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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, sclentific, and medical. This equipment is licensed
to operate from 26.96 - 27.28 MHz; and the emission of harmonics 1s 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 substantiate
requests made 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 ia the
range of 2 ~ 25 kW. Additionally, the ISM devices were new equipment.

Tests were performed in three categories. The first was that RF
enission tests were to be made according to FCC and CISPR procedures as 1if
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=
nendations 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.

IR




The nmeasurements, 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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II. CONCLUSIONS AND RECOMMENDATIONS

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 CISPR
radiated emissions tests. The airborne tests indicate that a different
situation exists. None of the ISM equipment could pass either the PCC or
CISPR emissions standards. Airborne test data indicate significantly
higher fleld strengths than the ground-based emissions measurements. This
appears to be due to RF absorption for low elevation angles and the E-field
boundary conditions for receiving antennas close to a ground plane.

In congidering that the measured RF fields above the ISM device can be
20 to 40 dB higher than the RF fields measured on the ground, it is
possible for the ISM signal to be 2.8 dB higher thaa the 91 dByV/m RF field
measured from the ILS localizer at Ohio University. This is based on the
ninimum measured air~to-ground RF 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 dBuV/m. The measured field strength of
the localizer at Ohio University is 91 dBuV/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 Iinterference signal level
of 58.6 dBuV/m which results in a localizer-to-interference 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~-
dicions 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 RF
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 ISM 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 RF fields radiated at 109
MHz were significantly higher than at 27 MHz for certain devices. This
indicates the need for careful design of RF 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 1s 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 -
alrcraft. 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, wmultiple disk drives, and three RS-232 ports. 1In 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 EMC-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 1 GHz. The receiver is tunable in 15 frequency bands for
i : the range specified and is capable of measuring signal levels from O dByuV
b
9
b

to 120 dByV within %1.5 dBuV at frequencies above 25 MHz (=20 dBuV to 100
dBuvV 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
9 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. Each data line from the attenuator switcn 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 coantains 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 1i/o unit is
used to convert the analog signals from the EMC~25 into ASCII characters
and to make avallable upon request all EMC-25 signals on a RS-232 data com-
aunications 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 gelected by the user as 1its 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 coaversion.

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 Miniranger distance.

The Miniranger provides a measurement of distance between the two
Miniranger transponders accurate to t2 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 TI9900 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
gsources 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,
Illinoils, tests.
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Figure 2. RF Field Strength Data Collection Equipment as Installed in
N8238C for Waterman, IL. Flights
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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 susceptidble
to operator error, and provides a direct measurement of the range. This
nev 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.




IV. WATERMAN DATA COLLECTION FLIGHTS

Airborne data collection was conducted at Waterman, Illinois for four
pleces 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 RF shielding on and off to study the effects of shielding while
Machine B was tested only with shields om.

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-2l1 in Appendix A. The plots show the
measured E-field in absolute dBuV/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 1s 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
ER) = Eyypg g

where
E(R)= E-field limit at distance R (uV/m)
Elymie™ SPecified FCC or CISPR E-field limit (uv/m)
Dy mic™ distance at which Ejjpnje is specified

R= distance of concern

~10-
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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

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

Cables

EMI 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 4B @ 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. 1144204704
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.
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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 1ISM 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-1ll) 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 nmuch 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 RF 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 1is 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 4B
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 deaigned.

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 Electrounics Engineering
Company (under subcontract) using FCC procedures for ISM equipment cer-
tification. The airborne data were obtained by evaluating the plots of
Figures A-1 - 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
0 represents conditions which would be encountered when flying near omne 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-




TABLE 2. GROUND VS. AIRBORNE DATA COMPARISON AT ONE MILE
dByuV/m
NOTE: FCC LIMIT = 20 dBuV/m
Machine A
Azimuth Airborne data Ground Data Exc
(dBuv/m) (dByV/m) (dB)
Machine B
Azinmuth Airborne data Ground Data Eaxg
(dBuv/m) (dBuv/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
h (dBuv/m) (dBuV/m) (dB)
- 20 + 6-0 -1905 2505
L~ 320 +25.0 -15.0 40.0
-
-
Machine D
:; Azimuth Airborne data Ground Data Exg
(dBuV/m) (dBuv/m) (dB)
20 +15-0 -2008 3508
60 +13.0 =-23.3 36.3
200 +25.0 -17.9 42.9 :
260 +21.0 -17.2 38.2

Epg ™ Alrborne field strength (dBuV/m) - Ground field strength (dBuV/m)

-14-
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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. Por 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 1is 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
{(1]. 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 gsignal 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 i1s seen that the determination of the signal levels in space
produced by a plece 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 perforamed 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 expomnent 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 (l-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 13,
Subpart D, para. 18.107 (c).

The propagation decay constant is determined by plotting measured
field strength in dBuV vs. distance in feet and then drawing an average
curve through these points. The slope of this curve is the measured decay
congtant 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:

Ly = L (5280/D)7%

Ly = Field intensity at 5280 ft. (1)
L, = Measured field intensity at distance D :

n = Measured decay constant

All data recorded on the data sheets were corrected to equivalent
readings at 1 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
Pigure 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 dBuV/m and then converted to uV/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 dBuV/m

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

E(dBuV/m)
=S~ l
E(yV/m) = 10

B. CISPR vs. FCC Measurement Procedures.

The significant difference in the FCC and CISPR measurement procedures
i3 the distances that the measurements are specified [2,3,4]. Since the RF
radiation from the ISM devices measured at Waterman, Illinois, was CW,
there i3 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 1s 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
gignificantly 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 1is 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
measurenents 1s 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 0O degree azi-
muth. After each measurement was made, the ISM device was rotated to the
next azimuth angle on the turnfable to be measured. In this manner the
complete FCC and CISPR emissions tests were made for the device. These
results then provided the horizoatal 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 1s 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 caan 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 fuadamental 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 uV/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 uV/am.
With this limit in mind only Models C and D, Figures 1l 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 MHz and at 108 MHz 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 alrcraft 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 couver-
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 elevatlon angles. In li;ht 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 thanm 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 {s due to the requirements
to satisfy the E-field boundary conditions for horizontally polarized
waves. This effect 1s 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.
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VI. CLARK TOWER OPEN-FIELD TEST PROCEDURES

In order to determine (from the ground) the presence of higher-angle
radiation from the ISM unit under test (UUT), 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 comsists 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 2002A00134

4. EMCO 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 accouat.

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.

-30~




P R I B ol S

- RO A e S S P A Y s Te e e e AT AR LT LTIV s TR A TNTR T AT ETRTOR T OLE TY Lr

The RF measurement device was the HP 8568 spectrum analyzer along with
the Elitc cable plus the OU 80-foot cable. The data printouts from the
Elite spectrum analyzer did not account for the EMCO biconical aatenna nor
the 80-foot OU cabie. 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
eagy interpretation. This was done by the following method. Using the
ground derived decay exponent, the distance correction was determined from
the following equation:

F2 = F1 + 20 log [lgi’f’-]'“

where:
Fl = 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 = /3;2 + (40-delth)?
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 RF field
at 1000 ft. produces the following result for a measured RF field of 70

dBuV/m at the biconical antenna:

F2 = 70 dBuV/m + 20 log [%%3%]-1'95

F2 = 15.2 dByV/m or 5.74 uV/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. 1In
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 counfigurations 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 1s 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 coafiguration. 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 counfiguration 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 1s 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. PFirst, 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 RF
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 aad airborne measurements were made at 180 degrees.

The secoad 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 1is due to the fact that the 2 kW device, Model B,
did not pass the FCC emissions limits for allowable field intensity at 1
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,
i which 1is the azimuth used for the Clark tower and airborne measurements

made by Ohio University on that date. For completeness of informatiom 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
0CT-12-1983

DECAY EXPONENT = 1.95

RF ELEV dByv dBuv(1000) dBuv dBuv(1000)
SHIELDS ANG AZIMUTH 27MHz 27MHz 109MHz 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
N 0SC OFF 71. 180. 129.9 78.7 91.7 40.5
= 0SC OFF 45. 180. 134.4 70.1 99.5 35.2
- 0SC OFF 59. 180. 114.4 55.2 94.2 35.0

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

ll CLARK TOWER MEASUREMENTS
N MACHINE MODEL: B
0CT-13-1983

. DECAY EXPONENT = 1.57

RF ELEV dBuv dBuv(1000) dBuv dBuv(1000)
SUIELDS ANG AZIMUTH 27MH2 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 1. 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 MODEL: C
0CT-13-1983

DECAY EXPONENT = 1.95

RF ELEV dBuv dBuv(1000) dByuv dBuv(1000)

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

. PR Rarht
| MM

CLARK TOWER MEASUREMENTS
MACHINE MODEL: D
0CT-13-1983

I ML

DECAY EXPONENT = 1.95

RF ELEV dBuv dBuv(1000) dByuv dBuv(1000)

SHIELDS ANG AZIMUTH 27MHz 27MHz 109MHz 109MHZz(1000)
OFF 74. 320. 115.3 67.1 60.5 12.3
OFF 66 . 320. 114.7 59.9 63.6 8.8
i 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- 9703 33.0 6‘.00 "0.3
- : ON 45, 260. 92.9 28.6 61.5 -2.8
:' ON 59- 2600 8308 24-6 57-4 -108
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

-




.........................

VII. CO-CHANNEL INTERFERENCE

The co-channel interference effects to ILS localizers from nonaviation
RF radlation sources have been addressed in receat 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 {s 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 5pya of localizer
course deviation. The four types of interfering signals referred to by

ICAO are summarized below.
Unmodulated Carrier Interference:

TYPE I An ummodulated carrier within the localizer receiver
RF passband and within 0.5 Hz of the 90 or 150 Hz

sideband modulation of the ILS localizer must bde
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.

k]

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

To correlate the findings of this report to co—-channel interference, a
- worst case example will ba» 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-
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channel interference at the FCC or CISPR 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 dBuV/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 I, Part I, of 46
dByv/m {9] at the threshold.

The results indicated in Table 7 represent the . .ings from the open
field measurements performed at Waterman, Illinois; ti.: airborne measured
RF fields are generally 20 to 40 4B above those measured on the ground.
These results indicate that CISPR emissions limits do provide sufficient
D/U levels except for the signal levels measured in the airborne tests coan-
sidering TYPE I interference. PFor 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. ‘
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TABLE 7, PASS FAIL FOR ICAO INTERFERENCE DESIRED-TO-UNDESIRED
SIGNAL CRITERIA EXAMPLE

GROUND AIRBORNE
TESTS TESTS
CISPR FCC CISPR FCC
TYPE 1 yes no ao no ‘
TYPE 1I yes no yes no
TYPE III yes yes yes no
Evaluation
Point X

T

200"

== a4l

zLISM Device

7 ———— 7000 Y 3800" ]

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 dByV/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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Figure A-2. Flight Data Mechine A, 25kW, 457 M Altitude,
180° Azimuth, RFl Shields Removed
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180° Azimuth, RF| Shields in Place
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0° Azimuth, RF| Shields In Place
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Aggendix 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 fleld test site are described here. All of the measurement
data for each of the ISM 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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i Fibier fal IR
MmOapctL $ : A
. SN : PROTOTYPE
: DaTe TEsIrD : OCTORER 11, 1983
. Test Distance : 200 ft, Azimuth N degrnes
l Corrections hased on a field decay exponent of 1.9%
2 Freq., Mt~ Rdqg Ant. NDisr. Total fotal Lirmit
- fac. carr aRuV/m VAV Wi/ m
g M 2 Auy A an R imile ® Imile @ imile
1 e e e
N Q7 .2262 74.56 11.0 -35.4 3n.2 32.2 0.0
- S4,43523 40,0 13.0 -535.4 -2.5 0.8 16.0
- Bl1.AK785 4y .7 3.7 -55.,4 2.0 1.3 10.0
106.90846 40,6 11,9 -95.4 ~-3.0 0.7 10,0
1345.130R 5301 12,3 =5, 4 1n.n 3.2 10.0
163.3569 “1.4 19.%5 -%5.4 15.48 5.9 10.0
190.5831 32.7 13.3 -55.4 ~4.,% 8.5 10.0
217.84892 47 . & 16.7 -55.,4 §.9 2.2 10.0
245.0354 4.1 17.0 -55.4 -3.5 n.7v 10.0
~c72.2615 40,7 17.2 -55.4 2.0 1.3 10.0
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MODEL 8 . A
/N : P"ROTOTYPE
DATE TESTID : OCTORFR 11, 1983
Test Distance : 200 fr, Azimuth : 20 degrees
Corrections hased on a field decay exponent of 1,95
Freq. Mtr Rdgqg Ant, Dist. Total Totall Limit
T fac, cornr aHuV/m wi/m uV/m
Mtz d8uy AR LA # 1lmile R 1miln @ 1mile
27.2290 72.9 11.0 -955.4 28,5 26,35 0.0
54,4580 32.5 13.0 -55.4 -10.0 0.3 10,0 .
81.4370 35.1 3.7 -53.4 -10.64 0.3 10.0
108.9160 40,8 11.9 -53.4 -7 .8 6.7 10.0
135.1450 33,6 12.3 -55.4 10.5 2.4 10.0
163%.3739 54,0 19.5 ~5%. 4 16,0 8.0 10.0Q
1920.6029 3201 19.3 53,4 1.v 1.2 10.0
217.8319 29.1 16.7 -35.4 0.4 1.0 10.0
24:5.0607 33.7 17.0 -955.4 4,7 6.6 10,0
°72.2899 31.3 17.3 -55.4 -6.9 0.5 10.0
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i 200 Fr, Azimuth : 40 degrees
Corrections based on a field decay exponent of 1,9%
Ant. Dist, Total Total Limit
fac, coirr dREuV/m W/ m u¥/m
dR a4k # imile @ 1mile 8 1mile
27.2547 Sn.5 11.0 -35.4 6.1 2.0 0.0
S4.3174 30.1 12.9 ~55.4 -12.4 6.2 10.0
81.7761 7.2 3,7 -35.4 -19.95 0.1 10.0
109.0347 12.3 11.9 -G%, 4 -31.,2 0.0 10.0
136.7934 35.6 12.4 -55.4 6.5 0.5 10.0
1632.58521 30.2 19.5 ~-05.4 -5.7 g.5% 1i0.0
1960,:3108 25.9 18,2 -55.4 -11.3 0.3 10.0
218.069S 42.4 16.7 -55.4 2.7 1.5 10.0
24r, 3242 24.0 17.0 -55.4 -14.,4 0.7 10,0
272.5869 0.5 17.3 -35.4 -17.7 0.1 10.0
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MODEL # : A

S/N : PROTOTYPE

DATE TESTED : OCTDEFR 11, 1983

fest Distance : 200 ft, Azimuth : 60 degrees
Corrections based on a field decay exponent of 1.95
Freq. Mtr Rdg Ant, Dist, Total Total Limit

fac. corp dltuV/m v/ m uV/m

MMz dRuyY a4 ali R 1mile R 1mile P imile
2415 70.2 11.0 -55.4 25.8 19.4 0.0
4831 32.9 12.9 -55.4 ~-9.6 0.3 10.0
7244 4%5.4 8.7 -S55.4 -1.3 0.9 10.0
9662 40.5 11.9 -55.4 -3.1 Q.7 10.0
2u77 42.10 12.4 55,4 1.1 0.7 1n.0
4497 %4.8 19.5 ~5%.4 1R. & 8.8 16.0
L6908 33.6 18.2 ~85.4 1.4 1.2 10.90
. 9323 48.0 16.7 =55, 4 ?.3 2.9 10.0
.1738 36,6 17.0 -35.4 -1.8 0.8 10.0
4154 39.9 17.3 ~5%.4 1.7 1.2 10.0
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MODIL # ¢ A

SN : PROTOTYPE

DATF TESTED : OCTORFR 11, 1983

Test Distance : 200 fr. Azimuth ¢ H0 degrees
Corrections based on a field decay exponent of 1.9%

e
N OCRR R AAS = A AR

Fraq, Mtr Rdqg ant. Dist, Total Total Limat
fac. corr dRuV/m uV/ wU/m

Milz ATnyY A0 R ¥ imile 8 1mile B 1nile
27.2377 71.1 11.0 ~-8%5.4 5.7 21.5 0.0
54.4753 19.7 12.9 -55.4 -22.8 g.1 10.0
81.7130 40.4 85,7 -55.4 -6.1 0.5 10.0
108.9506 36.9 11.9 ~-55.4 -6.7 0.5 10.0
1.34.,14883 54 .4 1=, 4 -55.4 11.73 3.8 10.0
163.4259 47 .9 19.5 ~4H.4 11.9 4.0 10.0
190.4536 3201 149.°72 ~-595.4 -5.1 0.6 10.0
217.9013 39.2 16.7 -0, 4 n.S 1.1 10,0
R45,1389 2.9 17.0 ~-55.4 -15.4 6.2 10.8
P72.3766 33.9 17.2 ~-95.4 -4,3 0.6 10.0
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MODEL # i A

S/N ¢ PROTOTYPE

DATE TESTED : QCTORER 11, 1983

fest Distance : 200 Fr, Azimuth : 100 degreess
Corrections based on a field decay exponent of 1.,9%
Freg. Mter Ry Ant, Dist, Total Total Liiait
fac. corr dNtuV/m uV/m W/

Mz dRnY 1];] aB R 1mile R 1mile B 1mile
N7.,2447 23.6 11.0 -35.4 29.2 28.7 0.0
54,4898 27.0 12.9 -5%.4 ~1%5.95 0.2 10.0 )
81,7348 32.2 3.7 =55 .4 -7.5 0.4 10.0
1082,9797 16.1 11.9 -55.4 -P7.5 0.0 10.0
1346 ,2244 L2 12.4 -55.4 15.1 S.7 10.0
163, 4695 S52.0 19.5 -n.4 16.0 6,3 10.0
190,721385 39.3 18.72 55 .4 2.1 1.3 10.0
217.9594 32.% 16.7 -%55.4 -6.,2 6.5 10.0
245, 20443 30.4 17.0 -55.4 ~38.0 0.4 10.0
©72.444%2 34.3 17.3 -55.4 -3.9 0.6 10.0
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TEL D00 PART 18D INDUEIRT & PART TR VU ran N
MR (ER K

oL : A

S/N 1 PROTOTYPE

DATIF TESTCD : OCTORER 131, 1983

Teat Distance : 200 ft, Azinuth : 120 deqrwes
Corrections haced on a field decay exponent of 1.95

¥req. Mtr Rdg Ant, Dist. Fotal Tatal Limit
fac. corr dRu¥/m U/ m uV/m
: Mz Aliygy dQ alt A liaile R 1uile @ 1mile
- 27.1314 55,9 11.0 -55 .4 12.4 4,1 6.0
4,2627 37.1 13.0 ~-5%.4 ~5.3 0.% 10.0
81..3741 32.9 3.7 -55.4 -13.9 0.2 10.0
106,5254 13.9 11.8& -55.4 -59.7 g.0 10.0
135, 6563 33,7 12.2 ~5%.4 ~9.5 0.3 in.0
162.7882 9.0 19.32 ~%&%. 4 &, 5 0.% 50.0
187.72195 2.2 13.4 -55.4 ~-7.9 0.4 10.0
217.0509 8.9 16.7 -55.4 -2.8 0.3 10.0
P44,1323 17.3 172.0 -55.4 -12.1 0.1 10.0
271.3136 19.8 17.2 -5%.4 ~-18.4 0.1 10.0
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AeI fa e e
MODIEL ¥ P A
SN i PROTOTYPE
DaVE TESII'D : OCTORCR 11, 1983
fest Distance : 200 f¢t, Azimuth : 141 degrees
{f Corrections hasepd on a field decay exponent of 1.9%
E Frey, Mt~ Rdg Ant. Dist, Tata) Toral Liimit
b fac. corr dRuV/m Y/ o vV/ M
i iz a&ul 8 -] # taile R (mile @ 1mile
27.1393 S6H.4 11.0 ~55.4 12.0 4.0 0.9
S54,2795 40.8 13.0 ~5%.4 -1.6 0.8 10.0 .
31,4193 37.9 3.7 -55.4 -3.7 0.4 10,0
108,5590 f0.1 11.8 =55, 4 -73.% 0.7 10.0
135, APNG 35,5 12.23 =485, 4 -7.7 h.4 1.0
1&6%.,03835 27.7 19.3 -5%5.4 -8.4 0.4 10.0
1139,2733 2%5.0 1.3 -35%.4 ~12.1 g.2 10.0
217.1180 2u. % 16.7 -95.4 ~13.,2 g.2 10.0
244,257 16.5 17.0 -85.4 ~21.9 8.1 10.0
P71.397% 0.4 17.3 -%%.4 ~17.8 0.1 10.0
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Yo OO PART 18D INDUSTRIAL B ATING L @i N
MACIL & TG & ’
MOPEL $ : A
S/N : PRQTOTYPE
DATF TCSIFD : OCTORER 11, 1983
Teat Distance : 200 frt. Azirnuth : 160 degrres
Corrections hased on a field decay exponent of 1.¢%
Fraq, Mtr Radg Ant, Dist, Total Total Limit
fac. corr dRuV/m v/ m ul/m
MH > L TLY) ae }] R mile R 1mile 2 1mile
P7.1197 57.2 11.0 -35.4 12.8 4.3 0.0
94,2394 43 .1 13.0 ~55.4 0.7 1.1 10.0
81.3570 40 .3 8.7 -55.4 -6.0 0.5 10.0
10¢,4787 L9 11.8 -55.4 -20.7 0.1 10.0
1.3%,09834 A I 12.2 -55.4 -14.4 8.2 1n.0
162.7181 Q8.7 12.3 -56.4 -13.4 .7 10,0
187.8377 26,0 13.4 -5%.4 -11.1 0.3 10.0
21(.'19574 :J611 xé.n7 -3514 _1?06 0.2 10-0
P44 ,0771\ 17.9 17.0 -5%.4 -20.35 0.1 10.0
©71.1968 17.2 17.3 -5 .4 -21.0 0.1 10.0
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g1 8198
ELUU OB OTROe T ENCINEL RTME (Cly,
T Ui 2s”

Teod CPCE PARFT 36D TNDLETRIE FEATING ) RV e N
MANUTAL VIR
MODIL # s A
GIN : PROTOTYPE
pA1fr. TESTED : OCTORIKR 11, 31763
fest Distance : 208 fr, Azinnuth : 1131 degrwes
Correctrions hased on a field decay exponent of 1.9%
Freqa. Mtr Rdg Ant. Dist. Total Total Limit
fac. corr dRtuV/m uw/m uV/m
Mz aAluy g an @ tmile 2 1mile B imile
27.14:31 &60.0 11.0 ~%55.4 19.58 4.0 0.0
34,2962 47,1 13.0 ~-55.4 -0, 3 1.0 10.0 .
31.4444 43 .5 3.7 -%9.4 -3.3 0.7 10.0
10,5928 7.2 11.9 -0&. 4 -146.4 6.2 10.0
135.7484 2.7 12.2 --5%5.4 -14.5 0. 10,0
16°,8887 32.5 19.3 -9%5.4 -3, 4 0.7 10,0
190.,03463 33.3 13.3 -35%.4 -3.9 0.6 10.0
217.1849 6.2 16.7 -50.4 -12.9 6.2 10.0
244, 3331 20,4 17.0 -%5.4 -17.8 0.1 10.0
271.4812 20.3 17.3 -5%.4 -17.9 0.1 10.0
i
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Ei 000 FUL TR 1 NCTREERING O

e T 7 A0C

Tr T COrCE VART 1 Ienith T TAT BEATING T ulirn M
MANIUET AL TURER
MODEL # : A
5/N i PROTOTYPE
. DATE TESTCD : OCTORFR 1), 1983
Test Distance : 200 frt, Azimuth : 200 degrees
Corrections based on a field decay exponent of 1.9%
Freq. Mtr Rdg Ant., Dist. Total Total Limit
fac. corr dRuV/m uV/m U/
MHZz d@uV aw qRr W taile B 1mile & 1nile
27 .2%507 73.7 11.0 -55., 4 34.3 51,9 0.0
54.%5019 40.8 12.9 -55.4 -1.7 0.8 10.0
31.7%28 48,1 a.7 -55.4 1.4 1.2 10.0
109.0038 40.1 11.9 -05.4 -X. 4 0.7 10.0
134.2%47 44 .83 12.4 =55, 4 1.7 1.# 10,0
163.3505¢6 093.7 19.% -55.4 17.8 7.7 10.0
190.,7566 4.9 18.2 -35.,4 11.7 3.3 10.0
218.007S5 39.1 16.7 -%$5.4 0.4 1.0 1¢.0
245 ,2983 30.4 17.0 -~5% .4 -3, 0 0.4 10.0
272.5094 37.1 17.3 -55.4 -1.1 0.9 10,0
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Dol & S

TFE:T s TE0 FPART 16D NS Tw LAl BEGTING TR M NG
MANUFALTURIIL

MODITL » i A

S/N i PROTOTYPE

DAlF TESIFD : OCTORFR 11, 1983

Test Distance : 200 fr. AziAutih : 2720 degrees
Corrections based on & field decay exponent of 1,95
Freq. Mtr Rdg Ant. Dist. Tatal Total Limizt
fac. corp dRuV/w ul/m s/m
MHz dBuY R ()] # Imile M 1mile B 1mile
27.1407 h2. A 11.0 -55.4 13.2 8.1 n.0
S54.2819 39.8 13.0 -55.4 2.6 0.7 10.0
81.4229 51.5 8.7 -55.4 4.7 1.7 10.0
106:.35637 °6.6 11.8 -35.4 -17.0 0.1 10.0
1335.7047 13.3 12.2 -55.4 =29.4 0.0 i0.0
167 .8454 31.6 19.3 -%%.4 -4.5 0.6 10.0
187.936% 31.6 13.3 -5% .4 5.5 6.5 10.0
217.127% 3.7 16.7 -55.4 -5.0 0.4 10.0
244 .2m34 a21.2 172.0 -35.4 -17.2 8.1 10.0
°71.4094 17.0 17.3 -55. 4 “~1.7 .1 10.0
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Froorm Bt Thed s 0 VN L iNe, o,

(TTEN RRRRY P
TELT O PART 18N FwhERGTR YA BE AT NG e L R
MaMUTARTIER
MODFL # : A
S/N : PROTOTYPE

DATF TESTFD : OCTOLREFR 13, 1983

Tast Distance ;1 200 ft. Azimuth : 240 deqraesg
Corrections based on a field decay exponent of 1,94

Freq. Mtr Ry Ant., Dist, Tatal Total Lifi1

fac. corr dRul/m o/ m ul/m

Mz Ay )] L1 W ipile @D 1mi)e B 1hile
27.1401 R S 11.0 -95.4 17.5 9.4 0.0
54.2801 3.9 1Z.0 -5%5.4 -3.2 0.7 10.0
81.4202 37.7 2,7 ~55.4 -7.1 6.4 10.0
10¢,.5603 f0.3 i1.8 -55,4 ~23.3 0.1 10,0
135.7004 an.s 12,2 ~55. 4 -4.,7 8.5 10,0
167 .8404 29.9 19.3 ~-5%. 4 ~&6,2 0.% 10.0
187.980% 26.3% 18.3 -%%.4 ~109. 0.3 10.0
217.1206 X1.6 16.7 ~-05.4 -7 0.4 10.0
P44 .,.26407 A0 17.0 -55.4 -14.3 0. 10.0
271.4007 17.7 17.32 ~%5.4 -20.5% 0.1 ig.0
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ETe 814 @
0 000 BT CTIRONC [ WNGINETIRTNG (.0,
DATA o ARE

TLOT O PART 10D TRDBHSTRIAL 1 ATING [FanemiN;
MANUTAL THR:TR
MODEL » s A
S/N : PROTOTYPE
DATE TEFSTED : QUTODRR 11, 1983
. Test Distance : 200 Frt. Azimyth : 260 degrees
Corrections based on a field decay exponent of 1.9%
Freq. Mtr Rdg Ant. Dist. Tatal Total Liisivt
fac. cornr dRuV/m uV/m ulU/m
MHz dRuY) iR dR ® 1mile R 1mnile € 1mile
27.2421 77 .3 11.0 -55.4 32.9 43,9 n.0
54.4842 I2.2 12.9 -55.4 -10.3 0.3 10.0
81.72462 356.9 8.7 -55.4 =-9.8 0.3 10.0
106 ,9683 24.0 11.9 -55.4 -I1R.8 0.1 10.0
136.2104 4/7.0 12.4 55 .4 3.9 1.5 10.0
163.48525% %0.8 19.% -55.4 14.8 5.5 10.0
190 ,69464 251 18.72 -55.4 -12.1 0.2 10.0
217 .9366 364.3 16.7 -55.4 -0.4 1.0 10.0
24%5.1787 33.7 17.0 -5%.4 -4,7 0.5 10.0
272.4208 34.8 17.3 -55.4 -3.4 0.7 10.0
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D T& VART
TC G CpeE pART 10 TNDUSTRIAL WEATING [ QEpseaT
MAMIE- MO THIR T
HODEL # : A
3/N : PROTOTYPE
DATI TESIFD : OCTOR-R 11, 1982
Test Distance : 200 Ft. Azimuth : 2130 degrees

Corrections based on a field decay exponent of 1.9%

r Freq. Mtr Rdg  Ant. Dist. Total Total Limir
fac. core dBuV/m vV/m uV/
Miiz dRuy an AR ? tnile @ imile B8 imile
27.1523 &47.2 11.0 ~55 .4 22.8 13.7 0.0
$4.3046 31.9 13.90 -55.4 -10.5 0.3 10.0
81,4549 34.5 3.7 -5%. 4 -12.3 0.2 10.0
10€.,6092 19.0 1.9 ~%55.4 -24.6 0.1 10,90
135.7615 43,2 12,2 ~%%, 4 ~0.0 1.0 16.0
170.0661 Ay, 7 13.3 -5 . 8 ~7.4 0.4 10.9
217.2184 7.0 16.7 ~55.4 -11.7 0.3 10.0
244,3707 19,4 172.0 -6%.4 ~-19.0 8.1 10,0
271.%9230 1¢.8 17.3 ~&% . 4 ~-18.4 0.1 10.0
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EL T S0t s Tohba. PNRTNE L ENG 0,
D& LT

TF:A s FCE PART 5eD TNLHOTTRIAE B ATING FR P N
MANDI A THRUR
MODEL # :
S/N : PROTOTYPE
DATE TESTFD : OCTORER 11, 19¢3
Test Distance : 200 fr. Azimuth : 300 degrees
Corrections hased on a field decay exponent of 1.95
Freq. Mtr Rdg Ant. Dist. ~Toatal Total Limit
fac. corr dRuV/m wU/m WU/ m
Mt dRuvV an qaR B Inile @ 1mile @ 1mile
27.2453 75.7 11.0 -55.4 32.3 41.0 0.0
S54.4905 39.8 12.9 -55.4 -2.7 0.7 10.0
104:,9811 30.1 11.9 -55.4 -13.5 0.2 10.0
163.4716 855.3 19.5 -55.4 19.3 ?.3 10.0
190.7169 34.2 18.2 -35.4 -3.0 0.7 10.0
217.9622 52.2 16.7 -5%.4 13.5 4.7 10.0
245.,2074 33.3 17.0 -53.4 0.4 1.0 10.3
272.,4597 44.3 17.3 -55.4 6.1 e.0 10.0
|
' vheckad by:!%L_:&JZEQ&&A?‘
! . ~96-
e T e AT e T T R AT e e e e e e e .
- RV ANRCREN, C O Nt R TRt S o e T N e e e o e e e e T ettt




~
.
~

« -'_.-‘, LA RN S
R A AT

TESY

MANIWALTUR K

MODEL #
S/N

DATE TESIED :

[
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.

Test Distance
Corrections based on a field decay exponent of 1.95

VI Ty Tw—ey

ETe 8148
Fooa T Bt (TR T L WISTNE TRTNG U,
Tees 745 37 fabe,

VOO PARTYT 12D TNMELTRTAE VEATING FOontfme NT
A

PROTOTYPE

OCTORCR 11, 192

i 200 fr. Azimuth : 370 degrees

Fran, Mtr Rdg Ant, Dist, Tatal Total Limirt

fac. corr dRuV/m uV/m uV/ m

MHz dBuV dE aR P liaile R 1uile @ 1mile
27.2502 75.7 11,10 -55.4 31.3 36,5 n.o
54,5004 38,8 12.9 -55.4 -X.7 0.7 10.0
81,7507 45.5 8.7 ~-55.4 -1.2 8.7 10.0
105.0009 34.0 11.9 ~-55.4 -92.5 0.3 10.0
136.2511 898.7 12.4 -%55.4 12.6 4,3 10.0
163,3013 S0.8 19.5 -55.4 14.9 S.5 10.0
190,7513 44 .7 1.2 -55.4 3.7 1.5 10.0
21€.0017 $4.8 16.7 -55.4 16.1 6.4 1¢.0
245.,2520 37.1 17.0 -5959.4 -1.3 0.9 10.0
P72.5092 40.0 17.3 -55.4 1.8 1.2 10.0
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TFLT

S/N

Freq,

Mz -

MANUFAL THRER
MODCL ¢

PROTOTYPE
DATE TESTED OCTORER 11,
Test Distance
Corrections hared on a field decay exponent of 1.9%

ETR 3199

ELFCTRONTL

DaTA PART

FEC FART 18D TNDUSTRIAI

1983

FNGINIFRING G

HEATING T QUM Ny

Azimuth : 340 degrees

Dist.

corr
Al

- —

27.15871

S4.3143

81.4714
108,6284
135.78357
162.9429
190,100¢
217.2572
244,4143
271.5714

o o

WNI B SD
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b
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Total

dRuV/m

Total Limis
wW/m yV/m

@ lmile R tmile @ 1mile

- s > an

~5.6
-12.9
~12.9%
~10.9
~-17.6

~22.1
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Figure B~4. Machine B Ground Determined Decay Exponent
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CTer RO
E! 'TFE ELFCTRONIC INGINFITRING CO,
DATA PALC

TEST + FCC PART 18D INDUSTRTAL HFATING EGUTIMIENT

MANUITACTHRER

MODEL ¥ : B

S5/N : PROTOTYPE

DATE TESTED : NOVEMRER 11, 1983

Test Distance : 73 frt. Azimuth : ) degrees

Corrections based on 2 field decay exponent of 1,95

Freq. Mtr Rdg Ant. Dist, Total Total Limit

fac. corr dRUV/m uU/m w/m
R MHz dBuyV dB 8 A 1mile R 1mile @ tnile

27 .6211 45.3 11.0 -72.1 -13.8 6.2 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
108,3642 71.3 11.8 -72.1 11.1 3.6 10.0
13%.45%3 $4.3 12.1 -72.1 -5.1 0.6 10.0
162 .5463 5.9 19.3 -72.1 3.1 1.4 10.0
189.6374 48,9 18.4 -72.1 -4.8 0.6 10.0
216.7284 42.7 16.7 -72.1 ~-12.6 0.2 10.0
243 .819% 40.0 17.0 -72.1 -15.1 6.2 10.0
270.9105 39.0 17.3 -72.1 ~-15.8 0.2 10.0
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e asan
CLITE ELFCTRONTC UNGINTERTMG ¢,
DATA PAGT

Ty : PO PART 168D INDUSTRIAIL HEATING FOEUTIPMENT
MANIF AL TURER

MODLL # :

741 : PROTOTYPE

DATE TESTCD : NOVEMRIR 11, 1982

Test Distance 7% f¢t. Azimoth : 20 deqrees
Corrections based on a field decay exponent of 1.9%

Fregq, - Mtr Rdg Ant, Dist. Tatal Total Limicr
fac. carr dRuV/n wW/m uV/m
MHz dBuv aR dB R Inile R 1Imile @ 1mile
27.1457 %3.0 11.0 ~72.1 -3, 1 0.4 0.0
4 .2915 23.9 13.0 -72.1 -35.1 0.0 10.0
81.4372 31.2 8.7 -72.1 -2%5.2 8.1 10,0
1060,5829 70.6 11.¢ -72.1 10.4 3.2 10.0
135.72R37 S3.46 12.2 -72.1 -6.72 0.5 10.0
167 .8744 5.4 19.3 -72.1 2.7 1.4 10.0
120.0.201 511 18.3 -72.1 2.6 0.7 0.0
217.14%9 42,7 16.7 -72.1 -12.6 0.2 10.0
244 .3114 41.8 17.0 -72.1 -13,3 8.2 10.0
271.4%73 37.% 17.3 -72.1 -17.3 0.1 10.0
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FLITE FILERTROMIC MRGTNETRING OO0,
DOATA Pall

TE T ; FCEC PART IRD INDUSTRIAL HEATIMG §QUTEMTM
MAMNNFAD THRE!
MODEL # : B
S/N : PROTOTYPE
DATE TESTED : NOVEMRER 11, 1983
Test Distance : 735 fr. Azimuth : 40 degrees
Corrections based on a field decay exponent of 1.,9%
Freq. Mtr Rda Ant. Dist, Tntal Total Limit
fac. corr dRuV/m w/m wV/m
MHz dBuV dE dB @ 1nile P 1Imile @ 1mile
27.1234 55.1 11.0 -72.1 -6.10 0.5 g.0
4,24468 26.3 13.0 -72.1 ~-32.7 0.0 10.0
81.37a2 38.4 B,7 -72.1 -a5.0 0.1 10.0
108.4936 68,6 11,8 -72.1 8.4 2.6 10.0
135.6170 53.0 12.2 —72.1 -6.9 0.9 10.0
162.7404 T4.,6 19.3 -72 1.9 1.2 10.0
187.8438 52.8 18.4 7...1 -0.9 0.9 10.0
216.9871 44,4 16.7 -72.Y -10.9 0.3 106.0
244,1105 43 .6 17.0 -72.1 -11.9 0.3 10.0
271.233¢9 34,0 172.3 -72.1 -20,.8 0.1 10.0
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cTe &2
ELITTIC BNV CTRONTE PNGTNCERING €O,
Dala PART
TEOT : FOC PARY 18D INDUSTRTIAL HIATING FRLIIPMENY
MAMNUFACTHURER ¢
MODFL # : B
S/M : PROTOTYPE
DATE TESTED : NOVEMEBER 11, 19€3
Test Distance : 75 fr. Azimuth : 60 degrres
Corrections based on a field decay exponent of 1.95
Freq. Mtr Rdg Ant, Dist, Total Toral Limit
fac. corr dRuV/m wo/m w/m
Mz dBuV dB dB R 1mnile @ 1mile @ 1mile
27.1120 54.0 11.0 -72.1 -7.1 0.4 0.0
54,2240 29.8 13.1 =72.1 -29.2 ¢.0 10.0
81.3360 39.5 8.7 -72.1 -23.9 g6.1 10.0
108.,4480 6%.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 AR, 6 19.3 -72.1 -4.,2 0.6 10.0
189.78339 40,0 ¢B,4 -72.1 -13.7 8.2 10.0
216.8959 9.1 16,7 =72.1 -16.2 0.2 10.0
244.,0077 45,2 17.0 -72.1 -8.7 0.4 10.0
271.1199 e8.7 17.3 -72.1 ~26.1 0.0 10.0
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Fiye arm
CEITL ELECTRONIC INGINTERING 1,
DATA PAGT

TEGT D FCC PART 18D INDUSTRTAL HEANING FRUIPMI'NT
MANHIFACTURFR
MODEL 3 : B
S/N : PROTOTYPE
DATE TESTED : NOVEMRER 11, 198%
Test Distance : 75 ft. Azimuth : 80 degreec
Corrections based on a field decay exponent of 1,95
Freq. Mtr Rdg Ant, Dist, Total Total Limit
fac. corr dRuV/m uv/m w/m
MHz dBuV dB dB @ 1mile @ (mile @ 1lmile
27.1079 $%.3 11.0 -72.1 -%.8 0.5 0.0
54,2158 X1.2 13.1 ~72.1 -27.8 0.0 10.0
81,3236 49.5 8.7 -72.1 -22.9 8.1 19.0
108.4315 &7.7 11.8 -72.1 7.5 2.4 10.0
135.5394 50.4 12.2 =721 -9.5 0.3 10.0
162 .6473 47 .1 19.3 -72.1 -5.7 0.5 10.0
1R9.,7552 44 .7 18.4 -72.1 -9.5 6.3 10.9
216.88630 40.7 16.7 -72.1 ~14.6 0.2 10.0
243.7707 44.0 17.0 -72.1 -11.1 0.3 10.0
271.0788 42,2 17.3 -72.1 ~-12.6 6.2 10.0
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F1e 370
EVLVTE EILTCTRONIC I NLTNFERING OO0,
DATA PAGC

TraT ¢ FCC PART 18D INDUSTRTAI BFATING FQUIPMENT
MANUFACTURER

MODFL # : B

S/N : PROTOTYPE

DATE TESTED : NOVEMBER 11, 1983

Test Distance 75 fr, Azimuth : 100 degrees
Corrections based on a field decay exponent of 1.9%

Freq. Mtr Rdg Ant, Dist., Tatal Total Limit
- fac. corp dRuV/m uV/m uV/m
MHz dBuV dn d8 €@ 1mile @ 1mile @ 1nile
27 .1114 53 .1 11.0 -72.1 -8.0 0.4 g.n
54,2228 33.95 13.1 -72.1 -2%5.9 0.1 10.0
81.3343 38.2 8.7 -72.1 -25.2 0.1 10.0
10&.4457 68.2 11.8 -72.1 8.0 2.5 .10.0
135.5571 47.7 12.2 -?722.1 -12.2 0.2 10.0
162.668%5 48 . 4 19.3 -72.1 -4.4 0.6 10.0
189.7779 43.0 18.4 -72.1 -10.7 8.3 10.0
216.8914 0.5 16.7 -72.1 -4.8 .56 10.0
244.0028 45.0 17.0 -72.1 -10.1 6.3 10.0
271.1142 A3.7 17.3 -72.1 -11.1 0.3 10.0
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CTe 821
FLITF L CTRONIE. FRETNFFRING Oy,
NTA VAR

TFLT s TRC FART 1RD INDUGTRTAI HEATING FQUIPM NI
HANUFACTURER

MODEL # : B

5/N : PROTOTYPE

DATE TESTED : NOVEMRER 11, 1983

Test Distance : 7% fr. Azimuth 120 degrees
Corrections based on a field decay exponent of 1.95

Freq. Mtr Rdg Ant, Dist, Tatal Total Limizt
. fac. corr dRuV/m wW/m wU/m
. MH2 dHuV 4B d8 # 1nile @ tmile @ I1mile

27.1120 S1.4 11,0 ~-72.1 -9.7 6.3 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 0.9 10.0
108, 4480 62.3 11.8 -72.1 2.1 1.3 10.0
135.5400 47.8 12.2 -72.1 -16.1 0.3 106.0
162.86721 S1.1 19.3- =-72.1 -1.7 0.8 10.0
187.7841 40,7 13.4 -72.1 -13.0 6.2 10.0
214.8961 46.6 16.7 -72.1 ~-8,7 0.4 10.0
244.0081 3%5.5 17.0 -72.1 -19.6 8.1 10.0
271.12¢01 43.8 17.3 -72.1 -11.0 0.3 10.0
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rin arny
ELITC EILUCTEONTE ENGINEERING €D,
DATA PnET

TCoT ¢ FCC PART 168D INDISIRTAL HFATING FHUTPMENT
MANIIFACTHRFR

MODEL # ; B

3/N i PROTOTYPE

DATE TESTED : NQUEMEER 11, 1983

Test Diatance : 75 ft., Azimuth : 140 degrees
Corrections based on a field decay exponent of 1.95

Freq. Mtr Rdqg Ant, Dist, Total Total Limit

fac. corr dRyVU/m v¥/m W/ m

MHz dRuV dB dan R 1Imile @ 1mile @ tmile
27.1111 50,4 11.0 -72.1 C-10.7? 0.3 D.o
$4.,.2223 33.7 13.1 -72.1 - -25.3 0.1 10.0
81.3334 27.4 8.7 -72.1 -34,0 0.0 10.0
108. 4445 65.0 11.8 -72.1 4.8 1.7 i0.0
135.5556 49,1 12.2 -72.1 -10.8 0.3 10.0
162.6668 %0.3 19.3 -72.1 -2.5 0.8 10.0
182.7779 40.2 13.4 -72.1 -13.5 0.2 10.0
216.8890 A3 .4 16.7 -72.1 -11.9 6.3 10.0
244.,0002 34.1 17.0 -72.1 -21.0 0.1 18.0
271.1113 20.9 17.3 -72.1 -33.9 0.0 10.0
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rie =200
ELITE ELFUTRONIC FNGLTIN PRING GO,
DAaTH H“-f.
TEST : FCOUO PART 18D TNDUSTRTAL M ATTNG EdlilPMi NT
MANIICAG THRER
MODLL # : B
8/N : PROTOTYPE
DATE TESTED : NOVEMBER 11, 1982
Test Distance 73 frt. Aziiauth ! 140 degreec
Corrections based on a field decay exponent of 1,95
Freq. Mtr Rdg Ant. Dist. Total Total Limit
fac. corr dRuV/m uV/m uV/m
N MHz d8uyVy 4B d® 2 Imnile @ 1mile B 1mile
27.1074 47.5 11.0 -72.1 .. ~-13.6 8.2 0.0
54,2148 2.7 13.1 -72.1 -26.3° 0.0 i6.0
81,3222 29.9 8.7 -72.1 -33.5 8.0 10.0
108, 4295 &5.7 11.8 -72.1 5.5 1.9 10.0
135.5369 49 .6 12.2 -72.1 -10.3 0.3 10.0
162 .6443 48.4 1¢.3 -72.1 -4.4 0.6 16.0
189.7517 31.7 18,4 -72.1 -21.8 0.1 10.0
2146.83591 42.9 16.7 -72.1 -12.4 0.2 10.90
243 .9665 37.6 17.0 -72.1 -17.5 0.1 10.0
271.0739 39.6 17.3 -72.1 -315.2 0.2 10.0
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FTR R0
Ei 17T ELFCOCTRONIC FNCGTNFFRING (O,
NATA PaArl
TFOT : FCC PART 16D INDUSTRIAL HIATING FQUIPMENT
ManNDIF AL TURER
MODEL # : B
S/N : PROTOTYPE
DATE TESTED : NOVEMBER 11, 1983
Test Distance 735 fr. Azimuth : 180 degrees
Corrections based on a field decay exponent of 1.9%
Freq. Mtr Rdg Ant. Dist, Total fotal Limit
fac. corr dRuV/m vV/m vU/m
MHz dBuV dR dB B inile @ 1mile @ imile
27.1127 47.8 11.0 -72.1 . -13.3 0.2 0.0
H4,225%4 28.6 13.1 -72.1 - =30.4 0.0 10.0
81,3330 35.0 8.7 -72.1 -28.4 6.0 10.0
108.4507 65.8 11.8 ~72.1 5.6 1.9 10,0
135.5634 48. 54 12.2 ~72.1 -11,3 0.3 10.0
162.6761 47,2 19.3 -72.1 -5.6 0.5  10.0
139.7808 34.4 13.4 -72.1 -19.3 0.1 10.90
216.9014 30.2 16.7 -72.1 -23.1 0.1 10.0
244.,0141 42,6 17.0 -72.1 -12.5 6.2 10.0
271.1268 42 .4 17.3 -72.1 -12.4 0.2 10.0
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TFGT

MANLFACTURER
MODEL #

3/N

DATE TESTED

Test Distance
Corrections based on a field decay exponent of 1.9%

__________

RIS

PROTOTYPE
NOVEMBER 11, 1983

78 f«t.

rTr

aray
FIIVE ELFCTRONIC FNCRINFERING €O,

DATA PAGT

Azimuth

FCC PART 18D TNDUGTRTAL HEATING

FERUIMMI-NT

: 200 degrees

Freq. Mtr Rdg Ant. Dist, Total Total Limit
fac. corr dRu¥/m u¥/m v/ m
MHz? dBuV dB dB R inile 8 1mile @ 1mile
27.1214 51.3 11.0 -72.1 -9.8 6.3 g.0
54,2427 21.0 13.0 -72.1 -38.0 0.0 10.0
81.35641 41.1 8.7 -72.1 -22.3 8.1 10.0
108,48354 67.1 11.8 =72.1 " 6.9 2.2 106.0
135.6068 50.4 12.2 ~72.1 -9.5 0.3 10.0
162.7282 43 .8 19.3 -72.1 -8.9 0.4 10.0
189.849% 5t1.2 19.4 -72.1 ~-2.5 0.8 10.0
216.9709 37.4 16.7 ~72.1 -17.9 6.1 10.0
244,0922 45,7 17.0 -72.1 -3.4 0.4 10.0
271.2136 39.6 17.3 ~72.1 -15.2 6.2 10.0
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cTIE anng
FILAITE ELLCTRAONTC FNATNFFRING CO,

DATA PACT
TEAT : FCC PART 18D TNDHETR Tl HFATING FRQUIFMENT
MANIIFACTURER
MUDEL # : B
S/N : PROTOTYPE
DATE TESTED : NOVEMRER 11, 1983
Test Distance 75 f¢t. Azimuth : 220 deqrees
Corrections based on a field decay exponent of 1.935
Freq. Mtr Rdg Ant, Dist, Total Total Limit
fac. corr dRuV/m uV/m uu/m
MHz dEBuV dB d8 P 1nile @ 1mile @ Imile
27.1037 52.2 11.0 -72.1 -8.7 0.4 0.0
S4.2077 21.2 13.1 -72.1 ~37.8 0.0 10.0
81.3116 43.1 8.7 -72.1 -20.4 0.1 10.0
108.4154 66.0 11.8 -72.1 : 5.8 1.9 10.0
135.5193 45.9 12.2 -72.1 ~-14,0° 0.2 10.0
162.6232 42.8 19.3 -72.1 "=-10.0 6.3 10.0
187.7270 44,3 18.4 -72.1 -7.4 6.3 10.0
214.830¢9 27.6 16.7 -72.1 -17.7 0.1 10.0
243.9347 43 .1 17.0 -72.1 -12.0 0.3 10.0
271.0386 33.3 17.3 -72.1 -21.9 0.1 10.0
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FIITE ELFCTRONTIG ENGIUNEFPING CU.
Nata pPakl

TFaT ¢ FCC PART 18D INDUSTRTIAL HEATING FLUIPMENY

MANHF AL TURER '

MODEL # : B

5/N : PROTOTYPE

DATE TESTED : NOVEMRER 11, 1983

Test Distance : 75 ft. Azimuth : 240 degrees
Corrections based on a field decay exponent of 1.95
Freq. Mtr Rdg Ant, Dist, Total Total Limit
fac. corr dRu¥/m /M uV/m

MH2 dBuV ds dB R Inile R 1mile @ 1mile
27.103% 54,2 11.0 -72.1 -6.9 6.5 0.0
54,2069 25.3 13.1 -72.1 -33.7 g.0 10.0
81.3104 39.9 8.7 -72.1 -23.3 0.1 10.0
108.4138 66.1 11.8 -72.1 S.¢ 2.0 10.0
13%.5173 47.2 12.2 -72.1 -12.7 g.2 10.0
162,6208 45,1 19.3 -72.1 -7.7 0.4 10.0
189.7242 43,3 18.4 -72.1 -10.4 0.3 10.0
2146.8277 47.3 16.7 -72.1 -8.0 0.4 10.0
243.,9311 46 . 4 17.0 ~72.1 -8.95 0.4 10.0
271.0346 29.1 17.3 -72.1 -25.7 0.1 10.0
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rTre azas
UL ITE ELFCTRONTE CNGINIERTNG Ch,
DATA PAGT

TEST : FOCC PART 18D INDHSTIRTAI HFATING FRUIPMI MY
MAMIIFAD THURTR

MODEL » 1 B

S/N : PROTOTYPE

DATE TESTED : NOVEMRER 11, 1983

Test Distance : 75 fr, Azimuth : 2460 degrees
Corrections based on a field decay exponent of 1.95%

Freq. Mtr Rdg Ant, Dist, Total Total Limait
fac. corr dRuVU/m uV/m UV/m
MHz dBuV a8 dB ® 1nile @ tmile @ 1mile
27.1078 $2.9 11.0 -72.1 -8.2 0.4 0.0
54,2135 27 .0 13.1 -72.1 -32.0 0.0 10.0
81'3233 3606 807 -7211 -2608 o.n 1000
108.4311 65.95 11.8 -72.1 9.3 1.8 10.0
135-5389 4“03 1202 "72-1 ' -1106 013 10-0
162.6466 47 .6 19.3 -72.1 ~3.2 0.6 10.0
189.7344 40 .1 18.4 -72.1 -13.6 6.2 10.0
216.8622 A0.1 16.7 -72.1 -1%.2 0.2 10.0
243.9697 49 .1 17.0 =721 -6.0 0.5 10.0
271.0777 34.8 17.3 -72.1 -20,0 0.1 10.0
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ETR arot
EVITE EIfCTRONIC INGTNFFRTNG (2,

naTA PARC

TEST : FCC PART 18D TINDHOTRTAL MEATING FRUIPMYNT

MAMNIIFACTURER

MODEL # : B

S/N : PROTOTYPE

DATE TESTED : NOVEMBER 11, 1983

Test Distance : 7% f¢t. Azimuth : 280 deqrees
Corrections based on a field decay exponent of 1.95
Freq. Mtr Rdg Ant. Dist, Total Total Limit
fac. corr dBuV/m W/ m uV/m

MHz dBwV du dB R 1nile @ 1mile @ imile
27.1038 38.8 11.0 -72.1 -22.3 ¢.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 ¢g.0 10.0
10€.4152 65.6 11,8 -72.1 S.4 1.9 10.0
135.5190 43.8 12.2 -72.1 -11.1 0.3 1.0
162.6227 47 .6 19.3 -72.1 ~3.2 0.6 10.0
187.7265 45.3 18.4 -72.1 ~B.4 0.4 t10.0
216.8303 42.3 16.7 -72.1 -13.0 0.2 10.0
243.9341 48.9 17.0 -72.1 ~5.2 6.5 10.0
271.0379 29.7 17.3 -72.1 ~23%5.1 0.1 10.0
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X CILITE ELECTRONTE CNCTNITRTHNG O,

E-' DATA PABT

b TraT : TRC PART 18D INDUSTRIAIL HFATING FOUIPMENT

! MANUF AL TURFR ‘

2 MODEL # ;

" s/M : PROTOTYPE

g DATE TESTED : NOVEMEER 11, 1983

i Test Distance : 75 ft. Azimuth : 300 degrres

- Corrections based on a field decay exponent of 1.95

[ Freq. Mtr Rdg Ant. Dist. Total Tatal Limit

n fac. corr dRuV/m wV/m uwU/m

- MHz dBuV dE dR @ 1nile P 1milen @ imile
27.0994 35.9 11.0 -72.1 -23.2 ¢.1 - ¢.0
54.1989 26.7 13.1 -72.1 -32.3 0.0 10.0
81.2983 3.4 8.6 -72.1 -33.0 0.0 10.0
108.3978 65.5 11.8 -72.1 ’ 5.3 1.8 10.0
13%5.4972 45.72 12.2 -72.1 -14.,7 8.2 10.0
162.5967 A7 .4 19.3 -72.1 -5.4 0.5 10,0
189.4961 42 .1 18.4 -72.1 -11.6 6.3 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 6.5 10.0
270.9944 34.2 17.3 =72.1 -20.6 0.1 10.0
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TEST

MODEL #
a/N

MANUFACTHRER

DATE TESTED

e 40 we oo e-

£Tr 8201

El TTF ELFCTRONIC ENGINEFRTINCG €O,

DATA PAGT

FCC PART 16D INDUSTRTAI HIATING EQUIPMENT

PROTOTYPE
NOVEMBER 11, 1983

Test Distance : 73 fr. Azimuth : 320 deqrees
Corrections bazed on a field decay exponent of 1.95
Freq. Mtr Rdg Ant. Dist, Tatal Total Limic
fac, carr dBuV/nm wy/m wU/m
MHz aBuy dB dB A 1nile @ inile @ 1mile
27.1115 47.7  11.0 -72.1 -13.2 0.2 0.0
S54.2231 2%.2 13.1 -72.1 ~29.8 6.0 10.0
8133346 34;9 807 "'72-1 -28!5 o.ﬂ 10.0
108.44462 67 .1 11.8 -72.1 6.9 - 2.2 10.0
135.5577 4%5.2 12.2 -72.1 -14.7 0.2 10.0
162.6692 3.0 19.3 =72.,1 0.2 1.0 10.0
18%7.7308 32.1 18.4 -72.1 -21. 6.1 10.0
216.8923 40.7 16.7 -72.1 -14.6 6.2 10.0
271.1154 42.8 17.3 -72.1 -12.0 6.3 10.0
|
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DATA DAL

TEST : FCC FPART 10D INDUSTRTAL. HFATING FRUIPMENT

MANUFALTURFR

MODEL # : B

3/N : PROTOTYPE

DATE TESTED : NOVEMBER 11, 1983

Test Distance 73 frt. Azinuvth : 340 degreec

Corrections based on a field decay exponent of 1,95

Freq. Mtr Rdqg Ant. Dist. Total Total Limit

fac. corr dRuV/m w/m u/n

MHz dBuY Ak dB B lnile R imile @ imile
27.0927 53.1 11.0 -72.1 8.0 0.4 0.0
54.1995 30.3 13.1 -72.1 -28.7 0.0 10.0
81.2992 37.5 8.6 -72.1 ~23.% 0.1 i0.0
108.3990 69.6 11,8 -72.1 9.4 2.9 10.0
13%5.4987 52.7 12,2 -72.1 -7.2 6.4 10.0
162.598S 54,9 19.3 -72.1 2.1 1.3 10.0
189.6982 45,7 18.4 ~72.1 -8.,0 0.4 16.0
216.7979 40.4 16.7 ~72.1 -14,9 0.2 10.0
243.8977 3h.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

.
/
- <hecked by: -:&.&@:Q;‘.g
-120-
e e C A n o e .
- .. » - PR S oL SO e . - .
e As-"‘-"l\-k.’.r\:- PR ANRY .\l\:;\'_-.i-.‘ o T e T T, L e e .
Bt AN T, PR R '-.; ":.\,."n-.‘-1‘.':\'t'.'?-_"._"._"., N W e e

- -
T e




S T R T R A NN A A A S AN S o/ o i i © o - e i
L e WV e w L2 i - o
PO N Gl - o~ WA i - e g

- - e T e e .
- T e T
T T T T

GROUND RF FIELD MEASUREMENTS - MACHINE C

]

.-,.
(3
TR

0y

.
L

ERCCARAA - ABNA

-121-

-

. R i A Bt e S A NN
[P I Pyl PSS SRS Sl L R s Pateta e '.' .
N e S N AT ANTATAT O 'A_-f._-rt&x AT

L ' W LLSL\ "atTa®




™~

2

g .
& a
, .

.
-
.

’

et o
.ot

-

.
-

AN 2 v
[}
[
o~
[=-]
o=
—

O
LGN NCRAE A

0
3
.\n"

e
c .
T e
I SRR - |
) T T
: L
- e
a
]
)
— ——— A

\ e - ———
- —

C e m—— - = S————— - —— .~

- : + ’
. | : g "
; “ .. _ g
_w\._. “ [ .. - w.. m " ’ . M - ch —m ...‘”.
. ' X i _ . ' .
. A ’ _ ] _ 1 ! . o [a) .
; . I K - 3
g ‘ e 1 g y
) - ' ! vl m
g v . q : r
s. . ! l . . ) ’ ! D Ah—
— . * n . ‘- . f : ‘a Qm |m R o
3 ! i Yt m _ . 7] 3 : e
. : ~ - . { # < & X
i m A . ¥ %
5 ._uw..... .- h A ! P m m .H.-..
Vs lw.n “ , N i ”m .-\-.A
. . . ! ) [T .
. . ._ : ' ! m i w -.H.-.
! : . ! 0%s . 74
NP NP “ ...lnn— TN . N ” w 7— --.-n
J IR . .. M
; i ° T
” Jm . 8unbr 4 3
. | . ' 3 “ 0-_—-” ...-..M

'\-'.,'.' “L L
LaLa e v a® W’y

CaTan
el

-
.
.
o

-
otk
o W,

" JTERR G N v tes PommmL . Lca . oa . e L




Nl el e e

Lafaramus 4

-~

(RS

ncy Field Intens

at 1000 feet

Figure B-8. Machine C Operating Freque




T T T AT T N T T — T
o e e ~—ur
T Eulte
- et e e - et e m e m— R .
H . (=]
. — e - . R, g
-~

L.__-.p f:'—:':'_ e —

OIS T LTI T P S . ’.':‘:é

> — -2 IS T
.
raw—g— : T oy :
— - Py
= e - . - - . —

.._-.i - i ; LIS NI T T

« — — e - . o e - . A — ¢ S o— e —
r — b L o - —. . .

. A

"1 \000L @ W/AM - ALISNILNI Q7314 :

. . . .
=4
: .. R - R s

10

Figure B-9. Machine C Field Intensity vs. Frequency
~124-~

LA AP .

TR A S A L . S T
Caala e o ol
h,

l.'. "‘ .'. -
tetdon s o d’

FREQUNCY - MHz




T 0w w-w oY

D i & ~
- e T T

' - ¥ Pt 1 t ! i
ty N
v S [ [ Joaia fovdt Vi e A
[T TV I 1 BN LI i
MADLL # . C
L/N : PROTOTYPLE
Daill TERIFD : OCTORCR 13, 193
fest Distance @ 200 Fr, Azranth ) degrees
Corrections based on a field decay exponent af 1,95
Vreq, Mt R Ant, Dist, Total Total it
fac. corr dBul/m wl/ ul

i Hluy an an B imile B (mMile ® taile

27 .1722 31,4 11.0 --55. ~6. 0 i 6.0
T4.3445 12.4 13.0 ~05. -29.0

~
-
o=

o}

~-15.0

=9 S o
s
=
]

S$S.4

5.4
31,5147 31.8 8.7 554 :
1068.6890 8.2 11.¢ SF.4 -1%.4 e LU
{35 404D 273 12.. NG5 .04 -13.,%2 n,» 1.0
16,0334 Az 19.4 R4 7.1 3 ta.n
R AT bV 20,7 13..3 55,4 -, 4 n.=3 (Y
217.3779 42,1 16.7 ~55,4 2.7 1./ 0.8
244, 5501 17,7 17.0 S | ~70.7 g.1 10,0
PT1.7204 34 .1 17.32 ~0%.4 ~4 .1 0. & 10,0
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Mhafet s &, e nd i
ML # H

BN : PROTOTY.VE

DAYE TEGSTED  OCYORCER 12, 1982

Teat Distance : 200 Fr. Fimutih 3 70 degrees
Corrections bared on a field decay expenent of 1.9%

iy Fren, Mrr Rdg Ant, Dist, Total fotal Limit
-, fac. corr dRul/m UV /e v/ m
Myl alaV o qan R Imnile B 1M1l 8 1nile

- 27,1734 35,4 1.0 55.4 -7 .6 0.4 0.0
- 54,3369 13.5 12.0 -5%%5.4 ~-28.9 0.0 10.0
: 51,5203 30,5 9.7  -57.4 -16.3 6. 10.0
10¢:. 6938 4.1 11.9  -55.4 19.5 0. 10.0
i LA%, R4L7D 7.0 T L 58, 4 15,0 0. 10,6
- 1076467 4%, 4 19.4 BEL 4 ?.3 e 10.¢
._': 12,0141 PO ) 1,3 B A -10.7 0.3 10.0
5 2;7.3876 41.% 16.7 =5h.4 2.a 1.4 10.0
: 2440610 P27 17.0 54,4 15,7 0. 10.0
P71, 734% 29.2 17.3 B0, 4 -8.,9 0.4 160.0
v
)
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BN : PROTOTYPE

DATE TESICD : OCTORIR 13, 1982

Test Distance . 200 Fr. Azimuth @ 4D degrw=es

Corrections based on & {ield decay exponent of 1.9%

Frsn, Mty g ant, Dist, Tata)d fotal Limizt
fac. corr dfiuV/m v/ m uV/m
™l Alny A% AR D lmilta @ Imile B 1mile

27.176L3 34.5 11.0 -55.4 -2.9 0.3 n.a
S4.3526 13.2 13.0 ~-5%. 4 -29.72 0.0 10.0
31 .50y 1.1 3.7 -5%5.4 -16.7 6.1 10.0
10,7081 17.9 11.9 -%%.4 -5, 7 0.1 16.0
135,500 231 12,3 55.4 0. 0.1 10.0
162.0577 4%.0 19.4 -0y, 4 .9 2.0 10,0
1Y, 23410 naL» 11,3 55, 4 14,9 g.» 16.0
217.4103 47,0 16.7 ~5%,4 3.3 1.5 16,0
44, 50405 LY 172.0 uv5.4 -13.9 0. 10.0
271.7629 20.¢6 17.3 BG4 ~17 . & 0.1 10.0
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A R T T SO T B T 11 T A A O T 2 1 I O L
Pimistos el diaNL e
MODi L : C
G/N : PROTIOTYDPE
DATE TESIPD : OCTORVR 12, 1903
Tesat Distance @ 200 Fr, Azimuth : AU degrees

Corrections hased on a {ield decay exponent of 1.9%
Freq. Mtr Rdq ant. Dist, fatal Tatal Limit

fac. corr dliuV/m v/ u\i/m
Mz HUuy Al e R Inile W itmile B 1mile

G e S S B (- D S 1T 4 D W e DY S S D D D W Yt S e B WD S . Se ¢ WD N Beks e WD R AP G WD e s P S Bbe e el WD WD S b MR oo e ¢ S M b S v

27.1731 12,1 11.0 -55.4 -12.3 0.2 0.0
54,3462 15.8 13.0 -55.4 ~-26.6 0.0 10,0
81.51723 20 .5 8.7 55,4 -20.3 0.1 10.0
10¢6,6924 3.3 11.9 -55.4 -20.3% 6.1 10.0
135.8455 =, 7 172.3 55,4 =20, 5 0.1 10.¢0
163.0386 5.7 19.4 -4, 4 -0.4 1.0 10.0
1720.72417 NG 4 18.7 SeT ) -t4.,7 0.1 10.0
217.3848 41,5 16.7 5% .4 1.8 1.2 10.0
N44.,.5577 17.3 17.0 -5, 4 ~21.1 0.1 10.0
271.723¢ 27.¢ 17.3 -55.4 -18.6 0.3 10.0 -
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i RODEL # . €
~ s/ : PROTOTYPE
;1_'- DATE TESTID : OCTORCR 132, 1983
Testr Distance : 200 fr, Azimuth : 0 degress
Corrections based on a field decay exponent of 1,9%
Fren. Mtr Rdq Ant. Dist. Tatat Total Limtt
fac. corr dhu/m uV/m v/ m
Milz atny al ] @ lmile @ 1mile @ tiile
27.1783 32.5 11,0 55,4 -11.R8 0.2 0.0
$4.3%565 14.9 13.0 55.4 -27.% 0.0 10.0
81.53448 24.5 B.7 ~-55.4 ~22,2 0.1 10.0
10:.71390 24.4 11.9 -5, 4 ~-19.0 0.1 10.0
135.3713 27 12.3 55,4 ~16.1 n.2 10,0
1632.0695 0.3 19.4 -55.4 15,8 n,2 10.0
178.2478 1v.9 13,3 “55.4 ~17,2 0.1 10.0
217.42460 47 .4 16.7 ~55.4 2.7 1.5 106.0
244.5043 25,5 17.40 -855.4 12.8 0.7 i0.0
271.782¢ 30.8 17.3  -~85.4 -7.4 0.4 10.0
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- MOUDFL #

N 5N PROTOTYPE

s DATC TESTED : DCTOBIR 13, 1963

Test Distance : 200 Ft, Azimuth : 100 degrees
Corrections based on a field deray exponent of 1.95

Mreq. Mtr Rdn ant, Dist, Total lotal Liintt
fac. corr dhiuV/m TRV FeN u\ /M
mitz iltuV qag et Tt Y Imiie Y Imile € 1ntle

t
1
»
A
]

v eeemyme .

i
{
]
i
i
!
{
!
i
i
:
t
1
t
!
t
!
[}
t
'
!
1
[}

8.0
14.0
10.0
10,0
i0.0
1in.0

27.1810 34,1 11,0 =55, 4 ~14,3
94,3637 13.7 13.80 ~55. 4 -£8.8
31.5455 27.7 8.7 ~5%.4 ~19.1
108,7273 2u. 6 11.9 ~5&.4 S S |
135.72077 7.7 12.3 5%.4 . 5
163.0910 40.6 1.4 ~55.4

b0S B — SR

f= i N ~ I~ B ~ ]

-
s

) ) .’
L] Al(' 7\17
176,2723 2.4 18.3 ~N5,4 n.7 0.4 10.0
217 ,4547 3.9 16.7 80, 4 w8 0.% 10.0
744, 4L30H5 23.7 17.9 5.4 PN e¢.3 1.0
71,8182 38.0 17.2 -39, 4 - 0.Z 1.0 10.0
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DR1E TESTUD 1 OCTOKCR 13, 1983

Tt Distance : 200 f¢t. At
Corrections hased on a field decay exponent of 1.9%

¢ s
S0 oho
AV A DY I S

RS

I A I oaa

LA

caele

Tt T

imuth 1) degrees

Total Lirmit
uV/ m wVU /1A

Tmile B 1nile

0. 0.0
6.0 10.0
8.2 10.0
0.2 10,0
0.9 10.9
2.4 i0. )
8.8 10.0
1.4 10.4
0.2 11.0
g.% 1a.a

Froeg, Mtr Rdq Ant, Dist, Total
fac. corr ahiiul/m
Milz aA%uV qu al 2 1mila
27,2333 32.4 11.0 5% .4 ‘12.0
54,3647 13.8 13.0 -55.4 -29%.0
81,5470 31.0 8.7 -%3.4 - ~15.0°
100,7293 f0.6 11.9 -89, 4 -15. 0
13N 2018 26H.7 12.3 -5%.4 ~15.5
1{3.0940 Y2 19.4 -f%.4 10.7
120,276, 34.7 1.3 -5%.4 2.4
2170‘58(' 43 0 1":7 “5504 4v\"
Pa4.,04110 nNL,9 17.0 -55.4 -1%.5
P71-823:’l 17 6 17»3 —5504 -0!"
X
*
~
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o
° TS Xali BRI’
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MODEL # ; €

5/N ¢ PROTOTYPE

DATF TESIED : OCTORCR 127, 1983

Test Distance : 200 Frt. Azimuth ¢ 140 degrees

Corrections based on a field decay exponent of 1,90

Freq. Mtr RAy Ant, Dist. Toatal Total Limir

fac. corr dRuV/n v/ m vV /i

iz A&y ad an @ tnile @ 1mile @ 1nmile
2701‘361 12..'-} ‘100 "5504 "‘11‘9 013 0.0
$4.3722 12.5 13.0 ~55.4 -29.0 0.0 10,0
81,5532 31.5 8.7 53.4 -1%.3 6.2 10.0
100,7447 fY.2 11.9 ~-55.4 -14.4 0.2 10,0
135.2304 3.8 12.3 59,4 -11.4 6.3 10.0
163.1165 44,1 19.4 -55.4 10,1 .2 16,0
19013“?5 3307 13|3 "55'4 "3-4 . 0.7 1“.0
217.488¢ 41.%5 16.7 -5%.4 e.R 1.4 10,0
n4a4.,6747 217.4 17.8 ~53.4 ‘10,0 0.3 in.0
271.8608 7.0 17.3 ~5%. 4 -31.2 0.9 10.0
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Pleald i il
(TN ST : C
SSN ¢ PROTOT /P
DATE TECED ¢+ OCTORFR 13, 1983

Trat Distancsa ¢ 2200 Frt, Azimuth : 1460 degrams
Corrections hased on a {ield aecay exponent of 1.9%

Fresg., Mtr Rdqg Ant, Diat, Tatal fotal Limit
fac. care dRul/m v/ m uV/
e d Ry ] qan # imile @ 1mile @ t1mile

7,192 31.7 1.0 -85, 4 -12.7 0.2 n.o
$4.3851 14.5 13.0 ~55.4 ~-28.0 -0.0 10.0
01.35777 30,49 3.7 -695.4 ~16.4 0.2 10.0
100,7702 £7.4 11.9 ~Hh.4 ~14, 2 0.2 10.0
135, 2608 32.4 12.3 55,4 -~ 0.5 0.3 10.0
165.1553 46.5 19.4 -5%.4 10.5 3.2 10.9
173.3477 2.9 13.3 5%, 4 7.3 8.4 10.0
217.5404 43,5 16.7 -5, 4 4.8 1.7 10.0
244.73320 31.7 17.0 -353.4 .7 0.% 10.0
e71.9255 32.6 12.3 OG0, 4 ~%5. 4 0.5 10,0
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MODILL B : C

3N PROTOTYNE
DATE TESIFD : OCTORIR 13, 1983

fTest Distance @ 200 Ft, Azimuth 3 110 degrees
Corrections based on a field decay exponent of 1.9%

Feeg. Mtr Rdy Ant., Dist. Total Tota'l Limit
fac. corr dRubV/m uV/m wW/ e
Miiz dftuVy M dqb R fmile 0 1rile @ 1nile

S - D - D G e - S — P Gl WS SN T GPR S 4 NP GER B L D SED G SR G D @ ¢ T Gu B G s G YED S e - . W= S 4o o G S e S

27 .1942 0.0

32,9 11.0 ~85.4 0.3
54,3884 14.4 13.0 ~05.4 -2R.1 0.0 10.0
81,5824 3n.1 ].7 ~55.4 -16.7 0.1 10.0
106,7758 7.2 11.9 ~355.4 ~16.4 6.2 10.0
t35,72710 30.7 12.3 5%, 4 ~12.4 0.7 10.0
163,1652 £0.2 19.4 ~5%.4 12.2 4.1 10.0Q
170.3574 a2%.3 13,3 55.4 -11.72 .3 10.0
217.5536 4% .3 16.7 -%55.4 &b 2.1 10.0
244.7477 31.4 17.0 535.4 -6.8 0.5 10.0
271.94:21 29.9 17.3 -5 .4 -8.3 0.4 10.0
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H/N : PROTOTYPE

DATE TESTFD : OCTORMCR 13, 1483

Test Distance : 200 Frt. Aztiausth ; 200 degrees
Corrections bhased on a field derzy exponent of 1,9%

Freq. Mtr Rdg Ant, Dist, Total Total
fac. corr ahiuV/m v/

Milz dbuV an Al B lmile 8 1mile
27.1883 26,73 11.0 55,4 -17.56 9.1
£4.37786 14,1 12.0 -5%.4 -20.4 0.0
81,3654 A7.5 3.7 55,4 -172.2 0.1
108, 7552 6.3 11.9 -5, 4 -17.3 a.1
135.74410) 0.4 12.3 55,4 2.9 0.2
16H35.1320 2.4 19.4 ~55.4 6H.4 2.1
170.3216 3.7 11.3 99,4 8.4 0.4
217.95104 41,2 14.7 -u%. 4 R 1.3
244,6797 2.7 17.0 55,4 8.7 0.4
271.8880 36,4 17.3 -55.4 -1.8 0.8
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LN : PROTOTYPE
Daly” TESTED : QCTOQRER 13, 1984

fast Distance @ 200 Ft, Azrviauth : 222y degrees
Corrections based on a field decay exponent of 1,95

req, Mtr Rdng Ant. Dist, Tatal Total Limit
fac. corr dRuV/m o/ m vV M

t=]
i

«'i
-

27 . 1924 27.4 1.
S4.3853 14.1 13.0
81,5779 30.3 3.7
108.7705 D1 11.9
135,206,322 301 12.3
167.155 41.7 19.4
V200, 3455 0y 18.3
: 217.5411 %5 .4 16.7
;-. N4y, IRT 271 17.0
ki 271.920.4 2.0 17,
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DATC TESVTD ocCI0nrR 14, 1983
Test Distance : 200 Ft., Azinuth 241 degrees
Corrections based on a field decay exponen - of 1,95
Freq. Mtr Rdg Ant, Dist. Total Total Limit
fac, corr dBuV/m uV/m ul/
Mz ATluy Al iR B taile B 1mile 8 lhile
27,2012 345.7 11.0 --55.4 -7.7 0.4 0.0
$4.4024 12.6 12.0 -55.4 -29.9 0.0 10.0
31,5034 av.9 3.7 -5%.4 -16.9 0.1 in.o
100.8048 2.0 11.9 -55.4 -15. & 0.2 10,0
134, 00010 51,5 12.3 95,4 ~11.6 0.3 1n.40
14&3.2¢072 43,7 192.4 56,4 7.7 2.4 14,0
120,404 2h. 3 14.3 55.4 -11.10 0.3 6.0
217.6094 44.8 16.7 -55.4 &3 2.0 10.0
244,13108 24,3 17.0 55.4 -14. 1 0. 10.0
272.0120 J2.1 17.3 -a%.4 b1 0.5 10.0
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oLl # :
B5IN ; PROTOPYPE

DAY TESTFD : OCTORER 13, 1983

fest Distanve @ 200 fr. Azimuth 1 201 degr«es
Corrections bosed on a field decay exponent of 1,95

IF'renq, Mmtr g Ant, Dist, Total Total Limit

fac. corr dFitol/m uV/m o/
iz AluyY o3 Tt P tmile ® 1milix @ imile

. - o o —— — — an - D S D e P S W e S G e ot S G PP W P 6 WS % ¢ G W G WD WM G G e b S A s $ot GO SNy Gmin 415 WA 04 ¢ S G e W - Sws S

27.17/34 37.5 11.0
54,3467
31.5201 29 .1 8.7
10,6935 7.7 11.9
135.,05560 3n.0 12,73
163.0402 6.9 19,
170,2135 17.1
217.3869 43.3

244 ,54H03 5.4 17.0
f71.733¢6 34.7
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G/K ;. PROTQTYPE
DATE TEGIFD : OCIORMCR 13, 1963
Test Drstance @ 200 Fr, Azimuti : 246 degreec
Coarrections bhased on a field decay expanent of 1,95
- Fre. Mt Ry Ant, Dist, Total Total Limit
X fac. coyrpr dBEuV/m wV /M U/ ™M
' Mz Aliny dTt Al B mile P 1mile & 1mile

R7.1707 37.1 11.0 ~55. 4 -7.3 0.4 0.0
£4,3418 13.5 13.0 -55.4 -8,y 0.0 10.0
81.5127 2.4 9.7 -55.4 -13.4 0.1 1i0.0
108.6834 8.1 11.9 -85, 4 ~-15.8 o.r 10.0
1385.10546 17.2 12.3 595.4 ~-26.8 6.1 10.0
1635.02S5 A7, 0 19.4 -S54 —4.1 0.4 12,0
190, 17464 24,7 13.3 -S55.4 12, 0.2 10.0
217.3673 8.1 16.7 -%5.4 —n.o 0.9 10.0
Q244 ,530372 17 .5 17.0 ~530.4 -18.v .1 10.08
271,70v1 28. 6 17.3 -65.4 -9, & 0.3 10.0
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¥ MODCL # . C

> S/t : PROTOTYPE

&"‘ DATE TEGIED : OCTOLCK 13, 1983

~

A Terst Distanre : 200 Fr, Azimuth : 300 degreres

. Corrections based on a field decay exponent of 1.95

fz Freq. Mtr Rrlg AnT., Dist, Total fotal Limit

- fac, corr dRluV/m uld/m v/t

r. MHz AluY An A RL R imile ® 1mile @ 1mile

}'V'

N 27.1871 33,7 11,0 ~559.4 -5,.7 ™ 0.5 0.0
S4,3383 15.3 13.0 -35.4 -27.1 0.0 10,0
81.5074 2‘7:1 8.7 “55.4 -1717 0-1 10-0
108,6765 2.3 11.9 ~55.4 -14,2 0.2 10.0
135.84:57 17.1 12.3 -5%.4 =261 0.1 10.0
163.,0142 21.6 19.4 ~-55.4 -4,3 a6 10.0
176, 18410 D4t 13,3 -55.4 ~12.%9 6.2 10.0
217,3531 42 .1 16.7 -59.4 -3.4 1.8 10.0
244,5°2¢ 25,3 17.10 -55.4 -13.1 0.7 10.0
£71.6%934 24.6 17.3 -33.4 -13.6 6.2 10.0
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37N : PROTOTYPE
D&TE TESTED : OCIOBER 13, 1983
Test Distance : 200 f1, Azimuth : 320 degrees

Corrections based on a field decay expanent of 1,95

Freq, Mt Rdy Ant, Dist, Total Total Liiait
fac. corr dRul/m w/m uV/m
Miiz aRyV an du @ luile @ 1mile @ liile

-
[~
oD

27,1710 40 .3 11.0

55.4 . ]
S4.3421 16.3 13.0 -55.4 -2&6.1 6.0 10.0
81,5131 31.9 8.7 ‘85,4 ~14.9% 0.2 10.0
106.6842 8.6 11.9 -55.4 -1%5.0 0.2 10.0
135.05592 25.4 12.3 -55.4 ~17.83 0.1 1.0
163.0263 41.7 19.4 ~53.4 .4 1.9 10.0
1901773 22.0 0.9 ~5%5.4 ~-15.1 0.2 10.0
217.3684 41 .4 16.7 =%5.,4 2.7 1.4 10.0
244 .5374 23.1 17.0 -%55.4 -10.3 0.3 10.0

S.4 0.6

o
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271.7104 33.5 17
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SN : PROTOTYPE
DATE TESVED : OCTOECR 13, 1983
Test Daistance : 200 ft, Aziivwth : 340 degrees
Corrections based on a {ield decay exponent of 1.9%
Fraq. Mtr Rdg Ant, Dist, Total Total Limit
fac. corp dBuV/m uV/m uV/n
Hilz RNV flt alt 2 tmile M tmile @8 Imile
27 1791 392.1 11.0 -%55.4 -5.3 0.5 n.o
$4.3503 16.0 . 13.0 -65.4 -26.4 0.0 10.0
81 .52%4 33.3 8.7 -59.4 -13.5 6.2 10.0
108:,.7008 o9 .1 11.¢9 -%55.4 -14.5 g.2 10.0
135.37%7 23.0 12.3 -55.4 -15.2 6.2 10.0
163.0508 43,4 19.4 -59. 4 7.2 2.3 16.0
195, 21259 27.9 18.3 -55.4 -?2.2 0.3 10.0
217.4011 437, 16.7 -5%.4 4.9 1.8 10.0
244 ,57H7 24.0 172.n -55.4 -12.4 6. 10.0
e71.7532 33.5 17.3 ~5&%.4 -4.7 0.6 10.0
-
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MODEL # : D

S/N : PROTOTYPE

DATE TESILD : QCTORER 13, 19€3

Test Distance : 2200 fr, Azimnth 0 degrees
Corrections based on a field decay exponent of 1.9%

Freq. Mtr Rdg Ant, Dist. Tatal fotal Limit
fac, corr dBuV/m U/ wV/k
Mz L HITLY ul dhB A tmilae B 1mile @ 1mile

27.18%4 37.2 11.0 -55.4 =5.2 0.9 0.0
54,3707 14.5 13.0 ~-55.4 -28.0 0.0 10.0
31.33561 31.0 4.7 =55 . 4 -~15.8 0.2 10.0
108.7414 26.7 11.9 -5S.4 -16.9 0.3 16.0
1350, 2068 A.h 12.3 ~%%.4 ~21., 8 0.1 10.0
163.1121 41.8 19.4 ~-0d. 4 SR 1.¢ 10.0
1720.2273 28,0 13.3 5.4 2.1 6.3 10.9
217.4820 40.4 16.7 =50.4 1.7 1.2 10.0
244 . 5682 7.1 172.0 -55.4 -21.3 0.1 10.0
271.8%3% 32.¢6 17.3 -55.4 =S¢ 6.& 10. 0
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5/N : PROTOTYPE

DATIF TESTIFD : OCTORFR 13, 1983

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

Freq. Mtr Rdy AnT. Dist, Total Total Limit
fac. corr dRuV/m yV/m uV/n
Milz AZuVY dk an ¥ tmile @ imile @ 1nile

g 77,1863 39.97 11.0 -55.4 -4.%5 0.6 0.0
X %54.3726 14.9 13.0 -55.4 -27.6 0.0 10.0
- 81.5588 29.3 8.7 -55.4 -17.0 0.1 16.0
e 10¢,7451 ?2.8 11.¢ -55.4 -20.8 0.1 10.0
h 135.9314 12.7 17,3 -55.4 -23.5 0.1 10.0
. 162.1177 40.8 19,4 -55.4 4,8 1.7 10.0
- 190,30440 6.2 1.3 55,4 -10.9 0.3 10.0
- 217.4902 40.5 16.7 -55.4 1.8 1.2 10.0
- PAA L HTHS 2,0 17.0 55,4 ~17.4 0.1 10.0
71,8620 29.6 17.3 -%5.4 8.0 0.4 10.0
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MUDFL # : D

/N : PROTOTYPE

DATE TESTED : OCTOErR 13, 1983

L . P )
S a2 F_ 8 é Y%

Test Distance ¢ 200 ft. Azimuth : 40 degrees
Corrections based on a field decay exponent of 1.9%

e R R W I —————

- Freq, Mtr Rdg Ant., Dist., Total Total Licit
- fac. corr dRuV/m uV/m vV/m
- Milz dRBuV an dk R laile R 1mile @ 1Inile
27.1743 3.1 11.0 -55.4 -8.3 0.4 0.0
y S4.3487 12.9 13.0 -55.4 -29.5 0.0 10.0
81.5230 = 30.6 8.7 -55.4 -16.2 0.2 10.0
108, 6974 17.2 11.9 -55.4 -26.4 0.0 10.0
i 135.8717 16,9 12.3 -55.4 -26.3 6.0 10.0
~ 143.0461 472.0 12.4 ~55.4 .9 2.0 10.0
Ny 170.2204 183.6 18.3 ~5%.4 ~18.58 0.1 10.0
o 217 .394R 41.8 16.7 -55.4 3.1 1.4 10.0
o 2445691 25.9 17.0 -55.4 -12.95 0.2 10.0
p 271.743% 26.4 17.3 -35.4 ~11.8 6.3 10.0
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MODITL # : D
S/N : PROTOTYRPE
DATE TESTID : OCTORFR 13, 1963
Test Distance : 200 frt, Azinuth : 60 degrees
Corrections hased on a field decay exponent of 1.95
= Freq. Mtr Relyg Ant. Dist, Total Total Limit
[ fac. corr dRuV/m vV/m vV/i
“- Milz LEIINY; an dB R lmile 8 1mile 8 1nile
27 .1771 34.4 11.0 -55.4 -10.0 6.3 0.0
54,3542 14,9 13.0 -55.4 . =-27.%5 0.0 10.0
81,5314 24.3 3.7 -95.4 ~22.% 0.1 10.0
10§:.708S 0.3 11.9 -55.4 -23.3 0.1 10.0
135.13354H 21.4 12,3 --55.4 -21.8 0.1 10.0
163%.0627 7.5 19.4 -595.4 1.4 1.2 10.0
190,23913 20.1 18.3 ~%5, 4 17.0 0.1 10.0
217.4169 KIS 16.7 -935.4 0.6 0.9 10,0
P44, 5741 19.9 17.0 -5%.4 -18.,%5 0.1 10.0
71,7712 29 .1 17.3 ~55.4 -9.1 6.4 10.0
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G/N i PROTOTYPE
DATE TESTIED : OCTORFR 13, 1903

Test Distance ;200 fr, Azimuth 1 B0 degrees
Corrections based on a field decay exponent of 1,95

Freq. Mtr Rin Ant, Dist, Total Total Limit
fac. carr dRuY/m uV/# uV/m
Midz dahuy d& JH W Inile & 1mile @ fmile

27.1708 33.3 11.0 -35.4 -11.1 6.3 n.0
S4.3417 12.0 13.0 -395.4 ~30.4 0.0 10.0
81.35129% 20.6 8.7 -55.4 -26.2 0.0 10.0
10€.6834 21.8 11.9 -U5.4 -21.8 6.1 10.6
135,854 20 . 12.3 -%5.4 -R2.4 8.1 10.0
143,023 °2.3 19.4 ~55.4 ~13.8 U 10.80
190.19252 23.3 13.3 -55.4 -13.0 0.2 10.0
217.3668 12.¢ 16.7 ~35.4 1.2 1.1 10.0
244,537, Q3.0 17.0 -55.4 ~16.4 0.2 10.0
271.708S 29.7 17.3 ~55.4 -8.5 0.4 10.0

L
v
N

B C e - -
e e . : LRI ISP P T T T T et
ORI R AL g '.&"J‘.‘A"J...\" :':f":‘ﬁn." -"-\‘.. ’

cherked hy: _9{ ___./_\__%9

=15]-

............

A R e PP s mamae e
BTN BRI I -l .-A-.‘A\_’\L*.l‘_'_l-,’_"\‘ ANy '\.,'h-.‘-.-\i‘-';:\-_-.-r'_\A\.\‘\'- e \'“J



DATE TESTED : OCTORFR 13, 1983

Test Distance : 200 ft,. Azimuth : 100 degrees
Corrections based on a field decay expanent of 1.¢4

Freq. Mtr Rdg Ant. Dist. Total Total Limit

fac, corr dliuV/m v/ M uV/m
MH = dBuY dl an @ 1nile B 1mile R 1mile

27.1703 36H.4 11.0 ~5%.4 -8.0 0.4 n.o
S4.3417 13.4 13.0 ~-55.4 -29.0 0.0 10.0
81.3125 26.3 8.7 ~55.4 -20.0 0.1 10.0
10¢&,6833 25.0 11.9 -55.4 -18.6 0.1 10.0
135, 8541 °h.4 12.3 ~53.4 -14.8 0.1 10.0
162.0250 40.3 19.4 ~45.4 4.7 1.7 10,0
170.1953 32.1 13.3 -55.4 -5.0 0.5 10.0
217.3666 39.0 16.7 ~55.4 0. X 1.0 10.0
244,5374 24,2 17.0 ~53.4 -14,2 8.2 10.0
271.70683 33.6 17.3 -35.4 4,6 0.6 10.0
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AODCL # : D

5/N : PRGTOTYPE

DATE TESTFD : OCTORIR 13, 1982

Test Distance : 200 rFt, AzLAuth 3 1220 degrees
Corrections based on a field decay exponent of 1.9%

! Freq, Mtr Rdg Ant, Dist. Total Total Limit
fac, corr dluV/m v/t wU/m
Milz dRuV Al Jdn £ tnile @ 1mile @ 1mile
27.1743 31.0 11,0 -35.4 ~-12.6 0.2 0.0
©4.3484 13.90 13.0 -55.4 -29.4 0.0 10.0
- 81,5229 26.7 8.7 -55.4 -20.1 6.1 10.0
106.,6971 26.7 11.9 -5H,. 4 ~16.9 0.1 i0.0
135.0714 24.18 12.3 -55.4 -18.,4 0.1 1in.0
162.04%57 43 .1 12.4 -5%5.4 7.0 2.3 10.0
120.72:.200 34.8 18.3 --55.4 2.3 0.1 10.0
217.3943 41,1 16.7 ~-55.4 2.4 1.3 10.0
244,356806 24,1 17.0 -$5.4 ‘14.3 0.2 10.0
= 271.742¢9 34,72 17.3 -55.4 -4.0 0.0 10.0
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’ Test Distance : 200 ft, Azimuth : 140 degrees
Corrections based on a field decay exponent of 1.9%
" Freyg, Mtr Rrg Ant, Dist., Tntal Total Limit
fac, corr dltu¥/m wV/m /M
Mz dBuV a3 an B imile R 1mile @ 1mile
27.1745 30.56 11.0 -535.4 -13.¢ 8.2 0.0
$4,3490 12.1 13.0 -55.4 -36.3 8.0 10.0
81.5234 28.4 8.7 -85.4 ~11.4 0.1 10.0
108.46979 7.1 11.9 -095.4 -16.5 0.1 10.0
135.8724 27.3 12.3 -855.4 ‘13.4 0.2 10.0
163X,.0469 44.9 19.4 -5%.4 fl.8 2.8 10.0
190.2214 32.3 112.3 n5.4 -4.0 6.6 1.0
217.3958 41.8 16.7 ~-55.4 J.1 1.4 10.0
244,5703 28.0 17.0 -55.4 -10.4 6.3 10.0
271.7448 33.¢9 17.3 -35.4 -4.3 0.6 10.0
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G/N : PROTOTYPE
DATE TESTED : OCTORER 13, 1983

Test Distance : 200 frt, Azimuth : 1560 degrees
Corrections baced on a field decay exponent of 1.95

Freq. Mtr Rdq Ant, Dist, Total Total Limit
fac. corr dhuvV/m /™ /e
Mz aliuV qan du 8 lmile @ 1mile @ 1fhile
27 .1793 22 .4 11.0 -335.4 - =22,0 0.1 0.0
54,3569 13.85 13.0 -355.4 -28.9 - 6.0 10.0
81.5354 27.8 8.7 -55.4 -172.0 - 2.1 10.0
10,7139 26.7 11.9 -55.4 -16.9 0.1 10.0
13539823 297.0 12.3 -55.4 -14,7 0.2 .0
163.0708 47 . & 19.4 -5%5.4 6.6 2.1 10.¢@
190,2493 27.4 18.3 -55.4 7.5 0.4 10.0
217.4277 42,7 16.7 =-4%.4 4.0 1.4 10.0
244, 6042 29.0 17.0 -55.4 -B.h 0.4 10.0
271.7847 33.95 17.3 =-55.4 -4.7 0.6 10.0
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DATE TFSTED

Test Distance

., R
D457 A el

Pl VAT JOR ANDRGTRL AL G0 &b INK (LT

D

PROTOTYPE

OCTORFR 13, 1983
Azimuth

t 200 fr, 130 degrees

Corrections hased on a field decay exponent of 1.9%

Freq. Mtr Rdg Ant., Dist. Total Total Limit
fac. corr dRuV/m uV/m uU/m
Miiz dney an k¢ 8 1mile @ 1mile @ 1nile
27.1053 17.7 11.0 ~-55.4 -n4,7 6.1 0.0
$4.3717 12.0 1X.0 -55.4 ~-30.%5 g.0 10.0
81.557% 30.0 8.7 ~55.4 -16.8 8.1 10.0
105:,7434 5.3 11.¢ 55.4 -18.3 0.1 10.0
135,9292 2H.,9Y 1.3 -55.4 16,3 8.2 10.0
163.1150 43.0 19.4 --585.4 7.0 2.2 10.0
170 .3009 24 .7 10.3 ~55.4 -12.3 0.2 in.o
217.48467 44 .3 14.7 ~-85.4 Y ) 1.9 10.0
244 ,1725 27.7 17.0 -5%.4 -R.7 0.4 in.o
271.8%:4 33.5 17.3 ~-55.4 ~4,7 0.& 10.0
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DATF TESILD : OCTORCR 13, 1963

Test Distance : 200 ft, Azimuth 1 200 degrees
Corrections basad on a field decay exponent of 1,9%

Freq. Mtr Rdg Ant, Dist, Total Total Limit
fac., corr dBuV/m vV/m w/m
Mtz gV dan )] R Imile @ 1mile @ 1nile
27.1788 2")-4 11.0 "55-4 '18.0 0.1 0.“
94,3576 13.2 13.0 -5 .4 -29.2 0.0 10.0
81,5363 30.6 3.7 -5%.4 -16.2 0.2 10.0
1062,.7153 5.7 11.9 -85.4 ~-17.9 0.1 1q0.0
1335.8%41 30.0 12.3 -53.4 13.2 6.2 10.0
163.0729 3.0 19.4 -55.4 2.0 1.3 13.0
196,253 9.2 13,43 <55 .4 -7.9 0.4 10.0
217.4306 42,5 16.7 -%5.4 3.8 1.8 106.0
244.6094 26,7 12.0 ~%55.4 -11.7 0.3 in.o
271.7882 20.4 17.3 ~05.4 -7.8 0.4 10.0
o
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MODFL : D

G/N : PROTOTYPE

DATE TESTED : OCTORER 13, 19€3

Test Distance : 200 fr, Azimuth t 220 degrees
Corrections based on a fiwld decay exponent of 1.9%
Frevg, Mtr Rdqg Ant, Dist, Tntal Total Limit
fac, corr dRoV/m wW/m uV/m
Mtz dBuV dB a8 ® 1milm B 1mile @ 1mile
27.1855 31.4 11.0 --55.4 ~13.0 0.2 0.0
S$4.3710 13.2 13.0 -55.4 -29.3 0.0 10.0
81.5564 27 .1 8.7 -35.4 - =-172.7 0.1 10.0
108,7421 26.2 11.9 -55.4 -17.4 0.1 10.0
135.9274 7.2 12.3 =55.4 ~14.,0 0.2 10.0
16%.1131 41,5 19.4 -55.4 .5 1.9 10.0
190,2937 29.0 13.3 -55.4 -8.1 0.4 10.0
217.4842 Jé6.0 16.7 -55.4 -2.7 0.7 10.0
244,6677 20,7 17.0 -5%.4 ~15.7 0.2 10.0
271.88%2 2.6 17.3 -55.4 -5.6 0.5 106.0

DY o

TeTaTe T THENL

i rhackel Ly _9{_,__&_%_&9—
. =158~

4 s -

’ .~.,-q‘ "ot '.-.\.l-".\. TN ey 4 e e e e e e

(VIS W WA LSO ELPGAROAONR AT A O S R TP P PN e RIS AN S LY G N N A SR
e : RV WA RIS  TRE U RS




A R S Sl ol Wl i e O TS e i

i v 'l." ‘
- boa 2 N R ¥y
i L
A PUORART VAT T i e e e T et WY
MERSL L e W
MONI L ; D
n/n : PROTOTYPE
DATE TESIFD : OCTOLFER 13, 1983
fest Distance : 200 fr, Azimuth : 240 degrees
Corrections based on & field decay exponent of 1,74
Frenq, Mt~ Rdq Ant, Dist, Tntal Totral Limit
fac. core dFRuV/m uV/n uv/m
Miiz ATV a8 di ? tarie 1 imile @ i1nile

D W e D D P s G WS e G A e S A GuD CuD TR SR WD VP G e S S W g Mr G R e g S W 000 \iu G M et B W e e G MD G SN P - -

27.1831 37.3 11.0 ~535.4 7.1
S4,3662 13.5 13.0 -335.4 -2%9.0
81.35494 27.4 8.7 ~53.4 -19.2
10%:,732% .2 11.9 -55.4 -18.4

NoNemwwod

0
0
0
0 . .
135.,.7215H 0.2 2.3 55,4 -13.0 e. 0.
1643%.0987 47,9 19.4 =55, 4 L. 0 2. 10.0
l‘?‘l-;’t"!‘? P406 ‘8'\3 "5514 -‘2-5 0-!’ 10-0
217.446%0 A2 .4 16.7 -55.4 2.7 1.5 10.0
244.‘)‘3‘ :"l.a 1‘7-0 '5504 "l?.“) 011 1000
271.831°7 4.7 17.3 -0%.4 -4.,0 0.6 10.0
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MOnEL B : D

/N : ROTOTYPE

DATE TESICD : OCTIQRIR 13, 1983

Test Distance : 200 Fr. Azimuth : 261 degrees
Corrections based on a field decay exponent of 1.95
Freq. Mtr Rag Ant, Dist, Total Total Limit
fac. corr dRuV/m uV/m vV /4
Milz dlinV dn dall N imile B 1mile @ 1nile
27.1817 39.7 11.0 -55.4 -4.7 0.5 0.0 -

94,3634 12.4 12.0 -53.4 ~30.1 0.0 10.0
1.5450 26.7 8.7 -§5.4 ~20.1 6.1 10.0
106:,7267 26.4 11.9 -5, 4 -17.2 0.1 10.0
135.920834 26,7 12,3 -85.4 -16.%5 0.2 1.0
163.0901 3.6 19.4 -55.4 -0,.4 1.0 10.0
190,271 15.5 1.3 -55.4 -18. 4 e.1 10.0
217 .453% 40,4 1¢.7 -59.4 1.7 1.2 10.0
44,6351 2.9 17.0 -35%. 4 -15.4 0.2 10.0
©71.8148 33.46 17.3 -55.4 -4.,¢6 0.6 10.0
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MODTL # : D

G/N : PROTOTYPE

DATE TESTED : OCTORER 1%, 1983

Test Distance : 200 frt. Azimuth : 280 degrees

Corrections based on a field decay exponent of 1.9%

Freq. .Mtr Rdg Ant, Dist. Tntal Total Limit

fac. corr dRuV/m wV/m v/

Milz N ACTLY q0 dE B tnile ® lmile @ taile
27.1832 40,6 11,0 ~55.4 ~3.8 0.6 n.o
54,3668 13.2 13.0 ~5%.4 -29.3 0.0 10.0
81,5497 24.9 8.7 ~55.4 -21.9 0.1 10.0
108.7330 °8.0 11.9 -5%5.4 . -15,4 8.2 10,0
135.9142 12.4 12.3 -5%.4 -23.8 0.1 10.0
163.099S I5.0 19.4 ~-55.4 -3.0 0.7 10,0
170,7827 an.n 13.3 --%5%.4 16.3 0.2 10,0
217.4660 34.8 164.7 ~85.4 -3.9 8.4 10.0
244 ,5H492 17.3 17.1 -55.4 -21.1 0.1 1.0
271.837% 24.1 17.3 ~55.4 -14.1 0.2 10.0
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M e R D

Ti 0.7 ;
MANLY RO TR
MODFL # :
S/N H

DATE TESTID

Test Distance : 200 fe¢. Azimuth 1 300 degrees
Corrections based on a {ield decay expanent of 1,9%
Freq. Mtr Rdg Ant. Dist, Total Total Limit
fac. corr dhuV/m w/m U/ m
MH =z diiuV HE N P tmile P 1Imile @ 1mile
. 27.1872 41.5 11.0 -5%5.4 -2.9 0.7 0.0
" 84.3744 13.35 1X.0 ~55.4 -292.0 0.0 10.0
81.561%5 24.6 0.7 -5%5.4 -22.2 0.1 10.0
108,7487 27.5 11.9 ~-55.4 -16.1 0.2 10.0
133.9359 13,1 12.3 55,4 25,1 0.1 10.0
163-1231 33|él 1904 "-.isit4 _?|4 o'c 10'0
170.3102 21.3 13.3 -5%.4 “15.3 0.2 10.0
217.4974 32.0 16.7 -55.4 a.3 1.0 10.0
P44 .5H844 27,4 17.0 -~835.4 -16.0 0.2 10.0
°71.8718 29.2 17.3 -35.4 -9.0 0.4 10.0
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SN : PROTOTYPE

DATE TESTFD : OCTORIR 12X, 1983

.

Test Distance : 208 Fr, Azimuth : 320 degrees
Corrections based on a field decay exponent of 1.95

Freq. Mtr Rdg Ant, Dist. Tatal Total Limit
fac. corr driuV/m uV/u ulV/
Mz Aoy dB aR B imile @ Imile @ lnile

27.1903 42,9 11.0 -55.4 -1.5 9.1 n.o
Co 54,3810 15.1 13.0 -55.4 -27 .4 0.0 10.0
31.5714 28.6 8.7 -35%.4 -13.2 0.1 10.0
108.7621 ?9.1 11.9 -35.4 -14.5 9.2 10,0
135,902 21, 12.3 -59.4 -22.0 0.1 10.0
14%.1431 39. 7 19.4 -55.4 4.7 1.5 10.0
190.33.30 2.1 1.3 -55.4 -15.1 0.2 10.9
217 .5247 39.8 16.7 -55.4 1.1 1.1 10,9
34,7147 25.8 17.0 -855.4 -12.46 0.2 10.0
271.9052 31.1 17.3 -uS.4 ~7.1 a.4 10.0
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HODPFL 4 . D

H/N : PROTOTYPE

DAYE TESTLCD : OCTOBIR 13X, 1983

fest Distance : 200 ft, Azimuth : 340 degrewes
Corrections based on a field decay exponent of 1,90

Freq. Mt Rdg Ant, Dist. Total fotal Limit |
fac. corr dRuV/m v/ m el/m
MHz dliuV d8 an B imile @ 1mile @ twmile
27.1896 37.8 11.0 -535.4 -4.6 0.54 0.0
54,3792 14.35 1X.0 - ) -28.0 g.0 10.0
81,5589 27.5 8.7 -55.4 -17.3 0.1 10.0
108, 7585 28.3 11.9 -5%5.4 -15.3 0.2 . 10.0
135.9431 23.2 12.3 -5%.4 ~20.0 0.1 10.0
162,1377 43.2 19.4 ~4%., 4 7.2 2.3 10.0
190.3273 7.1 19.3 -55.4 -10.1 0.3 10.0
217.5169 40,0 16.7 -55.4 1.3 1.7 10.0
244.70h54 24,2 17.0 -55.4 ~14.2 0.2 10.0
271.8%962 33.1 17.3 -93.4 -1 8.6 10.0
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Appendix C.

betalls of the calibration of an EMCO 3104 biconical antenaa are
reoncted. Calibration data for this antenna at 27 MHz and 109 MBz are
Ziiea.
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TECHNICAL MEMORANDUM Y-I

BICONICAL ANTENNA CALIBRATION — THRLEE ANTENNA METHOD

Details of the calibration of an EMCO
3104 biconical antenna are reported.
Calibration data for this antenna at 27
MHz and 109 MHz are given.

William Drury
Avionics Engineering Center
Department of Electrical and Computer Engineering

Ohio University
Athens, Ohio 45701

April 1984

Prepared for
Federal Aviation Administration
Spectrum Engineering Division, AES-500
Washington, D.C. 2590

Contract No: DTFAD1-83-C-~10007
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) I. PURPOSE

T calibrate a biconical antenna at 27 and 109 MHZ so that the antenna
may he used to trarcsmit a calibrated RF fleld or measure an unknown RF
tields This procedure yields the absolute galn over an isotropic source

. for an antenna, which can be used to determine an antenna factor to use for
; measuring purposes.
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IT. THEORY OF OPERATION

This calibration procedure is based on the material presentad in [1]
and is summarized below.

The absonlute gain of an antenna over an {sotropic source can be deter—

mined if there are three relatively similar an:ennas (that is three anten-
nas with similar radiating patterns). This method is based on tae relation
of the product of two antenna gains to the recvived and transmitted power
given by equation 1 when the two antennas are set up so that one is
transmitting to the other.[2]

_ Aﬂs Wr
G = 1G02 / W (eq. 1)

where qu is the gain of antenna 1
q)z is the gain of antenna 2
S 1s the spacing bhetween the two antennas
A 1is the wavelength
W_ is thé received power, and
W, 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. 1 Ant. 1 Ant. 3
Nno. 2 Ant. 2 Ant., 3
no. 3 Ant., 2 Ant, 1

and
Gbn = isotropic gain of antenna n

G, = galin of nth test configuration
wrn = received power of nth configuration
th = transmitted power of nth configuration
then
4“81 wrl
G = /G163 = = W (4)
1 tl
/F"_—” 4n52 wrZ
6y = /%253 = o (B)
2 t2
2=
3 e S R O S A L L PR R N N S S N
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By assuming that S1=S2=S3=S and A 17A9 =A3 =X which can be achieved by
using Identical test configurations.

W
Yrr o1
from (&) GGy = (425)7 "’Zi > Gy = ﬂ_) R (A1)
W 4nS W
4nSy2 2 buS8 2"r2 1
from (B) GypG3 = () N, LR G2 o

equating (Al) and (Bl) gives

Y2
@2 = t L3 T G, (D)
W2

substituting (D) into (C) yields

[w W W
G 47S rl t2°r3 (E)

017 Ta Ve,

substituting (E) into (D) yields

(F)

and substituting (F) into (Bl) gives

G . = 41S ’wrlwrZWLB (G)
03 A thwtzer

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 = Dlog(£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 4B
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III. EQUIPMENT

Antennas
Biconical antenna, EMCO model 3104, O.U. ro. 1484
Dipole antenna CU-683/URM-7, 0.U. no. 037¢
Dipole antenna marked 'EMI REFERENCE'
11 antenna elements AB-21/GR
2 antenna elements AT-848/URM-7
2 aluminum antenna elements 40 inches long

Signal generator
Wavetek 3000 -~ 0.U. no. 1298
Avantek RF power amplifier

Detection units
EMC-25 Selective voltmeter -
HP141T Spectrum analyzer

Directional Coupler *
HP778D Dual Directional coupler serial no. 1144404704

T
ot T T e

Antenna towers
Clark tower - max. height approx. 70 feet
Tripod stand MT-1947/URM-7 ~ max. height 15 feet
Tripod stand TRP-25, 0.U. no. 1483

[P )

., ‘l

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
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V. SHETUP

The entire test setup is to be located in a place that is as free trom
RF nnise 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
elther 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
istance 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 h, in terms of antenna height h,, spacing S,
and the wavelength is given in equation 3.[4]

A, S
h2 = nz-x-rl- . (eq-3)
with n= 0,2,4,... for minimums and
n= 1,3,5,... for maximums
providing S >> h1 or h2

The signal generator Avantek amplifier combination is used as the
source for the transmitting antenna and the HP141T 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 recelver. 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.
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V. PROCEDUKES

a'ala e,

LA

¥ l. Set up the equipment as described in the SETUP section with the DC
power supply providing power to the Avantek RF power amplifier. Turn on
L all the equipment and adjust the controls so that a signal at least 20 dB
;{ above the noise level can be detected at the receiving end. Note that a
F load should te 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-
iguration.

6. Obtain the measurements for the final configuration by exchanging
the receiving antenna with the antenna first used as the transmitting
antenna and repeating the prccedures 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).
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VI. EXAMPLE

109 Muz
Antenna
AT-848 /URM~7
equal to 1/2

Antenna
element each

Antenna

This section describes in detail the test setup used on September
9,1983 and the results obtained by Jim Nickum, Bill Drury, aud Dave Quinet.
Antenna numbers given are referenced to the contigurations in the *'THEORY
OF OPERATION'

T ——
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section.

1: Dipole antenna CU-683/URM-7 with
element each side extended for antenna length
wavelength at 109 MHZ.

2: Dipole antenna 'EMI REFERENCE' with AB-21/GR
side.

3: Biconical antenna EMCO 3104

Separation distance: 41 feet
Receiving antenna height: 6
Transmitting antenna height:

| 4 = ~9,2 dBm = 120.2 E-3

fwdl

feet

13 feet

oW

oW

%2
%3

LIS Y

g PR

Prf13- ~15.8 dBm = 26.3 E~3 W
Wt3 = =10.3 dBm
wr3 = -39,7 dBm
%1 = 2,17
= 1.72

Biconical gain = 0.61

LA 3 SR AT e e W - K
T .‘{._-’. RS O O N AL A

Wy, = wadl-Prfll = 93,9 E-3 mW = ~10.3 dBm
W, = —44.2 dBm

wad2= =9.2 dBm = 120.2 E-3 mW

Prle‘ =15.8 dBm = 26,3 E-3 mW

th = -10.3 dBm

Weo = -45.,2 dBm
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Biconical antenna faetor = 13.] dB

27 MHZ

Antenna l: 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 MBz.

Antenna 3: Biconical antenna EMCO 3104

Separation distance: 100 feet

Receiving antenna height: 63 feet

Transmitting antenna height: 13 feet .

P = ~7.8 dBm = 166 E~3 oW

fwd
Prf11= ~19.0 dBm = 12.59 E=3 mW

W = -8,14 dBm

tl

er = -53.5 dBm

wadZ' -7.8 dBm = 166 E~3 mW

Pde3- -7.8 dBm = 166 E-3 mW

Wr3 = -3305 dBm

Gyy = 1.96

Gyp = 179

G03 = Gain of Biconical = 0,017

Biconical antenna factor = 16.4 dB
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