.2957 2.96x10 "5 1.805 0.0010 3.8710"5 1 0.0625 0.0312. 0.0078
flpt 473.2 0.4732 0.0005 28.88 0.0167 0.0006 16 "1 0.5000 0.1250
fl Qt 946.3 0.9463 0.0009 57.75 0.0334 0.0012 32 2 1 0.2500
gal 3785 3.785 0.0038 231.0 .0.1337 0.0050 128 8 4 1

Mass
",,' To
Fr. g Kg oz Ib ton

g 1 0.001 0.0353 0.0022 1.10x10 "6

Kg 1000 1 35.27 2.205 0.0011
oz 28.35 0.0283 1 0.0625 3.12x10 "5

Ib 453.6 0.4536 16 1 0.0005
ton 907.000 907.2 32.000 2000 1

Temperature
C 5/ OF - 32) -

-OF " 9/5 (C) + 32

- - - -
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I. INTRODUCTION

This report details the procedures, measurements, analysis, and recom-
mendations of a measurements program which was designed to determine the

radio frequency (RF) fields of the fundamental and 4th harmonics of devices
classed as industrial, scientific, and medical. This equipment is licensed
to operate from 26.96 - 27.28 MHz; and the emission of harmonics is regu-
lated by the United States under the Federal Communications Commission
(FCC) Part 18 of the Rules and Regulations.

The 4th harmonics of this equipment fall within the frequency alloca-
tion of the aeronautical instrument landing system (ILS) band. Therefore,
the FAA is interested in what real RF fields exist over and around any
industrial, scientific and medical (ISM) device and what RF fields are
capable of causing serious interference to aeronautical users. The FAA's
interest is in obtaining actual measured results in order to substantiaterequests mad& to the FCC to increase or decrease emissions standards for
certification of ISM devices. This report presents data comparing the RF

fields measured, based on FCC and Comite International Special Des
Perturbations Radioelectriques (CISPR) procedures, to the RF fields
measured by an aircraft flying over the ISM device at various elevation
angles.

Four ISM devices were tested for this report. One device with an RF
power output of 25 kW, two devices at 2 kW, and one device at 3 kW were
tested at the Elite Electronic Engineering open field test site in
Waterman, Illinois. The class of ISM devices tested was dielectric sealers
used to seal vinyl and other similar materials. The load used for these
tests was silicone, in order to obtain a longer dwell time for ease in
making the RF measurements.

The equipment selected for these tests was chosen as a representative

range of devices currently used in the industry with power outputs in the
range of 2 - 25 kW. Additionally, the ISM devices were new equipment.

Tests were performed in three categories. The first was that RF
emission tests were to be made according to FCC and CISPR procedures as if
the equipment were to be certified for use. Second, a set of tests was
made such that an antenna could be placed at various elevation angles to
measure any radiation occurring at vertical angles. Third, a set of
measurements was made using an aircraft equipped with calibrated antennas
and flown over the ISM device to determine the presence of any significant
vertical lobes of RF radiation on the 4th harmonic of the operating fre-
quency.

Additionally, based on previous studies performed to determine the
localizer receiver susceptability of various receivers, comments and recom-
mendations were made to indicate the ability to provide co-channel inter-
ference protection from ISM devices to ILS localizer facilities.
Additional comments were made regarding the feasibility and cost of per-
forming such measurements using an aircraft and the quality of the measured
data vs. the cost.

.- . .



The measurements, analysis, and recommendations presented in this
report are all derived from the four ISM devices tested. The best proce-
dure, method, and equipment available were used consistent with good engi-
neering practice. As with most engineering programs, there is always one
more test or refinement possible; this one is no exception. There are
still more measurements that desirably could be made to evaluate the suita-
bility of FCC vs. CISPR measurement methods. Nevertheless, this report
will present answers to those questions and will state that some others
must still be asked.
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I1. CONCLUSIONS AND RECOHENDATIONS

A. CISPR and FCC Testing.

With regard to the ground-based measured data, all four of the ISM
devices tested at the open field test site at Waterman, Illinois, passed
the FCC radiated-emissions tests. Two ISM devices passed the CISPI
radiated emissions tests. The airborne tests indicate that a different
situation exists. None of the ISM equipment could pass either the FCC or
CISPR emissions standards. Airborne test data indicate significantly
higher field strengths than the ground-based emissions measurements. This
appears to be due to RP absorption for low elevation angles and the E-field
boundary conditions for receiving antennas close to a ground plane.

In considering that the measured RF fields above the ISM device can be
20 to 40 dB higher than the RP fields measured on the ground, it is
possible for the ISM signal to be 2.8 dB higher than the 91 dBIV/m RF field
measured from the ILS localizer at Ohio University. This is based on the
minimum measured air-to-ground RI field difference indicated by Table 2 of
16.9 dB higher than measurements made on the ground. If this value is
added to the FCC maximum allowable field at 200 feet over the ISM device
(76.9 dBUV/m) the result is 93.8 dBpV/m. The measured field strength of
the localizer at Ohio University is 91 dBpV/m as explained above. This
difference (93.8 - 91.0) indicates that the ISM co-channel interference is
2.8 dB above the ILS localizer signal.

The equivalent CISPR comparison produces an interference signal level
of 58.6 dBUV/m which results in a localizer-to-interfereuce signal ratio of
32.4 dB.

In all of the above FCC emissions-related considerations, there
appears to be no ability to protect the aeronautical user for certain con-
ditions of ISM placement in the service volume of the localizer.

B. Ground vs. Airborne Measurements.

Based on the measurement data from the ground-based FCC tests and the
airborne tests performed, it is clear that the RF fields existing at ver-
tical angles surrounding an ISM device are substantially higher than the RP
fields measured on the ground. The specific difference amounts to measured
RF fields between 20 and 40 dB higher than those measured in tests on the
ground. This indicates that the current FCC measurement methods are not
adequate to protect aeronautical users for certain locations of IS equip-
ment near localizer facilities.

Based on the equipment tested, some of the devices exhibited higher RF
emissions when shields were in place than when shields were removed, at
certain frequencies. Additionally, the absolute UP fields radiated at 109
MHz were significantly higher than at 27 MHz for certain devices. This
indicates the need for careful design of RIF shielding for these devices.
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C. Difficulty and Expense of Airborne Measurements.

The cost of making airborne RF field measurements may not be signifi-

cant depending on the type of ISM equipment being measured and the location
of the equipment to be measured. There are alternatives to making airborne
measurements, but these methods provide less complete data relating to the
presence and levels of RF fields existing above the ISM equipment. A
device comparable to the Clark tower could be used to determine the fields
that exist at higher elevation angles, but this method does not provide
measurement capability directly over the measured device. If the ISM
device is being measured at a site that employs a turntable, using the
Clark tower-type device is relatively easy, since the tower can be posi-
tioned and the device under test can be rotated on the turntable to make
azimuth measurements.

If the device to be tested is located at an operational site, the
problem of making these measurements is more significant using the Clark
tower-type device. In order to make the measurements, the tower must be
moved for each measurement, which is a very time-consuming activity. In
this case it may be more cost effective to make the measurements from an
aircraft. Most aircraft are already equipped with VHF antennas that can
make the necessary measurement of the 4th harmonic of the ISM fundamental
frequency, and methods do exist that allow calibration of the antenna. It
is estimated that the airborne survey, including calibration of the
antenna, could be completed with as little as 2.75 hours of flight time.
For a single-engine aircraft capable of this operation the total costs of
renting an aircraft, including a pilot and engineering labor, would be
approximately $500 for the complete flight test. This assumes that the
necessary receiving equipment is already available. This is not an unusual
criterion since the receiving equipment is already required for the ground
test procedures. To perform the same number of azimuth measurements using
the Clark tower device and estimating 2 hours per measurement total using 2
people at $20/hour, the labor costs would equate to $1440. Additionally,
the measurements would take 4.5 chronological days to complete; whereas the
flight test data would take less than a day.

It appears that the cost of making the flight measurements is offset
by the higher total cost of using a ground-based test device such as the
Clark tower. The additional benefit of using the aircraft is that more
complete measurements can be made of the RF fields that exist above the ISM
device in a shorter time span. If ground based measurement procedures are
improved so that adequate prediction of RF fields existing over the equip-
ment can be made, then the need for airborne measurements could be elimi-
nated.
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III. AIRBORNE DATA COLLECTION SYSTEM

The data collection system configuration (shown in Figure 1) consists
of a Heath H89 computer that controls several peripheral devices to collect
and record relevant data. These data are the RF E-field amplitude, fre-
quency, the aircraft position, and time of measurement. The H89 is a
complete functional computer that supports a console screen, console key-
board, multiple disk drives, and three RS-232 ports. In addition, FORTH is
available for use on the H89. The use of FORTH has resulted in a reduced
software development time as compared to assembler with faster execution
time compared to BASIC.

To measure the RF interference levels, an Electro-Metrics EXC-25
interference analyzer is incorporated into the system. The EMC-25 is
designed for use as the major component of interference analysis systems
from 14 kHz to I GHz. The receiver is tunable in 15 frequency bands for
the range specified and is capable of measuring signal levels from 0 dBiV
to 120 dBUV within tl.5 dBVV at frequencies above 25 MHz (-20 dBpV to 100
dBpV below 25 MHz).

Signals provided by the EMC-25 to indicate received signal amplitudes
and frequency are dc voltage levels of 0 to +1.5 V nominal. The dc voltage
signal for the amplitude is derived from the meter terminal voltage and
therefore is an indication of the meter deflection, while the frequency
signal is a measure of the tuner setting. In addition to the above
signals, there are four binary data lines encoded as a hexadecimal digit
that indicates the frequency band number, and seven binary data lines from
the attenuator switch. Fach data line from the attenuator switch indicates
that a particular attenuator setting has been selected. These seven data
lines are encoded by an 8 to 3 line encoder to give a 3-bit octal repre-
sentation of the attenuator switch position. The EMC-25 also contains a
rechargeable battery pack as a power source that will provide enough power
for the unit to operate approximately 12 hours between charges. This is an
important consideration when operating in a small airplane.

A Serial Lab Products SL-803-A Intelligent Remote Serial i/o unit is
used to convert the analog signals from the EMC-25 into ASCII characters
and to make available upon request all EMC-25 signals on a RS-232 data com-
munications link. The SL-803-A was chosen for its wide range of capabili-
ties and for its ease of application. Up to 16 channels of analog data and
eight digital input lines may be used. This exceeds the requirement for
two channels for a/d conversion and seven digital input lines. The
SL-803-A is controlled by characters sent over the RS-232 line, and it is
transparent to any transmission until it detects an ASCII character that
has been selected by the user as its control character. Then it reads the
subsequent ASCII codes and acts according to the designed command conven-
tion. Among the programmable modes of the unit are enabling of specified
channels and the selection of either ±2 V or ±10 V a/d conversion.

For the RF field measurement to be useful in determining the propa-
gation pattern, the position of each measurement must be recorded. A
Motorola Miniranger with telemetry data link is used to measure the
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distance from a ground point to the airplane while the altitude and
airplane heading are manually read from the navigation equipment in the
airplane. In performing the data collection maneuvers, the pilot flies in
a straight line at a constant altitude directly over the test site. When

this is done, the position in space at every point can be calculated from
the recorded altitude, magnetic bearing, and .Xiniranger distance.

The Miniranger provides a measurement of distance between the two
Miniranger transponders accurate to ±2 meters and outputs the computation
of the range in ASCII characters from the base unit. The Miniranger system
data link is a transparent two-way communication link which is used in this
system to transmit ASCII characters between the SL-803-A in the airplane
and the H89 computer on the ground. For this system the Miniranger
transponder will be in the airplane and the base station on the ground with
H89 computer and ADPI Byte Bucket tape drive. The SL-803-A, located in the
airplane, communicates with the H89 computer by sending and receiving
characters over the Miniranger telemetry data link.

Airborne data collection for the tests at Waterman, Illinois, was con-
ducted using the system described here except that the position was
recorded using a T19900 Loran-C receiver and the H89 computer and Byte
Bucket tape drive were located the airplane. For these tests the aircraft
position was determined by recording the position information from the
Loran-C receiver, while collecting data and then calculating the distance
from the ISM unit using the position of the ISM unit measured by the
Loran-C receiver.

A system clock is also kept so that the time of each measurement can
be recorded with the other data. The time of day is useful in data reduc-
tion by providing evidence of data collection interruption. The clock is a
software counter that keeps time via interrupts provided by the H89.

Data collected by the equipment is stored on magnetic tape by the
Analog and Digital Peripherals, Inc. (ADPI) Byte Bucket digital cassette
tape player/recorder. The Byte Bucket is a cassette tape drive that can be
controlled by the system computer by commands sent on the RS-232 data link.
The Byte Bucket uses digital cassette tapes capable of storing up to
230,000 bytes of data per side. This translates into roughly 13,000 sample
points per tape.

The data transfer between peripheral devices is controlled by a
routine running on the H89 computer. While performing the data collection,
the routine runs in a continuous loop that inputs data from the three
sources and stores it on tape. The routine also creates a display on the
computer's CRT to give the operator an indication of data contents, and
checks for input from the console keyboard to accept user commands. User
commands are software limited to a predefined set of input that controls
when data collection and data storage are enabled. Figure 2 is a photo-
graph of the airborne data collection system used in the Waterman,
Illinois, tests.

-7-
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Figure 2. RIF Field Strength Data Collection Equipment as Insta lled in
N8238C for Waterman, I L FlIights



The system for measuring the distance from the unit under test to the
airplane was changed after the Waterman data collection because the present
system using the Miniranger provides improved accuracy, is less susceptible
to operator error, and provides a direct aeasurement of the range. This
new system with the Miniranger provides a method for measuring signal
levels in space that is easy to operate and provides accurate range and
signal strength data.
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IV. WATERMAN DATA COLLECTION FLIGHTS

Airborne data collection was conducted at Waterman, Illinois for four
pieces of ISM equipment (herein referred to as Machines A, B, C, & D).
These data collection flights were performed with the ISM oriented so that
the maximum lobe of radiation (as detected with ground equipment) coincided
with the flight path of the airplane. Also, for Machines B, C, and D data
collection flights were conducted with the ISM equipment oriented for
flight paths at 60 degrees to either side of the maximum lobe. These pro-
cedures were consistent with those used in the ground-based measurements
using the Clark tower. Three of the Machines (A, C, and D) were tested
both with RPF shielding on and off to study the effects of shielding while
Machine B was tested only with shields on.

Calibration data for equipment, antennas, and cables are indicated in
Table 1. For all airborne data this calibration of antennas on the
aircraft is appropriate.

A. Analysis of Airborne Data.

Data collected at Waterman, Illinois, were reduced using the Ohio
University IBM 370 computer system and plots of each data run were created.
These plots are Figures A-1 - A-21 in Appendix A. The plots show the
measured E-field in absolute dBpV/m on the ordinate versus the horizontal
distance from the test site on the abscissa (refer to Figure 3 for
example). The horizontal distance is the distance from a point on the
ground directly beneath the airplane to the location of the ISM equipment,
and the distance is shown as positive for points north of the test site and
negative for points south. The horizontal distance was used to create
plots rather than the slant range distance to avoid discontinuities in the
graph which would result from the slant range distance ambiguity as the
airplane passed over the test site. (The slant range is never less than
the aircraft altitude.)

At the top of each plot is a description of the test conditions. This
description identifies the machine and indicates the machine setup parame-
ters. Shown on the data plots as dashed lines are the FCC and CISPR limits
for this frequency band, calculated by extrapolating the E-field limits
from their specified test distance to the distance of concern using the
free space decay factor of 2.0 as follows:

D limit 2.0
E(R) - Elimit( D-iit-2.

where

E(R)- E-field limit at distance R (OV/m)

Elimit - specified FCC or CISPR E-field limit (UV/m)

Dlimit' distance at which Elimit is specified

R- distance of concern
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TABLE 1. ISM MEASUREMENT TESTS CALIBRATION DATA

EMI CALIBRATION DATA
February 21, 1984

Biconical Antenna
Antenna factor - 16.4 dB @ 27 MHz
Antenna factor - 13.1 dB @ 109 MHz
Source: Three antenna method calibration. Sept. 9, 1983

Bent dipole antenna on Saratoga N8238C
Antenna factor - 53.4 dB @ 27 MHz

Antenna factor - 13.1 dB @ 109 MHz
Source: Calibration versus biconical antenna using
substitution. Nov. 7, 1983

271MHz antenna on Saratoga N8238C
Antenna factor - 9 dB @ 27 MHz
Source: Data collected on January 3, 1984

Cables
E14I Cable A (35 feet)

-0.7 dB @ 27 MHz
-1.2 dB @ 109 MHz

EMI Cable B (80 feet)
-1.6 dB @ 27 MHz
-3.2 dB @ 109 MHz

EMI Cable C (5 feet)
-0.2 dB @ 27 MHz
-0.4 dB @ 109 MHz

Source: All cables calibrated Sept. 12, 1983

Dual directional coupler - HP778D serial no. 1144a04704
27 MHz - both ports -32.6 dB
109 MHz - both ports -22.0 dB

NOTE: Antenna factor is the value added to the measured
field in dBUV to obtain absolute field strength
in dBuV/m.

-11-
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The distance R takes into account the altitude; that is, R is equal to
the slant range distance from the ISM equipment to the airplane. The
plotted FCC and CISPR limits provide reference points that ease comparison
of plots as well as show relevance between actual measured data and maximum
permissible levels.

The ISM machines tested at Waterman, Illinois, all exhibited some
degree of vertical lobing directly above the unit. The plots of Machine A
(Figures A-1 - A-5) show that this machine emitted a relatively low level
radiation directly overhead with a uniform higher level at elevation angles
to either side of overhead. The plots of this machine's performance show
levels as much as 35 dB greater than the FCC limits when some shielding was
removed, compared to signal strengths of 6 dB maximum above limits when all
shielding was installed properly.

Machine B plots (Figures A-6 - A-11) show that this piece of equipment
had some very narrow vertical lobes directly above the unit with uniform
signal levels to either side. The lobes of radiation above the unit were
as much as 24 dB above FCC limits; whereas radiation to the sides was
always within 10 dB of limits.

Machines C and D were the same machine except for the iF power genera-
ted; Machine C generated 3 kW of RF power and D produced 2 kW. Neither of
these had any significant radiation levels overhead. The largest signal
levels detected were about 7 dB above FCC limits with shields off (Figure
A-16) and 5 dB above limits with all shielding in place (Figure A-12). The
plots of Machine C demonstrate the effects of shielding for this unit.
Comparison of Machine C plots where only the shielding is different show
that the shielding suppresses the RF signal levels by about 3-7 dB (Figures
A-12 to A-17). However, Machine A showed signal levels as much as 15-20 dB
higher with shields off as compared to those measured when all shields were
in place. This indicates that the shields for Machine A (the 25 kW unit)
had a much greater effect on the radiation levels than did the shields on
Machine C (a 3 kW unit). This may be due to the design of the shields
since there is a lesser need for shielding on the smaller units. Shielding
for larger units would naturally be more carefully designed.

The E-field values shown in Table 2 represent the measured field
strengths extrapolated to one mile for easy comparison with FCC limits.
The ground-based data are those measured by Elite Electronics Engineering
Company (under subcontract) using FCC procedures for ISM equipment cer-
tification. The airborne data were obtained by evaluating the plots of
Figures A-I - A-22 to find the average difference between the plotted data
and the FCC limits. This average difference was taken from a section of
the plot that was not directly above the unit. This criterion results in
the evaluation of the plots at points where the field is fairly uniform and
so represents conditions which would be encountered when flying near one of
these units (if flying directly overhead, the signal level could change
significantly, either lower or higher). Generally, the points used to
generate this table were at a horizontal distance of between -500 and -1500
meters as indicated on the figures. To maintain consistency with the con-
ditions of ground-based measurements, only those data collected with all
shielding in place were considered.

-13-
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TABLE 2. GROUND VS. AIRBORNE DATA COMPARISON AT ONE MILE
dBpV/m

NOTE: FCC LIMIT - 20 dBUV/m

Machine A

Azimuth Airborne data Ground Data EAG
(dBUV/m) (dBpV/m) (dB)

180 +25.0 -16.4 41.4

Machine B

Azimuth Airborne data Ground Data EAG
(daj V/m) (dBIAV/m) (dB)

0 28.0 +11.1 16.9
240 27.0 + 5.9 21.1
300 26.0 + 5.3 20.7

Machine C

Azimuth Airborne data Ground Data EAG

(dBUV/m) (dBUV/m) (dB)

20 + 6.0 -19.5 25.5
260 +12.0 -15.9 27.9
320 +25.0 -15.0 40.0

Machine D

Azimuth Airborne data Ground Data EAG
(dBpV/m) (dBpV/m) (dB)

20 +15.0 -20.8 35.8
60 +13.0 -23.3 36.3

200 +25.0 -17.9 42.9
260 +21.0 -17.2 38.2
320 +22.0 -14.5 36.5

EAG - Airborne field strength (dBVV/m) - Ground field strength (dBpV/m)
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In all cases shown in Table 2, the airborne data are much higher than
the ground measurements. This difference ranges from 16.9 dB for Machine B
at 0 degree to 42.9 dB for Machine D at 200 degrees. Data for Machines B
and D show that the difference between ground-based and airborne measure-
ments was relatively constant with respect to azimuth for these two machi-
nes. For Machine B the airborne measurements ranged from 16.9 to 21.1 dB
above ground-based measurements, and airborne measurements for Machine D
ranged from 35.8 to 42.9 dB above ground-based measurements (Machine B was
tested at three different azimuths and Machine D was tested at five). This
seems to indicate that the lobing patterns measured on the ground also
exist in the air but with different magnitudes.

The plots of data collected at Waterman, Illinois, exhibit a great
deal of consistency concerning the detection of vertical lobing. Every
plot shows some amount of lobing at points directly above the unit and a
more uniform field at lower elevation angles. The plots indicate that
these machines emit a somewhat uniform field with respect to both elevation
angle and azimuth (the elevation angles in the plots are always greater
than 2.9 degrees). The only lobing with respect to elevation angle is seen
directly above the unit. This is similar to the lobing seen from a dipole
antenna caused by interaction with the ground plane (see Figure 4). This
figure indicates the relative field strength seen by an aircraft making a
level pass at 500 feet over the RF source placed 7 feet above the ground
[i]. Due to the complex nature of the radiation from ISM equipment, it is
expected that a more complex interference pattern would be observed for RF
fields directly over the ISM equipment. Machines B, C, and D were tested
at different azimuths and each displayed a general uniformity of signal
levels. Machine D was tested at five different azimuths and, in each case,
the received signal was within 5 dB of the FCC limits; however, Machine C
did display a significant null at 20 degrees.

Based on the data collected for the four ISM units at Waterman,
Illinois, it is seen that the determination of the signal levels in space
produced by a piece of ISM equipment can be measured accurately by flying
over the site. The resolution of the data collection system is sufficient
to detect most lobing that is present. Additionally, data from the
Waterman flight tests seem to indicate that there are no extremely sharp
lobes of high level radiation. Since the signal levels measured in the
airborne tests were consistently much larger than those measured c.A the
ground, it seems likely that airborne measurements of the ISM interference
signals provide a more accurate measure of the field strengths at high
angles than do the ground-based measurements.
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V. FCC AND CISPR RADIATED EMISSIONS MEASUREMENTS

A. Test Procedures and Sample Calculations.

1. Open Field Measurements. Measurements were performed at 20
degree increments by turning the units on an air table. Measurements were
taken at the fundamental frequency and at all harmonics through the 10th
harmonic. These data were extrapolated to equivalent readings at 1 mile by
using a field decay exponent of 1.95. This decay factor was determined by
actual measurement at ground level.

All measurements were performed with the dielectric sealer in a con-
tinuous mode of operation (1-minute operation) with a silicon load between
the plates. This was done for ease of measurement.

These units were tested at Elite Electronic Engineering Company's
Waterman, Illinois, test site (EQU/6810 4-3-0 Elite Engineering Waterman).

2. Distance Correction Calculations. The field intensity limit
imposed by the FCC Rules and Regulations is 10 microvolts per meter at 1
mile. Since the data cannot always be taken at 1 mile and since the field
intensity from the item is often too weak to be measured at greater distan-
ces, especially in the presence of other noise, these data were taken at
some closer distance and the field intensity was extrapolated to 1 mile
using equation 1. See FCC "Rules and Regulations," Volume II, Part 18,
Subpart D, para. 18.107 (c).

The propagation decay constant is determined by plotting measured
field strength in dBVV vs. distance in feet and then drawing an average
curve through these points. The slope of this curve Is the measured decay
constant n. For an example, see Appendix B.

With a measured decay constant n, the correction to a distance of 1
mile from any distance D takes the form:

L2 - L, (5280/D)- n

L2 - Field intensity at 5280 ft. (1)
LI - Measured field intensity at distance D
n - Measured decay constant

All data recorded on the data sheets were corrected to equivalent
readings at I mile. The distance correction factor to convert from 200
feet to 1 mile reduced to -55.4 dB.

The test specification also requires a plot of the equivalent field
intensity pattern at 1000 feet to be plotted. The data taken at the fun-
damental frequency at each azimuth were corrected to equivalent readings at
1000 feet to provide the necessary levels to compose the pattern. See
Figure 6 for an example.

To facilitate the computations which involve antenna factors, calibra-
tion factors, and distance factors, the field intensity is first computed
in dBpV/m and then converted to pV/m for comparison to the limits.
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To obtain the field intensity at a standard distance, the following
factors (in dB) are added:

Meter Reading: Obtained from the field intensity meter

+Antenna Factor: Supplied by manufacturer of antenna to convert
voltage measured at antenna terminals to equivalent
volts/meter field intensity

+Distance Correction Factor: Explained above
-Total in dBPV/m

This total is converted to VV/m using the well-known anti-log conver-
sion.

I E(dBSV/m) "

E(PV/m) - 10

B. CISPR vs. FCC Measurement Procedures.

The significant difference in the FCC and CISPR measurement procedures
is the distances that the measurements are specified [2,3,4]. Since the RP
radiation from the ISM devices measured at Waterman, Illinois, was CW,
there is no difference in the effective field strengths for CISPR or FCC.
The significantly lower CISPR limits seem to be an attempt to account for
the fact that when making measurements using an antenna relatively close to
the ground, the actual RF field will be higher than indicated for elevation
angles above the horizon. Since CISPR specifies measurements at 30 and 100
meters and uses lower radiated limits, the effect at higher elevation
angles is that the allowable RF field strength will better represent the
line-of-sight RF fields that will exist. The measurements made according
to FCC specifications on the ground and extrapolated to 1 mile may be
significantly lower than the fields that exist along a direct line from the
unit under test to an aircraft 500 feet or more above the local terrain.
It may appear that the CISPR specifications seem to be overly conservative,
but they may better protect the aeronautical user since this radiation
measurement procedure can better represent the actual launched RF energy
when the effect of placing the sensing antenna relatively close to the
ground is considered.

This issue of the adoption of CISPR vs. FCC radiation limits is very
controversial and needs significant attention. The initial data measure-
ments presented by this report point to the need for additional RF
radiation measurement procedures for ISM equipment based on FCC limits on
interference to ILS localizer facilities.

1. FCC and CISPR ISM Equipment Description. During the open
field testing at Waterman, Illinois, four pieces of ISM equipment were
tested with the following power output ratings:
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MODEL A 25 kW OUTPUT
MODEL B 2 kW OUTPUT
MODEL C 3 kW OUTPUT
MODEL D 2 kW OUTPUT

All of the ground measurement data sheets which include RF field
measurements through the 10th harmonic are included in Appendix B. The
data included here are the radiation pattern measurements at 1000 feet,
indicating the shape of the radiation pattern for both the fundamental
operating frequency and the 4th harmonic. The data to generate these plots
are derived directly from the ground measurement data sheets contained in
Appendix B.

The ground measurement equipment placement for the FCC and CISPR
measurements is shown graphically in Figure 5. The biconical antenna used
for the ground measurements was placed, for most tests, 200 feet from the
ISM device to be measured. The ISM device was set up on the turntable in
the building with the position of the operator considered as 0 degree azi-
muth. After each measurement was made, the ISM device was rotated to the
next azimuth angle on the turntable to be measured. In this manner the
complete FCC and CISPR emissions tests were made for the device. These
results then provided the horizontal lobe of maximum radiation to be con-
sidered in the Clark tower and airborne testing.

The spectrum analyzer, its computer and printer, were operated from
the instrumentation van by Elite Electronic Engineering Company personnel.
This is definitely the most efficient method to make these measurements.
The turntable speeds up the positioning of the equipment and the computer-
controlled spectrum analyzer speeds up the data-taking and recording. Once
the equipment is set up the actual ground testing can be performed in less
than an hour on a specific ISM device.

2. FCC and CISPR Emissions Measurements Results. Figures 6
through 13 are the polar plots of the radiation patterns of each of the
four ISM devices at the fundamental and 4th harmonic of the fundamental
operating frequency. These data indicate that all of the ISM devices are
within the FCC specification for allowable emissions on the 4th harmonic of
the operating frequency. The emissions limit, except for fundamental,
extrapolated from 1 mile to the 1000-foot position is 257 WV/m. This
extrapolation was performed using the decay exponent determined by actual
ground measurement. A plot of the decay exponent measurement is included
in the data for each device contained in Appendix B. The CISPR limit
extrapolated to 1000 feet in a similar way produces a limit of 5.4 MV/m.
With this limit in mind only Models C and D, Figures 11 and 13, pass the
radiated emissions tests for CISPR. Models A and B, Figures 7 and 9,
exceed CISPR limits for radiated emissions at the 4th harmonic. This can
be seen by referring to the plots for the emissions patterns at the 4th
harmonic. Also of particular note is that there is a considerable amount
of correlation between the pattern at 27 Mlz and at 108 MIz for ISM Model
A, Figures 6 and 7. Prominent RF radiation peaks-correlate well between
the patterns at the two frequencies. This does not occur when comparing
the patterns with any of the other ISM devices, Figures 8 thru 13. It is
not clear why only one of the ISM devices produces a pattern correlation.
As was expected, the radiation patterns are quite complex.
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All of the results reported in this section are for the equipment
operating as per manufacturer's specifications with all radio frequency
interference (RFI) shielding in place.

During the course of comparing the ground measurements and the air-

borne measurements two effects were observed. First, in all of the air-
borne measurements, as the aircraft passed directly over the equipment
under test, a pattern of nulls and peaks was observed. This was due mainly
to the interferometer pattern that was a result of the interaction of the
RF source of the ISM equipment interacting with the apparent image source
produced by the effects of the ground plane. As the apparent height of the
radiating source was located at specific fractions or multiples of the
wavelength, an interference pattern of nulls and peaks was formed. This
was caused by the differences in the effective paths that the RF energy
took to appear at the aircraft antenna position. If the path lengths
differ by exactly 1/2 wavelength, the two waves will cancel; and conver-
sely, if the path lengths are 1 wavelength different, then the two waves
will add. Therefore, it is easy to understand that for certain geometries
the RF energy will appear to produce peaks and nulls. Examining the
geometry of the area directly above the ISM equipment, it can be seen that
the radiation source and its image are more likely to form these inter-
ference patterns since the wave path length differences are greater at this
point than when the aircraft is at lower elevation angles. In light of
this, it is clear that in the areas near vertical above the ISM device, the
fields can have significant peak-to-peak excursions, but these are true
fields and need to be considered when flights over ISM equipment are
possible.

The second effect involved a much more subtle consideration but was
certainly more significant. Differences in the ground measured data as
compared to the airborne measured data for angles greater than about 5-10
degrees up to almost 90 degrees were found. As was determined by previous
measurements, the airborne data were some 20 to 40 dB above ground measured
data. This may be due to the fact that the radiation measured by the
ground tests may be in error of the actual RF fields because at the 100 MHz
frequency range the earth conductivity may appear as a lossy dielectric,
and the RF fields are attenuated when the receiving antenna is relatively
close to the ground. Additionally, considering the antenna patterns of
horizontally polarized antennas, it can also be seen that at low elevation
angles there is very little RF radiation. This is due to the requirements
to satisfy the E-field boundary conditions for horizontally polarized
waves. This effect is not the case for vertically polarized waves, but the
effects of the ground as a lossy dielectric will generally be of greater
importance here. Therefore, it is necessary that these effects be con-
sidered when applying procedures used by the FCC and CISPR to make the
ground measurements.

-29-
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VI. CLARK TOWER OPEN-FIELD TEST PROCEDURESS.

.

In order to determine (from the ground) the presence of higher-angle
'V' radiation from the ISM unit under test CUT), a device capable of hoisting

an antenna from heights of about 20 feet to 70 feet was used. The tower
with the antenna on top was raised to various heights so that the RF field
could be sampled. The tower was placed close to the building containing
the UUT so that elevation angles up to approximately 75 degrees could be
measured.

A. Test Equipment.

The test equipment used during this series of tests consists of the
following:

1. HP 8568 spectrum analyzer SN 1818A00258 Cal 4-9-83
2. HP 9825 computer SN 1541A00350
3. HP 2631B line printer SN 2002A00184
4. E CO biconical antenna SN 2171
5. Clark tower pneumatic antenna positioning equipment

B. Procedures.

The Clark tower with the Electro-Mechanics Company (EMCO) biconical
antenna mounted on top was positioned 15.75 feet from the center of the
turntable used to turn the equipment under test. The tower was positioned
at 90 degrees from the direction that the ground RF measurements were made.
When tower measurements of the equipment were made, the azimuth indicated
in the Clark tower measurements data was the same as the ground measure-
ments data since the turntable was positioned without the 90-degree offset
in azimuth.

The Clark tower base was not at the same level as the equipment under
test and therefore the Clark tower height is not the same as the vertical
separation of the equipment under test and the antenna on the Clark tower.
The difference between the base of the Clark tower and the base of the
equipment under test was 4 feet. All of the data plots for the Clark tower
take this distance difference into account.

Operation of the equipment under test was essentially the same as that
in the airborne and ground testing. The ISM equipment was turned on and
the RF field measurements were made with the tower at a specific height.
The measurements with the Clark tower were made at heights above the base
of the tower of 20 feet, 30 feet, 40 feet, 50 feet, and 60 feet, with the
azimuth corresponding to the measured maximum RF field from the ground
measurements. Also, measurements were made 60 degrees to either side of
the maximum RF field. Taking into account the difference in the heights of
the bases of the equipment under test and the Clark tower, the measured
elevation angles correspond to 46 degrees, 59 degrees, 66 degrees, 71
degrees, and 74 degrees. Refer to Figure 5 which indicates the position of
Clark tower relative to equipment under test.

-.3
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The RF measurement device was the HP 8568 spectrum analyzer along with
the Elit.. cable plus the OU 80-foot cable. The data printouts from the
Elite spectrum analyzer did not account for the EMCO biconical antenna nor
the 80-foot OU cable. These values were added to the measured values shown

on the Elite data measurement sheets. The values for the EMCO biconical
and cables are indicated in Table 1 for 27 MHz and 108 MHz.

The graphic data for the Clark tower measurements were produced by
extrapolating the data measured to a common distance of 1000 ft. to allow
easy interpretation. This was done by the following method. Using the
ground derived decay exponent, the distance correction was determined from
the following equation:

1000 -n

F2 -F1 + 20 log

where:

F1 - field intensity at slant range d in dBUV/m

F2 - field intensity at range 1000 ft. in dBUV/m

n - measured decay exponent

The distance d is the distance from the equipment under test to the
biconical antenna on the Clark tower.

For example, the slant range from the equipment under test to the
biconical on the Clark tower for a tower height of 40 ft. is:

d - sep2 + (40-delth)2

d - 39.3 ft.

where:

sep - 15.75 ft. center of turntable to center of Clark tower

delth - 4.0 ft. differential in UUT and Clark tower bases

The ground measured decay factor was 1.95. Solving for the RP field
at 1000 ft. produces the following result for a measured RF field of 70
dBOV/m at the biconical antenna:

P2 - 70 dBMV/m + 20 log

F2 - 15.2 dBPV/m or 5.74 pV/m at 1000 ft.

The following devices were tested using the Clark tower at the open
field test site at Waterman, Illinois.
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Model A - 25 kW ISM Device
Model B - 2 kW ISM Device
Model C - 3 kW ISM Device
Model D - 2 kW ISM Device

Models C and D are the same ISM hardware with a different operating RF
power output level. Figures 14 - 21 are the graphic representation of the
Clark tower data normalized at 1000 ft. range. All ISM equipment, except
Model B, have RF field data for the equipment operating with RF shielding
intact as per manufacturer's specifications in addition to data with speci-
fic RFI shielding removed. In all cases, the shielding is more effective
at 27 MHz than at the fourth harmonic of the ISM operating frequency. In
Figures 14 and 15 three sets of points are plotted corresponding to all RFI
shields on, die table shields removed, and die table and oscillator shields
removed. For these configurations some additional explanation is
necessary. The device configured with shields removed refers to all RFI
shielding surrounding the die table that have been removed along with the
cosmetic metal panels surrounding the RF generation unit. The con-
figuration described as "oscillator shields removed" indicates that all RFI
shields surrounding the die table have been removed along with the metal
closure walls of the master oscillator/power amplifier unit inside the RF
power generating unit. In this configuration the cosmetic enclosure panels
of the RF power generating unit are in place. This was done to simulate a
configuration that might result from maintenance personnel not replacing
all of the ISM device RFI shielding after performing maintenance on the
unit.

As indicated in Figure 14, the ISM equipment is radiating less energy
at 27 MHz with the oscillator shields removed than when all manufacturer's
shields are in place. This indicates, to some extent, the differences in
the ability of the ISM equipment to launch RF energy based on the device
shielding configuration. Figure 15 indicates that at 108 MHz, having all
shields in place except die table shields produces no real difference in
launched RF energy, but the configuration with the oscillator shields
removed has a substantial effect on the launched RF energy at 108 MHz.
This is exactly the opposite with the same unit at 27 MHz, where the
launched RF energy is lower with the oscillator shields removed than with
all of the RFI shields in place.

The limited data of Figures 14 and 15 tend to indicate the presence of
lobing in the vertical direction. This can be seen in the dip in the data
of Figure 14 at about 60 degrees to the horizon. Also notice the rise in
signal level above 60 degrees. This indicates that the unit under test may
be radiating a lobe straight up above the unit. This same effect has been
indicated in some of the airborne data plots. This tendency of the signal
levels to increase for increasing elevation angles is present in all of the
Clark tower measurements at both the fundamental and the 4th harmonic of
the operating frequency. This vertical lobing effect is also indicated in
the airborne measurements and is therefore not necessarily a function of
the measurement procedures used for the Clark tower measurements.

Observed differences need to be pointed out regarding the measurement
of two of the models with the Clark tower and airborne methods. First, the
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azimuth chosen for the Clark tower measurements for Model A was 180
degrees. This does not coincide with the ground-based lobe of maximum RI
radiation. The maximum lobe from the ground-based test reported by Elite
was 200 degrees. As indicated on the graphic data for the ISM device Model
A, the Clark tower and airborne measurements were made at 180 degrees.

The second situation requiring clarification was that the measurements
made on October 13, 1983, (for ISM device Model B for the Clark tower and
the airborne measurements) do not reflect the same device tested at
Waterman, Illinois. This is due to the fact that the 2 kW device, Model B,
did not pass the FCC emissions limits for allowable field intensity at I
mile. This unit was retested by Elite on November 11, 1983, with those
results reported to Ohio University. The results are included in this
report. The measured maximum lobe of radiation in the horizontal direction
reported to Ohio University personnel on October 13, 1983, was 300 degrees,
which is the azimuth used for the Clark tower and airborne measurements
made by Ohio University on that date. For completeness of information the
ISM device, Model B, did pass FCC testing performed by Elite on November
11, 1983. Tables 3 through 6 are the complete RF field intensities for the
Clark tower measurements.

In spite of the foregoing exceptions, the quality and consistency of
the testing indicate that these data do represent possible ranges of
emission values obtainable from actual ISM equipment operation which was
the goal of the study.
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TABLE 3. TABLE OF DATA FOR MACHINE A CLARK TOWER MEASUREMENTS

CLARK TOWER MEASUREMENTS
MACHINE MODEL: A
OCT-12-1983

DECAY EXPONENT - 1.95

RIF ELEV dBIAV dBVV(1000) dBUV dBUV(1000)
SHIELDS ANG AZIMUTH 27MHz 27MHz 109tiHz 109MHz(1000)

ON 45. 180. 136.0 71.7 72.2 7.9
ON 59. 180. 126.0 66.8 73.3 14.1
ON 66. 180. 135.1 80.3 74.4 19.6
ON 71. 180. 134.4 83.2 73.3 22.1
ON 74. 180. 136.3 88.1 74.1 25.9

OFF 66. 180. 144.6 89.8 75.3 20.5
OFF 74. 180. 146.4 98.2 71.8 23.6

OSC OFF 71. 180. 129.9 78.7 91.7 40.5
OSC OFF 45. 180. 134.4 70.1 99.5 35.2
OSC OFF 59. 180. 114.4 55.2 94.2 35.0

TABLE 4. TABLE OF DATA FOR MACHINE B CLARK TOWER MEASUREMENTS

CLARK TOWER MEASUREMENTS
MACHINE MODEL: B
OCT-13-1983

DECAY EXPONENT - 1.57

RF ELEV dBVV dBpV(1000) dBUV dBpV(1000)
SHIELDS ANG AZIMUTH 27MHz 27MHz 109MHz 109MHz(1000)

ON 45. 0. 118.4 66.6 93.9 42.1
ON 59. 0. 105.0 57.4 101.0 53.4
ON 66. 0. 109.2 65.1 102.7 58.6
ON 71. 0. 107.8 66.6 103.6 62.4
ON 74. 0. 110.6 71.8 104.5 65.7
ON 74. 300. 109.2 70.4 103.6 64.8
ON 74. 240. 107.6 68.8 104.1 65.3
ON 71. 240. 102.3 61.1 103.5 62.3
ON 71. 300. 111.7 70.5 103.0 61.8
ON 66. 300. 105.7 61.6 98.9 54.8
ON 66. 240. 112.4 68.3 100.6 56.5
ON 59. 240. 105.6 58.0 99.8 52.2
ON 59. 300. 104.3 56.7 100.6 53.0
ON 45. 300. 113.2 61.4 96.5 44.7
ON 45. 240. 101.1 49.3 92.7 40.9
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TABLE 5. TABLE OF DATA FOR MACHINE C CLARK TOWER MEASUREMENTS

CLARK TOWER MEASUREMENTS
MACHINE 3ODEL: C
OCT-13-1983

DECAY EXPONENT - 1.95

RF ELEV dBpV dBpV(1000) dBUV dBpV(lO00)
SHIELDS ANG AZIMUTH 27MHz 27MHz 109MHz 109MHz(1000)

OFF 45. 320. 122.8 58.5 68.1 3.8
OFF 66. 320. 119.7 64.9 66.3 11.5
OFF 74. 320. 116.9 68.7 63.9 15.7
ON 74. 260. 100.5 52.3 57.4 9.2
ON 74. 320. 96.7 48.5 63.1 14.9
ON 74. 20. 96.4 48.2 66.5 18.3
ON 59. 20. 100.8 41.6 67.9 8.7
ON 59. 320. 88.3 29.1 63.5 4.3
ON 59. 260. 87.3 28.1 58.0 -1.2
ON 45. 260. 100.9 36.6 64.9 0.6
ON 45. 320. 101.9 37.6 64.3 -0.0
ON 45. 20. 109.4 45.1 65.5 1.2

TABLE 6. TABLE OF DATA FOR MACHINE D CLARK TOWER MEASUREMENTS

CLARK TOWER MEASUREMENTS
MACHINE MODEL: D
OCT-13-1983

DECAY EXPONENT - 1.95

RF ELEV dBvV dBpV(1000) dBiV dBpV(1000)
SHIELDS ANG AZIMUTH 27MHz 27MHz 109MHz 109MHz(1000)

OFF 74. 320. 115.3 67.1 60.5 12.3
OFF 66. 320. 114.7 59.9 63.6 8.8
OFF 45. 320. 119.7 55.4 66.0 1.7
ON 45. 20. 105.0 40.7 64.4 0.1

ON 45. 320. 97.3 33.0 64.0 -0.3
ON 45. 260. 92.9 28.6 61.5 -2.8
ON 59. 260. 83.8 24.6 57.4 -1.8
ON 59. 320. 89.5 30.3 62.1 2.9
ON 59. 20. 97.5 38.3 64.7 5.5
ON 74. 20. 99.1 50.9 64.5 16.3
ON 74. 320. 93.1 44.9 62.6 14.4
ON 74. 260. 99.3 51.1 56.9 8.7
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VII. CO-CHANNEL INTERFERENCE

The co-channel interference effects to ILS localizers from nonaviation
RF radiation sources have been addressed in recent work completed by the

International Civil Aviation Organization (ICAO) [5,6,7]. Additional work
completed regarding co-channel interference effects on VOR signals from
CATV is also pertinent, and indicates very similar desired-to-undesired
signal criteria to provide interference protection to localizers (8].

ICAO has defined four types of co-channel signals. Three of these
types deal with unmodulated signals, and the remaining type involves modu-
lated signals. In all cases, the specified desired/undesired (D/U) signal
levels indicate interference that will cause no more than 5a of localizer
course deviation. The four types of interfering signals referred to by
ICAO are summarized below.

Unmodulated Carrier Interference:

TYPE I An unmodulated carrier within the localizer receiver
RF passband and within 0.5 Hz of the 90 or 150 liz
sideband modulation of the ILS localizer must be
as low as 46 dB below the desired localizer carrier.

TYPE II An unmodulated carrier within the localizer receiver
RF passband and within 10 Hz of the 90 or 150 Hz
sidebands, but not within the TYPE I tolerance, must
be as low as 26 dB below the desired localizer carrier.

TYPE III An unmodulated carrier except TYPE I and TYPE II
within the localizer receiver RF passband with
sufficient strength will cause progressive capturing
of the receiver. The unwanted RF signal field
strength must be as low as 7 dB below the desired
localizer carrier level.

Modulated Carrier Interference:

TYPE IV An unwanted carrier except TYPE I and TYPE.II with
20% amplitude modulation by either 90 or 150 Hz
components must be as low as 13 dB below the desired
localizer carrier level.

In general, any of the first three types are possible as interference
to localizers from ISM equipment. The equipment tested during the contract
produced only CW emissions.

To correlate the findings of this report to co-channel interference, a
worst case example will be considered. The example is based on placing the
ISM equipment at a point below a localizer approach course, located 3800
feet from the threshold of the runway and 200 feet below the glide path. A

runway length of 7000 feet is assumed, with the ISM device producing co-

-4.



channel interference at the FCC or CISP emissions limits. Table 7 indi-
cates whether the ICAO D/U signal level criteria is satisfied. The
conditions for the comparison are included in the table. Measurements were
made of the RF field strength of a localizer operating at the Ohio
University Airport with a value of 91 dBjV/m measured at the point in the
approach indicated above. This signal level is significantly higher than
the level considered as a minimum in ICAO Annex 10, Volume 1, Part 1, of 46
dBUV/m [9] at the threshold.

The results indicated in Table 7 represent the nigs from the open
field measurements performed at Waterman, Illinois; ti . airborne measured
RF fields are generally 20 to 40 dB above those measured on the ground.
These results indicate that CISPI emissions limits do provide sufficient
D/U levels except for the signal levels measured in the airborne tests con-
sidering TYPE I interference. For FCC emissions limits the results are
quite different. All but one of the measured conditions fail the criteria
for D/U signal levels. The one condition that did exceed the D/U level was
for the TYPE III interference.

6r.

b.

- 4

'.- . ... . .. . .



4 . , . • .

TABLE 7. PASS FAIL FOR ICAO INTERFERENCE DESIRED-TO-JNDESIRED
SIGNAL CRITERIA EXAMPLE

" GROUND AIRBORNE
TESTS TESTS

CISPR FCC CISPR FCC

TYPE I yes no no no

TYPE II yes no yes no

TYPE III yes yes yes no

Evaluation
Point X

T
-200

kI$M Device

7000' 3800'-A

Localizer Antenna
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X. APPENDIXES

Appendix A.

This appendix contains all flight measurement plots for the
open field testing of the four ISM devices tested at Waterman, Illinois.
These are the plots of absolute field strength in dBUV/m vs. horizon-
tal position of the aircraft over the ground. The plots have superimposed
on them the RF radiation limits for FCC and CISPR for easy interpretation
of the data relative to these limits. All distances are expressed in
meters. These plots are referred to in the text of the report.
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MA'CHINE A RLT= 457 METERS
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MACHINE RLT= 152 METERS
RF POER % KN MERN FREQ.= ioj MHZ
AZIMUTH lo DEGREES ---- FCC LIMITS
SHIELDS oFF ---------CISPR LIMITS
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." Figure A-17. Flight Data Machine C, 3kW, 152 M Altitude,
.'] 200 Azimuth, RFI Shields Removed
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MRCHINE V RLT= 152 METERS
RF POWEB 'Z KH MERN FREQ.= 10'F, MHH
RZIMUTH '3Z DEGREES ---- FCC LIMITS
SHIELDS ON ------ CISPR LIMITS
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MRCHINE RLT= 152 METERS
RF PONER ' KW MERN FREQ.= fO- MHZ
RZIMUTH 'Z DEGREES ---- FCC LIMITS
SHIELDS ON ------ CISPR LIMITS
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l' '.
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Figur A- 19 F lih Dat Ma hin D,2W+5 MAIi
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Figure A-19. Flight Data Machine D, 2kW, 152 MAltitude,
200 Azimuth, RFI Shields In Place
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MRCHINE 1' RLT= 152 METERS
RF PONER 'Z KW MERN FaEQ.= oy MHZ
RZIMUTH 21w OEGREES - --- FCC LIMITS
SHIELDS cN -------- CISPR LIMITS
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II°".-Figure A-20. Flight Data Machine O, 2kW, 152 M Altitude,
• " 2600 Azimuth, RFI Shields In Place
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MAICHINE P RLT= 152 METERS
RF POWER Z KW MERN FREQ. = l9 MHZ
RZIMUTM .oo DEGREES ---- FCC LIMITS
ShiELDS ON - CISPH LIMITS
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Figure A-21. Flight Data Machine D, 2 kW, 152 M Altitude,
2000 Azimuth, RFI Shields In Place
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MRCHINE RLT= 152 METERS
RF POWER I- KX MEAN FREQ.= to,5 MHZ
RZIMUTH 6o DEGREES - - - - FCC LIMITS
SHIELDS ON -------- CISPR LIMITS
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,7 Figure A-22. Flight Data Machine D, 2kW, 152 M Altitude,

v 60* Azimuth, RFI Shields In Place
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Appendix B.

The material included here is taken from the reports furnished to Ohio
University by the Elite Electronic Engineering Company. The test methods

and results of the FCC, Part 18, tests conducted at their Waterman,
Illinois, open field test site are described here. All of the measurement
data for each of the ISH devices tested is included in this appendix except
for the text describing the test procedure and equipment. This information
is described in section IV of this report.
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ET, N I I

PROTOTYPE
DATE TES'IF.D : llrTIBR 11, 1983

Tpst Distancea : l0O ft. Azi.muth 0 degrc,?es
Corrections bh.sd on a field deray eaxporsnt of 1.95e

Fr'.q. Mt.- Rd ij Ant. Tir. Total otal. Liri t
fac . corr d P kiV/M uv/M uv/M

tMn',d -dj V ,ld d 1i.. ID 1Mi'o I 1, .le

27 2262 74. 11.0 -3554 30.2 32. 2 0. 0
54.4523 40.0 13.0 -55.4 -?.5 0.8 10.0
81 .7R5 48 97. --5 4 2. 0 1.3 i. 0

I Of.9046 40.6 11 .9 -55. 4 -3. 0 0.7 10.0
I1.) 1 .1 n8 3 1I 1 ,3 -15: -' 4 1 n 0 3. 2 1) 10

163 .3569 51 .4 19.5 -55.4 15, 4 5.9 i0 .0
190 .=;,.31 3 . 7 1:1-3 - .'3,4 -4 5 0.6 1 .0
217 8092 47.6 16.7 -55.4 (4.9 2. 10 0
245. 0354 74 . 17.0 -5t.45. 0.7 10. 0
P72.2615 40 . 17.3 -55,4 2.0 1.3 10.0

-- 8o-
...
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tE(.,JrijAA.. I II',:I d ;

, MCIJDEL * A
'.. "IN :P;ROTOTYPE

DAIe. TEE;iFD OCTfl1FFR 11, 198,

rest Dist~nce 200 ft. Azitmuth :20 degrees
Corrections based on a field deray exponent of 1.95

Freq. Mtr Rdq Ant. Dist. Tnt.al Total. Limi r
far, c o rr CIj4kuV/m uv/m tV/m

M. M;I. d Ctis ko d. f1; I L te P 1 i1 . Ivmi.le

27. 2;.90 72.9 11,0 -- ',4 28. 5 26.2 0) 0
54.4580 3,5.5 13 .0 -55.4 -10.0 0.3 10.0
81.6;]70 34.1 8.7 -S 4 -10 . 0.-S 10] 0

108.9160 40,8 11.9 -55. 4 -P S 0.7 10.0
13;. 145'0 :53. , 12.3 -55.4 In A. 3.4 10.0
1673.3739 54.0 19.5 -55 4 IF, 0 S.0 10.0
190.6n;39 .3 .1 18.3 -'53.4 1.- 1 ; 10.0
217.8319 39.1 16.7 -55.4 0.4 1.0 10.0
24:J.." 0 9 .33,7 17.0 -5 4 -4 7 0.6 10.0
272.2899 31.3 17.3 -55.4 -6.9 0.5 10.0
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i ~Ti- .F: 1t".' ; 1"A T JID I'~ ~ l"[; (, N .A I!"I]N .J ';:t lV N,1
MANI0..' AE? I R;.

M".)IFL * A

S PROTOTYPE
DA1F TES*IFD OCTOBEFR 11, 198*

Srp-iT Iistancp 200 FT. Azimuth 41 40 qpe

Corrections based on a fjecld decr.y exponent of 1,9r

F-r0.,j. Nr Rdg Ant. Disr, Tot-l. Total. Lmit
fac. rorr dct41V/M uV/M uV/M

M.i ,1ru" ,1. d( r IMil V 10 d MilD 9- lmile

21;7. 2587 50.5 11.0 .-55. 4 .2 00 0

54.5174 30.1 12.5 -55.4 -12.4 0.? 10.0
81.7761 i7.2 8.? -55,4 -19.5 0.1 10.0
10V.,0347 12.3 11.9 -55. 4 -31.2 0 .0 10.0
13h.2934 3. 6 12.4 -'5 . 4 -6.5 0 .5 10.0
1h3.5521 30.2 19.5 -!65.4 -5.7 0.5 10.0
191 :ll08 "1.). 18 ,.2 -- 5! 4 -11.3 0.3 10.0
218 0695 42.4 16.7 -55 4 .7 1.5 0.0
24. . 3."W 24.0 17.0 -55 .4 -14.4 0.1 10.0
?72.58(&9 20.5 17.3 -55.4 -17.7 0.1 10.0
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~ET:.: 9LL

,i, Vi :r . I-. j.' N, (,F

E; ';T r r r AIwr i ~n Nr ~ri a rAl :r tr. fe fP,-.~~ ~ TJ, *q r' I- !' rAR r t] N;IIJA I.,-ir 1 i ,NI4 I- rll "il: wrT
I'M A I IW'A F. I'I JR l

M(IIDrF.L :A

SI.N PROTOTYPE
DAlE TESTED : OCTOBER I I 19T3

rest DLstance : 200 ft. AziMuTh : 61) degreps
Corrections based on a field decay exponent of 1.95

FrPq. Mtr Rdq Ant. D .'it. Total Tota. Limit
fac. corr dlUV/m uV/m UV/M

: A iMIuV d R 1"i12 @ Ifi1.- Im @ ile

17.241's 70.,! 11.0 -.55.4 25.8 19.4 a 0
54.4831 32.9 12.9 -55.4 -9.6 0 .3 10.0
81.7246 45. 4 8.7 -55.4 -1.3 0.9 10.0

. 108.9662 40.5 11.9 -55.4 -3.1 0.7 10.0
1.36.2u77 42.0 12.4 -55*4 -1.1 0.9 10 .0

. 163.4492 .S 19. 5 -55 .4 1 S.8 8 8 10.0
- 190.6908- 3-1.6 18,12 -55 .4 1.4 1.2 10.0

217-9323 48.0 16.7 -55.4 9.3 219 10.0
: ;.4.173R .31t.6 17.0 -35 4 -1.8 0.13 10.0

? 272.4154 39.9 17.3 -5 t.4 1.7 1.2 10,0

--

-

I.

g.:eror

................................... *. . . .



*. N i-'I

MT I [C. I A ~ C ! . 1ND'i' jIJI 10 'T 'r N f I P I ' i

p.
MC10,- ALq'

'!IN PROTOTYPE
DArF TESIED OO;FtrR ,, 19;3

Correc 'ons baspd an a field decay vxpontant of 1.95

I'

Froq. Mr Rd'] Ant. Dist ToI A rotal. L t
fac. cATrr dluV/P, u VA/ m 11UV/m

-i B17 sittV rlIB TI.4 0 I.milm. R ImijI R 1 mr'1i e

-,

27.377 71.1 11. -5.5.4 26.7 2. .

54.4753 19.7 12,9 -55.4 -1 .da 0o.n 10.0
8 . 71 -i 40.6 8.7 -5:5 .4 -6.1 0 1 15 10 .0

10 :.95O6 756.9 11.9 -55.4 -6.7 0 ,.5 10.0I i36. 11:13 54. 124 --j.),4 11 .33. S 10.0
1",r.4259 47.9 19 . 6 -tir. 4'11 . 9a4.n 10.0

6-1 36.,7 31 11 18.2 -5Fi.4 -5.1 0.6 1.0
217.9013 39.2 16.7 -55.4 0.5 1.1 I0
245.130 I9 17.0 -55.4 -1s.6 0.2 0 .0
272,3766 33.9 17.3 -55.4 -4.3 0.6 10.0
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r cTl: , iI

r 'E i1" I-' -(" RI (h,'i C: e.. :fN 'I,'t U : ; ('f( .
o r: rA ;)A G P*

T t.r rr c". ,' ,,' I1':I) NM i ,' :TRT A t .AT.! Nt' I 011 I i W1|

* MOPFL * : A
.S/N : IROTOTYPE
DATF TESTED O OCTOBER 11, 1983

rl st Distarp: PO0 Ft. Azimuth : 100 degreas
Correct ons ba.p on a field dpcay exponPnT of 1.95

I .'r..E. Mtr k;hq Ant. D)ist. To . I Total Li m i. t
fac. curr dinV/m uV/M uv/m

MHz 11R)U ,le IB R .ImiL r 1mile P l .le

6p.2449 73,6 11.0 -*5.4 29.? 28 2 28.7
54.4898 27,0 1P.9 -55.4 -15.5 0.2 10.0
81 7343 .3 9.2 U.7 -35.4 -7.5 0.4 10.0
101.9797 16.1 11.9 -55.4 -7 75 0. 0 100

* 136.2246 13,.2 1;!.4 -55.4 15.1 5."7 1010
163.4695 52.0 19.5 -55.4 16.0 6,3 10.0
190.7145 39.3 1. * -55.4 2.1 .3 10. 0

217.9594 32.5 16.7 -55.4 -6 .2 0.5 10.0
24F 204.3 30.4 17.0 -5.4 "*3.0 0.4 1).0
?72.4492 34,3 17.3 -55.4 -319 0.6 10.0
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1: ElJ l i i:T. T , 'T; I: WCI'NI I P! Nt: .' .

m~~~i 1;ri1qj: i
l' .", ; ~I U':I '. ^" I,, ''1 N ' IJTt '5 R 3 At . Il,.'J T3,~.;. I t li r';[. Ni

MCM3L . A
5/N : PROTOTYPE
DAir TE1CID : OTOFDER 11, 19S3

Tba-t Oi)Lt~nce. : 200 ft. Az~ h:1.21) deqrv'es
Corrections based on a field dc.cay exponent of 1,95

r P.q. MTr Rdq AnT. Dist. roa.i rotal. Limit
fac. corr dRuV/m uV/m uV/m

r'tij a ft0 B1E I il. P IMile 9 Im1.1G

---- -- -- ----- -- -- -- --- --- ------------------

27.1.314 5-4.13 11.0 -.55.4 1,.4 4.1 1. 0
54.2627 37.1 13.0 -55.4 -5.3 0.5 10.0
1 A3941 32. 9 0.7 -53.4 -13.9 0 .2 10.0

1OI-P.5254 13.9 11 .8 -55.4 -09.7 0.0 10.0
135. 6.,6:) 3..7 1 Ii. .2 -S5. 4 -9..5 0.3 10.0
16, 7 88 P9 , 19.3-,.. 4 -6.,5 0. , 10.0

S18.7t9.5 ;!) 1:3.4 -5 .4 -7., 0 4 10.0
21V.0509 N,.9 16.7 -55.4 -9.8 0.3 10.0

144.123 17.3 17.0 -5.4 -19.1 01 10.0
,271.3136 19.8 17.3 -55.4 -18.4 0.1 10.0

p.
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H:I Ti EJi 'J (0 N, 'I( I NrINI I" ', ,

Mj1)I-L 0 A
PROTOTYPE

DATE TE''I ID : OC7OliR 11, 15'83

re.v Dintn'e 200 ft. Azlmuth : 1410 degro.es
Corrections based on a field decay exponent of 1,9t,

F.r,I. M'r Rdcj Ant. Dic;'t. To'. l. Total Limiit
fac. corr d~uV/I (tJ/tm uv/

H 4:z d- J 4I ,it V Ila ~l imi @ ~le

-------------------------------------------------

27,139:* 56. 4 11.0 -5.54 12.0 4.0 0.0
54.2795 40.8 13.0 -55.4 -1,6 0 . 10.0
01 419.1 37,9 "3.7 -5.4 -3.7 0.4 1010
1 Of" 5590 70.1 11.8 - . 4 -P3 . 5 0.1 10.0

3 . 6 :.1 : : :3; ."';j 12 2 --S S ) .,4 -7 7 0 4 1 0 .0
1 6." -C3 85 17 .7' 19 3 -55 4 - 8 4 0 4 1 0 . 3

111.I S 9 7,3 3 2 5 . I ll , ,.5 -3 5.,4 - 12 1 0 ;? 10 ,0
217 .1180 2t, 5 16 7 -55S.4 -13 . 0 .O 2 1(1,0
2 44 , 7.!r7T1 11). F 17.0 -55.4 -21,9 011 1 06
P71.3975=. 2."0 4 17.3 -5b.4 -17.,F 0.1 10.0

I
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: :!', Fl I i:T i\g,i . rNr N I 1 1. ' , :I,

T - 1 I -; I A I M l N IW;FM

MAI tI I.' All" *'1 w : ;( .

S/N : PROTOTYPE
DA1F TirD : O.TOSER 11, 1983

Test DitAnre 200 ft. Azimuth : 16,0 degri.ms
Corrections hased on a field decay exponent of 1.95

Frq Mtr I~g Ant. Divot. rOTa To Ta'l, Li .i 'tF: fac. corr dBUV/ M uV/M uV/m

d MH. dlo V d 0 1'18 0 114i t .R lmil. 9 Imile

---------------------------------------------------------------------

54.2394 43.1 13.0 -5b.4 0.7 1.1 10.0
81.3090 40.3 6.? -55.4 -6.0 0,5 10.0

10t:.4787 ?11'.9 11.8 -55.4 -?0.7 0.1 10.0
1T..,94 I 1 . 5.4 -14.4 0. 1100

'162 .71 11 21217 1 .3 -5b.4 -13.4 0.? 10.0
18';.@1378 2.1 I:.4 -5:i.4 -11 .1 0. 10.0
21..9574 ?6.1 16.7 -55.4 -12.6 0.2 10o
P44.0771 17.9 t?.0 -55.4 -20.5 0.1 10.0
P71.1968 17.2 17.3 -5"..4 -21.0 0.1 10.0
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.A .i I' ','Al", 111i4B ,"

i l'l:!.J :~ ~~ -CA;. Pt.il'T 1 1 )", "ri .Tl-'r(i'J i~ i i : {N.; I (iI ;.j ri. !.T

M('DIL $
* :IN PROTOTYPE
DAIE. TESTED : OCTOT1.1r( 11 19f:,

t iAnr'. : 200 ft. A.imuth : If'; degr .-.s
Corrections ha$pd on a fio]d dpcay exponent of 1.5,t,

Freol. Mir Rdrq Ant. )ist. Tot.' 1 ToTA. Limi.t
far. corr dtlo'V/M kIV/, uV/m

mHl 1rili.41V Ei BC1l uR I .m 1l , cI'D I 1 8 I .l~e

27.14:31 600. 11.0 - 4 15.4 60 0. 0

- 54.2962 4P,l 13.0 -b5.4 -0.3 1.0 I0.0
i 81.4444 43.,5 .9.7 --35. 4 --3.3 0.7 10.0

l0115925, 1 7.2 11., - .5 4 -16.4 0.2 11.0

* 135.740A 2 .7 1 2 - 5:5. 4 -14.5 0. ;) 1010

i6.8807 32.5 19.3 -'55.4 -3,6 0.7 10.0
19n .6-:3 3-3.3 II,. 3 -51-35.r 04.3 10.0

2,217.1849 P6.2 16.7 -5b.4 -12. 0.2 10.0

-244.3. .31 40.6 17.1) -j5 .4 -.17.8 0.1 10.0

?71.4812 P0.3 17.3 -5,5.4 -17.9 0.1 10.0
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ETP GO~
.'i.J~" FI l.(W4; I. I NJ'. 1 NJ I W1IH N 'I.-1

TI .i "C , I'AI'T 11:0 I N ,: l. 61i UI- A INE. f P1.) I 't'N!
MANIIu.-Ai..;r u'lh a-; :

MtDEL * : A
:;/N: PROTOTYPE
DATE TESTED OCTOP1FR 11) 19113

Test Distance ; 200 ft. A.i moth ; 200 degrps

Corrections based on a field deray exponent of 1.95,

Fr .q. Mtr Rdq Ant. Drita1 rota1 L .i it

fec. corr dF4uV/M uV/m tUV/'
MHz d uU d R d R 0 t(41Il. P P e IMU , @ 1;4ile

------------------------------------------------------------------------

27.2509 7:.7 11.0 -t .4 34.3 51.4 0.0

54.5019 40.8 12.9 -55.4 -1.7 0.8 10.0

81 .*,,2I3 4$.1 .7 .55. 4 1.4 1.'2 10.0

109.003R 40.1 11.9 -55.4 -3.4 0.7 10.0

136.2547 44.13 17 .4 -'it. 4 1.7 1.11? 11) 0

163.5056. 53.7 19.5 -55.4 17.R 7.7 10.0

. 191).7566 4f.. l9 3 a..i -35.4 11.7 3.:3) 10 .0

218.0075 39.1 16.7 -b5.4 0.4 1.0 10.0
4r.2585 30.4 17.11 -.5.4 -fLO 0.4 10.0

272.5094 37.1 17.3 -55.4 -1.1 0.9 10.0
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T TF .' I r r r' F,'Au I,' Ft: 1 N 1.< ;-; I' , 1 A; 1 1'1N -( I .:1"' Mi'N -1

Ii AN IJ FACTIJR R -
"'Mfls-L * : A

S/N : PROTOTYPE
DAiF TEIFD : OCTORFR 11, 19f:3

I rT.st Distance. 200 Ft. Az.imuth : 221)0 dogro.a.s

Corrections based on a fie]d decay exponent of 1.95

Freq. Mtr Rdrj Ant. Dist. Tat. I. ro~ai. L im i

fac. corr dRuV/m uU/m uV/M
MHz CtBuV d B,:I P. Mi.I.i. 0 Imil Imile

27.140 62.6 11.0 -5r.4 1.1.2 B.t 0.0
54.2819 39.8 13.0 -55.4 -P.6 0.7 10.0
81.4,23 :51.5 8.7 -55..4 4.7 1.1" 10.0
10f:.5637 ,36.6 11.8 -55.4 -17,0 0.1 10.0
1 --).7 1)4/ 1 3.8~ 12.2 -55.4 -.,19.4 0.,1) 1010
162,8456 31.6 19.3 -55.4 -4.5 0.6 10.0
189.9L165 31.6 1:3.3 -56.4 -f5.' 0S.) 10.0
217.1275 33.7 16.7 -55.4 -5.0 0.1. 10.0
244.26R4 21 .;' 17.0 -55.4 -17.1 0.1 10.0
271.4094 17.0 17.3 -55.4 -'P 0.1 10.0

-92- rh..r hy:
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rv .I. F'/]- I; t z :! ,',NIK P" T r ,'.!NW I i'I N I 1,

MA Ni trA Ti id ;:

MCIDFL : A
S/N : PROTOTYPE
DATF TESTFP OCTn:FR 11, 19F;3

ret Distanc. : 200 ft. Azimsh : 240 degrf.is
Corrections based on a field decay Pxponent" of 1.9N

Freq. Mtr Rd,j Ant. Dist. T a t,- Total. L

fac. carr d!kkv/m uV/m UV/v,M11Z • V. d P d t/ mlU P U p

27.1401 6.,9 II,0 -55 4 19,1 9.4 00
54.2801 39 .P 13,.0 -55 4 -3.2 0.7 10.0
81.42027 37.7 :3.7 -55.4 -7.1 0.4 10.0

I0Of( -5603 11'013 11.SI -55.4 --?3.,; 01 1 010

133.700l4 1) ,.5 1'-56 4 -4.7 0.6 10 10
16P.8404 29.9 19.3 -55 4 -6.2 01 5 10.0
181?. 9R WFJ 26.3 1 r. . -5f . " 10.-:3 0.3 if)0 0

21/.1206 '31.6 16.7 -!,5.4 -7.1 0.4 10.0
.?44.2 607 17.0 -15. 4 -16_3 0 .1" 10.0
?71.4007 17.7 17.3 -55.4 -? .... 0.1 10.0

-



'V ETd 8 EIt

• o . . ., .

..- ~~~0 iTA ' I.

Tr., ;r ; [.CO PC l?',1 'I::f TI T'IHi',Tf.IA i~ i; TN{' riI'll',~h N,

MANUIFAI, 'l 1-1::;R

MODEL:
.S/N :PROTOTYPE
DATE TFSTED (lt:TOCE'R 11, 1983

Test Distanc.e : 200 Pt. AziMuth : 260 degrPes
Corrections based on a fipid decay exponent of 1.9t,

Freq. Mtr Rdq Ant. Dist. Tot.al rotal Lii T

ta. corr dF4uV/m UV/M uV/m
• 7 dT4uV ,it d F 0 tmil. I . tMile @ Imile

-----------------------------------------------------------------------

27.2421 77.3 11.0 -5.4 32.9 43.9 0.0
54.4842 32.2 12.9 -55.4 -10.3 0.3 10.0
81.7P62 36.9 8.7 -55..4 -9.8 0.3 10.0
108;.9683 24.8 11.9 -55.4 -18.8 0.1 10.0
136.2104 47.0 12.4 -!-)5.4 3.9 1 .4- 10.0
163 .41525 b0,.,. 19.5 -5'5. 4 14.8 !5 5 10.0

191,6946 2Z5.1 18.i -. 5.4 -12.1 0.2 10.0
217.9366 38.3 16.7 -55.4 -0.4 1.0 10.0
245.1?87 3Z.7 17.0 -55.4 -4.7 0.6 10.0
272.4208 34.8 17.3 -55.4 -3.4 0.7 10.0

.4
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CTR. q

MANI,,: r/t i- T ---. '

* : l~ .~N~ IH:N C

MI$.L *

:;/N : PROTr YPE
DATr. TESIFD ; OCTO-R 1, 1983

Tp.%t Dist.ngs : 200 F . Az.imuth : 2;'0 degrees
Corrections based on a fjpld decay exponent of 1,9b

Dist Tta" eq,. Mir Rdq An r. it o Total Limit

fac, corr d1uV/M uV/M uV/m,M;z dV~V dF 0 B Imt" 0. leilfa I lile

- 27.152 ,o3 4'7.2 11.; --56 .4 22.8 13. Ir

•54-3046 319 13,0 -55.4 -10.5 0.3 10.0
S81.4569 34.5 1.7 -5." . 4 -12.3 a .2 10.(1

10C.6092 19.0 119 -!S. 4 -P4 .6 0.1 1010
1- 6 1, !15 43.; 2 1;?. ,. ,% 4 "-0.0 1,0 0.0

I62.9138 24,3 19.4 -55.4 -11.8 0,3 1010
1966t .9.7 13..3 -5 4 -7.4 0,4 10 0. 1 7.2184 P7.,0 16.7 -55 .4 -11 .7 0.3 10.0

244. 3707 19.4 17.0 --5- .4 -19.0 0.1 Inl,0
71.5230 19.S 17.3 -5.4 -18.4 0.1 10.0

I
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F7 file
El. .1 i- i I Tih'rN.w . IN NI , T I, rN :i,

T FC( IA ' A T J-'.l) TN0, -'T W AI HI A i N(:,. rot ,I , NI

MODEL . A
S/N PROTOTYPE
DATE TESTFD : OCTOIBER 11) 19E;3

Test Di-.tance 1 200 ft. AziMuth : 300 degr.es
Corrections based on a field decay exponent of 1.95

Freq. Mtr Rdg Ant. Dist. TotAl Total Limit
fac. corr dPuV/M uV/M uV/M

H dItJV d13 dF t. 1mi.le P mile mile

-------------------------------------------------------------------

r 27.2453 76.7 11.0 -55.4 32.3 41.0 0.0
* 54,4905 39.8 12.9 -55.4 -?.7 0.7 10.0

81.7353 43.7 8.7 -55.4 -3.0 0.7 10.0
1 01:.9811 30.1 11.9 -55.4 -13.5 0.2 Iola
136. 263 S.3.0 12.4 -t5. 4 9.9 3.1 10.0
163.4716 b5.3 19.5 -55.4 19.3 9.3 10.0
190.7169 34.;. 1a.13 --55. 4 -3.0 0.7 10.0
217.9622 52.2 16.7 -55.4 13.5 4.7 10.0
245.2O74 32.13 17.0 -5S.4 0.4 1.0 1f.0
2 272.4577 44.3 17.3 -55.4 6.1 ?.0 10.0

.
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ETR SI'A
F1 .1'11" E.1 .:TR(c(,4:j' I NI NI I ,.TN T (i.

7g, fl 4 1I~

1) 1A.; 4 F) 1I.' 1 A, I In 1 1 N T

MOIEL A
.- /N PROTOTYPE
DATE TESIED : OCTOr:1R 11 , 19K7

Test Dittanre : 200 ft. Azi.muth : 3P0 degr.ps
Corrections based on a field decay Pxponent of 1.95

"Freq,. Mtr Rdg Ant. Dist, T n t. a. Total. Lim i t

fac. corr dRuV/M uV/ uV/M
MH7 dBtiV IEB dB r. 1iiile 1.,iIs @ IMI. 1Q

27.2502 75.7 11.0 -5 .4 31.3 36.:
54.5004 38.8 12.9 -55.4 -3.7 0.7 10.0
8 11.7507 45.5 83.7 -5:5.4 -1.2 0.9 10.0

109.0009 34.0 11.9 -55.4 -9.5 0.3 10.0
. 1.6.1 .% "7 12.4 -.55 4 12.6 4.3 10.0

- 163.5013 50.8 19.5 -55.4 14.9 5.5 10.0
" 191).7.15 40.17 1.1. -55. 4 3.7 1. 10 .0
* 21f:.0017 54.8 16.7 -53.4 16.1 6.4 10.0
i 245.2520 37.1 17.0 .-55. 4 -1.3 0.9 10 0

P72.5022 40.0 17.3 -55.4 1.8 1.2 10.0

I-
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ETR S1t" ~~~E1.)11" EI C {TRO'N'IA: I fNr.-N, N F.N'- |'1"I

) P1-A W:A,

'TF t;i r-rc i'A Mlf1 ) JNTMISTr]AI HIVA1 .Nr. 01 '.t 1
MANIUFA .1J1, '1.'1
MoDCL A
S/N PROTOTYPE
DAlE TESIED OCTOJIF, 11, 1983

Test Distance P00 ft. Azimuth : 340 degrees

Corrections based on a field decay exponent of 1.9b

Freq. MTr Rdg Ant. Dist. Total Total Limit
fac. COry CIIUv/M Uv/m uV/MM4z - d~luV dB dB Tj 4mile IR I "i I n 0 imile

---------------------------------------------------------------

27.1571 64.1 11.0 -55.4 19.7 9.6 0.0
54.3143 37.5 13.0 -55.4 -4.9 0.6 10.0
81.4714 44.7 8.7 -53.4 -2.1 0.z3 10.0
lO.286 29.1 11.9 -55.4 -14.5 0.P 10.0
135.7857 37.6 12.2 -55.4 -5.6 • 0.5I 10.0
16P.9429 23.2 19.4 -5.4 -1?.9 0 10.0
190.1a a 24.6 18.3 -55.4 -12.5 0.;T 10.0

- 217.257Z 27.8 16.7 -55.4 -10.9 0.3 10.0
2 244.4143 3.8 17.0 -55 .4 -17.6 01 10.0
271.5714 16.1 17.3 -55.4 -22.1 0.1 10.0
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"TI" R' iIi"

El VlF EL.FCTrlNi. r'Nr1N"'FlITNr, CO.
DA'TA VArCE

TIT : FrCr PART 18D INDIISTIUAI. 1- ATINc, [0IITIEr'M'NT
MANIIt.AGI 1IRER
MODFL 0 : B
'/N : PROTOTYPE
DATE TESTED : NOVFhPER 1 1# 1983

Test Distance : 75 ft. Azimuth : 0 degrees
CorrecTions based on a field decay exponent of 1.95

Freq. Mtr Rdg Ant. Dist. Total rotal LiMit
fac. corr dfuV/m uv/M uV/M

MHz dBoV do dB a 1il" . Imi., 9 lile

* 27.0911 45.3 11,0 -72.1 -15.8 02 0 .0
54.1821 31.3 13.1 -72.1 -27.7 0.0 10.0
81.2732 41.3 8.6 -72.1 -22.1 0.1 10.0
10S1.3642 71.3 11.8 -72.1 11.1 3.6 10.0
135.4553 54.8 12.1 -72.1 -5.1 0.6 10.0

. 16,.5463 55.9 19.3 -72.1 3.1 1.4 10.0
" 189..374 4R.9 18.4 -72.1 -4.8 0.1% 10.0
- 216.7284 42.7 16.7 -72.1 -12.6 0.2 10.0

243.0195 40.0 17.0 -72.1 -15.1 0.;! 10.0
270.9105 39.0 17.3 -72.1 -15.Ft 0.2 10,0

-hoorked bvy:
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- -.-.--..--- . . . . " "-. . . . . ". . . • - , ,r.

rir ~~
ri ITr r.rC.TRONTc rNGTNrrR Tr r.n.

DATA PA,"

TF..I rcr. PART 1SD INTIMTR AI H(*V't N( FUJi-14rf'M r
- i,,MANiI F ArG 0JR 14

MODEL
110 :l PROTOTYPE
DATE TE' TrD : NOVF.MBrR 11) 1983

Tet Ditance : 75 ft. Azimuoh : 20 degrt.sms
Corrections based on a field decay exponent of 1.95

Freq. tr Rdq Ant. Dist. Total Total LiMit
fac. corr dRuV/m uV/M UVf/M

""H dBeV dB dSl Imtilp P, 1milc. @ lmile

27.1457 53.0 11.0 -72.1 -13.1 0.4 0.0
54.2915 23.9 13.0 -72.1 -35.1 0.0 10.0
81.4372 3R.2 S.7 -72.1 -25.2 0. 1 10.0

10S.5829 70.6 11.9 -72.1 10.4 3.3 10.0
135.72S7 5,3., 12.2 -72.1 -6.P 0 . 10 0
16P.8744 55,4 19.3 -72.1 2.7 1 .4 10.0
190.0;01 51.1 18.3 -72.1 -2.6 0.7 10.0
217.1659 42.7 16.7 -72.1 -12.6 0.. 10.0
244.3116 41.8 17.0 -7R.1 -13.3 0.,! 10.0
271.4573 37.5 17.3 -72.1 -17.3 0.1 10.0

c
Jo'
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7r I FT I F f:TP. riNt r. r'0 C; T N1 l R rNr. r. T)n.'T prl't

I F. ; I r. PAIRT I VT) TND!,,T 1A1 -FAI'INC. rwPiru
MANIIFAr IR;>
MOPEL B
WN :PROTOTYPE
DATE TEnTED : NOVEMPER 11, 1983

Test Distanc* 9 75 ft. AziMuth : 40 degrees
Corrections based on a field decay exponent of 1.9-

Freq. Mtr Rdq Ant. Dist. Total Total Limit
fac. rorr dftuV/m tV/M uV/M

MHz deuV d9 dS I mile @ ImilP.e Ilile

---------------------------------------------------------------------
27.1234 55.1 11.0 -72.1 -6.0 0.5 0.0

54.2468 26.3 13.0 -72.1 -32.7 0.0 10.0
81.3702 38.4 8.7 -72.1 -25.0 0.1 10.0
108.4936 68.6 11.8 -72.1 8.4 2.6 10.0

* 135.6170 5-4.0 12.2 -72.1 -6.9 0.* 10.0
162.7404 5m4.6 19.3 -72.1 1.9 1., 10.0
199.8-38 5.R IR.4 -72.1 -0.9 0.9 10.0
216.9871 44.4 16.7 -72.1 -10.9 0.3 10.0
244.1105 43.6 17.0 -72.1 -11.5 0.3 10.0
271.2339 34.0 17.3 -72.1 -20.8 0.1 10.0

V
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CTP SO1
EL*Iir El I(:TI',NTr: rN(4TN[E.HIN( C(

r I'A PAr.r

TE.'T . Fr. PAI,'T 1.")) 1NHISTRIAL HrA INI. FEII.I]PhFNI
MANIJFACTIIRF1 .
MO DFL 0 : B
.R/H : PROTOTYPE
DATE TESTED ; NOVEMBER 11, 1983

Test Distance : 75 ft. AziMuth : 60 degroes
Corrections based on a field decay exponent of 1.95

Fraq. Mtr Rdg Ant. Dist. Total total LiMit
fac. corr dRuV/m uV/m uV/m

1MHz dBuV dB dB R Imilro R Imile. 0 lmile

: 27,1120 54.0 11.0 -7. 1 -7.1 0.4 0 0
54.2240 29.8 13.1 -72.1 -29.2 0.0 10.0
81.3360 39.5 8.7 -72.1 -23.9 0.1 10.0
108.4480 69.6 11.8 -72.1 9.4 2.9 10.0
135.5579 50.2 12.2 -72.1 -9.7 0,3 10.0
162.6719 48.6 19.3 -77.1 -4.2 0.6 10.0
189.7n39 40.0 eS.4 -72.1 -13.7 0.2 10.0
216.8959 39.1 16.7 -72.1 -16.2 0.2 10.0
244.0079 46.2 17.0 -72.1 -R.? 0.4 10.0
271.1199 28.7 17.3 -72.1 -26.1 0.0 10.0

6."

F
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E vrL ElI( TlINt(= r N rrRr .R C:,.
PAI', A P"AG..

T_.;T E T F'A, T I 1. I t I8I,: :TI']Ai. NFA'I]N(I FQI]PMI.'NT
MANI IFA rlJRFR
MCIIFL * : B
S/N ; PROTOTYPE
DATE TESTED ; NOVEMBER 11, 1983

Test Distance : 75 ft. Azimuth : 80 degrees
Corrections based on a field decay exponent of 1.95

Freq. Mtr Rdg Ant. Dist. Total Total Limit
fac. corr dluV/m tav/m uV/m

MHz dBaiV dB @ Imile 0 Imile @ Imile

11.0 -72.1 -5.80.
[0.0

27.1079 55 .3 11.0 -7 580.5 11.0

54.2158 31.2 13.1 -72.1 -27.8 0.0 10.0
81.3236 40.5 8.7 -72.1 -22.9 0.1 10.0

108.4315 b7.7 11.8 -72.1 7.5 2.4 10.0
13n.5394 50.4 12.2 -7*2.1 -9.5 0.3 10.0
162.6473 47.1 19.3 -72.1 -5.7 0.5 10.0
1R9.7552 44.2 18.4 -72.1 -9.5 0.3 10.0

" 216.8630 40.7 16.7 -72.1 -14.6 0.2 10.0
24.3.9709 44.0 1,7.0 -72.1 -11.1 0.3 10.0
271.0788 42.2 17.3 -72.1 -12.6 0.2 10.0

-10--
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i r 1-7 n,,

El 'I'Tr EI.r 'rTr Nir I N.TNFrR:lto.. c'f1,
J)A I A 'A(C

Trl,'T : (" PART I':Ip TNW ,'rRrAi I*-A1ITN(G FIIIIIPMFNT

MANUr ACTURER :IMODEL 0 : B
S/N ; PROTOTYPE
DATE TESTED : NOVEMBER 11, 1983

Test Distance : 75 ft. AziMuth ; 100 degreesh Corrections based on a field decay exponent of 1.5

Freq. Mtr Rdg Ant. Dist. Tot.l Total Limit
fac. carp dBuV/m uV/ uV/m

MHz dBuV d3 d irtile Imilp G tiele

------------------------------------------------------------------------

" 27.1114 53.1 11.0 -72.1 -R.0 0.4 0. 0
54.2228 33.5 13.1 -72.1 -25.5 0.1 10.0
81.3343 38.2 8,7 -72.1 -25.2 0.1 10.0
10S.4457 68.2 11.8 -72.1 8.0 2.5 .10.0
135.5571 47.7 12.2 -72.1 -11.2. 0.;2 10.0
162.6685 48.4 19.3 -72.1 -4.4 0.6 10.0
189.7779 43.0 18.4 -72.1 -10.7 0.3 10.0
216.8914 50.5 16,7 -72.1 -4.8 0.6 10.0
244.0028 45.0 17.n -72.1 -10.1 0.:3 10.0

271.1142 43.7 17.3 -7?.1 -11.1 0.3 10.0

".. ' ...w ..L. "-'' * " *.,',..'. .. *...".. .. *. **':,, - * -,- .. .,* . * - -.- .-.



rA P701
Fr1 I TI F1 I :*Tr0(N1 . r ;4.ju N~ rr rN(' r:1).

TF .T r rr.r. PARr 1, n ]NfLIF;TIRIrAI W AI'I.NI*. (I- IIPf',l NI
MANI IF E Il JR rR
M PEL # B
SIN : PROTOTYPE
DATE TEF;ICD • NOVEMBER 11, 1983

Test Distance : 7! fT. Azimuth i1,70 degreps

Corrections based on a field decay exponent of 1.95

Freq. Mtr Rdq Ant. Dist. Total Total LimiT
f . ac. eorr diuV/m 1'V/M uU/m

MH, d~toiV R d8 0 Imile @ 1mile @ Imile

27.1120 51.4 11.0 -72.1 -9.7 0.3 0 .0
54.2240 33.4 13.1 -72.1 -25.6 0.1 10.0
81.3360 30.3 8.7 -72.1 -33.1 0.0 10.0

10S.4480 62.3 11.8 -72.1 2.1 1.3 10.0

135.5600 49.8 M .a -72.1 -10.1 0.3 10.0
162.6721 51.1 19.3 -72.1 -1.7 0.8 10.0
189.7841 40.7 11.4 -72.1 -13.0 0.2 10.0

216.8961 46.6 16.7 -72.1 -8.7 0.4 10.0
244.0081 35..5 17.0 -72.1 -19.6 0.1 10.0
271.1201 43.8 17.3 -72.1 -11.0 0.3 10.0

II

cher ksd by:_
-109- 

i-

4 .t- N:'* .[ ~



". i T" I:I r 'TfVONTr F NG TNF rR INI. in,

T Tf'.f.T rFC. PAI:T 1fI) INDII'"R.IAI HFAT:rNr, .F1'II[PFN1
MANIFAi;TIIRFRP

-.M 1EL * : B
b: S/N : PROTOTYPE

DATE TESTED : NOVEMPI R 11, 1983

Test Distance : 75 ft. Azimuth 140 degrPes
Corrections based on a field decay exponent of 1.95

Freq. Mtr Rdq Ant. Dist. Total Total LiMiT
fac. corr dBuV/m uV/ UV/M

MHz dBuV dd @ 1dTi1 I 1Mile 9 IMile

27.1111 50.4 11.0 -72.1 -10". 7 0.3 0.0

54.2223 33.7 13.1 -72.1 -25.3 0.1 10.0

*81.3334 297.4 8.7 -72.1, -34.0 0. 0 10.0
100.4445 65.0 it.s -72.1 4.8 1.7 10.0

*13Z.5556 49.1 1.2.2 -72.1 -10.8 8.3 10.0
162.6668 850.3 19.3 -72.1 -2.5 0.8 10.0
189.7779 40.2 113.4 -72.1 -13.5 0.2 10.0

*216.8890 43.4 16.7 -72.1 -11.9 0.3 10.0
244.0002 34.1 17.0) -72.1 -100.1 10.0
271.1113 20.9 17.3 -72.1 -33.9 0.0 10.0
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E 1 Tr El F itF-'Mi F Ni. rN1 r! ,I.; cfi,

TEFT FC'Cr PART I HT INII' -;RAI I.Ii r NG FiJiiI3Mii NT
MANIwrA, [IIR ER

.MODEL # B

S/N : PROTOTYPE
DATE TESTED : NOVEMBER 11, 1983

Test Distance : 75 ft. Azimuth : 161) degroes
Corrections based on a field decay exponent of 1.95

Freq. Mtr Rdg Ant. Dist. Totl Total Limit
fac. corr dRuV/M Uv/M uv/m

MHz deuV dB dB Imile a Imile @ lile

27.1074 47,5 11.0 -72.1 -13.6 . 0.0
54.2148 32.7 13.1 -72.1 -26.3 0.0 10.0
81.3222 29.9 8.7 -72.1 -33.5 0,0 10.0
108.4295 65.7 11.8 -72.1 5.5 1.9 10.0
135,5369 49.6 12.2 -72.1 -10.3 0 .53 10.0
162.6443 48.4 19.3 -72.1 -4.4 0.6 10.0
189.7517 31.9 18.4 -72.1 -21.8 0.1 10.0
216.8591 42.9 16.7 -72.1 -12.4 0.2 10.0
243.9665 37.6 17.0 -7,.1 -17.5 0.1 10.0
271.0739 39.6 17.3 -72.1 -15.2 0.2 10.0

, •-K - 2, ,,.- , " - X" - • " .' . .'. . . "



* rTR n,"01
El tTr ELF CTRP Nlr. NI'NIN FR NIt fG ,

) OAT'A PAr

TF.;r FCC PART 1 ' TNDLISTR 1 ,L tuAFTN.. ('3tIPMI-NT
MANI IF Ar IjR f:
MODEL * B
S/N : PROTOTYPE
DATE TESTED : NOVEMBER 11, 1983

Test Distance ; 75 ft. Azimuth : 180 degri.es
Corrections based on a field decay exponent of 1.95

Freq. Mir Rdg Ant. Dist. Total rota1 Limit
fac. Corr dJuV/m uV/M uV/A,

MHz deuV dB dB @ Imil * 1Imile 9 1,ile

27.1127 47.8 11.0 -72.1 -13.3 0.'1 0.0
54.2254 28.6 13.1 -72.1 -30.4 0.0 10.0
81.3330 35.0 8.7 -72.1 -28.4 0.0 10.0
10S.4507 65.8 11.8 -72.1 5.6 1.9 10.0
135.5634 48.6 12.2 -72.1 -11.3 0.3 10.0
162.6761 47.2 19.3 -72.1 -5.6 0.5 10.0
139,78n8 34.4 18,4 -72.1 -19.3 0.1 10.0
216.9014 30.2 16.7 -72.1 -25.1 0.1 10.0
244.0141 42.6 17.0 -72.1 -12.5 0.2 10.0
271,1268 42.4 17.3 -72.1 -12.4 0.2 10.0

chor ked to:_
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E EII E EL.FUTRnr:Ir F/Nr. I NFEVN.; (TA.
1) A IA r AGC

TF:T FCC PAR1 ID TNDit.TRTAI H-AI]N( F.WIJII'MI-N1
MANIIFACTiJRC :
MODEL # :8
3 /N : PROTOTYPE
DATE TESTED NOVEMBER 11p 1983

Test Distance : 75 ft. Azimuth : 200 degres

Corrections based on a field decay exponent of 1.95

Freq. Mtr Rdg Ant. Dist. Total Total LiMit
fac. c€ rr dIuV/M uV/n uV/M

MHz dBuV do dB 1 Iile 0 1mil. I 1mile

27.1214 51.3 11.0 -72.1 -9.8 0.3 0.0
54.2427 21.0 13.0 -72.1 -38.0 0.0 10.0
81.3641 41.1 8.7 -72.1 -22.3 0.1 10.0
10,.4854 67.1 11.8- -72.1 6.9 2.2 10

- 135.6068 50.4 12.2 -72.1 -9.5 0.3 10.0
162.7292 43.8 19.3 -72.1 -8.9 0.4 10.0
189.8495 51.2 18.4 -72.1 -2.5 0.8 10.0
216.9709 37.4 16.7 -72.1 -17.9 0.1 10,0
244.0922 46.7 17.0 -72.1 -8.4 0.4 10.0
271.2136 39.6 17.3 -72.1 -15.2 0.2 10.0

I

.4,

choc kod by:
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r T r' S :'0 1

r I.1 TE El I ("Tr.'Tr rNI:TNFF',I*N . r'l,
ATOA PArr

°A IA lRTF 'I" :: rrr PA RT 1P.D INDII.TR'r(,I IIFA'I]N, rGiuI'PMFNT

MIDEL * : B
,/N : PROTOTYPE
DATE TESTED : NOVEMBER lip 1983

Test DintAnce 1 75 fT. Azimuth ; 220 degrees
Corrections based on a field decay exponpnt of 1.95

Freq. Mtr Rdg Ant. Dist. Total Total LiMit
fac. corr d/uV/nM uV/

MHz dBajV dd Itmile P 1mile 0 IMile

27.1039 52.2 11.0 -72.1 -8.9 0.4 0.0
54.2077 21.2 13.1 -72.1 -37.8 0.0 10.0
81.3116 43.0 8.7 -72.1 -20.4 0.1 10.0

108.4154 66.0 11.8 -72. 1 5.8 1.9 10.0
135.519, 45.9 12.2 -72.1 -14.0 0.3 10.0
162.6232 42.8 19.3 -72.1 -10.0 0.3 10.0
189.7270 44.3 18.4 -72.1 -9.4 0.3 10.0
21..8309 37.6 16.7 -72.1 -17.7 0.1 10.0

- 243.9347 43.1 17.0 -72.1 -12.. 0 0.3 10.0
271.0396 33.3 17.3 -72.1 -21.5 0.1 10.0

ahwo- kau by:_
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F-F.I iTr ELF r.TIRONJC 'N(; I'NE i:r]fI C'.
": D~A IA rA(:;

T FT : rFcc PAIrT 18D JNDIIVTRTAI HIAIING FIA.IfI'M1N1tMANI IFACr )R',R

MODEL :B
,/N PROTOTYPE
DATE TESTED : NOVEMBER 11, 1983

I -

rest Distance : 75 ft. AziMuth : 240 degrees
Corrections based on a field decay exponent of 1.95

Freq. ltr Rdg Ant. Dist. Total Total LiMit
fac. corr dluV/m uV/ uV/m

MHz dBuV dB dD P Imile * IMil. I IMile

27.1035 54.2 11.0 -72.1 -6.9 0.5 0.0
54.2069 25.3 13.1 -72.1 -33.7 0.0 10.0
81.3104 39.9 8.7 -72.1 -23.5 0.1 10.0
108.4138 66.1 11.8 -72.1 5.9 2.0 10.0
135.5173 47.2 12.2 -72.1 -12.7 0.2 10.0
16?.6208 45.1 19.3 -72.1 -7.7 0.4 10.0
189.7242 41.3 18.4 -72.1 -10.4 0.3 10.0
216.8277 47.3 16.7 -72.1 -8.0 0.4 10.0
243.9311 46.6 17.0 -72.1 -8.5 0.4 10.0
271.0346 29.1 17.3 -72.1 -25.7 0.1 10.0

'I
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.• ,'.",'.* .o'. .-. . -.. ,,- , ,- - - , . ,. - , - . -o..- .- .- .- .. . , -. . .... . . . .



rT: .S.(lIA I JT I L.. ( CTPNTC rN(TN[FI $NC CFI.
"-'") ArFA P Al~

TCF;T FCr PART 18PD ]NINIIsRT'AI HFA.TNr. FOUIJPMI;NI
MAIIFAC IIIRrR :
MODELt B
SI/N PROTOTYPE
DATE TESTED ; NOVEMAER 11, 1983

Test Distance : 75 ft. Azimuth : 261 degrees
Corrections based on a field decay exponent of 1.95

Freq. MTr Rd Ant. )ist. Total Total Limvt
fac. cor dftuV/m uv/M uV/m

MHz dBusV dB ds P tmiile @ Imile 1Imile

--------------------------------------------------------------------
27.1078 52.9 11.0 -72.1 -8.2 0.4 0.0

54.2155 27.0 13.1 -72.1 -32.0 0.0 10.0
81.3233 36.6 8.7 -72.1 -26.0 0.0 10.0
108.4311 65.5 11.8 -72.1 5.3 1.8 10.0
135.9 4.1.3 12.2 .-72.1 -11.6 0.3 10.0
162.6466 47.6 19.3 -72.1 -5.2 0.6 10.0
189.7544 40.1 18.4 -72.1 -13.6 0.2 10.0
216.8622 40.1 16.7 -72.1 -15.2 0.2 1010
243.9679 49.1 17.0 -7'. 1 -6.0 0.59 10.0
271.0777 34.S 17.3 -72.1 -20.0 0.1 10.0

chprkowd hy.:-116-U
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ETIR f," 01

FL 1T Et I (Tr0Njr I'Nt;TNFFRI1' ; (t3.

DlATA ',WZ

TEfT Fr, PART 101) TNDIIMTRTAI HWATTN( F(3117PMINt
MANI IF AC I IJRrR
MODEL B
S/N :PROTOTYPE

DATE TESTED : NOVEMBER 11) 1983
Test Distance • 75 f 't Azimuth ; 28]0 degrees
Corrections based on a field decay exponent of1 .95

Freq. Mtr Rdg An'. Dist. Total Total Limit
fac. Corr d~uV/m U/A uv/m

MHz d~uV dS dB p leiL. 8 IMile I Imile

" 27.1038 38.8 11.0 -72.1 -22.3 0.1 0.0
54.2076 25.0 13.1 -72.1 -34.0 0.0 10.0

81.3114 28.7 8.7 -72.1 -34.7 0.0 10o0
108.4152 65.6 11.6 -72.1 5.4 1.9 10.0

135.5190 43.8 12.2 -72.1 -11.1 0.3 to.0
162.6227 47.8 19.3 -72.1 -5.2 0.6 10.0
189.7265 45.3 18.4 -72.1 -8.4 0.4 o.0

216.8303 42.3 16.7 -72.1 -13.0 0.2 10.0
243.9341 48.9 17.0 -72.1 -. 2 0.5 10.0

271.0379 29.7 17.3 -72.1 -25.1 0.1 10.0

b

I.r
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rt.

V.

r T" I*, . 0f

E .I Tr El. F CTPOJr l  r'N(t TN r iTNP. .'l,
1AT A PA, L7

TrST rrC PART 18D IT NDLI r I. AI IIrATTN- F[311I'MFi.NTI MANIJFATIJRF :
MODFL$ : B

,. S/P; : PROTOTYPE
DATE TESTED : NOVEMBER 11, 1983

Test Distance : 75 ft AziMuth : 300 deqrees

Corrections based on a field decay exponent of 1.95

Freq. htr Rdq Ant. Dist. Total Total Limit
- fac. corr dFkuV/m tV/m uV/M

-iHz dBuV dB d8 P 1mil. P Imil' * 1Imile

27.0994 35.9 11.0 -72.1 -25.2 0.1 0.0

54.1989 26.7 13.1 -72.1 -32.3 0.0 10.0

81.2983 30.4 6.6 -72.1 -33.0 0.0 10.0
108.3978 65.5 11.8 -72.1 5.3 1.8 10.0
135.4972 45.2 12.2 -72.1 -14.7 0.2 10.0
162.5967 47.4 19.3 -72.1 -5.4 0.5 10.0
189.6961 42.1 1..4 -72.1 -11.6 0.3 10.0
216.7955 44.0 16.7 -72.1 -11.3 0.3 10.0
243.8950 49.0 17.0 -72.1 -6.1 0.5 10.0
?70.9944 34.2 17.3 -72.1 -20.6 0.1 10.0

rh a..k d b u: -
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FTr Rpn 1
El Tr EI.r.TRnNJr rN(,TN[FRT?.Jr C.(I,

fAITA PA r,.

TEr'T : FCC PART Ir-,[ INRTRTAI I.IrA'rNfr c(uirrMFNr
MANIFATIJRF.R :
MODEL 4 : B
.,/N a PROTOTYPE
DATE TESTED NOVEMBER 11p 1983

Test Distance : 795 fT. AziMuth z 320 d grees
Corrections based on a field decay exponent of 1.95

Freq. Mir Rdg Ant. Dist. Total Total Limit
fac. Corr dBuU/m uV/M uV/m

MHz dljuV dS dB R lmile a 1mile @ tmile

-----------------------------------------------------------

27.1115 47.9 11.0 -72.1 -13.2 0.2 0.0
54.2231 29.2 13.1 -72.1 .-29.8 0.0 10.0
81.3346 34.9 8.7 -72.1 -28.5 0.0 10.0
108.4462 67.1 11.8 -72.1 6.9 2.2 10.0
135.5577 45.2 12.2 -72.1 -14.7 0.2 10.0
162.6692 53.0 19.3 -72,1 0.? 1.0 10.0
189.7808 32.1 10.4 -72.1 -21.6 0.1 10.0
216.8923 40.7 16.7 -72.1 -14.6 0.2 10.0
244.0039 39.9 17.0 -72.1 -15.2 0.2 10.0
271.1154 42.8 17.3 -72.1 -12.0 0.3 10.0

cherkedby
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FTr' 8nl
Ft .TTr ELr.TRnNt-. r ,;TNrFP F TN. (:(.

DAT A PA'r

TEST : rcc PART lD INn(lIfTPIAI. P:FATTNr. nFjouwPwiFr
MANIJFArTIIRF:R %

S/N PROTOTYPE
DATE TESTED : NOVEMBER 11, 1983

Test Distance ; 75 ft. Azimuth : 340 degrees
Corrections based on a field decay exponent of 1.95

Freq. Mtr Rdq Ant. Dist. Total Total LiMit
"ac. Corr d.uV/n uV/M uV/M

MHz dBuV dR dB R Imile P IMile @ lmile

-------------------------------------------------------------------

27.0997 53.1 11.4 -72.1 -R.0 0.4 0.0
54.1995 30.3 13.1 -72.1 -28.7 0.0 10.0
81.2992 39.5 8.6 -72.1 -23.9 0.1 10.0
108.3990 69.6 11.8 -72.1 9.4 2.9 10.0
135.4987 52.7 12,, -72,1 -7.2 0.4 10.0
162.5985 54.9 19.3 -72.1 2.1 1.3 10.0
189.6982 45.7 18.4 -72.1 -810 0.4 10.0
216.7979 40.4 16.7 -72.1 -14.9 0.2 10.0
243.8977 36.6 17.0 -72.1 -18.5 0.1 10.0
270.9974 41.1 17.3 -72.1 -13.7 0.2 10.0

,.20. .hc kh
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rvq . Mi - d Ant • 1.- .- . T n, .-- r, I To . al -i. . t

f. ai C. car, ~ V m O/ ,V

M ;. .;... .I ..

dDiIn TFSIFP OCTpr 13 i. 1P13

I' .'t D'.Tn'e : 200 £t, Azii.t.e rh : I) degr.. s
Carreci on. b~~ orn ,a Cield decay Pxporpnnr n.' I .,'?'

7 ~ .1A722 3:1 .4 11 .0 --5 -.. 4 20. i 0.
5 4.3445 13.4 13.0i -5,5. 4 -29?. 0. 1 ft

-".13 13 G. 7 - .4 , -150 . 10 .0
10n.6890 28, 2 11 .,7 55. 4 - 4 ..2 4

4 0 O334 9 4 * 4.

- . 2 ..... tIl 4 I :1 .3 - .. 4 4/ I0,"

'421 .3779 43.0 16, 7 -55. 4 - . ,!.
*1 .44. .7j 17.) -1, 4 -. 2 07 0.. 1,.
P 1 , ,Z' 4 34.1 17.7. -5. 4 -4.7 0.6 10,

I 1 17,1-4 -4 ot hI. vl~
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M(IAT TEL. r * CT0 fRI"Y ?

Tsair fli~ctncp pni) Ft. A7i1MUTh : ' degri-ps
Corrections bar-ed on a field decay expone~nt of 1.1t

f a r C 07'r d P. u V uV. UVm

111VdIM P 6 (11-

-27.1734 .34 .'J 1 .0 ~~4 --7.6 0.4 0.0
*54..1469 13.5 1~0 -5.4 -. 90.0 10.10

II 5311- t)3 3041 0.7 5"' 4 .16.3 0.12 10.0
1 f.63 4. 1 11.9 -,5. 4 '19 .5 0.1 1n0

2. 1 1-*'!.? *.1 0..41 0? 1 .

7 oi'.;i t- , 4 19.4 t * . 4 910.? 3.S0.

4 1 e 2.,). 4

* :7.3876 4 1. lf.7 -5'i.4 2.S 1.4 10.0

r A4 7~.tnr.p 4 --~l rt, 0. 2 ~ 1 0f e r...

""7 7434"-- 293 5 17. -7=5 4-8 , 04 1 0

r h~i-k dd I ~'Y V s 4. 
9
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- - .,.."--.. .. ... -.C

*CJ.

:"ROTOITY"E
DATE TE;T : O17DFTOf R 13, 19S?3

rc, Oi.s~ar: "OPn Ft. Axi;.irh 40 aOegr.ess

Corrections based orn a ipld der-ay exponpnT of 1.95

k'.I-r-n M'It" RstrI  An*. 0), , Total1 rotral L ivi t

-fac corr d.V#V/M uV/mm
MI, rl.tV rl' r m I,jI'? la M1.1 . .4,.e

n7 .17,l 34 .5 it .0 -:V5.. 4 -9.9 0.3 1), 0

5 54.3526 13 .2 13.0 -55,4 110.'0. O 0 10.0

'31 ."r'9 20. 1 R.7 -55.4 -1E6.7 0. 1 10 .0
PAi: I0 A1i . Is410.1 1

1 6 . 0 5 1 11 4 -) D 1 19 4 - 1. 5 , 4 '7 r . I , n 0

2 1/.4 10 47 0 16,7 ..5.4 ?I 1. ,  1(1 .
,244,:il,' ;1. Y 17.0 't 5, 4 -13. 5 0.p in1 .
?7 .749 20 t, 1'.3 ..qt 4 -- b ., 0.1 10 .0

II

-127-

. -12 * .*. ,€a1 h.



'I t

M* o ) M L 'MC"PI'fl.L * C

P/N RO1 OTY'I
DATE Tr.m]FD jrTOTVRI' 1? 19S

r"ut j.k .%t ne .200 F t. AtMuth : 60 degr-.es
Corrections hased on a fiehi dray exponent of 1,.'.

-rq MT" Rdq Ant. 01.r, trota. To tal Li. i t
fac. cor'r df.luV/m uV/. u/,

"I.II,..V r.l ,IE I. 1P i 1.m WI miin 0 Im ile

'- 2?.1"7 .I'.1 11.1) -55.4 -1.7.3 0.' 0 .0
54.3462 15.8 13.0 -55.4 -26.6 0.0 10.0
R1.19., 26.:- 8.7 -55.4 -20.3 0. 1 10 .0
(OJ.-6924 2 ?.3 11.9 -55.4 -PO. 0.1 10.0

S13:5.0 '...'., 7 1;! 3 -f5 .4 -20'..' 0.1 10 0
6, 13,;0386 ?, 7 117.4 -5. .4 -0.4 1.0 1010

170 .417 R. 4 55, 4 -16.7 0.1 10.0
*21 ".38481 4,1. 5 16. 7 -55 .4 i's 12 10.0

244 ,'S7' "7.3 17.0 -- Vi. 4 -21.1 0.1 10.0
271.7310 27. 1. 17.3 -55.4 -10 .1 0.3 1010

-128-
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TWT

4 C

DATE TESIVD OCrT'rR 13, 19r.7

To-as? O)intane:* 1 200) ft. Arz 'e~i'th : flO degreues

Corrections base.d on a f'ieldI decay Pxpdlnent of .

Freq. MTr Rd; AnT)':,. t Di;Tnt t . otai m . -
fac. corr dnluV/m uV/m uv/m

Mhz eltii cie .1f D ~ Imjilp p~ 1mil' 9 lilile

11. -- 15 -1 . 1

54?.Z65 1.9 11.0 --55.4 -?7.53 0.3 10.0

6 01.534 P4.It 9.- -55.4 -2.2 0.1 10.0

I ,SIr R7 t ",71 112-5 , 16.1 0 12 10.0

*19?0 247." 19. 9 13.3 - -S)' 14 - 17,2 0.1 10.0
217,4260 4.4 1.7 -554 3.7 1., 10.0
244. 6043 n-5.4-1 17.0 -.. 1.11 .. 10.0
271.782'6 3G.L3 17.3 --5.5.4 -7.4 0.4 10.0
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A.o.

PRO1OTYPE
DATI TE"TrD : OGTOtF'R I'., 19';

re'ST * Tancp : ;I0Q F-t. A.LMuTh 101) deqrpes
. Corrections based an a fied decay exponnt of 1.9,.

' r t.q. M'rt Rdq Ant. Oi,st. rIt 1,te al Li;.i -t
f- ac. Corr d PuV/m ,V/, tiv/m

4"-

27.10If ) .4 1 11.0 --. 4 --11).3 0.3 0

K- 54.3637 13 .7 13.0 -55.4 -78.0 0.0 10.0
"- ,.545. 27.? 0.7 -55.4 -. 1 01 100
1OS.7273 2U. 6 11.9 -.55 .4 . , 0 2 100

,- 35.?0,?; V', . 11".3 ..5M .4 f)5, I' 1
i,, 1 - 0910a 40.6 19.4 -55.4 ,7 1 7 11
9.,, ,r{.; -72.. 211.4 10..1 "5. 4 n.,7 0.4 10-0

""217 "14547 3, . 9 16.7 -M,,5 .4 S, n.5 1010
-44 '3 1.,210 .75 .4 ..9. r 0.4 10.0

I7 a ? 38.0 17.3 55,4 , 7.0 10.0I

'
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g I

M•ho .. *-

:i'ROTGTYI'E
D#;')F TES.1LD : cOCTCUirR 13, 19n.-S

r,-,t , : .200 ft. A.-i- uth 100., 1) degr s
Corrections baed on a field dscay Pxponent of 1,9,,

Mir Rrg Ant. Dst T Totl ratal Li"i.T
fac. Carr drwV/m UV/m IV(

. t),, .1 32.4 11.0 -55. '4 -12.0 0 . . .2 0 .0
54.1647 13.5 13.0 -55.4 0.0 10.0

0.4 31.0 F). 7.45.4 0 i l 0. 1A.0
1 Ofc.729-% PS.bse 11.9 '5.4 -1 15.n0 0.2 10,0
, F h1 *'6.7 Rd I-n. 3 i-.4 -1S05 O.! 1 In
1 4%-. .09 4 41-..7 19.4 -55. 4 10.7 7.4 10 . I

34. lia. 3 -rt ,4 /4 10.10
217, 456 43.0 11.7 -55.4 4,. 1 .6 10.0
;.44 ,4.1 11) 2 17 -55.4 -1',.7 0.2 10 .0
1 82323 37.6 17.3 -55.4 -O.5. 0.9 10.0

* * . .. 0940 4 *5 1- .4 5 . 4

• -.w,,= ,=i, ,*",.. . . . . . . . . . ...- . . ' .. .. '.....,. .. ,. . .



I

'3i N VROTOTYPE-
DATF TES1(ED :OCrOFrR IZI 197

Tia'.t DistAnrea 200 FT. Av.m~uth 1 140 degromos
Correctiong bA~rd on a fjwld dpcay exponirit of 1.91,

Freq. M tr Risj Ant. Dist. Total Total. Limi. t
fac. corr dt~uV/m uY/M V1

a1 ~dg LE, ~ 11l M~~eImile

27. 1861 -1 . 1.0) -M). 4 -11l.9 0.3 0.0

54.3722 13.5 13.0 -55.4 -29.0 0.0 10.0

10r..744Z 12 ~. 2 11.9 --55. 4 -14.4 0.11, 10.0

1. -35 ?3 43 I Z!.'.; . -5 .J " ii-'1.4 0- 100, :

16 ,,16: 4..1 19.4 -10.1 3 . 1 .
195 05 3..7 1.1 . . --55 .4 -*3.4 0.1/ 110.0

217.4886 41.5 16.7 -5!r.4, '.S J.A 1.
'S

-. r Nr. I I;3 11,.0

27 .8. 77I)I" .1 0 17 3 -5 4-1' ,, 1 .

%- ,-"C :h/ • RO OTYP
r-:.DATFTESID :OC';T FR13-193



I... . . ,

i4po' :; 4 . I , .

r,'N :~PRO-OT fPE
DATE -IEtIFD : OCTfl:rR 1., 1707

r. t DiciancA. : 700 FT. Ar..muth : 160 degr.at
Corrections based on a "3pld djPcay pxponirit of' 1.95

";7r i-.• M-tr ,R i ,] An -r . ir'T . Ti t I rotai Lim i T

far. corr dF:IV/M UV/M uv/v,
A': i. drl.V l:' ri. Imilp. P lmil.p I mile

27.1926/ 31.7 11.0 -,5. 4 -1Z.7 0.2 0.0

54.3851 14.5 13.0 -55.4 -2fl.0 .0.0 10.0

- 1,5777 30.4 :3.7 M.4 -. 16.4 0,,'. 10.0
10",.7702 7. 4 11.9 -5,. 4 -.1(. 2 0.2 10.0
.1 ... 9142, 32 . 1!. 3 .5.4 .n F 0 .3 10.0
6,",0.1553 46.5 19.4 --5..4 10.5 3. 10.0

I 1?90.347'9 119. 9 1,.1.1 5F.4 7.1 0.4 10 .0
217.5404 43.5 16.7 -. 4 4. t 1.7 10.0
"!44.73-10 ."$17 17.0 -q5.4 . 7 0. 10 .0
.'7. 92jr_ 32. F1 17.3 "-5:.. 4 -'5. 4 0.5 10.0

-133- ' tIi• "*,. .'" ,..** . . . ...
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Mf'I IL 4 C

DATE TESIiFD OcOFCR'. 13, 98I7,

TF%'T Pit: 1) a0 Ft. Azimuth InlO degrp'es
Corrections based on a field dpcay Pxponent of 1.9b

S'-roq. MTr Rd Ant. Dist. rotA't Total Liit
feac. corr dl, uV/m uV/m uV/.m

7.1943 I2.5 11.0 5.4 "11.9 o.:" 0 .0
54.3884 14.4 13.0 -25.4 -2S.1 0.0 10.0
8 I. jj3 30.1 0 7 -55.4 -16.7 01 10.0

10Pt.7768 7. 2 11.9 -55.4 -16.4 0.? 10.0
t3.77 ) .027 1..3 "5!5.4 01 .4 01;' 10.0
163. 16 52 4%'?. 2 19.4 "-5,4 1. 2 4.1 10.0
190 ..3 194 ,3 1:3 .1 55.4 -1I .7 0.:j 10.0
217 5536 45.3 16.7 -,5.4 t.. 6 2.1 10.0
244.7479 31.4 17. 5. .4 -&.R 0,,5 10.0

271.9421 29.9 17.3 -55.4 - .3 0.4 10.0

13
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, , , , , ,. , : .* . .

-,-JrL 4 C
PROTorYPf:

DATE TEIFD OCT1IrR 13,'?,3

'Tpt Distance 200 Ft. Azi.th 200 degr*..s
Corrections based on a "ipld deray Pxponent of' 1.9b

"- rr q r R4.1 t Ant, Y)i. c . TatA 1. Total L i.m i t

fac. corr drmV/m uV/M,, LU/MM.dTu dr, mitt el lriI Im Mi E e

? 7. 1 Fi:) 2, 1 11 .0 .55. 4 ,--11.0

54.3776 14.1 13.0 -55.4 -?S 4 0.0 10.031 .56,44 P9 ; 1.7 .05..4 -17., 0.1 10.0
10,,75A*2 "b -3 11.9 --5,.4 -17.3 0.1 10.0
1.3:9440 30 .4 12 .. 4 .'12"1 0 ., '  10.0
1,3 Z1 42.4 19.4 --55. 4 .4 21 10.0

- 1'1..'7.16 217 9I.,3 -. 4 8. 1 0.4 10. 0
d'217.5104 41.2 V .. 7 --5,.4 ell 1.3 10.0
244.67?P 19. 7 17.0 -59.4 .-S.7 0.4 10.0
271.8SSO0 364 17.3 -5b,4 -1.0 0.,S 10.0

-135-.
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%N

t ,,I~ I C

' : ,',N :PI OTO TYPE

DATV" TE.TrD : CTO.'EfR 13, 17,.,!

Corrections based on a fipld decay Pxponent of 1,9.
""~~C ;r. 1  t lq Ant. Dist, -T;il. Towta 1. L ,,i

fac. corr drttV/m uV/m uU/m

P7.1724 27.4 11.0 -:,4 -17,0 0.1 0.0
54.3853 14.1 13.0 -t5. 4  --PS.4 0.0 10.0
RI .5779 301 .3.7 - 554 -t1.,5 0. A 10.0

- I0:.7705 1, .1 11.9 -55.4 -17.5 0.1 10.0
6. id 1 12..3 .5:5.4 -11.0 G . 1 .0

167.. 1558 41.9 19.4 -55.4 0.0

1 .9 . 2'2 .. 1 .,3 -i5.4 -7. 6 0.4 If.0
217.5411 ",, 4 16.7 -55.4 "3.3 0.7 10.0
p44. 7.137 7 .1 17.) -55.4 "11 ,.3 0.S 10.0
271.9264 32.7 17.3 .- ,5,4 , 0, 0.0

i
' 2•
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t L :

, N oroi . ;'O

DATE Tf;rD O(l]IL3:ri V4, 1983

Tpst Di..;rAncp. i.0 Ft. Azi.uh ; 241) degr4-4s
Corrections based on a field dtecay Pxponpri of 1 . ,5

Frpq. MTr i U g Ant. li. %T. Tota-t rotal Li-i i
fa- C. corr dIlV/M uV/M u l,

SMF~z #I I)V d1 1, ti P 1;41I.1 R # la I Mi I @ 0ii le

27.R012 3,.7 11.0 -..2,4 -7.7 0.4 0
54.4024 12.6 13.0 -55.4 -29.9 0.0 II.0
:3 1 ,n3" 2V.1 0. 7 -5!.4 -16.9 0. 1 In.0

101-.8048 2S.0 11.9 -55.4 - . 0.2 1n.0
:,A 13Il l? 1.. 12 . "55, 4 "11. 6 0.3 1 1.,0

16 S."2072 43 .7 19.4 -. 4 7.7 2.4
I,' 19i) 4110 .4 2 , >  " ." 4 "11 .0 .,
217. 609%. 44.8 1Z. 7 --55.4 ,.j 2.0 10.0
;244 1t 03 24 3 17.0 .55 .4 -14. 1 0, ; 111.0
272.0120 32 .1 17.3 -554 -4. ,1 0. 10.0

i.

-137-

- . s * .. *,. - . * ~ * % *- -- :,."-'-b . .- , ,.::: ,. ... , ,:'- .2...:; <...' ..; 7,:..,.;---..---. .: . , , . ,,,...-..-,-.-.-.



, ,... v. . * ,.

S /N PRO TO iY"E
DAlr TE r D : ICTr:I":k 13, 198-4

r.st Di.vn,7e . fnli ft. Azimuth : 261) degra.es
Corrections haspd on a field decay expornPnt of 1.9 ,

frb.q, Mrt RA19 An , Dist'T r ta 1. Total. Limit

fac. corr d:uV/M uV/r(. uV/.
4 1 V rll3 , P i i .. . lMi]ii I Ir, Le

P7 .1 .34 3 . 11.0 -55.4 -6.9 0.4 1).O

5 54.3467 12.0 13.0 -55.4 -30.4 0.0 10.0
"1 .52)1 29.1 0 .7 -55.4 -17.7 0.1 10 0

10t:.6935 27.7 11.9 -55.4 -15.9 0.2" 10.0
4 l tr) .30.0 i::.:l --F5.4 -13. 0. 10. 0

16 3.0402 3.9 19.4 -55.4 2 F 1.4 10.0
'70.,21.3.' 17.0 55.- ". 4 "; 0. 1 0.1 1010

21/.3869 43.3 16.7 -55.4 4.6 1.7 10.0
P4, 403 P3:5.4 17.0 -5.4 -. 13.0 0.2 100
2'71 .733t. 34.7 17 3 --55.4 -3. 5 0.7 10,0

'1 8
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s , I - • ":, "i..,' ' t . . .

MttlrL 4 C
'./t . .bROTOT'(PE

DATE TEV.1FD nmoFmrN iis, 19(13

Tes - Dist,),Tanc: : 201) ft. Azi.MuTn : 2'0 degr(.ee=s
Corrections based on a field dpcay exponpnt of 1.9f.

Fr¢.'1 M Mtr ;1,3  Ant. 01- C Tot-l Total L ,'. it
fac. cn;r druV/m UV/M uV/M

M.,t I dt'DV ft3 T( P iI I. P lMile Im'

- 27. 1707 )'. 1 11.0 -5f. 4 -7.3 0.4 0.0

54.3419 13.5 13.0 -55. 4 -2.V 0.0 10.0

81 51.27 2:3.4 .7 -5. 4 -113 4 0.1 10.0
108 683T, 28.1 11.9 -5? 4 -1505 0.P 10.0
1 3!2j 844.S 1.2. 12.3 *55.4 -2.1) 0 1 103.0
I I-3 0255 p.O 19.4 -55 .4 -4.1 .6. 10.0

- 19 1 "V 4 24,2 113. "55. 4 -12.9 0., ; 10.0
217.3673 36.1 16. 4 -n , 0.9 10.0
244 ,.M;8 17 .5 17.0 -5. 4 -18.9Y 0.1 10.0
271 70.'1 264 17.3 -55. 4 -Te. 0.3 10n.0

-139-
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S/ ) : ,R 0, T 0TYPE

DATE TE IrD ; OCTOT:EW 131 193

Tl"st Distanre : 2)0 ft. Az.iMuth : 300 degr,.s
Corrections baPd on a fie]d decay exponent of" 1.95

Freq. Mtr R,'Ig AnT. D)ist. Total o taI Li;i it
f'ac, corr d]RuU/m uV/M u V/1. .

7. 1313 1110 -!5.5 4 - ,7 0. 5 01 0

54.3383 15.3 13.0 -.55. 4 -27.1 0.0 10.0
81.5074 29. 1 R.7 -55.4 -17.7 0.1 10.0

108.6765 29.5 11.9 -55.4 -14.3 0.? 10.0
1:35. 84:V7 17."1 12. ;3 -35F. 4 -.26, ' 0. il 10.0

163,014.,  31 . 19.4 -55.4 -4.3 0.6 1010
190 .1R I'. t, I:7 O 3 -5 5 4 -I,1..5 0 ; 10 0

217 3531 42 1 16 7 -f5 4 7-.,4 1 510 0

244.522'. " .3 17.) -55 . 4 -13.1 0.o 10.0
i 271.6914 24.6 17.3 -55.4 -13.6 0.2 10.0

-140
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(IOJ)F'L * C

:i/N , PROTOTYPE
DATF TESTED : OcMOB[-R 13, 1903

Test Dis-tn-.p : 200 ft. AziMuth : 320 degre.s
Corrections baspc on a field decay exponent of 1.95

Fra Mtr dq Ant. Dint. Total. rotai LIW, T

fac. corr dFtuV/M uV/F; uV/M
I-7 dFC',V dIt ift d P IMile 1 Mi1P? li1itle

S2"7 1710 411.3 1110 -5!.4 --4.1 0.4,) 0 0
,54.3421 16.3 13.0 -!,5 .4 -26. 1 0.0 10.0
81 .51.31 31.9 8.7 -5:..4 -14.9 0.2 10

1OE;.6842 28.6 11.9 -55,4 -15.0 0.2 10.0
135 fl 3i2 25.4 1,. 3 --5..4 -17.13 0.1 111.0

-, 163.0263 41.7 19.4 -5.4 5.6' 1.9 10.0
1.90.197/" 22.0 1 "l ; -5, r" .4 -15.1 0,2 10.0
217.3684 41.4 16.7 -55.4 2.7 1.4 10.0
244 5394 20. 1 17.0 '5,.4 -10.3 0.3 10.0
71.7104 33. 5 17.3 -5S.4 -4.7 0.6 10.0

.5,

'
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I. Dr 2 1 Ft. A 3 4 I

fa .,. , ;. , :',;"

, I 11T1 ) V d t d, i
MrIjIFL *i C

w" ;/N :PROTOT YPE
;' IDAlE "rE~f;l'r : OCTfl'i' 13, 1lS,'?3

q.=iire-nT Di}.it~nrem '0f P.li r , A .luth : 340 detgr'i=esl
1• Correctl~ons ba$,!d on a ,rield dl-cay expone~nt of 1,95,

""Frelq. Pittr Udj Ant. D)i~t, ToTal Total L1M. it
fac. cor d£&a V/ uV/pi u V/I.

1lflu,1 rlI It ii .P . 1Milm B 1Mi.le

-:2"2.17."31 39.1 1 . -:' •j .- .4 --5.3 0 .S 0

54.3503 16.0 13.0 -55.4 -26.4 0.0 10.0
81,254 33.3 8.7 -5".4 -13.5 0 ; 10.0

IOt:.7005 29.1 11.9 -55.4 -14.5 0.12 10.0
213. 1) 1P..3 -55.4 -15.2 0.2 10.0

1U3.0508 43.4 19.4 -5f).4 7. .  2. 3 10.0i %2. 27.9 18.3 -55.4 -7.2 0.3 10.0
2172.4011 43.6 16.7 -5..4 4.9 1. 10.0
244.. 7A;" 26.0 17.1 -5F. 4 -12.4 0 .? 10.0
P71.75.I- 33.5 17.3 -55.4 -4.7 0.6 10.0

; h acr:kie. b yti.( .. _ ..
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%AJI II; ML II' ;

M.DFEL * D
!;)/N :PROTOTYPE
DATF TESfIED OCTnl.:C'R 13, 1903

Tec!t Distance : 200 ft. AziM'lth : 0 degrees
Corrections based on a field decay exponent of 1.9Na

Fru.q. Mrr Rdg Ant. l)it. Total rotal Lit.
fac, corr dBuV/m u V/rF, uV/.

I, I% d 'IuV BTJ dB I. 1mil.6 I.a lMil La Im i.le

27.1354 39. 2 11.0 -55.4 --5.2 0 .5 0 .0
54.3707 14.5 13.0 -55.4 -28.0 0.0 10.0
R 1.5561 31.0 . 7 -%55.4 -15.3 0. 10.0

1011.7414 26 7 11.9 -55.4 -16.9 0.1 10.0
1.. I .6 12.3 -55.4"-,. 0.1 10.0

163. 1121 41.8 19.4 -,5.4 ?,Ft 1.9 1O fl
19) .29?7; 28.0 111.3 -5s5.4 .9. 1 0-3 10.0
217.4820 40.4 16.7 -55.4 1.7 1 . 10.0
244./660;.  1,/.1 17.0 --55.4 -?.1.3 0.1 10.0
271.853n 32.6 17.3 -55.4 -5.1. 0.5 10.0

-147-



:7 T :,
(P: J I N ,p ' IF". I

MIiz A 1-i

DAI r TFS1 FD o

rpT )istanco. 200 ft. Az.im'uth : '20 degrees
Corrections based on a field decay exponent of 1.95

Freq. MHr Rdqj Ant. Dint. Total Total Limit
fac. corr dBuV/m uV/M uV/r.i

MI MIz d '- I)V d 8 d B W 1ile P 1mile. @ ',ile

* 17.1R63 39.9 11.0 -5-. 4 -4.5 0.6 0.0
54.3726 14.9 13.0 -55.4 -27.6 0.0 10.0
81.558R 29.:3 8.7 -53.4 -17.0 0.1 1A00

10 :.7451 22.8 11.9 -55.4 -20.8 0,1 10.0
1315.9314 19. 7 1p.A --55.4 -P.3.1 0.1 10.0

" 163.1177 40.8 19.4 -55.4 4.8 1.7 10.0
- 190.30)40 P4.;. 1:3 *j.. 4 -10,9 0,.-S 10.0

217.4902 40.5 16.7 -55.4 1.8t 1. 1010
P44.4765 :? !. 0 17.0 -!). 4 --17.4 0.1 11.
P71.8 Me. 29.6 17.3 -55.4 -8..6 0.4 10.0

L
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!,. :;'1 I

1Mt1JI)FL # D

!;/N : PROTOTYPE
DATE TESTFD : OCTOBrR 13, 1983

I'.st Distance : P00 ft. AziMu;th : 40 degrees

Corrections based on a field decay Pxponent of 1.95

Fro.q. Mtr Rdg Ant. Dist. Total Total Limit
fac. corr dtuV/M UV/M UV/M

M~z ctfleV d B I N 1ii1p P Imile SIWile

----------------------------------------------------------------------

27.1743 36.1 11.0 --55.4 -8.3 0.4 0 .0
54.3487 12.9 13.0 -55.4 -29 .5 10.0
q.t15230 30.6 8.7 -,55.4 -16.P 0.2 10.0

I (Of 6974 17.2 11.9 -55.4 -21%.4 0.0 10.0
135.8717 16.9 12.3 -55.4 -26.3 0.0 10.0
1 1.3. 0461 47.0 19.4 -55.4 .9 2.0 10.0
19I. 2204 18.6 18.3 .-5:5.4 -1 .5 0.1 10.0
217.394S 41.8 16.7 -55.4 3.1 1.4 10.0
.44.5,691 21.9 17." -55.4 -- 12.5 0.2 10.0

271.7435 26.4 17.3 -55.4 -11.8 0.3 10.0

-149- 1.
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NANI N; A:.'. I .;,
.. MOJW}IL .1 ; D

PROTOTYPE
DATE TE'.1rD : OCTBE4VR 13, ITE13

rest Distance 200 ft. AziMuth :60 degres
Corrections baspd on a field decay exponent of 1.95

F roi. Mtr Rlj Ant. Dist. Total Total Limit
fac. corr dfuV/m uV/M uV/i

MIz d0IBuV dB dB 0 lmile R Imile .ile

- 27.1771 .34.4 11.0 -55.4 --10.0 0.3 0.0

54.3542 14.9 13.0 -55.4 -27.5 0.0 10.0

81.5514 24.3 0.7 -.55.4 --22. 5 011 10.0
10f:.7085 0. 3 11.9 -55.4 -23.3 0.1 10.0

.- 135 . M13 1, 21 4 12 3 --55 .4 .,1 13 0 1 10 0"

163.0627 37.5 19.4 -55.4 1.4 1.2 1010
2109..39f ' 1 1R. .3 -55.4 "-17.0 0.1 10. 0

217.4169 31;.1 16.7 -55.4 0 6 0.9 10.0
2. '44. :-941 19.9 17.0 -55 , 4 -R 0.1 10.0
V71.7712 29.1 17.3 -55.4 -9.1 0.4 10.0

.F::
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* :~~~~i i~ (FI tv i : j. ! r'~
, .. ".. 1

M(-M) L 4
S/N PRGIOTYPE

DATF TE.OIED O CTnBPFR 13, 19(13

Test fi"tn'e : 200 ft. Azimuth 1 80 dgr a.e
Corrections bas~ed on~ a field decay exponent of 1.95

Fr o-- . Mtr ald Ant. Dist. Total Total L it
fac. corr dR~'V/m uV/m ts IV/

M1' d '-S1, ul V d tdT4R I i e-I]e m l

2717083 33..3 11.0 -5.E4 -11.1 0. 3 0 . 0
5.47 12.0 13.0 -55.4 -30.4 0.0 10.0
BIF15 20.4 8.7 -55.4 -26.2 0.0 10.0
A.6834 T 21.8 11.9 -55.4 -21. 0.1 10.0

135Rn;! .1-0.. 12. 3 -55.4 -22.4 0.1 10.0
1 T 3.0251 2 ,. 3 19.4 -55.4 uh l dg 10.0

190 .1Fr 2 23P.3q An.t. 3 is. oa To.a 14.0

217 . 66S39 .ell 16 ,7 -55 4 . .211 .1 10.0
271.70.5 29.7 17.3 -55.4 -8. 0.4 10.0

---. --- - -- - - -- --0.4 O.0 I0.

,i ~ ~ ~ ~ ~ ~ ~ rorm hy-,2 P ) 87 -5. 2. 00 1
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TCL. ~ N ' - .. I 'N. (ii

TE. , I ,~
::"MII)r:.L 41 - D

• .S/N : PROTOTYPE
DATE TESIED OCTOprIR 13, 19S3

T.st D tstanr. : 200 ft. Azimuth : 100 degrees
Corrections based on a field decay exponent of 1.95

Freq. Mtr Rdq Ant. Dist. TotaL Total. Limit
fac. corr dDuV/m uV/1' uV/M

MH7 dd'oV ru di. I. l pii.. Q 1Mil% R IMile

27.1701 36.4 11.0 -35.4 -8.0 0.4 0 .0
54.3417 13.4 13.0 -55.4 -29.0 0.0 1010

I81251M, 26.13 8.7 -55.4 -20.0 0.1 10.0
1O. 6833 ,5.0 11.9 -55.4 -18.6 0.1 10.0
1358541 . 4 1 .3 -54 -. 0.1 10.0
163,0250 40.0 19.4 -5.4 4.7 1.7 10.0
190 .19:3 32.1 11.3 -554 -0S. 10. 0

217.3666 39.0 16.7 -55.4 0.3 1.0 10.0
244.5374 24.P 17.0 -53.4 -14.2 0. ; 10.0
271.70F;3 33.6 17.3 --55.4 --4.6 0.6 10,0
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.('IML 4 D
3/ N PROTOTYPE
DAIE TESTFD : OCTOTIFR 13, 1983

Test DistAnce : 201) ft. Ai..utl : 120 degrees
Corrections based on a field dc.cay expontrlt of 1.95

Freq. Mtr RdIg Ant. Oist. Tota I Total Limit
fac. corr dr-FuV/M, V/- UV/(,

27.1743 31.0 11,0 -55. 4 -12,6 0 .; 0.0
54,3486 13.0 13.0 -55.4 -29.4 0.0 10.0

- 815229 26.7 8.7 -5..4 -20.1 0.1 10.0
• 1 F:6971 2, , 7 11 9 -5 b, 4 -16 9 0 11 10 .0

13! ,714 24.8 12.3 -55 4 --18.4 0.1 Il0
- 163 .0457 43.1 19.4 -55 4 7.0 2.3 10.0

19U . 1,00 .34 . 1 103.3 --'5, 4 .- 2. 3 0. 8 101-0
217.3943 41.1 16.7 -55.4 P.4 1.3 10,0
244.5636 24.1 17.0 -55.4 "14.3 0.:2 1010
271.7429 34.2 17.3 -55.4 -4.0 0.6 10.0

5 y-I -
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N I

M(D)FL *.D
N PROTOTYPE

DATE T,.FSF OCTOBER 13p 19S3

Test Dist"tire : 2 F0 ft. A'imuth : 1411 dgr ,I Corrections based on a field decay exponnt of 1.95

Fr.pq. Mtr Rrlg Ant. Dist. Tota~l Total L imi t
fac. cor r dfuV/m tI,/m UV/M

M-,z d uV dROT dT P I i Lo R Imil
54.349 12.1 13.0E£ -5. OCT0.3 1.0 19.0

10S.979 7.1 1.9 55.40.1 10.0135. F1724 2It;: 12 . LI -34 .i1.
163.0469 44.9 19.4 S.S 4 .8.10..
190.2214 32 ..3 tf1..3 *~4 -4.11 0.6 1.

217.3958 41.8 16.7 -55.4 34.1 1.4 10.0
s44.5703 2.0 17.0 -, . h14 0.1. 10.0

271.7448 33.9 17.3 -55.4 -4.3 0.6 10.0

4,:3490-oa 1 , , -5 -* 0. 0

81,5234 28.4 8,? -54 -1R401 1



, " , -Fr i. I . -T R N

r":/N T2 ; PROTOTYPE
DATE TESED• OCTOBER 13, 1983

Test D i.Ance 200 Ft. AziMuth : 161) degrees

Corrections based on a field decay expenta of 1.95

Fr.,1. Mtr Rdrq Ant. Dist. Tot,-I Total Li;mit
fac. corr dDuV/ uV/t

- II dT[uV d r d8 "miL. p lPile m l le

27.17115 2;?.4 11.0 -55.4 -22,0 0.1 .0
54.3569 13.5 13.0 -55.4 -28.9 0.0 10.0
81."534 27.8 8.7 -55.4 -17.0 0.1 10.0
100.7139 26.7 11.9 -55.4 -16.9 0.1 10.0
1S,8. 93 29. 1 12.3 -5.554 -t4.! 0. 2 1I).0
163.0708 4?.6 19.4 -55.4 6.6 2.1 10.0
190.2493 27.6 tI1.3 -55.4 -7,5 0.4 10.0
217.4277 42.7 16.7 -55.4 4.0 1 .6 10.0
244.606..  29.n 17.0 -55.4 -0.6 0.4 10.0
271.7847 33.5 17.3 -55.4 -4,7 0.6 10.0

'15
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ETI :,Vi

I Al"' r, N ) A 1,.,

S/N ; PROTnrYPE
DATE TFSIED : OnrTOnFR 13, 1983

TPT Distance~ 200 ft. Azimuth , 1830 deqrs
Correcijons based on a field decay exponent of 1.9Ns

Freq. Mtr Rdg Ant. Dist. Total Total Li.i T
fac. corr dRuV/m uV/M uV/M

Mz 17 dTii.fV df , PD Imile P Imil.. Imile

27.111513 17.7 11.0 -55.4 -24.7 0.1 0.0
54.3717 12.0 13.0 -55.4 -30.5 0.0 10.0
R.5n75 30.0 8.7 -55.4 -16. 0.1 10.0

10',':.7434 75.3 11.9 -55.4 -1R.3 0.1 10.0
13:5. 9; 92 f./ 9) 12.3 -55.4 -16.3 0 . It0O
163.1150 43.0 19.4 -55.4 7.0 2.P 10.0
170..o0n? 24.:3 111.3 -55.4 -12.3 0.2 111.0
217.4867 44.3 16.7 -55.4 5.6 1.9 10.0
244.t726 291. 7 17.0 -'55.4 -1.7 0.4 10.0
271.8584 33.5 17.3 -55.4 -4.7 0.1. 10.0

-156-
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MLrL*
" : /N M PROtOT'I'PE
DATF TES.ItD : Ocinrr.R 13, 19S3

Tp.,t Di1%anrm : 201) Ft. Azimuth : 201) degr~s

Corrections b.aed on a field decay exponent of 1.9to

Freq. Mti' Rdj Ant. Ili%,t. ToT. Total Li'-iit
fac. corr dBuV/m uV/M kV/m

1111. r1sV dt 13 Imie P Imilge @I m.le

2".1788 2-6.4 11.0 --55.4 -10.0 0.1 0 .0

54.3576 13.2 13.0 -.,!5).4 -29.2 0.0 10.0
81. 5365 30.4 .1.7 -55.4 -16.2 0. 10.0

10i.7153 25.7 11.9 -55.4 -17.9 0.1 10.0

1.R941 .30.0 11.3 -55,4 -13. 2 0. 2 10 .0

143.0729 30.0 19.4 -55.4 2.0 1.3 10.0

19 a. .;1i I 2'.2 ,.. 5.4 -7.9 0.4 10.0

217.4306 47.5 16.7 --55.4 3.8 1.5 10.0

244.6094 ;.,,7 17.0 -.55.4 -11.7 0 3 10.0

271.7882 30.4 17.3 -55.4 -7.8 0.4 10.0
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MCIo)rL * D
,/N : PROTOTYPE
DATE TESTED : OCTOBER 13, 1983

Test Distance : 200 ft. Azimuth 1 220 degrees
Corrections based on a field decay exponent of 1.95

Frel. MTr Rdg Ant. Di-. Tat4l Total Limit
fac. corr dFtuV/M uV/m uV/m

* uBhj d13 do8 p 1~i.C p Imile * 1MlW

----------------------------------------------------------------------

27.1855 31.4 11.0 --55.4 -13.0 O.P 0 .0
54.3710 13.2 13.0 -55.4 -29.3 0.0 10.0
81.5566 29.1 8.7 -55.4 -17.7 0.1 10.0
108.7421 26.2 11.9 -55.4 --17.4 0.1 10.0
135.9276 9.2 12.3 .- 55. 4 -- 14.0 012 10.0
16--.1131 41.5 19.4 -55.4 5 .5 1.9 1010

190. 2:37 P9.0 14..3 -. 5.o4 -8.1 0.4 10.0
217.484f 3i., 16.7 -55.4 -2.7 0.7 10.0
244.61?7 P.. 7 1".0 -55.4 -15.? 0.*, 10.0
271.8552 322. 17.3 -5F.4 -5.6 0.5 10.0

- 158- Ehoi.k m.I
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-:,,., , , I,,l..

Molrl 1,
I/ rl : PROTOTYPE
DAIE TEi rD : OrTflFR 13, 1983

rest Oi. %tan:c : POO ft. Azimuth ; 240 degromes
Corrections hafed an a field decay exponpnt of 1.75

Fren. MI Rig Ant. Dist. TatA L Total LiMit
fac. corr dT-:IV/M uV/(-% uV/

M~Hz uo d8 dO 0~ 1.ie '1 1M1~ Imile

5 '7.1831 37 .3 11.0 --53.4 --7.1 0.4 0.0
54.3662 13.5 13.0 -55.4 -79.0 0.0 10.0
81 .5494 27.6 8.7 -55.4 -19.. 0.1 10.0

10ok:. 732,5 p!5 2 11.9 -55.4 -1 ft 4 0.1 10.0

175.91sh 31 .2 ~P3 --55. 4 -1.)0.2 111.0
1 ,' 0987 4:'. 0 19.4 -55.4 1.,0 2.0 10.0

'14 ;:19,. 6 18.3 -55, ,4 -t2. .5 0 .;.?. IO n
217.4650 4P.4 16.7 -5r,4 3. 1.5 10.0
,144 44l1 ,'1.8 17.0 -55.4 -17. 0.1 10.0
271 831," 74 .? 17.3 -5n.4 -4.0 0.6 10.0

-159-
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4.

;'ROTOTYPE
DATE~ TEF.VirD Oi:COW1 13, 190~3

Te3't OL~tana.* : 209 ft. Azimuth :261) degremis
Correc t jons hised on a f i *d decay Pxp onan t of 1 .95i

Freq. Mir R Ant. Dist. Tota k rotal L iit
fac. corr dI uV/m tV/,.,

i: I. d T"iV d fl d 0 I'? I ' 0. I ~i~lp R 1mi1

39.7 11.0 --55.4 -4.7 0.4 0 .0
54.3634 1P. 4 13. 0 -55.4 -30.1 0.0 10.0
F11.545: 26.7 8.7 -55.4 -20.1 0.1 10.0

101..7267 26s4 11.9 -1ed5.4 -17. 0.1 10.0
1. 90:34 2 12. --55.4 -16.5) 0..; 10.0

1 61..090 7 .6 19.4 -,.4 -1.4 .0 10.0
-" 10U 7867 -,,4 111.3 -? 554 -18./ 0.1 10.0

217 4535 40.4 It..7 -55.4 1.7 1 ? 10.0
-244.6.3.-) 21.:3 17,0 "-S5.4 -15.6 0.: 10.0

P71.8168 33. 6 17.3 -55.4 -4.6 0.6 10.0

.-

,4
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~~~~:~. 1- 01, -:J 4~i1~~ f i N ~ 1. (It'':

WIAN I iW ,' I II,' 1Q .1e

mIImrL 0 D
:'/N PROTOTYPE
DAlE TESIU*D : OCIDOIER V', 19S3

Test Distarnco • 200 ft. Azimuth : 2-1) degroes
Corrections based on a field decay exponent of 1.95.

Freq, .Mir Rdq Ant. Dist. Total Total LiMit
fac. c orr dTuV/m tv/, uV/M

M1tz 20tI&V dD dD tf# i 1 . tA# IMil, I 1;ile

-------------------------------- -------------------------------------

27.1832 40.6 11.0 -*5.4 -.3.8 0.14 0.0
- 54.3665 13.2 13.0 -55.4 -29.3 0.0 10.0

81.5497 24.9 8.7 -55.4 -21.9 0.1 10.0
108.7330 28.0 11.9 -55.4 -15.6 0.2 10.0
131.9162 19. 4 12.3 -'5. .4 -23.1a 0.1 10.0
163-0995 31N. 0 19.4 -55. 4 -3.p 0.7. 10.0
190.27 P.) 11 1:3.3 -'5.4 -16.3 0. 2. 10.0
217.4660 34.8 16.7 -55.4 -3.9 0.6 10.0
244.6492 17.3 17.0 -55.4 -21.1 0.1 f) 100
271.83P5 24.1 17.3 -55.4 -14.1 0.? 10.0

- qy-
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MA ~tl : -, T': 1 ] '1 :,7

'" MI'II...L. t .,

l'iDiFL 4 D
iN : PROTOT',E

DATE TESTI'D OCTOPII 13, 198.1

Te-'e DinAnce : 200 ft. AziMuth 1 301) degrp.es

Corrections based on a field decay exponent of 1,95

Freq. Mtr Rdg Ant. Dist. Total Total Limit
fac. corr dlilv/ U V/m uV/m

I-1-I dtuV d' iB . IMilp p Imil p Imile

-------------------------------------------------------------------------

S27.1872 41.'5 11.0 -65.4 -2.9 0.7 0.0

54.3744 13.5 13.0 -55.4 -29.0 0.0 10.0

81.5415 24.6 n.? -55.4 -22.2 0.1 10.0

1011.7487 27.5 11.9 -55.4 -16.1 0.? 10.0

1359.9359 1:1.1 12.3 4 -5. 1 0.1 10.0

163.1231 33. , 19.4 -!5.4 -.. 4 0.0 10.0

1903102 21.3 1:.3., -54.4 -15.. 0 . 10.0

217.4974 39.0 16.7 -55.4 0.3 1.0 1010

P4.4.6.34# 22.4 17.0 --53.4 -16.0 8.2 10.0

P71.8718 29.2 17.3 -55.4 -9,0 0.4 10.0

-162- 
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C::. I 1 T

M(ILFL * : D
V t4 PROTOTYPE

DAIE TESTFD : OCTOBrR 17, 1903

Te=st Dianr-e : 200 ft. Azituth : 3.0 degrees
Cot-rections based on a field decay exponent of I.5'

Frogr. Mtr Rdr Ant. ist . Tota Total Limit
fac. corr dT:uV/M u V/, uV/

M!' I rdluuV dB 't3 i lq & Imlp1 @ Imile

--------- ------------------------------------------------------

*27.1905 4L2.9 11.0 -55.4 -1.5 0.13 0.0
54.3810 15.1 13.0 -55.4 -27.4 0.0 10.0
q1.5716 28.6 8.7 --55..4 -10.2 0.1 10.0
I0U.7621 29.1 11.5 -55.4 -14.5 0 . 10.0
I X5.9:J26 21.2 111.3 --55.4 -P.2.1) 0.1 10.0
16*,'..1431 39.7 19.4 -55.4 "..7 1.5 10.0
19.).33.14 2'.1 1.13 -51.4 -15.1 0.2 10.0
217.524;? 39.8 16.7 -5r.4 1.1 1.1 10.0
:.44.7147 2:.8 17.0 -5.4 -12.4 0.2 10.0
271.9052 31.1 17.3 -'5.4 -7.1 (.4 10.0

I
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r F. 'l;'#I ; I II :, t \:D RIA

M(IJ)FL t :D
! i/N : PROTOTYPE

DAlE TESTED , OCTOBFR 13 1983

rest Distance : 200 ft. AziMuth : 340 degro.as

Corrections based on a field decay xponent of 1.95

Fr.q. iTr Rdg Ant. Dist. Totail rotai L m. i t
fac. corr dR ,V/m tV/M av/M

M"Hz dTja;V d8 df Imile.. p lmila @ 1 ,i.le

-. 27.1896 .312.8 11.0 -555.4 -4.6 0. 4 0.0

54. 3792 14.5 13.0 -55, 4 -28.0 0.0 10.0
81.5489 29.5 8.7 -55.4 -17.3 0.1 10.0

10..7585 28.3 11.9 -55.4 -15.3 0. 10.0
135.9431 23. . 12.3 -*5.4 -20.0 0.1 10.0

S163. 1377 43.2 19.4 -5.4 7.? 2.3 10.0

190.327-3 ?.1 10.3 -55.4 -10.1 0.3 10.0
217.5169 40.0 16.7 -55.4 1.3 1.~ 10.0
244.7064 R4.2 17.4 -55.4 -14.2 0 .2 10.0
271.8962 33.1 17.3 -55.4 -5 1 0.6 10.0

i°.
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Appendix C.

Details of the calibration of an ENCO 3104 biconical antenna are

reported. Calibration data for this antenna at 27 M~ffz and 109 143~z are
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I. PURPOSE

To caILihratce a bconical antenna at 27 andt 10)9 MHZ so that tile at tenn.i
may hf uised to tratsamit a calibrated RF field or iias re a n linknown RF
fleLd. This procedure yields the absolute- gain over an isLropic source
for an antenna, which can be used to determine in antenna factor to use for
measuring purposes.

.*
.



II. THEORY OF OPERATION

This calibration procedure is based on the material presented in [I]
and is summarized below.

The absolute gain of an antenna over an 1,;otropic source ,'an be dtter-
mined if there are three relatively similar an ennas (that is three anten-
nas with similar radiating patterns). This me-hod is based on tie relation
of the product of two antenna gains to the recoived and transmitted power
given by equation i when the two antennas are set up so that one is
transmitting to the other.[2]

47rs (eq.e 10 -- O G002 M-A T e•i

where G is the gain of antenna 1

2 is the gain of antenna 2

S is the spacing between the two antennas

X is the wavelength

Wr is the received power, and

Wt is the transmitted power

If three antennas are used then there are three possible combinations
of two antennas and three gain measurements. From these three measured
product gains the gain of each antenna can be calculated as follows:

If the test configurations are

Transmit Receive

no. I Ant. I Ant. 3

no. 2 Ant. 2 Ant. 3
no. 3 Ant. 2 Ant. 1

and
GOn = isotropic gain of antenna n

Gn = gain of nth test configuration

Wrn = received power of nth configuration

W tn - transmitted power of nth configuration

then

G IGO 41TSl 0 1  (A)

1 ti

2 4irS 2  Wr2  (B)

-2-
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, (C)
c3 0 C2G 01 X3 /w 3

B.i assuming that SI=S2=S3=S and Xl=X 2 =X3 =X which can be achieved by
using identical test configurations.

4S2Wr 41TS 2 rl I
from (A) Go 0G 3  wti  +

403 S 2W2 (Al)

from (B) GG3 r2 4S 2Wr2 1
GOA3+ G0 3  A (7 -- (l020 ~t2 t2 G02

equating (AI) and (BI) gives

SWtlWr2(D)

substituting (D) into (C) yields

47S /Wr Wt 2Wr3

'0 1 W-- 2Wr2Wt 3  ( )

substituting (E) into (D) yields

S 4wS Wt iWr2Wr3  (F)
GO 2 - Wr I Wt 2 Wt 3

and substituting (F) into (BI) gives

4-S Wr Wr2t3 (G)G03 -- W W1 t2 Wr3

Thus, (E), (F), and (G) are expressions for the absolute gains of
antennas 1,2, and 3 respectively.

The conversion to antenna factor from power ratio gain in dB can then
be calculated using equation 2. This antenna factor is then added to a
voltmeter reading to obtain the absolute signal strength in dBuV/m.

K = 2Mlog(f)-G-29.8 (eq. 2)

for Z = 50 ohm

where K- antenna factor in dBuV/m

f- frequency in MHZ

G- antenna power ratio gain in dB

-3-
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III. EQUIPMENT

Antennas

Biconical antenna, EMCO model 3104, 0.0!. ,,o. 1484
Dipole antenna CU-683/URM-7, O.U. no. 03711

Dipole antenna marked 'EMI REFERENCE'
11 antenna elements AB-21/GR

* '2 antenna elements AT-848/URM-7
2 aluminum antenna elements 40 inches lotig

Signal generator
Wavetek 3000 - O.U. no. 1298

Avantek RF power amplifier

Detection units
EMC-25 Selective voltmeter

HP141T Spectrum analyzer

Directional Coupler
HP778D Dual Directional coupler serial no. 1144A04704

Antenna towers
Clark tower - max. height approx. 70 feet
Tripod stand MT-1947/URM-7 - max. height 15 feet
Tripod stand TRP-25, O.U. no. 1483

Cables - all cables to be 50 ohm coaxial
EMI cable A (approximately 35 feet long)
EMI cable B (approximately 80 feet long)

Several short interconnect cables

DC power supply

HP 6237B triple output

AC power source
gas powered alternator

100 ft. extension cord
multiple outlet extension cord

Connectors for all setups

-4-
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IV. SE.TUP

The entire tes;t setup is to be located in a place that is as free from
RF noise as possible and clear of any large metallic objects that. may in
any way alter the propagation of the transmitted signal. It is suggested
that any large metallic objects in the test area be at a distance from
either antenna equal to not less than three times the spacing between the
two antennas. Also the area chosen should be as flat as possible and the
surface should be of approximately the same material throughout the test
area.

The two antennas are to be separated by a distance such that the
receiving antenna is in the 'far field' of the transmitted signal. This
distance is to be a minimum of three times the wavelength. [3] In addition,
the two antennas are to be oriented for maximum coupling and placed on

towers at heights such that the summation of the direct wave and the ground

reflected wave is a maximum.

The height requirement of the antenna setup is that the two antennas

be at heights that cause the ground reflected wave present at the receiving
antenna to be in phase with the direct wave, so that a maximum signal is

received. The height requirement is due to the fact that near the point of
maximum combined signals the variation in signal strength with height is at
a minimum, thus giving a more uniform field. Although the point where the
antenna must be placed has to be determined by moving the antenna ver-

tically and watching the received signal for a maximum, a simplified for-
mula that gives antenna height h2 in terms of antenna height h,, spacing S,
and the wavelength is given in equation 3.[4]

h2 - xS (eq.3)

with n- 0,2,4,... for minimums and
n= 1,3,5,... for maximums

providing S >> h, or h2

The signal generator Avantek amplifier combination is used as the

source for the transmitting antenna and the HPI41T spectrum analyzer is
used to measure the received signal. The output of the RF amplifier is fed
to the transmitting antenna through the dual directional coupler. The dual

directional coupler is used so that the forward and reflected power to the
transmitting antenna can be measured with the EMC-25 receiver. The

transmitted power is then calculated by subtracting the reflected power
from the forward power. Note that the cable attenuation must be considered
when performing the measurements of forward, reflected, and received power.

Also note that the value of the transmitting antenna cable attenuation is
subtracted from the measured forward power and is added to the measured

reflected power.

I

-5
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V. PROCEDUIJ.ES

1.. Set tip the equipment as described in the SETUP section with the DC
power supply pro,iding power to the Avantek RF power amplifier. Turn on

above the noise level can be detected at the receiving end. Note that a

load should he applied to the RF power amp before DC power is applied.

2. Adjust one or both antennas in altitude and/or orientation so that

a maximum signal level of sufficient amplitude (>20 dB above noise) is

detected at the receiver.

3. Record the forward, reflected, and received power. Also record the
frequency setting, height of both antennas, and the spacing between anten-
nas along with the description of the two antennas used.

4. Exchange the transmitting antenna with the antenna previously

unused, keeping the height and spacing of the antennas the same (remember
to turn off power to the RF power amp before disconnecting the transmitting
antenna). Turn the power amp back on when the antenna is in place and

adjust the signal generator setting, if necessary, to obtain proper

received signal.

5. Record the information listed in part 3 for this antenna con-

figuration.

6. Obtain the measurements for the final configuration by exchanging
the receiving antenna with the antenna first uped as the transmitting
antenna and repeating the prucedures above.

7. Compute the gain of the antennas using the formulas presented and
the transmitted and received power just measured. Remember that the
transmitted power is equal to the forward power minus the reflected power

(do not forget to convert from dBm to watts before subtracting).

6.-6-.



VI. EXAMPLE

This section describes in detail the test setup itsed on September
9,1983 and the results obtained by Jim Nickum, Hill Drury, and Da;ve Quinet.
Antenna numbers given are referenced to the configurations n the 'THEORY
OF OPERATION' sect-on.

109 MHZ
Antenna 1: Dipole antenna CU-683/URM-7 with

AT-848/URM-7 element each side extended for antenna length
equal to 1/2 wavelength at 109 MHZ.

Antenna 2: Dipole antenna '1MI REFERENCE' with AB-21/GR
element each side.

Antenna 3: Biconical antenna EMCO 3104

Separation distance: 41 feet

Receiving antenna height: 6 feet

Transmitting antenna height: 13 feet

Pfwdl - -9.2 dBm = 12.2 E-3 mW

Prfl1 -15.8 dBm - 26.3 E-3 mW

il M P fwdl-Prfll - 93.9 E-3 mW - -10.3 dBm

Wr =-44.2 dBm

Pfwd2' -9.2 dBm - 12D.2 E-3 mW

• rf 12= -15.8 dBm - 26.3 E-3 mW

W2 -10.3 dBm
.,2

Wr2  -45.2 dBm

Pfwd3" -9.2 dBm - 120.2 E-3 mW

- rfl3" -15.8 dBm = 26.3 E-3 mW

Wt3 -10.3 dBm

W3- -39.7 dBm

G1 - 2.17

2  1.72

3 - Biconical gain , 0.61

-7-[j g - -,



Biconical antenna factor - 13.1 dB
.4

27 MHZ
Antenna I: Dipole antenna CU-683/URM-7 with 4 AB-21/GR

elements plus AT-848/URM-7 elements each side extended to
1/2 wavelength at 27 MHZ.

Antenna 2: Dipole antenna marked 'EMI REFERENCE' with
three AB-21/GR elements plus aluminum extensions each side.
Length equal to 1/2 wavelength at 27 MHz.

Antenna 3: Biconical antenna EMCO 3104

Separation distance: 100 feet

Receiving antenna height: 63 feet

Transmitting antenna height.: 13 feet

P fwdl= -7.8 dBm = 166 E-3 mW

P rfl1= -19.0 dBm 12.59 E-3 mW

" tl= -8.14 dBm

Wrl =-53.5 dBm

P fwd2= -7.8 dBm- 166 E-3 mW

Prfl2" -17.8 dBm = 16.6 E-3 mW

-Wt2 -8.25 dBm

Wr2 w -54.0 dBm

Pfwd3= -7.8 dBm = 166 E-3 mW

Prfl3" -17.8 dBm - 16.6 E-3 mW

W 0 -8.25 dBm

Wr3 w -33.5 dBm

-O - 1.96

G2 - 1.79

G3 - Gain of Biconical = 0.017

Biconical antenna factor = 16.4 dB

e-8-

b
•
! ... .. - . - . - - . . . . . . . . . . . . . .. / ~



-7 -..- .

VII. REFERENCES

[1] Kraus, John D., 'Antennas', McGraw-Hill Booi. Company, New York, 1950,

pp. 448-457.

[2] Ibid., p. 456.

[3] "Calibration Principles and Procedures for Field Strength Mc-ters (30
Hz to I GHz)", National Bureau of Standards Technical Note 370,
March 1969, p.10 5.

[41 "The ARRL Antenna Book", American Radio Relay League, Inc., Newington,
Connecticut, 1974, p. 318.

.i

-- 9

°.



VIII. ACKNOWLEDGEMENTS

Support. and funding for this study is provided under the Federal
Aviation Administration contract number DTFA) 1-83-10007.

Dr. Richard H. McFarland, director of the Avionics Enginecrt.ng
* "Center, served as Project Director, and Mr. James D. Nickum as Project

Engineer.

N'

,-10



FILMED

,d

I

FILMED

9-85

DTIC


