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SUMMARY

A critical component of the National Airspace System (NAS) moderniza-
tion plan is the collocation and consolidation of facilities used by the
air navigation and air traffic control services. A reduction in the num-
ber of separate facilities (including many remotely located sites) would
represent a significant saving by reducing the number of support personnel
and the associated annual support costs. However, the consolidation of
such facilities would create a severe strong signal environment for the
radio transmitters and receivers that must be collocated.

This report recognizes many of the problems associated with colloca-
tion and site consolidation; it addresses the technical feasibility of
collocating on a single site as many as 12 VHF and 12 UHF transmitters and
receivers. The problem was approached both theoretically (a computer
model was created to develop intermodulation products) and in practical
terms. This report cites interference reduction techniques that could be
employed to achieve satisfactory performance in a crowded strong signal
environment.

The computer model employs a Monte Carlo simulation for random selec-
tion of fregquencies, and calculates the number of resulting intermodula-
tion products that may be expected to interfere with air traffic control
receivers at the same site. Data produced by the computer model resulted
in figures of merit which indicated the feasibility of consolidation. The
computer model verified the expected increased severity of interference as
the number of collocated communications channels is increased. The collo-
cation interference problem is further complicated when the consolidated
site includes a VOR navigation station or is located near a commercial FM
broadcast station.

This report also contains a practical approach to the solution of the
severe interference problems. Citing currently available isolation tech-
niques and devices, the report assesses the interference reduction mea-
sures that will be necessary to achieve satisfactory operation. For exam-
ple, with only three VHF and three UHF channels collocated, interference
control can be achieved with a minimum of engineering effort. As the num-
ber of collocated transmitters and receivers increases to 12 of each, more



isolation devices must be employed. The losses incurred through the em-
ployment of isolation devices probably will require the use of 50-watt
amplifiers and may also require the installation of higher-gain antennas.
When collocating with a 200-watt VOR station or an FM broadcast station,
all available interference control techniques and devices will be required.

This report arrives at the conclusion that the collocation of air
traffic control facilities can be successfully accomplished through the
employment of transmitters and receivers designed, manufactured, and
tested according to performance specifications that reflect severe re-~
quirements of consolidated sites and the wise use of isolation devices.
The following conclusions and recommendations are included in the report:

(1) To avoid obvious intermodulation products, frequencies assigned
to collocated facilities should be selected carefully. Present
FAA frequency management programs appear adequate for this
purpose.

(2) No equipment should be considered for collocation unless that
equipment has been manufactured according to specifications
demanding exceptional performance in a crowded signal environ-
ment or has been tested exhaustively and found suitable for
collocation.

(3) All future procurement of VHF and UHF transmitters and receiv-
ers for the air traffic control service should be made accord-
ing to specifications containing the performance requirements
for collocated facilities. Specifications for older equipment
still in use should be consulted (see Appendix A for this
purpose) .

(4) Existing government-owned structures not currently in use may
be employed for collocated communications facilities resulting
in significant savings in both time and money. . Abandoned sites
usually provide favorable locations because of existing, ade=-
quate utilities and roads.

(5) Modification, remodeling, or enlargement of existing structures
usually is more cost-effective than new construction. The

actual calculation of such cost savings was beyond the scope of
this contract and is not included in this report.

(6) Collocation with VOR facilities is feasible but represents a
significant technical challenge. The transmitters, receivers,
and antenna systems of the ATC system usually can be installed
and engineered to provide satisfactory service in the presence
of the VOR. The communications antennas and their support
structures, however, may degrade the VOR course structure to
make the commissioning of the VOR without restrictions quite
difficult. The impact on the VOR will increase with the number
of communication channels and the number of installed antennas.

vi



(7

(8)

(9)

(10)

(11)

(12)

If collocation with a VOR must be accomplished, it is recom-
mended that the number of VHF and UHF antennas be held to a
minimum. In addition, their height and location must be such
that interference to airway radials and impact on low~altitude
communications reception is minimized. Antennas may be located
below the horizon of the VOR antenna. Horizontally polarized
components also should be avoided, to minimize the possible
impact of re-radiated signals on the VOR course structure.

Collocation with VHF/FM broadcast stations also is difficult,
but manageable. It does not dictate the severe antenna instal-
lation restrictions applied to the VOR collocation, but re-
quires similar signal isolation techniques. Each site will
present a unique set of problems and will require its own engi-
neering solution. Collocation of Air Traffic Control communi-
cations with Long Range Radar, Air Traffic Control Radar, Radar
Control Approach (RAPCON), and other facilities was beyond the
scope of this contract, and therefore is not addressed in this
report.

Site layouts and antenna configurations should minimize the
number of antennas installed on collocated sites, and assure
the maximum isolation by both vertical and horizontal separa-
tion of the antennas. New antennas, antenna support struc-
tures, and isolation devices for successful collocation of
facilities should be added to the installation equipment inven-
tory for application at new or existing sites where improved
performance or isolation may be required.

Isolation not provided by physical separation of antennas must
be achieved electrically. The cost of electrical isolation
includes both the monetary cost of the devices to be installed
and the losses associated with their introduction into the
system. In most cases, the losses will require the use of
either an antenna system providing several 4B of gain or the
optional 50-watt linear amplifier, or both.

Electrical isolation of installed VHF and UHF systems will re-
quire the best engineering practices for the most appropriate
use of the many currently available isolation devices, includ-
ing filters, isolators, cavities, circulators, and multicoup-
lers. These are the tools that make successful site consolida-
tion and equipment collocation possible. New techniques and
new isolation devices should be introduced as they are re-
quired, or as they may become available.

Development of unique installation design criteria to reflect
critical interference control requirements was beyond the scope
of this contract and has not been addressed in this report;
however, most requirements can be satisfied by intensive site
engineering and employment of unique devices. Such devices may
include special filters, selective shielding, custom antennas
and support structures, and careful placement of critical sys-
tems components.
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It is recommended that the FAA create a special task force to
study and solve extraordinary collocation problems that cannot
be managed or solved by normal site engineering practices.
Successful collocation and isolation techniques developed by
this special task force should be made available to all FAA

regions for possible application at other locations with sim-
ilar problems.
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GLOSSARY OF
ABBREVIATIONS AND ACRONYMS

ATC Air Traffic Control

AF Delta-F

EMI Electromagnetic Interference
ERP Effective Radiated Power

FAA Federal Aviation Administration
GCA Ground Control Approach

HPF High-Pass Filter

IF Intermediate Frequency

imp Intermodulation Product

LPF Low-Pass Filter

M/C Multicoupler

NAS National Airspace System
RAPCON Radar Approach Control

RCF Remote Communications Facility
RFI Radio Frequency Interference

Rx Receiver

TACAN Tactical Air Navigation

Tx Transmitter

VOR VHF Omnidirectional Range
VORTAC VHF Omnidirectional Range with TACAN
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

A critical component of the National Airspace System (NAS) moderniza-
tion plan is the collocation of navigation, surveillance, and communica-
tion transmitting and receiving equipment into consolidated facilities.
These consolidated remote communications facilities (RCF) will provide the
required services but at a reduced maintenance and operational cost. The
key issue indicating the probability of success of the collocation process
concerns the compatibility of collocated equipments from the viewpoint of
electromagnetic interference (EMI) and radio-frequency interference (RFI).

The following items were identified as necessary to accomplish the
proper analysis of collocation in view of the National Airspace System
Plan:

~ Determine the feasibility and limitations of collocation consist-
ent with Federal Aviation Administration (FAA) standards and NAS
requirements, identifying those issues which require detailed
analysis.

- Perform detailed analysis based on issues identified in Phase I to
support adequately the consolidation objective.

- Develop guidelines, procedures, and standards to support the RCF
program in the field; coordinate this effort with FAA regional
personnel responsible for implementation of the consolidation

effort.

1.2 OBJECTIVES

The FAA, recognizing the serious problems that must be faced in con-
sidering collocation, contracted with ARINC Research to perform a deter-
mination of the technical feasibility of such an effort. This effort
sought to satisfy the following objectives:

- Define the Feasibility of Collocation - The probable success of
such an effort should first be examined from a theoretical point
of view to demonstrate the benefits of collocation. The need for




a detailed analysis of the problem should be demonstrated. Models
may be used, and comments should be made on real-world consider-

ations, as necessary, in this quick-look analysis.

- Develop Scenarios and Perform Interference Analyses - More detail-
ed analyses should be performed on a selected set of RCF scenarios
which portray a set of candidate site configurations. Major tech-
nical issues should be explored, indicating the types of problems
encountered and their proposed solutions consistent with the FAA
National Airspace System Plan.

- 1Identify Areas Requiring Further Study - As a result of these
efforts, guidance should be provided to the FAA in defining a plan
for implementation and other future activities relevant to the
collocation of radiating equipment.

1.3 SCOPE

This report documents an analysis of the feasibility of collocation
using a quick-look analysis. Practical bounds for the proposed colloca-
tion effort were determined by a computer model to simulate the intermod-
ulation problems generated for various numbers of transmitter and receiver
frequencies in selected scenarios. The range of problems which would
ultimately determine the probability of success of collocation were de-
fined. Comments were presented on techniques and equipment necessary to
address the interference problems.

A detailed specification of equipment required to solve these inter-
ference problems was out of the scope of this effort and was not made
except to demonstrate that certain classes of devices are available and
they can be employed to solve interference problems if properly engineered
into each specific site configuration. A cost analysis of collocation was
also determined to be out of scope of this effort and therefore has not
been included in this report.

1.4 TECHNICAL APPROACH

In this quick-look analysis, a set of interference problems was ana-
lyzed to determine the feasibility of collocation. Second-order and third-
order intermodulation products were deemed to be the most serious problems
faced in a collocation implementation and therefore were of prime consid-
eration in this quick-look analysis. A computer model was created to
theoretically bound the collocation problem by performing a Monte Carlo
simulation of intermodulation products generated by random selection of
sets of VHF and UHF frequencies. This model determined the number of
intermodulation products which fell within a certain window or guard band
around each of the frequencies in a frequency set, and it determined
appropriate statistics.



The output of the model indicated the average number of problems that
could be expected given the random selection of VHF and UHF frequencies as
defined by the input parameters. The distribution of results presented
the probability of successfully avoiding second-order and third-order
intermodulation problems by proper frequency engineering, thereby minimiz-
ing the total number of interference problems encountered in an actual
site implementation.

Specific scenarios were chosen to evaluate the actual interference
problems that could be expected. Amplitudes for interference products for
certain selected cases were noted and interference control equipment was
proposed as a guide to the solution, on a case-by-case basis, of these
specific problems. These examples indicated the types of new equipment
and procedures that the FAA may need to consider,

1.5 REPORT ORGANIZATION
The remainder of this report is organized as follows:

- Chapter Two is a description of the computer model used in the
simulation along with the results of the theoretical analysis of
second-order and third-order intermodulation products.

- Chapter Three portrays in detail the advantages and disadvantages
of collocation by the exploration of specific site configquration
examples and the definition of the technical procedures necessary
to eliminate the expected interference products.

- Chapter Four details the conclusions reached in this study and the
recommendations made to the FAA regarding necessary future work to
quantify the technical and economic impact of the RCF program.

- Appendix A contains the original performance specifications for
collocated VHF and UHF transmitters and receivers in the Air Traf-
fic Control (ATC) environment as initially developed jointly by
the FAA and the Department of Defense in 1966. Equipment designed
to this specification represents the majority of equipment cur-
rently in use by the FAA.

- Appendix B details the present VHF and UHF frequencies used by the
FAA and considered in this study.

- Appendix C contains a listing of the computer model.

- Appendix D contains the results of exercising the computer model.

hnical Center
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CHAPTER TWO

A THEORETICAL APPROACH TO SITE CONSOLIDATION

This chapter describes the computer model that was developed to exam-
ine the generation of intermodulation products by the use of a Monte Carlo
simulation.

2.1 COMPUTER MODEL SIMULATION OF INTERMODULATION PRODUCTS

The Task I effort concerned the determination of the technical feasi-
bility of consolidation. Certain benefits and penalties exist when the
collocation of a number of transmitters and receivers is considered.
Therefore, to address collocation and to quantify how valuable it could
be, a computer model was developed to implement a quick-look procedure.
The purpose of the procedure was to make an initial determination of the
bounds for implementation of collocation, with an indication of the
probability of success of such a venture.

The computer model was developed to choose sets of VHF and UHF fre-
quencies and to calculate intermodulation products formed by them. The
frequencies were randomly chosen from the list available to the FAA for
air traffic control (see Appendix B). Together with the two emergency
frequencies, these computer-selected frequencies composed a frequency set
with which the analysis was performed. Based on input specifications, the
model was exercised to produce data indicating the average number of
intermodulation problems expected for a set of n frequencies. The model,
as developed by ARINC Research, was written in Fortran and was implemented
on a PDP 11/34 computer. (A listing of the program appears in Appendix C.)

2.1.1 VHF and UHF Communication Channel Interference Modeling

In this initial analysis, the n transmit/receive frequencies in each
frequency set were used to generate all second-order and third-order
intermodulation products. If the frequency of any intermodulation product
fell within a certain frequency range (Delta-F) of any of the frequencies
in the frequency set, then the product was deemed to be a problem. By
this approach, amplitudes of intermodulation products were not considered
since the detailed data required on specific equipment would void the use
of a general quick-look analysis. Based on the choice of a number of



frequency sets during the operation of the model, statistics were compiled
to indicate the severity of the interference problem from an intermodula-
tion product viewpoint.

The computer model as it now exists does not allow the definition of
problems by a consideration of interfering signal amplitudes. The model
was designed to accommodate the consideration of the amplitudes of inter-
modulation products for selected scenarios (e.g., third-order products
with two collocated transmitters and receivers). However, critical data
as transmitter spectrum signatures and receiver pass band skirts were not
available from the FAA or manufacturers consulted during the study. The
addition of these data would have resulted in a refinement in the pre-
diction of the number of expected intermodulation products. However, the
output of the model was used as a figure of merit indicating the relative
difficulty of collocating various frequencies and, therefore, has minimal
impact on the conclusions of this phase of the effort.

The basic operation of the computer model is graphically represented
in Figqure 2-1. According to the input specifications, the computer model
selects a set of frequencies, two of which are shown in the figure as fl
and £f2. Each frequency is protected by a window of width 2 Delta-F, so
that any intermcdulation product which occurs within that or any other
Delta-F window will be identified as a problem. Various values of Delta-F
were chosen during the exercise of the model.

!
~——— Minimum Frequency Separation-———-%

|—-— - AR -

e +AF

e e e e — -
- e .- - —

Frequency:-//’r £l

rh
[\¥]

imp
FIGURE 2-1

DELTA~F WINDOWS IN COMPUTER MODEL

Any intermodulation product which falls within a Delta-F window is
noted as a potential problem; statistics are compiled accordingly. Tests
for second-order and third—-order intermodulation products, as selected by
the user, are performed for each set of frequencies chosen. All products
which fall within the window around any frequency in the frequency set are
noted. In the figure, an intermodulation product (imp) is shown to fall
within Delta-F of frequency £2.



After all problems are determined for this particular set of n fre-
quencies, the computer randomly selects the next set from the available
list of VHF and UHF frequencies (noted in Appendix C) and repeats the
analysis. At least 100 frequency sets are chosen during each computer run
to ensure a statistically valid analysis.

Inputs to the model included the following:

- Number of VHF frequencies (12 maximum)

= Number of UHF frequencies (12 maximum)

- Minimum VHF frequency separation (1.5 MHz typically)
-~ Minimum UHF frequency separation (1.5 MHz)

- Guard band frequency (Delta-F)

- Intermodulation tests to be performed

- Number of frequency sets to be tested (100 typically)
- Interfering VOR frequency (optional)

- Interfering FM broadcast band frequency (optional)

The model considered an equal mix of VHF and UHF frequencies in
groups of 6, 12, 18, and 24. 1In addition, the two emergency frequencies
of 121.5 MHz (VHF) and 243.0 MHz (UHF) were included by the computer model
in each frequency set.

The computer model randomly selected the first VHF frequency from the
list of available frequencies (as noted in Appendix B). Before it could
select the next VHF frequency from the list, it first confirmed that they
were apart in frequency by the separation defined in the input specifica-
tion. A typical value for VHF frequencies was 1.5 MHz, which is used by
the FAA for the separation in frequency of collocated equipment. However,
due to the distribution of Air Traffic Control VHF frequencies (as shown
in Table 2-1), the actual maximum separation possible diminished (as shown
in Figure 2-2). For that reason, the separation was reduced to 1.0 MHz to
accommodate 12 collocated VHF frequencies. UHF frequencies were selected
in the same fashion from the list (as detailed in Appendix B), although
the minimum spacing for UHF frequencies remained at 1.5 MH=z.

The standard procedure for exercising the computer model involved the
performance of all of the second-order and third—-order intermodulation
tests. The model was sufficiently flexible to allow testing for one par-
ticular type of product as part of a sensitivity analysis.

Each computer output presented statistics from 100 frequency sets (or
iterations). Sensitivity tests were performed on all input variables to
confirm the model's proper functioning. 1In one case,- shown in Table 2-2,



TABLE 2-1

ASSIGNED VHF AIR TRAFFIC CONTROL FREQUENCIES

ATC Frequencies Number Available

50 kHz 25 kHz

Band (MHZz) Use Spacing Spacing
118.0-121.4 Air Traffic Control 69 137
121.5 Emergency 1* 1*
123.6-128.8 Air Traffic Control 105 209
132.025-135.975 Air Traffic Control 79 159
Total 254 506

*100 kHz spacing for the emergency channel.

the major difference in input values between Example A and Example B was
the number of iterations which varied from 100 to 10,000. As shown in a
comparison of the output values, no significant differences were noted,
giving a high degree of confidence to this analysis.

2.1.2 FM Broadcast Band Interference Modeling

Other interfering frequencies were also considered in this analysis.
A broadcast band FM transmitter, located near the site of an FAA communi-
cations facility, may present itself as a wide-band, potentially high-
power interfering source. The interference spectrum may be very complex
and usually requires a detailed analysis in a manner that is beyond the
scope of this study.

An initial approach may be taken, however, by modeling the FM in-
duced intermodulation products as simple second-order or third-order prod-
ucts possessing a bandwidth. The operation of the model for the inclusion
of an FM signal in the analysis is illustrated in Figure 2-3. In this
case, the intermodulation product from the FM broadcast band transmitter
has a band of assumed frequencies. If the intermodulation product window
(imp) intersects a Delta-F window, then an intermodulation problem is
noted. As a first approximation, the FM bandwidth is assumed to be 50
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TABLE 2-2

COMPARISON OF COMPUTER RUNS FOR DIFFERENT
NUMBERS OF ITERATIONS

Input/Output Values Example A  Example B
Input Values
Number of Iterations 10,000 100
Delta-F .100 MH=z .100 MHz
Number of VHF Frequencies 12 12
VHF Spacing 1.000 MHz 1.000 MHz
Number of UHF Frequencies 12 12
UHF Spacing 1.500 MHz 1.500 MHz
VHF Emergency Frequency 121.5 MHz 121.5 MHz
UHF Emergency Frequency 243.0 MHz 243.0 MHz
VOR Frequency Not used Not used
FM Broadcast Not used Not used
Intermodulation Tests 2f-£! 2f-f!
2f+£" 2f+£!
£-£f! £-£!
£+£°* £+£'
2f 2f
3f 3f
Output Values
Number of Possible Conflicts 68,952 68,952
Mean Conflicts Per Iteration 27.6 28.0
Standard Deviation 8.8 9.1
t N
1 '
: L AF Windows ‘ | %
E N
: BN
| R\
T 1 ! '
£1-AF f1 f1+AF £2 imp (FM)
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FIGURE 2-3

FM INTERMOD PRODUCT



kHz. The intermodulation product is therefore modeled as being wideband
in nature.

2.1.3 VOR Interference Modeling

A VOR (VHF Omnidirectional Range) or a VORTAC (VHF Omnidirectional
Range with Tactical Air Navigation [TACAN]) is another type of signal that
has the potential for significant impact on the collocation problem. The
FAA envisions locating transmitters and receivers at many existing VOR and
VORTAC sites; yet detailed analysis of the impact on the VOR as a naviga-
tion facility is beyond the scope of this study. With certain simplifying
assumptions, however, an approach has been taken in the computer model to
indicate the impact of the VOR on air traffic control communications.

The VOR, though a high-power constant signal with a complex spectrum,
has been viewed with a first-order approximation as a simple interfering
signal, in much the same way another on-site transmitter would be viewed.
The frequency of a VOR is entered into the model as an input, and inter-
modulation products are calculated to determine the number that would fall
within the Delta-F windows. The model does not address the interference
of the VOR signal in terms of power or duration. Chapter Three details
the issues regarding interference from a VOR transmitter and the diffi-
culty associated with the collocation of a communications facility and a
navigation facility.

2.2 RESULTS OF COMPUTER MODEL SIMULATION
In this quick-look analysis the computer model was the primary wvehi-
cle for determining the feasibility of collocation. The data obtained are

detailed in the following sections.

2.2.1 VHF and UHF Communication Channel Interference Results

All outputs produced by the model include statistics on the number of
intermodulation problems per frequency set in the form shown in Figure
2-4. All input parameters specified by the user are detailed, including
the intermodulation tests performed. The results of the analysis are
given in the frequency conflict section. The number of possible pairs
indicates the number of intermodulation products that were generated for
all intermodulation tests to be performed. The number is determined by:

Number of products = NT; + N(N - 1)T,

where
N = the number of frequencies
T; = the number of intermodulation tests involving one frequency
(e.g., 2f)
T, = the number of intermodulation tests involving two frequencies

(e.g., 2£ + £')

2=7



RANDOM FREQUENCY INTERMODULATION SIMULATION

NUMBER OF ITERATIONS: 10000 DELTA F = 0.100 MHz

RANDOM VNF FREQUENCIES!: 12 VHF SPACING = 1.000 MHz

RANDOM UHF FREQUENCIES: 12 UHF SPACING = 1.500 MHz

UHF EMERGENCY = 121.3500 MH=z UHF EMERGENCY = 243,000 MH=

VOR FREQUENCY = 0.000 MHz FM BROADCAST = 0.000 MHz
(forced bandwidth 25 kHz) (forced bandwidth +/- 0 kHz)

(Freauency of zero means not tested for)

INTERMODULATION PRODUCTS TESTED! 2¢ - ¢’

20 + 17
fr -t
f + 1
27
3f

FREQUENCY CONFLICTS:
NUMBER OF FOSSIBLE CONFLICTS: 68932,
MEAN CONFLICTS PER ITERATION? 27.6
STANDARD DEVIATION: 8.8

CONFLICT DISTRIBUTION FOLLOWS

FIGURE 2-4

SAMPLE COMPUTER MODEL PRINTOUT

The number of possible conflicts indicates the number of opportunities for

intermodulation products to fall within any of the Delta-F windows. This
is defined by:

Number of conflicts

N{(Number of products)

N2T; + N2(N - 1)T,

The mean number of conflicts per iteration indicates the average number of
intermodulation products which fall within any of the Delta-F windows in
an average frequency set. The standard deviation of the same is also
noted on the output.'



The distribution of the number of conflicts corresponding to the data
in Figure 2-4 is shown in Figure 2-5, which shows the number of times
intermodulation products were determined to be problems according to the
selected intermodulation tests. For example, for 10,000 frequency sets
(iterations), there were 44 sets that had exactly 10 intermodulation prod-
ucts that fell within any of the 26 Delta-F windows in that set (consist-
ing of 12 VHF, 12 UHF, and the 2 emergency channels). The histogram
displays a normal type of distribution, which indicates the validity of
the random procedures incorporated in this model. (Data gathered from
this exercise of the computer model are contained in Appendix D.)

A certain set of input variables, noted in Table 2-3, was developed
as the prime set for testing. From the computer runs using these vari-
ables, conclusions were drawn about the difficulty of the intermodulation
problem. Equal numbers of VHF and UHF frequencies were used, that being
the most probable site implementation. Different combinations from the
range of input variables listed in Table 2-3 were used in the primary
analysis.

The results of a selected set of computer runs using these input data
are shown in Table 2-4. For each value of Delta-F, four different cases
of random frequencies were chosen, with the resulting average number of
conflicts as shown. The average number of conflicts is also presented in
Figure 2-6 for the various values of Delta-F. As expected, more inter-
modulation products were considered as problems by the computer model as
Delta~F was increased.

A figure of note is the percentage of frequency sets which have a
minimum number of conflicts. Conflicts will always result since the model
performs the 2f frequency tests on the emergency frequencies of 121.5 MHz
and 243.0 MHz. Because there are other possible 2f intermodulation prod-
ucts which do not include the emergency frequencies which may be noted as
problems, the test was not eliminated.

For the purpose of this analysis, an upper bound of two was chosen as
the maximum acceptable number of intermodulation problems present in an
acceptable frequency set. The number of frequency sets chosen by the com-
puter which met this criterion is an indicator of the probability of suc-
cess of the collocation effort. These indicators for 6, 12, 13, and 24
random frequencies are noted in the last column of Table 2-4; they consti-
tute a first approximation of the degree of difficulty of the site colloca-
tion problem.

Note in Table 2-4 that for six random frequencies chosen by the model
(in addition to the two emergency frequencies), there are at least 86 fre-
quency sets out of the 100 which present no intermodulation problems other
than the two 2f problems previously noted with the emergency frequencies.
This bounds the collocation problem and indicates that collocation with
this number of frequencies is possible if frequency engineering is properly
performed to select a set which comes from the 86 or more best sets. This
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TABLE 2-3

STANDARD INPUT VALUES FOR COMPUTER RUNS

Input Parameter Value

Number of Iterations 100
Delta-F .1, .05, .02, or .01 MH=z
Number of VHF Frequencies 3, 6, 9, or 12
VHF Spacing 1.000 MHz
Number of UHF Frequencies 3, 6, 9, or 12
UHF Spacing 1.500 MHz
VHF Emergency Frequency 121.5 MHz
UHF Emergency Frequency 243.0 MHz
VOR Frequency 108.0-118.0
FM Broadcast 88.0-108.0
Intermodulation Tests 2f - £°!

2f + £°

£ - £

f+ £

2f

3f

engineering would be performed by the computer programs and tools previ-
ously developed and used by the FAA. Good frequency management lessens

the occurrence of the second- and third-order products as a problem; it
creates the best foundation for the solution of other interference problems
that are beyond the scope of this model.

As can also be seen in the presentation of data in Table 2-4, for 12
frequencies, there is a 30 percent chance that a suitable frequency set
may be chosen to minimize or eliminate intermodulation problems. The
possibility of selecting a set which contains no intermodulation problems
for 18 and 24 frequencies does not exist for two values of Delta-F (0.05
and 0.1 MHz). A detailed discussion of the values of Delta-F is necessary
here to permit proper interpretation of the data.

Since this model has not been designed to consider directly signal
amplitudes of intermodulation products (since the data were not avail-
able), the value chosen for Delta-~F must have significance in practical
terms. A value of 20 kHz was chosen for Delta-F since it corresponds to
the -80 4B point in the receiver pass band specification (as defined in
Appendix A). This is taken as a worst-case value. A computer model
modified to include all data on amplitudes expected for specific trans-
mitters and receivers in chosen scenarios may in fact indicate that fewer

2-11



TABLE 2-4

RESULTS FOR STANDARD INPUT VALUES

Number of Average Percent of
Delta=F Random Number of Frequency Sets

MHz Frequencies Conflicts With <3 Conflicts
.1 6 3 86

12 5 30

18 14 0

24 28 0
.05 6 2 90

12 4 48

18 8 8

24 16 0
.02 6 2 98

12 2 90

18 4 50

24 6 18
.01 6 2 98

12 2 83

18 4 47

24 5 21

problems than those indicated by this model will occur. Those intermodu-
lation products with frequencies closer than 20 kHz to the carrier fre-
quencies were declared to be problems; others were not. A sensitivity
analysis was also performed comparing the results of a Delta-F of 10 kHz
with those of 20 kHz. While the magnitude of the intermodulation problems
changed, as expected, the relative results did not. A Delta-F of 20 kHz
was therefore chosen as the key value for the use of the model.

As noted in Table 2-4, the number of available frequency sets which
produce no significant problems greatly decreases for large numbers of
random frequencies and large values of Delta-F. This is graphically shown
in Figure 2-7. At Delta-F = 20 kHz, the opportunity exists (18 percent)
to locate a frequency set for 12 VHF and 12 UHF frequencies (plus the
emergency channels), which poses no significant second-order or third-
order intermodulation problems. However, when the FAA performs a detailed
analysis of a possible site implementation and examines the possible sets
of frequencies capable of coexisting with other services and broadcast
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facilities located nearby, then the number of frequency sets practically
possible may be greatly diminished. Following is an examination of other
potential sources of interference.

2.2.2 FM Interference Results

A broadcast band FM transmitter could possibly be located near the
site of the FAA communications facility. This FM signal presents a wide-
band, potentially high-power interfering source whose interference with a
communications site has been simply modeled. 1In this case, the inter-
modulation product from the FM broadcast band transmitter has a band of
frequencies that it can assume. As a first approximation, the FM band-
width is assumed to be 50 kHz. A repetition of the previous analysis for
Delta-F = 20 kHz with the inclusion of an additional FM frequency yields
the results shown in Figure 2-8.

The consideration of an FM frequency increases the average number of
intermodulation products. A detailed analysis of the interference would
yield a better definition of the complex signal generated, its duration,
and the effect of such a signal at a relatively constant amplitude and
duration. Such an analysis is beyond the capabilities of this model and
beyond the scope of this study. However, the model shows that the addi-
tion of a wideband signal can greatly affect the number of offensive
intermodulation products. The actual audible effect of the interference,
though, will be markedly different for a wideband FM signal than an AM VHF
or UHF signal, as previously considered with the other frequencies in the
close frequency sets.

2.2.3 VOR Results

A VOR or a VORTAC is another type of signal which may have great
impact on the collocation problem. The VOR, though a high~power constant
signal with a complex spectrum, can be viewed as an interfering signal,
much as another on-site transmitter would be viewed. From the results of
the analysis that appears in Figure 2-7, it can be seen that the VOR does
create additional problems. However, it does not contribute the same mag-
nitude of problems as the FM signal, due to the narrowband nature of the
VOR signal. What can be drawn from this analysis is that the FM signal
and the VOR signal are high-power and constant in nature and have complex
intermodulation products that must be taken into detailed account. The FM
signal presents a serious (although not insurmountable) problem which must
be considered. The VOR presents interference to the communications equip-
ment as a collocated high~-power emitter which is also potentially affected
in its operation as a navigation facility by the communications equip-
ment. This quick-look analysis indicates that such a location produces
significant problems from an intermodulation aspect. Other difficulties
with such an implementation are explored in greater detail in Chapter
Three.

Despite its limitations in scope, the computer model does represent a
powerful tool for presenting a quick-look analysis of intermodulation pro-
ducts and the problems which they can cause. The feasibility issue has

2-15
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initially been bounded from an intermodulation point of view. It is feas-
ible to engineer the frequency selection of collocated frequencies to mini-
mize second-order and third—-order products which are problems for receivers

located on-site.

As a result of this analysis, the collocation of up to 12 frequencies
appears highly probable and technically feasible. As the number of fre-
quencies exceeds 12, however, the number of suitable frequency sets de-
creases dramatically, indicating the increased difficulty with collocation,
although technical success is not precluded. Maximum flexibility must be
allowed to solve site-specific problems that will further complicate the

success of collocation.

Chapter Three addresses practical considerations

surrounding the use of the best techniques to reduce other interference

problems.



CHAPTER THREE

PRACTICAL CONSIDERATIONS FOR CONSOLIDATION AND COLLOCATION

3.1 CONSOLIDATION AND COLLOCATION OF AIR TRAFFIC CONTROL FACILITIES

For many years, the FAA has recognized the economic and operational
advantages of collocating VHF and UHF transmitting and receiving facili-
ties; but the transmitters and receivers, reflecting earlier technologqy,
have not been capable of delivering satisfactory performance when collo-
cated. 1In certain specialized cases, such as mountain-top radar sites,
where normal horizontal separation of antennas and isolation of equipment
was impossible, extraordinary measures were employed to achieve acceptable
performance. This was a significant technological achievement in view of
the marginal characteristics of the available transmitters and receivers.

The National Airspace System Plan and various other official planning
documents dealing with the communications and navigation requirements of
the Air Traffic Control system in the United States, dating to 1970, have
predicted a need for the collocation of facilities. Most of the communi-
cations equipment in the operational inventory was not suitable for collo-
cation, and the replacement rates (providing new transmitters and receiv-
ers) were insufficient to support any widespread collocation effort.

Older equipment, not suitable for collocation, would have presented sig-
nificant engineering problems.

In 1966, the FAA and the Department of Defense jointly supported a
project to produce a new family of specifications of VHF and UHF trans-
mitters, receivers, and transceivers that were intended for application in
a collocated air traffic control environment. (A copy of the original
transmitter and receiver specifications is provided in Appendix A of this
report.) This new family of equipment featured exceptional reliability,
immunity from power line fluctuations, minimum radiation of harmonics and
intermodulation products, and receivers with improved selectivity and
excellent dynamic range. New generation communications equipment is still
procured with reference to this family of specifications. Such equipment
is well suited for collocation, but will require a number of additional
components to assure the level of isolation required among the units in a
busy air traffic control environment.



Currently, the National Airspace System Plan requires the Federal
Aviation Administration to proceed with the collocation of facilities.
The overall cost reductions (through the elimination of remote transmitter
and receiver sites) continue to attract the attention of system planners.
Cost reductions are more impressive when navigation sites (VOR or VORTAC)
are included, but the engineering problems associated with such colloca-
tions have been largely overlooked by system planners. The following sec-
tions present some of the more apparent advantages and disadvantages of
collocation in the current environment.

3.1.1 Advantages of Site Consolidation and Equipment Collocation

The relocation of off-airport facilities has been recommended as a
means of reducing annual support costs. Some of the areas of expected
savings are:

-~ Reduced costs for off-airport properties

- Reduced costs for off-airport leased communications circuits

- Reduced travel costs for technicians performing maintenance

- Reduced number of facilities requiring backup power

- Reduced security risks associated with off-airport property

Reduced maintenance manpower requirements

3.1.2 Disadvantages of Site Consolidation and Equipment Collocation

While the advantages of collocation are primarily economic in nature,
the disadvantages are primarily operational and technical. They involve
the adverse effects of multiple antennas on a small piece of property, the
impact of strong transmitted signals on nearby receivers, and the employ-
ment of isolation and attenuation devices not previously required on the
remotely located facilities. Some of the more significant considerations
are:

~ Reduced isolation between transmitters and receivers

- More severe intermodulation products

- Increased possibility of interference

- Additional cost of isolation devices

- Transmitter and receiver attenuation due to isolation devices

- Amplifiers required to compensate for filter losses

- Additional cost of collinear (gain-type) antennas



3.1.3 Additional Facts to be Considered

In consolidating a large number of transmitting and receiving facil-
ities within the confines of a small site, few types of interference can
be neglected. The design engineer's goal must be the creation of an oper-
ating environment totally capable of performing the air traffic control
mission, with total system performance achieving the capability of the
isolated environment as nearly as possible. Where physical isolation
cannot be obtained, electrical isolation must be provided.

Where system performance may be degraded, means must be provided for
recovering or restoring the performance. If suitable isolation devices
are not currently in the established inventory, they must be obtained,
even if some new development may be involved. Some of the facts that must
be considered are the following:

- Horizontal separation of antennas may not be sufficient,

- Isolation devices of all types may have to be employed.

-~ Losses due to filter components may be excessive.

- Compensation for filter losses may require additional antenna gain.

- The interference problem is further complicated by radar, naviga-
tion aids, and other sources of interference.

- Interference-~free operation requires establishing and maintaining
a delicate working relationship with all of the equipment and
other sources of radiation.

~ Each collocated site will be unique, even though employing stan-
dard engineering practices and isolation devices.

- Future frequency changes or additions will require careful
planning.

3.2 HARDWARE CONSIDERATIONS

When locating a number of transmitters and receivers on a small piece
of real estate, careful attention must be directed toward the selection of
operational frequencies. A number of suitable computer programs have been
developed for the ready recognition of obvious intermodulation problems,
i.e., frequencies that will produce intermodulation products {(interfer-
ence) on the designated operating channels.

Not all of these computer programs will identify receiver image fre-
quency responses or interference developed on the receiver intermediate
frequencies (IF). System engineers in the air traffic control service
will continue to require the assistance of frequency management resources
to avoid the obvious frequency-related interference problems.



In most cases, system engineering also must include a greater amount
of isolation than the best transmitters and receivers normally provide.
The amount of isolation required, and the number of external devices to be
employed, will be determined largely by the number of transmitters and
receivers to be collocated.

Besides the transmitters and receivers, system engineers also must
consider the various types of isolation devices to be employed, and the
types of antennas to be installed as well as the location of those anten-
nas with respect to each other.

3.2.1 Transmitters and Receivers

Tradionally, the ATC system has included a mix of old and new equip-
ment. The older equipment, including both vacuum tube types and transis-
torized models, reflected designs for 100 kHz channel spacing and lower
density installations. These classes of equipment are not suitable for
collocation in high-density sites. They should be replaced by their more
modern counterparts designed for 25 kHz channel spacing and the rigors of
collocated facilities.

The earliest VHF transmitters suitable for collocation included the
AN/GRT-18 and AN/GRT-21. Both were developed to satisfy stringent reli-
ability and collocation requirements set down in modern performance speci-
fications. Both equipments included 50~watt linear amplifiers that may be
employed with the normal 1l0-watt exciters for those applications needing
greater coverage, or to compensate for the losses encountered in the iso-
lation devices needed for collocation.

New generation equipment must meet stringent collocation specifica-~
tions and must be phased into service to replace aging devices. For ex-
ample, older UHF transmitters are not likely to possess the desired reli-
ability, and they tend to complicate management of intermodulation prob-
lems inherent in a collocated facility. Older receivers may experience
severe degradation of performance when confronted by the combined signals
of numerous collocated transmitters. Local oscillator radiation from the
older receivers also may cause interference. Even recently manufactured
UHF transmitters may not satisfy the stringent collocation requirements of
the early specification. These new UHF transmitters should be subjected
to a stringent test and measurement program before they are included in
the design of a collocated facility.

The earliest VHF receivers developed and manufactured to meet the
stringent collocation environment included the AN/GRR-23 and AN/GRR-25.
These two receivers possessed the reliability desired, and were designed
to operate successfully in proximity with other receivers and trans-
mitters. Their UHF counterpart, the AN/GRR-24, reflected many of the same
design features and was developed for the severe collocation environment.
All of these receivers (VHF and UHF) were developed for the 50 kHz channel
spacing of the present Air Traffic Control system. All accepted an IF



modification module for 25 kHz channel spacing. More recently manufac-
tured VHF and UHF receivers may not satisfy stringent collocation require-
ments embodied in the original specification. Again, these receivers
should be subjected to a test and measurement program before they are
included in the design of a collocated facility.

The AN/GRR-( ) and AN/GRT-( ) were developed according to competent
performance specifications that included the capability to operate in an
inhospitable (unfriendly) environment of high signal density, including
radar pulse interference. With an established reliability figure of
10,000 hours MTBF, much of this equipment is nearing the end of its normal
service life. New equipment procured for the ATC service should include
similar reliability requirements. The original specifications containing
the required performance factors for collocation are included in this
report as Appendix A and provide the basis for the development of more
modern specifications reflecting the same performance capabilities. New
equipment should be subjected to a test and measurement program to verify
their compliance with current specifications and more stringent present
requirements for collocated equipment.

3.2.2 1Isolation Devices

Every transmitter and receiver, regardless of design or inherent
quality, must have some degree of isolation to achieve satisfactory per-
formance. In a collocated air traffic control facility, geographic isoe
lation is limited by the small dimensions of the site. These dimensions
determine the maximum separation distance between antennas, the separation
between transmission lines, and the density of installed transmitters and
receivers inside the service building. When these dimensions do not pro-
vide the isolation required for normal satisfactory performance, addi-
tional devices must be employed to increase the electrical isolation be-
tween interfering systems. These devices may be regarded as the de-~
signer's tools for selective insertion between interfering systems.

The cost of isolation devices is measured in two different dimen-
sions: (1) the number of dollars for procuring the device, and (2) atten-
uation or signal loss to be experienced with the device installed. For
transmitters, signal losses will reduce the effective radiated power (ERP)
of the system. For receivers, the losses will reduce the receiver sensi-
tivity. If the accumulated signal losses become excessive, they must be
compensated for by other devices to increase system gain, e.g., amplifiers
or antennas with more than unity gain. Added amplifiers or antennas then
will increase the total dollar cost of the system.

One of the most effective and valuable isolation devices in a collo-
cated VHF/UHF installation is the simple (and passive) low-pass filter
(LPF). The second and third harmonics of the VHF transmitter will be
attenuated by more than 50 dB at the filter and generally will not be a
problem in the UHF receivers. In multiple VHF transmitter installations
involving air traffic control, the second and third harmonics will be
attenuated and will not figure prominently in the generation of higher



(third, fourth, and fifth) order intermodulation products. 1In multiple
VHF installations, or in combined VHF/UHF installations, the low-pass
filter should be engineered into the output of each VHF transmitter, and
should be located as close as possible to the output port of the trans-
mitter. Table 3-1 lists prominent second, third, fourth, and fifth order
products resulting from only three common VHF sources. Note that the
second-order and third-order intermodulation products of VHF frequencies
may fall within the UHF band. The low=-pass filter, however, will elimin=-
ate virtually all of the listed intermodulation products containing a "2f"
or "3f" factor.

In collocated VHF/UHF transmitter facilities, a high-pass filter
(HPF) is beneficial in each UHF transmitter output. It assures further
attenuation of any VHF transmitter signal attempting to reach a UHF trans-
mitter output stage. For suppression of harmonics in the UHF transmitter,
a low-pass or a band-pass filter would be more effective; however, the
low-pass filter will not attenuate arriving VHF signals, and the band-pass
filter usually creates additional power loss into the transmission line.
The high-pass filter therefore emerges as a compromise, attenuating the
arriving VHF signals but introducing a minimum of transmission loss (on
the order of 0.5 dB). The compromise also may include a cavity-type
multicoupler, which not only provides excellent band-pass characteristics
but also provides a high degree of isolation between the transmitters
connected to the multicoupler.

A UHF multicoupler is valuable for collocating multiple UHF trans-
mitters. It provides approximately 60 dB of isolation between transmit-
ters, provides band-pass characteristics to suppress both harmonics and
lower frequency intrusions, and permits four UHF transmitters to feed a
single antenna. 1In the most severe collocation sites, such as mountain-
top radar installations, the UHF receivers also can use the same antenna
connected to the transmitters. This technique is not recommended for
standard air traffic control facilities, where it is possible to provide
separate receiving antennas with a degree of physical separation.

A VHF multicoupler equal or superior to the UHF CU~547 should be
developed and provided to the air traffic control community as an addi-
tional tool for collocation. Insertion losses should not exceed 2 dB
(0.5 dB desired), with isolation between transmitter input ports in the
order of 55 to 60 dB. These design parameters may require the use of
large VHF cavities (for high-Q circuits), but will promote the success of
high~density collocated VHF/UHF facilities.

When collocating with a VOR facility, or in proximity with a high
powered VHF/FM broadcast station, VHF circulators and VHF band-reject
cavities may be required. These tools are readily available from estab-
lished manufacturing sources.



TABLE 3~1

SAMPLE OF SECOND-, THIRD-, FOURTH-, AND FIFTH-ORDER
INTERMODULATION PRODUCTS FROM THREE VHF SOURCES

f, = 121.5 MHz
f, = 132.0 MHz
£5 = 126.0 MHz
Second-Order Products Fourth-Order Products
2fl = 243.0 MHz UHF Emergency 2f2 + f2 - f3 = 259.5 MHz
2f2 = 264.0 MHz 2fl + f3 - f2 = 237.0 MHz
2f3 = 252,.0 MHz 2f2 + f3 - fl = 268.5 MHz
f1 + f2 = 253.5 MHz 2f3 + f2 - fl = 262.6 MHz
f1 + f3 = 247.5 MHz 2f3 + f1 - f2 = 241.5 MHz
f2 + f3 = 258.0 MHz 2fl + f2 - f3 = 249.0 MHz
Third-Order Products Fifth-Order Products
2fl + f2 = 275.0 MHz 2f + 2f2 - f3 = 381.0 MHz
2fl - f2 = 111.0 MHz VOR 2fl + 2f3 - f2 = 363.0 MHz
2f2 + f1 = 385.5 MHz 2f3 + 2f2 - f1 = 394.5 MHz
2f2 - fl = 142.5 MHz 3fl + f2 - f3 = 370.5 MHz
2f3 - fl = 130.5 MHz 3f2 + f1 - f3 = 391.5 MHz
2f3 + fl = 373.5 MHz 3f3 + f1 - f2 = 367.5 MHz
2f3 - f2 = 120.0 MH=z 3fl + f3 - f2 = 385.5 MHz
2f3 + f2 = 384.0 MHz 3f1 - f2 - f3 = 106.5 MHz VHF/FM
2f1 + f3 = 369,0 MHz 3f2 - f1 - f3 = 148.5 MHz
2f1 - f3 = 117.0 MHz VOR 3f3 - f1 - f2 = 124.5 MHz
2f2 + f3 = 390.0 MHz 3fl - 2f2 = 100.5 MHz VHF/FM
2f2 - f3 = 138.0 MHz 3f1 - 2f2 = 112.5 MHz VOR
f1 + f2 + f3 = 379.5 MHz 3f2 - 2f1 = 153.0 MHz
3f2 - 2f3 = 144.0 MHz Amateur
3f3 - 2f1-= 135.0 MHz
3f3 - 2f2 = 114.0 MHz VOR




3.2.3 Antennas

In the collocated environment, a minimum number of antennas on the
site is desired. The application of 6~ or l2-channel active receiver
multicouplers should enable all VHF receivers to use a single antenna, and
all UHF receivers to use a single antenna. Isolation devices should then
be required on only one VHF receiver transmission line and on one UHF
receiver transmission line. The active multicoupler should have a large
dynamic range and should provide a high degree of isolation between
individual receivers. In a typical collocated VHF/UHF installation, the
active multicoupler may be operated at a unity-gain level; however, gain
may be available if it should be needed.

In the more difficult installations, where the application of multi-
ple isolation devices has attenuated the transmitter output below the
desired radiation level, it will probably be necessary to employ a verti-
cal antenna with gain. This approach is more economical than an increase
in transmitter power beyond the standard 50-watt amplifier,

In most installations, the standard VHF vertical dipole antenna will
be adequate for both transmitters and receivers. In those installations
employing multiple isolation devices, and therefore incurring excessive
losses, it would be beneficial to employ a VHF antenna with inherent
gain. While such antennas are not common to the air traffic control
environment, they represent a valuable tool for application in those cir-
cumstances where they are needed. The gain-type antenna (preferably of
collinear construction) would be more economical than an increase in
transmitter power beyond the standard 50-watt amplifier.

To achieve a greater degree of electrical isolation between antennas
than can be obtained by horizontal separation alone, a number of antenna
mounting structures providing vertical separation would be beneficial.
These structures should be constructed of dielectric (nonconducting)
material of sufficient strength to resist the effects of ice and wind
loading, and readily adaptable to the mounting of common VHF and UHF
antennas. The normal installation should be compatible with the platform
of existing antenna support structures (towers), with provisions for rota-
ting or lowering the dielectric structure to platform level for easy an-
tenna inspection, maintenance, or replacement. The dielectric structure
should provide for a vertical separation of not less than ten feet between
the upper and lower antennas.

3.3 A BASIC APPROACH TO COLLOCATION

Some of the earliest, and mostly unsatisfactory, collocation efforts
involved communications for ground control approach (GCA) units, mobile
RAPCONs, and self-sufficient air traffic control towers. Antennas typic-
ally were too close to provide sufficient isolation, and the transmitters
and receivers were not well suited to a high-interference environment.
Among the common complaints were receiver desensitization, numerous inter-
modulation products, audio distortion, and channel cross~-talk. From this
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background of collocation problems came the development of improved per-
formance specifications for equipment to be used in the Air Traffic Con-
trol system.

The complications and complexities of collocation increase sharply
with the number of transmitters and receivers to be collocated. 1Isolation
devices may be employed as building blocks. For the collocation of small
numbers of transmitters and receivers, few devices will be required.
Increasingly large numbers of isolation devices become necessary as the
numbers of transmitters and receivers is increased.

For purposes of illustration and clarity, a sample site configuration
(see Figqure 3-1) has been prepared, making use of four antenna supports in
a square confiquration not less than 65 feet on each side, with an equip-
ment building in the center. (Current FAA procedures specify a minimum
separation of 80 feet.) Three of the platforms are employed for mounting
transmitting antennas; the fourth platform is dedicated to receiving an-
tennas. One VHF and one UHF antenna are mounted on each platform, vertic-
ally separated approximately 10 feet by a dielectric antenna mounting
fixture. These basic building blocks are common to all sites, with addi-
tional isolation devices employed as the number of transmitters and re-
ceivers is increased. Sample configurations have been prepared for three,
six, nine, and twelve transmitters and receivers on each band (VHF and
UHF) .

[ )

Existing buildings at some locations may not physically be of suffi-
cient size .to house the collocated transmitters and receivers, along with
their additional isolation devices. This problem will be especially
troublesome on the sites with more collocated frequencies, especially
where cavity-type multicouplers or band-reject cavities may be required.
The enlargement or expansion of an existing building usually will be more
economical than the construction of a new facility. Each site requires a
separate engineering survey to define work to be accomplished.

3.3.1 Three VHF/Three UHF Channels

This configuration (Figures 3-2 and 3-3) offers little challenge to
the design engineer and can easily be accomplished. Each transmitter (Tx)
is provided with its own dedicated antenna on one corner of the square,
and each pair of antennas (VHF and UHF) is vertically separated by ten
feet. Each VHF transmitter is equipped with a low-pass filter; each UHF
transmitter is. equipped with a high-pass filter. A VHF active multi-
coupler (M/C) feeds all three receivers (Rxs); the single transmission
line from the antenna is fitted with a low-pass filter. A UHF active
multicoupler feeds all three UHF receivers; the single UHF transmission
line is equipped with a high-pass filter.

3.3.2 8Six VHF/Six UHF Channels

The installation of 12 transmitters (six VHF and six UHF) on a small
site (Figures 3-4 and 3-5) will justify the employment of additional tools
to lessen the proliferation of intermodulation products. The primary
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Transmitters

Tx LPF
Forward VHF :
+40 dBm -0.5 =-2.0 0 ERP = +37.5 dBm (5.6 W)
+47 4Bm -0.5 -2.0 0 ERP = +44.5 dBm (28.2 W)
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addition to the site inventory is a cavity-type multicoupler. For UHF,
this may be the well~known CU-547 or an equivalent; for VHF, it is possi-
ble that a new device may be required. Electrically, the cavity-type
multicoupler does not present a design challenge for either band; however,
the cavities are sufficiently large to demand installation space, and will
contribute to the crowding of internal equipment on the site. A VHF cavity
multicoupler of the same characteristics probably would be floor-mounted
or wall-mounted because of the larger cavity size.

Losses associated with additional filters will impact upon the power
output from the transmitters, resulting in approximately a 4.5 4B cumula-
tive loss in the VHF system, for an effective radiated power level of 3.5
watts from a l0-watt transmitter. The 50-watt amplifier will produce an
effective radiated power of 17.8 watts.

Note that the UHF losses are somewhat greater. Primarily because of
transmission line losses, the ERP from a l0-watt UHF transmitter is only
2.24 watts. With the 50-watt amplifier, the ERP is raised to 11.22 watts.

If additional power should be required because of extended range
coverage or other factors, it is recommended that an antenna with gain be
installed (for either VHF or UHF). An antenna providing 6 dB of gain will
raise the ERP to four times the level specified above, whether the l0-watt
or 50-watt transmitters are used.

A high degree of sophistication is not required to achieve isolation
of the receiving system from either the collocated transmitters or the
other receivers. A low=-pass filter should be included in the VHF receiver
transmission line between the antenna and the multichannel active multi-
coupler. The multicoupler itself should provide at least 60 dB of isola-
tion between individual receivers.

The UHF receivers reflect approximately the same configuration, ex-
cept that a high-pass filter is incorporated between the antenna and the
active multicoupler. Even with the multicouplers adjusted for no gain,
the VHF receivers should deliver a sensitivity of -100.5 dBm (approxi-
mately 2 microvolts) and the UHF receivers -98.5 dBm (corresponding to
approximately 2.5 microvolts). Increasing the gain of the multicoupler
(with some corresponding increase in the noise figure) or installing a
gain type antenna on the receiving system should boost receiver perform-
ance if required.

When using the available isolation tools in a configuration similar
to the graphic illustrations (Figures 3-4 and 3-5), the collocation of six
VHF transmitters and six UHF transmitters with corresponding receivers,
appears to be entirely feasible. It is recommended that existing computer
programs should be employed to avoid the assignment of frequencies produc-
ing obvious intermodulation problems.



3.3.3 Up to Twelve VHF/Twelve UHF Channels

Graphic illustrations (Figures 3-6 and 3~7) have been prepared for
both nine channels and twelve channels; however, the treatment of both
confiqurations is identical, using the same tools to achieve the necessary
electrical isolation between major components.

‘As noted previously, when a four-channel, cavity-type multicoupler is
employed in multiples, maximum isclation between frequencies can be ob-
tained by distributing the operating channels among the multicouplers,
rather than "filling" one multicoupler and moving to the next. For exam-
ple, if the operating frequencies are arranged according to their increas-
ing numerical value, frequency number one would be assigned to the first
multicoupler, frequency number two to the second multicoupler, etc. As
reflected in the graphic illustration for nine frequencies, (Figure 3-6)
frequencies 1, 4, and 7 would appear on the first multicoupler; frequen-
cies 2, 5, and 8 would be assigned to the second multicoupler; and fre-
quencies 3, 6, and 9 would be connected to the third multicoupler.

The illustration for 12 channels reflects the distribution of fre-
quencies for the complete filling of three four-channel multicouplers.
From both engineering and operational standpoints, it would be beneficial
to employ four of the four-channel multicouplers (assigning three frequen-
cies to each) and maintain an unassigned spare channel in each multi-
coupler. This arrangement provides additional flexibility for accommoda~-
ting frequency changes or new frequencies at the collocation site, with
minimum impact on those already assigned or those not being changed.

Space requirements may be as severe as the electrical requirements
when configuring a high density location. The CU-547 UHF multicoupler
should be provided rack space, with sufficient clearance to allow free
movement of the hinged front panel (similar to a cabinet door). The
multicoupler also should be located as close as possible to transmitters
to which it is connected. Because of their large size, VHF cavities
(either multicoupler or band-reject types) should be either floor-mounted
or wall-mounted. These cavities also should be located as close as pos-
sible to their corresponding equipment. Additional study at each location
will be required to produce a suitable site layout and some building modi-
fication or expansion may well result.

3.4 COMPLICATIONS OF COLLOCATING WITH VOR

The collocation of communications equipment with a VOR represents a
significant technical challenge. A multi-frequency communications site
may require extensive engineering to ensure acceptable functioning of all
equipment. The installation of a VOR by itself also may require extensive
site~specific engineering that does not always guarantee the commissioning
of the VOR without restrictions on certain radials. The combination of
both into one site for navigation and communications creates a union which
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may force compromises in both functions, some of which may not be accept-
able. Therefore, a detailed analysis must be performed to determine the
probability of success of such a collocation endeavor before significant
resources are expended on the creation, expansion, or modification of a
site.

The graphic illustration of a collocated VHF/UHF air traffic control
communications site with a 200-watt VOR provides a cross-section of the
problem to be confronted (see Figure 3-8). The VOR represents a strong
signal in close proximity to the VHF and UHF transmitting and receiving
antennas. The communications antennas are undesirable obstructions in the
radiating field of the VOR antenna. Both problems must be confronted, and
system compromises must be recognized and reduced to some acceptable mini-
mum. The facilities also must satisfy a commissioning flight inspection
after all the compromises have been negotiated and installed.

3.4.1 Additional Isolation Techniques Required

The same basic configuration used for collocating up to 12 VHF and
12 UHF channels should be regarded as the starting point for collocating
with a VOR station. This includes a high~pass filter and a cavity-type
multicoupler for the UHF channels, along with a low-pass filter with a
cavity-type multicoupler for the VHF channels.

Besides these basic tools, the VHF transmission line may require the
insertion of a ferrite circulator, to attenuate the amplitude of the VOR
signal entering the VHF transmission system (see Figqure 3-9). The circu-
lator will attenuate the VHF communications transmitters by approximately
0.5 dB in the forward direction, but will attenuate the VOR signal more
than 20 4B in the reverse direction. The combined attenuation of the fer-
rite circulator and the VHF cavity-type multicoupler should be sufficient
to reduce the amplitude of all interfering VHF signals to an acceptable
level.

In the receiver installation (Figure 3-10), two additional isolation
devices are shown in the graphic illustration of the VHF system. A fer-
rite circulator similar to that in the transmission system is employed to
attenuate or reject any signal (intermodulation product) emanating from
the receiving system. 1In addition to the ferrite circulator, a band-
reject cavity has been inserted ahead of the active multicoupler specifi-
cally to attenuate the VOR signal. This band-reject cavity will reduce
the impact of the VOR on the VHF communications receivers, and also will
prevent the radiation of any intermodulation product on the VOR fre-
quency. The ferrite circulator will provide an additional 20 dB of atten-
uation for any signal attempting to travel outward on the receiver trans-
mission line.

The UHF receiving system also has been equipped with a ferrite circu-
lator, because of the high (200-watt) power level of the VOR, and the pos-
sibility of even a low level intermodulation product that could be radi-
ated on the VOR frequency. The high-pass filter and the ferrite circu-
lator should be sufficient for attenuating any VHF signals (including VOR
band) that may emanate from the UHF receiving system.



\\\\\\ // UHF
UHF -U
A — e VHF !
ﬁ VHF /' -
— —~—
—" ~—
e = h—
w—" ~——
———
L 2
Up to
12 VEF
Rx
- Band-
— Reject {’“\ "‘\ VHF
- S LPF
-] Cavity Circ i Tx No. 1
— (VOR) Circ |
E— VHF § ViF
— NActive Cavity [~
e M/C M/C
p—
———
— -
Up to U 8
12 UNF
Rx
e (’\ oor | UHF
L HPE | . =PE Tx No. 1
— Circ
— UHF ULF
——{ Active Cavity
p— M/C M/C

*Requires antenna with gain

CONFIGURATION FOR

FIGURE 3-8

TWENTY-FOUR FREQUENCIES WITH A VOR TRANSMITTER

3-20



= LPF c;c?iy (/—‘\)
mM/c ! Circ
|
Forward VHF —
+40 dBm -0.5 -2.0 -0.5 -2.0 0
+47 dBm -0.5 -2.0 -0.5 -2.0 0
Reflected VHF - >5 MHz * f
(-=72.5 dB) -0.5 -50.0 -20.0 -2.0 0
Reflected UHF -
(-149.0 as) -50.0 -60.0 -25.0 -4.0 -10
Tx HPF Ciﬁ?iy
m/c )
I
|
Forward UHF >
+40 dBm -0.5 -2.0 -4.0 +6.0
+47 dBm -0.5 -2.0 -4.0 +6.0
Reflected VHF -
(-122.0 aB) -50 -60 -2.0 -10
Reflected UHF - >5 MHz * fo
(-58.5 dB) -0.5 -60 -4.0 +6.0
FIGURE 3-9

*AS-1181 minimum;
requires antenna
with 3 - 6 dB gain.

ERP = +35 dBm (3.16 W)
ERP = +42 dBm (15.85 W)
ERP = +39.5 dBm (8.9 W)
ERP = +46.5 dBm (44.7 W)

TRANSMITTER SIGNAL LOSSES FOR TWENTY-FOUR

FREQUENCIES WITH A VOR TRANSMITTER



w o 3 e reect
l? — Act}ve LPF cavity .
Receivers — M/C (VOR) Circ
Net Sensitivity

=100 dBm (2.2 uv) 0 -0.5 -0.5 -0.5 -2.0 0
Reflected VOR - >5 MHz
0 -0.5 -70 =20 -2.0 o}

Reflected VHF >
0 -0.5 -0.5 -20 -2.0 0

Reflected UHF >
0 =50 -0.5 =25 -4 -1l0

UHF
Up to E UHF
12 —Active HPF
Receivers EE M/C Circ
Net Sensitivity

-98 dBm (2.8 nv) 0 -0.5 -0.5 -4.0 0

UHF Reflected -
0 -0.5 =25 -4.0 0

VHF Reflected -
0 -50 -20 ~2.0 -10

FIGURE 3-10

RECEIVER SIGNAL LOSSES FOR TWENTY-FOUR
FREQUENCIES WITH A VOR TRANSMITTER

i+

(-92.5 dB)

(-23.0 ds)

(-89.5 dB)

-29.5 4B

-82 dB



3.4.2 Antenna Considerations

When collocating a multichannel communications facility with a VOR,
the communications antenna complex must be designed and installed in a
manner that does not preclude the commissioning of the VOR facility. The
structural steel towers normally used as antenna supports at air traffic
control transmitter and receiver sites would be major obstructions if in-
stalled at a VOR site. These towers probably would impact the course
structure of the VOR sufficiently to preclude commissioning the facility.

The VOR radiates a horizontally polarized signal, while antennas used
for air traffic control communications require vertical polarization.
When installing communications anterinas at or near a VOR facility, care
must be exercised to avoid any horizontally polarized components that
could intercept and reradiate the VOR signal.

The VOR typically radiates a navigation signal structure from a
negative angle tangent to the counterpoise (below the horizon) to a verti-
cal angle approximately 40 degrees above the horizon (see Figure 3-8).
Signal energy radiated below the horizon is subject to ground reflection,
and is responsible for many of the course errors and anomalies that com-
plicate the creation of a smooth and uniform radio course structure. Any
significant reflections above the horizon usually cannot be tolerated.

For minimum impact on a collocated VOR and minimum coupling between
antennas, the communications antennas should be installed either below the
radio horizon or above the +40 degree angle of the radiation pattern. 1In
either case, the support structures, should be constructed of dielectric
material. Wood utility poles, frequently used for such applications, are
not ideal, since they require either the use of pole-climbing equipment by
installers and maintenance technicians, or the installation of steps on
the poles. Metal steps are undesirable, since they are horizontally
polarized. A portable lift (cherry picker) could be used to accomplish
maintenance on the communications antennas, but it would cause a shutdown
of the VOR while the vehicle is parked or engaged on the site. As a com~
promise, it is desirable to develop a short dielectric structure that can
be mounted on the periphery of the VOR site (as illustrated in the
sketch), with a collinear UHF antenna mounted approximately at the VOR
horizon, and a collinear VHF antenna below the VOR horizon ;see Figure
3-8). .

This compromise antenna configuration will lessen the impact on the
VOR signal structure, and in most cases will deliver satisfactory service
in the communications mission. The receiving antennas should be mounted
on the same type of dielectric structure. Both transmission lines should
be fitted with a ferrite circulator to prevent reradiation of the VOR
signal or the transmission of any intermodulation products.

3.4.3 Total Impact on Both Facilities (VOR and ATC Communications)

If the communications antennas on the VOR site are mounted on dielec-
tric structures, and maintain a profile on or below the horizon, as seen
by the VOR antenna, the total impact on the radiation pattern of the VOR



should not complicate the unrestricted commissioning of the navigation
facility. Obviously, the restricted height of the communications antennas
will have some impact on their low altitude coverage, which may affect
their unrestricted commissioning.

During the selection of locations for mounting the communications
antennas, the most important primary geographic areas of coverage should
be determined. If the VOR will be located on a federal airway, the anten-
nas and their supports should be programmed for locations providing the
least restrictions along the airway. If using the "square" installation
of four antenna structures (as in the graphic illustrations), two sides of
the square should be parallel to the primary airway to minimize the shadow
effect cast by the building.

Within the VOR building, some crowding of equipment may occur. How-
ever, direct radiation between equipments should not be a problem, if all
transmitters and receivers were developed and produced according to speci-
fications for collocated air traffic control devices. The cavity-type VHF
multicouplers probably should be mounted on the walls of the structure
even though the UHF multicouplers will be rack- or cabinet-mounted. VHF
transmitters should be mounted near the multicoupler to which they are
connected; the same procedure should be followed for the UHF transmitters.

For maximum transmitter/receiver isolation, one side of the VOR
building should be reserved for the radio receivers and their active
multicouplers. Transmission lines should be kept as short as possible,
both for minimizing losses and minimizing the coupling between lines.
Transmission lines destined for each of the four antenna structures should
not be intermingled in raceways, cable ducts, or conduits. They should
maintain separate routes to their departure points from the building.

As previously mentioned (Section 3.l1.1l), there are many economic
advantages to collocation of equipment, including the collocation of com-
munications equipment with navigation equipment (as in a VOR). There are
technical disadvantages (as detailed in Section 3.1.2 and others) which
must be examined on a configuration-by-configquration basis to determine
the feasibility and practicality of the success of collocation. There is
great technical difficulty in collocating a VOR with up to 12 channels of
VHF radio and 12 channels of UHF radio. However, if collocation is pur-
sued, the class of equipment in the current inventory, together with iso-

lation devices now available or under development, will enable the FAA to
collocate and operate the facilities in a satisfactory manner. Losses to

be sustained in the isolation devices will be compensated by use of high
gain antennas, more powerful amplifiers, or both.

As an added precaution, the communications frequencies employed at
the site should not produce any calculable intermodulation products on the
frequency of the VOR. In addition, the VOR frequency should be entered
into the same computer exercise with the communications frequencies to
avoid intermodulation products on the air traffic control channels.



Frequency changes at such a collocated VOR/communications station
must be approached cautiously, and will require exercising the same
computer program. Physical changes (equipment, antennas, transmission
lines, etc.) during the life of the site also must be approached
cautiously, to avoid the introduction of new problems.

3.5 COMPLICATIONS OF COLLOCATION PLUS VHF/FM BROADCAST STATION

When considering the collocation of communications equipment with an
FM broadcast station (operating between 88 and 108 MHz), a different set
of problems may arise. The dominant interference will be the FM on the
FAA communications channel. The site configuration for the communications
equipment will not change (see Figure 3-11), but great attention must be
paid to alleviating the many possible opportunities for interference from
the FM station.

VHF/FM stations exist in all power classes. The most powerful sta-
tions may radiate a signal as high as 100 kW ERP (+80 4Bm). Because of
antenna height limitations in the proximity of airports, a VHF/FM station
probably will not be located within one mile of an air traffic control
communications facility installed on the airport. For purposes of this
assessment, a VHF/FM power level of 100 kW located at a distance of one
mile from the airport has been assumed. With a free space path loss of
approximately 80 dB, the VHF/FM signal will appear at a level of approxi-
mately 0 dBm at the ATC facility. This is approximately the interfering
signal level encountered with the collocated VOR; therefore, it can be
treated in a similar manner. Greater power levels and reduced separation
distances may require additional effort to achieve acceptable isolation of
the collocated equipment.

3.5.1 Techniques Required for Isolation

The graphic illustration for treating VHF/FM station interference
(see Figure 3-11) reflects the same techniques and devices prescribed
earlier for the collocation plan with a 200-watt VOR station. A ferrite
circulator should be located in each transmission line except for the UHF
transmitters (see Figure 3-12). Especially in the VHF transmitter system
the circulator will attenuate the arriving signal more than 20 dB before
it encounters any other component. In the transmitter cavity-type multi-
coupler, the interfering signal will be rejected by the high-Q cavities
(attenuated more than 70 dB). This should prevent the interfering signal
from encountering nonlinear devices in the power amplifier and generating
unwanted intermodulation products.

In the VHF receiving system (see Figure 3-13), it may be necessary to
employ a band-reject type of cavity filter, tuned precisely to the fre-
quency of the interfering VHF/FM station. This band-reject cavity will
perform approximately the same mission (more than 70 dB of signal attenua-
tion) as the cavity-type multicoupler in the transmitter system. Any
reflected power (including intermodulation products) will be attenuated by
an additional 20 dB at the ferrite circulator. Higher-order products will
also be attenuated by the low-pass filter by an an additional 50 dB.
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In the UHF receiving system (see Figure 3-13), the high-pass filter
will suffice to attenuate the VHF/FM signal, and the ferrite circulator
will attenuate reflections or intermodulation products by an additional
20 dB.

In many locations, the communications equipment is collocated with a
broadcast facility. From a purely technical point-cf-view, this is an
undesirable configuration. However, the unavailability of other choices
of real estate (e.g., mountain-top environments) often precludes the opti-
mum situation for collocating FAA communications equipment. Many compro-
mises may be faced in this more severe environment in that some interfer-
ence problems may not be solved with present technology and current engi-
neering practice. However, with the limited options available, the choice
of a communications facility with intermittently impaired operation
appears superior to no facility at all. Only the minimum number of "must-
carry” channels should be implemented at an FM site because of the most
difficult interference problems which may be generated.

3.5.2 Impact on the Air Traffic Control Facility

Sufficient isolation can be achieved for the satisfactory operation
of the air traffic control facility. Transmitters and receivers speci-
fied, designed, and manufactured for collocated applications should be
used, together with such tools as those described in this report. Most of
the isolation devices described are passive, requiring little or no main-
tenance; however, their losses generally may require the use of 50-watt
amplifiers on all of the ATC transmitters. Gain-type antennas, may be
needed in locations requiring increased ERP.

3.6 SOLUTION OF SPECIAL OR UNIQUE PROBLEMS

Occasionally, a unique set of circumstances develop at a collocated
air traffic control facility, that demand use of the greatest skill and
experience available. These conditions may be caused by outside agencies
who install high-powered transmitters in other frequency bands, sudden and
unintentional cross-modulation of signals, or abnormal signal levels
appearing on the utility lines serving the station. Another problem that
demands unique, even specialized, treatment is the case that includes no
low~impedance "earth ground" for the affected facility.

All of these conditions, and many others, will demand the attention
of the most experienced engineers and technicians from across the regions.
When such problems are in the embryonic stage, or an interference problem
has become unmanageable, a special task force made up of the most experi-
" enced individuals should be formed to concentrate on the solution to the
problem. If necessary, this special task force could include individuals
from any FAA region. Then the techniques, devices, and methods used for
"accomplishing the solution then could be transmitted to all regions for
- future reference.



CHAPTER FOUR

CONCLUSIONS AND RECOMMENDATIONS

The computer model described in Chapter Two was exercised as a quick-
look analysis tool to indicate the magnitude of a defined set of intermod-
ulation problems. These were used to compare the relative difficulty of
implementing various numbers of frequencies at a collocated site. A fur-
ther analysis of collocation was performed by the examination of certain
scenarios to illustrate possible solutions to interference problems that
may be experienced in any collocation effort. Based on data gathered, the
following conclusions and recommendations are made:

(1)

(2)

(3)

(4)

(5)

Frequencies assigned to collocated facilities should be selec-
ted carefully, to avoid obvious intermodulation products. Pre-
sent FAA frequency management programs appear adequate for this
purpose.

No equipment should be considered for collocation unless that
equipment has been manufactured according to stringent specifi-
cations demanding exceptional performance in a crowded signal
environment. An exception would be equipment that has been
tested exhaustively and has been found suitable for collocation.

All future procurement of VHF and UHF transmitters and receiv-
ers for air traffic control should be made according to speci-
fications containing the performance requirements for collo-
cated facilities. Specifications for older equipment still in
use should be consulted (see Appendix A).

Savings in money and time could result if existing government-
owned structures not currently in use were used for collocated
communications facilities. The abandoned sites usually provide
a favorable location, as well as adequate utilities and roads.

Modification, remodeling, or enlargement of existing structures
usually is more cost effective than new construction. Actual
calculation of such cost savings was beyond the scope of this
contract, and therefore is not included in this report.



(6)

(7

(8)

(9)

(10)

(11)

Collocation with VOR facilities is feasible but represents a
significant technical challenge. The transmitters, receivers,
and antenna systems of the ATC system usually can be installed
and engineered to provide satisfactory service in the presence
of the VOR, but the communications antennas and their support
structures may degrade the VOR course structure to make commis-
sioning of the VOR without restrictions quite difficult. The
impact on the VOR will increase with the number of communica-
tion channels and the number of installed antennas.

If collocation with a VOR must be accomplished, it is recom-
mended that the number of VHF and UHF antennas be held to a
minimum. In addition, their height and location must be such
that interference to airway radials and impact on low-altitude
communications reception is minimized. Antennas may be located
below the horizon of the VOR antenna. Horizontally polarized
components also should be avoided, to minimize the possible
impact of reradiated signals on the VOR course structure.

Collocation with VHF/FM broadcast stations also is difficult:
however this is usually manageable. Such collocation does not
dictate the severe antenna installation restrictions applied to
the VOR collocation, but it requires similar signal isolation
techniques., Each site will present a unique set of problems
and will require individual engineering solutions. Collocation
of Air Traffic Control communications with Long Range Radar,
Air Traffic Control Radar, RAPCON, and other facilities was
beyond the scope of this contract, and is not addressed in this
report.

Site layouts and antenna configurations should minimize the
number of antennas installed on collocated sites, and assure
the maximum isolation by both vertical and horizontal separa-
tion of the antennas. New antennas, antenna support struc-
tures, and isolation devices for successful collocation of
facilities should be added to the installation equipment inven-
tory for future application at other sites (new or existing)
where improved performance or isolation may be required.

Isolation not provided by physical separation of antennas must
be achieved electrically. The costs of electrical isolation
include both the monetary cost of the devices to be installed
and the losses associated with their introduction into the sys-
tem. In most cases, the losses will require the use of either
an antenna system providing several dB of gain or the optional
50-watt linear amplifier, or both.

Electrical isolation of installed VHF and UHF systems will re-
quire the best engineering practices to use appropriately the
many currently available isolation devices, including filters,
isolators, cavities, circulators, and multicouplers. These are
the tools that make successful site consolidation and equipment



(12)

(13)

collocation possible. New techniques and new isolation devices
should be introduced as they are required or as they may become
available.,

Development of unique installation design criteria reflecting
critical interference control requirements was beyond the scope
of this contract and has not been addressed in this report.
Most requirements, however, can be satisfied by dedicated site
engineering and the employment of unique devices. These de-~
vices may include special filters, selective shielding, and
custom antennas, and support structures. Careful placement of
critical systems components is mandatory.

It is recommended that the FAA create a special task force to
study and solve extraordinary collocation problems that cannot
be managed or solved by normal site engineering practices.
Successful collocation and isolation techniques developed by
this special task force should be made available to all FAA
regions for possible application at other problem locations.



APPENDIX A

EQUIPMENT SPECIFICATIONS

Early in 1966, the FAA and the Department of Defense jointly initi-
ated a project to develop a performance specification for a new class of
VHF and UHF transmitters and receivers for the air traffic control envi-
ronment. This new equipment was expected to exhibit a 10,000 hour MTBF
{more than one year between failures), while being compatible with the
high signal densities of collocated air traffic control facilities. The
equipment was developed, tested, and produced. It is currently in use by
both the armed forces and the FAA,.

ARINC Research has not attempted to catalog the wvarious changes or
modifications that may have been processed during the intervening years,
but the performance requirements of collocated equipments have remained
essentially the same as the original 1966 requirements. A copy of the
original 1966 Technical Exhibits OCNEE* 66~67 and OCNEE 66-68 is included
in this report to serve as an engineering reference. The Technical
Exhibits reflect the characteristics expected of any communications equip-
ment to be considered for high density installation in the ATC system.

*OCNEE was the office symbol of the Service Engineering Division, Okla-
homa City Air Materiel Area, Tinker Air Force Base, Oklahoma, coordinator
of the multiservice development project.



TECHNICAL EXHIBIT OCNEE 66=67
23 November 1966

VHF/UHF AM RECEIVER AN/GRR=( )

l, SCOFE

l.1 This equipment specification describes a reliable single channel transis-
torized communications receiver to be installed in collocated VHF/UHF transmittexr/
receiver ground stations engaged in the air traffic control service throughcut
the world., The receiver shall be capable of detecting and reproducing the
audio (voice) modulation contained on the amplitude modulate8 carriers of
aircraft transmitters operating in the 116 to 150 MHz and 225 to 399.95 MH:o
communications service. The receiver shall be capable of operating on each

of the authorized VHF and UHF air traffic control communications channels in
the approprizte bands and shall be compatible with the 50 KHz channel spacirig
of those bands. The receiver also must be compatible with the demands of
VHF/UHF transmitter/receiver collocation. The modular construction of the
receiver shall facilitate a possible future modification to provide simple
conversion to 25 KHz channel spacing in the air traffic control service, The
receiver shall be expected to operate reliably for long periods of time under
normal operations. The receiver shall contain a minimum parts count consis~
tent with good design and shall contain all of the design characteristics
required to achieve an MIBF of at least 10,000 hours,

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date of the invi-
tation for bids or request for proposals, form a part of this equipment speci=
fications In the event of conflict between the requirements of this equipmen:
specification and the requirements of the referenced documentss the requiraments
of this equipment specification shall govern.

Milita ificatjo

MIL-P-116 Preservation

MIL-C-3098 Quartz Crystals

MIL-E-4158 Ground Electronic Equipmenty; General Requiremertis
MIL-E~4682 Electron Tubes and Transistors

MIL-C=-£781 Control Panel, Aircraft Equipment

MIL-N=7313 Nomenclature Assignment and Nameplate Approvei
MIL-Q-9358 Quality Program Requirements

MIL-5-19500 Semiconductor Devices

NAVSHIPS 94324 Maintainability Design Handbook



NAVSHIPS 94501

Milit Standard

MIL-STD-129 Marking for Shipment

MIL-STD-13C Identification Marking of U.Se. Military Property

MIL-STD-188 Military Communication System Technical Standards

MIL-SID-139 Racks, Electrical Equipment, 19 inch and Associated
Panels

MIL~SID~-415 Test Points

MIL-STD-454 Standard General Requirements for Electronic Equipment

MIL~-STD-470 Maintainability Program Requirements

MIL-STD-47} Maintainability Demonstration

MIL-STD-683 Crystals and Holders

MIL-STD-78F Test Levels and Accept/Reject Criteria

MIL-STD-785 Requirements for Reliability Program .

MIL-STD-803 Human Engineering |

MIL~-STD-810 Environmental Test Methods

MIL-STD-826 Electromagnetic Interference Test Requirements

MIL-STD-831 Preparation of Test Reports

Eedezal Standaxds

FED=SID=595 Paints

Militazv Handbooks

MIL-HDBK=216 Radio Transmission Lines and Fittings

MIL-HDBK=217 Reliability Stress and Failure Rate Data for

' Electronic Equipment

MIL-}mBK:HélOG Sampling Procedures and Tables for Life and
Reliability Testing

Technical Orders

31P5=2-137 Standard Installation Instructionsy RAFCON Communi-

Reliability Design Handip ok

cation Facility



31R2-1-137 Standard Installation Instructionsy; Control Towex

Facility

3151-2FSA22-10 GEEIA Installation Standard, Control Monitor
Group AN/FSA=22

AF Manuals

AFSCM 80-2 Handbook of Design Instructions

AFLC/AFSCM 310-1 Management of Contractor Data and Reports
Misc aneous
0TS PB-151394 RADC Reliability Notébook (RADC=-TR=58=111)

ICAC International Standards and Recommended
Practices (Annex 10)

ITU Radio Regulations (Geneva 1959)
3« REQUIREMENTS

31 Performance. The single channel receiver described in this specification
shall be designed for worldwide deployment in the air traffic control service
and shall operate on any of the 3,500 channels allocated to this service
between 225 and 399,95 MHz and through an interchange of converter moduies,

the receiver shall operate on any of the 680 channels between 116 and 150

MHz and shall be compatible in all respects with the 50 KHz channel spacing

of the air traffic control service. The receiver shall be entirely transis-
torized and shall contain no vacuum tubese It shall contain modular con-
struction and shall be designed to pemmit conversion to 7,000 channels withir
the same UHF band or 1360 channels within the VHF band with the adjacent
channels spaced at intervals of 25 KHze The receiver shall represent the state~
of=the-art in receiver reliability and shall contain parts and weriammanship

of the highest quality. The receiver shall perform reliably in an air traffic
control environment which may include collocated VHF/UHF transmitter/receiver
sites, air traffic control towers, radar approach control facilities (RAPCON's)
and precision approach radar facilities such as GCA's and mobile RAFCON's.
Typically the receiver alsoc will be installed in racks or cakinets in lazgs
multipie installations.

3.1.1 Ivpe of Construction. The UHF module(s) with an operating frequency

of 225 to 399,95 MHz and the VHF moduie(s) with an operating frequensy of

116 to 150 MHz shall be interchangeable in the receiver, All cables, connec=
tors, and voltages shall be compatible among the module(s) to allow maximum
flexibility of employment and interchange. The receiver shall incorporate
modular construction to the maximum extent to facjlitate the coxrrection of
failures through rapid replacement of modular assemblies and to reduce the
time required for restoration of normal service in case of failure. The
receiver shall contain no blowers and shall not require forced air cocling for
normal operation, Printed circuit boards shall not contain mechanicai
linkages. Printed circuit boards and modules shall be so constructad that re=
moval and installation require 2 minimum of tools and solderinge.
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3ele2 Exnjggjizgi;;;gu;;:x The receiver shall contain suitable semiconductoxr
protective circuitry to isolate all active audio and radio frequency tran=-
sistors and semiconductor devices from destructive transient voltages or spikes
introduced into the receiver from the AC power line and the DC bus. The pro=
tective circuits shall react to short duration transients occurring either at

a random or recurring rate and shall become effective within 100 nanoseconds

of the leading edge of the transient pulses, The protective semiconductor
devices shall be effective against transients up to 4 times the amplitude

of the ambient voltage in the circuits to be protected and shall not disable
the receiver during their protective operation. The contractor shall demon=
strate that adequate transient voltage protection has been provided for alli
semiconductors including those associated with the RF input circuits, the

audio output circuits, and the power supply circuits.

3ele3 2hxgiggl_ﬁizg_gf_ﬁgninmgn;. The receiver shall be sui*able for
mounting in a standard 19" rack or cabinet and shall have a maximum depth of
12" behind the frgnt panel, The maximum perm;sslble panel height shail be
3.5" ("B” Panel, MIL~STD-189); the minimum panel size shall be i.75" ("A"
Panel, MIL-STD~189),

3ele3.1 Weight of Recejver. Total weight of the receiver shall not exceed

15 1bse including:all radio frequency, audio and power supply components

with shielding and dust covers installed,

3ele4 JInterchangeabilitv of Modules. Modules contained in the receiver
shall be interchahgeable with modules perfoming the same functions in ather
receivers of the same production type. Interchangeability of modules shall

be accomplished and demonstrated without necessity for realigmment of the
electrical circuits contained in the interchanged modules and without realign-
ment of the circuits contained in adjacent modules of the receiver. All
assemblies, subassemblies, printed circuit boards, and modules shall be
accessible for testing or replacement and shall facilitate rapid fault location
and restoration of service by direct replacement.

3.2 Prototvpe Equipment. Eight (8) preproduction equipments shail be

required for testinge Two (2) receivers shall be utilized for lnpxant anviron=-
mental and proof of performance testings Three (3) operational receivers

shall be subjected to continuous operation at the contractor's plant for a
period of approximately slxty (60) days to determine whether the equipment

has met the design goals in terms of reliability, maintainability, and com=
patibility with a simulated air traffic control environment test program.

Three (3) receivers shall be furnished to the Air Force for simul“aneous
operational suitability tests, The 3 equipments furnished for operational
suitability testing shall be shipped to an Air Force site to be deszgnated by
the Contracting Officer, Air Force testing will be performed at that site for
approximately sixty (60) days. The contractor shall be responsible for support
of all preproduction equipments during the entire test program including
installation assistance, familiarization of Air Force personnel with the equlp-

ment, supply of parts and interim instruction manuals and correction or repair
of failures.



3.3 Flexibilitv of Primarv Power, All transformers shall be provided with
primary taps to furnish the required rectifier voltages for AC line voltages

of 105, 120, 210, and 240 volts # 10%, (Note that this specification requires
normal operation of the equipment with all AC input voltages within 2 103 of the
voltage for which the primary tap is connected.) Tap changing of all appropriate
transformers shall be accomplished simultaneiously by setting a metal link

cr strap. Unless otherwise specified in the contract, taps shall be connected
for 120 volt operation upon delivery. In addition to operation on the AC
voltages listed above, the receiver shall have provisions whereby a 24 volt

DC battery bus may be floated across the power supply to provide emergency
power in event of failure of AC power, The AC power supply shall also

recharge the 24 volt DC battery and maintain it in a fully charged condition
without overcharging or causing damage to any component in the receiver. The
receiver shall be so designed that application of a short circuit or voltage

of a reverse polarity across the 24 volt temminals shall not result in

failure of components (other than fuses) within the receiver. Elimination

of fuses shall be considered as a design goal by the contractor through

prudent employment of isolation diodes and other reliable protective devices;
any fuses incorporated in the design shall be of the self-indicating type and
shall be mounted on the front panel of the receiver, The receiver shall be

capable of rated performance while being operated on DC power from the 24 volt
bus,

3.4 Homal Operating Conditions.

Ambient Temperature =290 to +60°C

Relative Humidity 5% to 95% = 5%

AC Line Voltage 120 V 4 10%; 240 V = 10§

AC Line Frequency 47 to 420 Hz

DC 22 to 30 Volts

Duty Cycle Continuous Unattended
Se4el lion= ating and Storage Conditi o

Ambient Temperature -62°C to +71°C

Relative Humidity 5% to 95%

Barometric Pressure 3e34 Inches Hg to 31 Inches Hg
3.4,2 Qperation After Transportation. The receiver shall be required to

operate immediately after being transported from one location to another,
either while installed in a @A or Mobile RAPCON facility, or while being
transported in the custody of the military supply system. The receiver shall
not be required to operate while installed or carried in a vehicle in motion,

3¢5 General Requirements. The equipment shall meet the requirements of MIL-

STD=-454 and MIL-E~-4153 regarding design, parts, materials, processes, identi-
fication and marking, and workmanship except as otherwise noted in this speci-
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fication, The total weight and volume of this equipment shall be reduced

as far as possible without sacrificing reliability or maintainability. The
contractor shall employ all methods possible in the process of design, dewvaiop=
ment and manufacturing which will insure quality and maximum reliability and
maintainability. The design shall include all possible features which produca
reliable and stable operation with minimum requirements for adjustmernts and
maintenance. Conservative design practices with ample operating margins

shall be employed throughout. The contractor shall be familiar with NAVSHIPS
94324, NAVSHIPS 94501, AFSCM 80-3, and the RADC Reliability Notebook, and shall
make maximum use of the design guidance therein. (See 4,3 through 4¢3.3¢6)4

3.6 Reliabilityv, The design reliability of the receiver and its components
shall achieve a Specified iMean Time Between Failures @f not less than 10,000
hours under conditions of MIL-STD~781, level A-1,

3.601 Reliability Proaram Plan. The contractor shall submit to the
procuring activity for review and acceptance an effective and economical
proposed program plan responsive to MIL-SID=-735, The plan shall bs included
in the contractorfs proposal submitted in accordance with the Governmeat®s
Request for PrOposals (REP). (See 443.2.1) .

3e6e2 Bgl;ab;l;:x_zxggzsjagn. Reliability prediction shall be performed in
accordance with procedures of MIL-STD=785 (Sele9el)e The contractor shall
submit as part of the technical proposal, a reliability prediction in accor=
dance with MIL_ STD-156 using failure rate data furnished in MIL Hand Book
217.

3.603 Derating of Componentse Quality components selected for their long
life and reliability shall be used throughout the receiver and shall be
derated in each specific application to achieve the lowest practicable failure
rate as reflected for each component class in MIL Handbook 217,

3¢7 BReliability Analvsis. The contractor shall analyze existing designs and tech-
niques to determine the methods necessary to satisfy the rellablllty requirements
of this specificatione

3e7,1 Prelimipnarv Reliasbility Estimate. Within 45 days of contract award,
in accordance with 5,1.9.,1 of MIL-STD-785, the contractor shall prepare and
submit a Preliminary Reliability Prediction of the receiver. The failure
rates shall be obtained from MIL-Handbook 217 for the classes of components
and the voltage and themmal stresses involved,

3e7+2 Einal Beliability Estimata. As the design of each major assembliy or
subassembly is established, the contractor shall compute and submit within
30 days the Final Reliability Estimate of that assembly and update the
estimated reliability index for the receiver,

3.7¢3 Iast Conditionse Because of the MIBF requirement of this receiver,
the limited number of test articles and the limited time for testing, test
level A-1 of MIL-STD=781 shall apply,



3.8 Contractor's Quality Assurance System. The contractor skall provide and
maintain an effective inspection and quality acsurance system acceptable to the
Government and in accordance with MIL-Q-9858. A current written description

of the system shall be submitted to the cognizant Government inspector for system
arproval prior to preproduction inspection. Any ckanges to the approved quality
assurance system which might affect the degree of assurance required by this
specific-.tion or other applicatie documents must be submitted to the cognizant
inspector and approved in writing prior to use.

3.€.1 Government Verification of Contractor's Quslity Assurance System. A1l

qualitly assurance operastions performed by the contrector cshall be subject to
Government verification at any time. Verification shall consist of, but not be
limited to:

a. Surveillasnce of the operations to determine thst practices, methods, and
procedures of the written system description are being properly epplied, znd;

b. Government product inspection to measure qualit& of product tc be offered
for acceptance. Failure of the contractor to correct deficiencies discovered by
him or of which ke is notified shall be cause for suspension of acceptance until
corrective action has been made or until conformance of product of prescribed
criteria has been demonstrzted,

3.9 Maintsinobility. All assemblies, subassemblies and components of the
receiver shall be readily accessible for maintenance, to accelerate and
facilitate the locction of faults and the replacement of faulty modules or
subassemblics. The maximum time for location of the fault, replacement of the
faulty module or subassemblies and restoration of service shzll not exceed 15
minutes. Time shall not exceed 180 minutes for repair of the module itself,
including checkout and alignment.

3.9.1 Mainteingbility Program Plan. The contractor shall submit to the
procuring activity for review and acceptance, an effective and economically
proposed program plan recponsive to MIL STD 470. The plan shall be included in
the contrnctor's proposal sutmitted in accordance with the Govermment's request
for proposal.

3.10 Test Foints. The contractor shall preparé a List of Froposed Test Points
in accordance with 4.4.2.4 of MIL-STD-415 to be delivered at the same time as the
Preliminary Relisbility Estimete (3.7.1).

3.10.1 Major Test Points. Major test points necessary to confirm proper operation
of the receiver and necessary in the locetion of faults in major modules shall be
available on the front panel and shall be sufficient to identify major modules,
acsemblies, or subasserblies which may have failed or deteriorated in service.

3.10.2 Minor Test Points. Minor test points required during beneh tezting or
alignment procedurec shall be readily available upon removal of dust covers and
shall be sufficient to identify faults or deteriorated performance within each
printed circuit card or minor subassembly of the rcceiver, Test points shnall be
readily identified and cross-referenced in the handbook of msintenance instructions
which also shall contain reference to necessary wavcforms, voltage, current, or
resistance readings that may be appropriste for the individual test points.



3.11 Crystgl Osejllator. The receiver shall incorporate a crystal oscillator
possessing inherent stability characteristics sufficient to achieve a freguency
accuracy of I .001% at the opercting frequency of the receiver. The crystal

shall be installed in or through the front panel of the receiver; installation

or removal of a crystal for a different channel frequency shall not require
removal of the receiver from the rack eitker fcr access to the crystal or retuning
of internal receiver circultry.

3.11.1 Crystal Unit. The crystal oscillstor shall function with a standard
crystal of the desired frequency accuracy and stability in accordance with
MIL-C-3098., With the crystal properly installed in the front panel of the
receiver, the crystal shall not extend beyond other fixed components (such as
dials, knobs, switches and connectors) also extending from the front panel.

3.11.2 Crystal Oven. The basic design of the receiver shall not contain a
erystal oven unless the contractor demonstrates that the required degree of
frequency accuracy and stability cannot be achieved in any other monner.
Operation of the crystal oven shall not be noticeable or apparent in any
internal eircuit of the receiver and shall not be audible in the audio output
of the receiver. In the event that a crystal oven should be approved by the
Contracting Officer, an amber indicator light shall be mounted on the front
penel to indicate operation of the oven heater. The crystal oven (if approved)
shall be provided in accordance with the following requirements:

®*  Crystal Oven Socket For HC-6/T Holder
Operating Temperature Controlled 67°C Z 5°C
Heater Power 24 V DC, 0.25 amperes or less

Crystal Oven Base Standard Octal

3.11.3 Maximum Allowable Freguency Deviation. Under all combinations of
normal operating conditions specificd in 3.4 including those comtinations

where the net effects are additive, the total deviation under humidity,
temper:ture, and power fluctuations shall not exceed ¥ .001% of the design-ted
operating frequency.

3.11.4 External Oscillator Imput. The receiver shall have a provision for use
of an external precision oscillator (not to be furmished with this equipment)

for frequency control of the receiver in lieu of a crystal. The external radio
frequency input required for normal operation shall not exceed .15 volts RMS into
a 50 ohm ¥ 2 ohm impedance. A type BNC connector shall be provided for the
external oscillator input.

3.11.5 Local Osgillator Coupled Cutvut. A1l frequencies generated by the
local oscillator including 2ll primary frequencies, harmonics, mixer products

and identifiablc products thereof and all other spurious outputs shall not ezceed
a level of 20 microvolts measured at the antenna terminal of the receiver when
terminated into a 50 ohm load.

3.12 Receiver Ferformance. The receiver shall be designed to produce an audio
output of 100 milliwatts into a 600 chm load with a 10 db (minimum) signal-plus-
noise to noise ratio measured at the main receiver output when a stangard VHF

or THF radio frequency test voltage of 1.5 microvolts (20% modulated = 5%) is
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applied to the antenna input circult across e 50 ohm load resistor with the
receiver squelch circuit in operation. (See 4.5, 4.5.1 and Fig 4)

3.12.1 Sengitivity of Two Reccivers Ovecrated from One sAntenna., With the inputs
of two reccivercs connected in parallel on a single antenna, and the receivers
tuned to channcls serarted ty 3 MHz or UHF and 1 MHz on VHF, & signel of 2.0
zicrovelts modulsted 30% (¥5%) on each appropriatec channcl shall produce a
signal-plus-noise to noisec rctio of not less thar 10 db while delivering 100
milliwatts of audio power at each recciver output. (See 4.5.2)

2.1<.2 Instructions for Overstion of Two Receivers from One fntenna. Technical

Orders furnicshed witi. the receivers shall contain specific imnstructions for the
preparstion of RF transmission lines when two receivers arec to be operated from
a singlc antenna. Instructions shall be simple and straightforward, requiring
a minimm of human judgment, computation, or interpretation, and shall include
all freouency combinations witiin the frequency range of the recelvers.

3.12.2 Selectivity. The bandwidtih of the intermedizte frequency amplifier for
50 KHz channel spzcing shell conform to the following profile with rcspect te the
center frequency. (See L.6 and Fig 4)

Attenustion Bandwidth
6 db t 1€ Khz minimm
20 db t 27 KHz meximum
40 db t 31 Kz meaximm
60 db ¥ 35 KHz maximm
80 db T 40 KHz maximm

3.12.4 Poss Eznd Chsracteristics. Any decrease in the pass band envelope
(t 15 KHz) shall not exceed 2 db below the pcaks of the envelope.

3.12.5 Selectivity for 25 KHz Channel Svacing., The bandwidth of the inter-
mediaste frequency amplifier for 25 Kz channel spacing shall conform to the
following profile with respect to the center frequency. (See 4.6 and Fig 4)

Attenuation Bandwidth
& db * 9 Xiiz Minimm
20 db ¥1/ Ktz Maximum
40 db 5 Kz Maximum
60 db ¢ KHz Maxdimum
g0 db 120 KHz Maxdimum
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3.12.6 Pass Band ngrggter%§tic§ §£gr 25 KHz Chgnnel Svacing). Any decreases
in the pass band envelope (L é KHz) shall not exceed 2 db below the peaks of the

envelope.

3.13 Antenna Input Circuit. The RF input circuit shall be designed for comnection
to a 50 ohm unbalanced flexible coaxial cable through a constant impedance N-type
connector at the rear of the equipment.

3.13.1 ZFront Panel Access to Antenna and Receiver Input. The antenna circuit
design shall include a front panel BNC connector to facilitate maintenance of

the receiver in ite installed location. The antemna input itself shall be
located at the rear of the panel or in the rear of the receiver; however a

rigid double male tyre U-shaped (180°) comnector (BiiC) shall be used for normal
front panel patching of the antenna to the receiver. The connector shall be
easily removed for front panel access to both the antenna and the receiver input,
thereby facilitating measurements of antenna characteristics and receiver
characteristics from the front panel of the receiver.,

3.13.2 Protective Devices om Input Circuits. The recciver shall contain suitable
protective devices to isolate the input stages of the receiver from destructive

transients originated by rrecipitation and lightning static or other external
transient sources. ' The receiver shall withstand without permanent damage or
permanent impairment of sensitivity or gain, at 225 and at 400 MHz for tke UHF
receiver and at 116 and 150 MHz for the VHF receiver, a chamnel input voltage
of 20.0 volts unmodulated applicd to the RF input circuit continuously for a
period of flve minutes.

3.14 Audio Output Circuits. Two (2) unbalanced ungrounded transformer ocutput
circuits shall be provided. Tke main output shall deliver not less than 100
milliwatts into a nominal 600 ohm external resistive load while the second ocutput
shall simultaneously deliver a signal level of 100 milliwatts into a separate
nominal 600 ohm external resistive load. The main audio output level control
shall be a recessed screwdriver adjustment located on the front panel and shall
have a logarithmic taper. The second audio output shall be terminated in s
headset jack on the front panel, controlled by a logarithmic taper audio control
located on tke front panel, and equipped with a comratible control knob.

3.14.1 Audio Output Transformer Secondary Windings. The output transformer
secondary windings shall be isolated from ground. The main output winding shall

consist of two 150 ohm windings normally connected in series to provide the 600 ohm
output impedance. The second output winding shall te identical to the main output
windings but shall be connected to the audio jack on the front panel of the
receiver for ready access during maintenance or lccal operation of the receiver.

3.14.2 Qutrut Level Regulation. With an initial audio putput of 100 milliwatts
into a 600 ohm resistive locad from the main ocutput circuit, the main output
voltage shall not drop more than 4 db with a 5 4o 1 reduction (120 ohms) in the
load resistor. (See 4.7)

3.14.3 Audio level Control to Prevent Cross Talk in Remote Cables. With an
input signal of 10 microvolts (30% modulated £ 5%) and the receiver adjusted for
an audio output of 100 milliwatts, the audioc ocutput signal shall not increase
more than 3 db as the modulation is increased to 90% - 5%.
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3.14.4 Erotective Decvices on Audio Circuits. Both audio eircuits shall with-
stand without permanent damage, input pulses applied to each output terminal
peir and from terminals to chassis of 21,000 volts peak, with rise time not
over 10 microseconds, duration of not over 50 microseconds, and decsy time of
not lecss than 600 microseconds measured between 10% and 90% of peak amplitude.
After 100 pulses of each polarity applicd between output terminals and afterwards
between terminals and chassis at intervasls of not over 1 second, any resultlng
change in gain of the output stage shzll not exceed 0.< db.

3.15 Automstic Gein Control. With an input signal of € microvolts (modulated
30% £ 5%) and the aucio output conirol adjusted for an output of 100 milliwatts,
the output shall not vary more than 3 db as the signal input is advanced from

6 microvolts to 1 volt. (See 4.l4 and Fig 3)

3.15.1 AGC Time Constant. The AGC chagll atteck within 100 milliseconds and
decey within 100 millisecconds. Measurements of the attack time and decay time
shell be made from the leading cdge and the trailing edge of 2 500 millivolt

500 millisecond rulse, and shall be measured from the leading edge of the applied
pulse to the point where the AGC voltage has attained a value equivalent to 90%
of the AGC maximum voltage end the decay timc shall be measured from the trailing
edge of thc applicd pulse tc the point where the AGC voltage hes fellen to an
equivalent of 10% of its zerc signal level. (See 4.15)

3.16 Scuelch. 4 carricr-operatcd noise silencer shall be provided to mute the
receiver ocutput pending applicetion of czrrier injuts not greater than 1.5 micro-
volts with squelch sensitivity at meximm setting and not less than 50 microvolts
with squelch sensitivity at minimum setting.

3.16.1 Scuelch Switch. A two-position toggle switck shall be provided to control
the squelech operation. The functions performed by the switch shall be "squeleh on"
and "squelch off%,

3.17 Noise Contrcl. A ncise control system shall be incorporated into the
recciver to reduce impul-e type noise.

3.17.1 Pulse Tvpe Interfercnce. The recciver shall mcet the requirements of 3.1€
~and 3.19 when RF pulses having the following chiracteristics are introduced into
the receiver input:

Width of Pulse 10 * 2 microsceconds 2 ¥ microsecond
Pulse Repetition Rate 360 = €0 FRF 900 ¥ 600 FaF
Pulce Shape Pise and decay time Rise and decay time
less tlhan 1 micro- less than 1/10 microsecond

second
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3.18 Ve e Interference. With an input signal ranging from 3 to
1,000 microvolts modulated 30% (= 5%) at 400 Hz introduced simultanecusly with
pulses of the same carrier frequency, the resulting 400 Hz audio output shall
not decrease more than 1 db as a result of pulses 10 times the test voltage nor
decrease more than 2 db as a result of pulses 100 times the test voltage. The
pulse repetition frequency of the interfering pulses shall not appear in the
audio circuit of the receiver at an objectionable audio level and shall not be
of sufficient amplitude to cause interference with the reception of the desired
400 H2z audio signal. Under worst conditions, audio produced by the interfering
PRF shall be a minimum of 20 db below the desired signal.

3.19 velch Versus Pulse Interference. The squelch skall not open when pulses
and unmodulated carriers on the same radio frequency are introduced simultaneously
at the following levels (microvoits): (See 4.17 and Fig 7)

Squelch Threshold Carrjer level Pulse Peak Amplitude
3.0 0 3,000
3.0 2.0 1,000
50.0 37.5 5,000
3.20 and Nojgse. With test voltages of 300 microvolts to 100 millivolts

(modulated 30% £ 5% at 1,000 Hz) applied to the receiver input, the hum and all
other unwanted signals including hum modulation of the modulated test tone
delivered to the main output load shall be not less than 50 db below the test
tone output level of 100 milliwatts. Hum and noise tests shall be performed at
frequencies of 850, 900, 1050, 1100 and 1150 Hz utilizing 50 Hz AC power, at
820, 880, 1060, 1120, and 1180 Hz when using 60 Hz power, and at 200, 600, 1400,
1800, and 2200 Hz when using 400 Hz power. (See 4.1l and Fig 3)

3.21, Desensitization. With a standard test signal of 3 micrcvolts modulated
30% t5 applied to the receiver and audio ocutput control adjusted for an audio
output of 100 milliwatts into the main output load, the following high-level
off -channel unmodulated signals shall not reduce the receiver output more than
2 db. (See 4.9 and Fig 6)

Undesired Signal Level Frequency t MHz Off Center Frequency

Volts (VHF) (UHF)
0.1 0.3 0.9
O-3 0.5 105
1.0 0.9 2.6
3.0 1.6 445

3.22 Receiver Intermodulation. With the receiver audio level control adjusted
to produce an output level of 100 milliwatts with a 3 micrcvolt 30% I 5%
modul:ted input signal at the resonant frequency of the receiver (fo), the
simultaneous application of two off-resonant signals f, and fy (not less than
10,000 microvolts each) in place of the standard signal input shall be required
to produce an audio ocutput of 25 milliwatts. The two off-rescnant signals shall
be spaced 100 KHz from each other with f; - 100 KHz from f, and so related ;gat
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fo equals 2 f; - f1,. The carricr amplitude cf the two off-resonant signais shall be
equai to eack other, OSignal fg shall be unmodulated and signal £ shall be modulated
30% = 5% at 1,000 Hz, (See 4.& and Fig &)

3.3 (Cross-Modulation. With the audio gein control adjusted to produce 100 millivclts
at the main output terminal with a standard input test voltage of 3 mierovolts (30%
medulated < 5%) and a signel plus ncise to ncise ratio of at least 1C &b, the simul-
taneous applicstion of & 90% (= 5% modulated off-rescnant signal (undesired), anc an
unmodulated on-channel test cignal shell recult in an audic cutput not excceding 3 db
above the output (noise) prcduced by the unmodulated resonant test signal. The desired
signal level sbzll be vcried from 2.0 microvolts to 100 millivolts for each undesired
signal level and frequency dcscribed in the desensitization tests; and shall remain
within thc szme eross-modulation limits. (See 4.10 and Fig €)

3.2 Avdio Freouency Respense. With a signal of at least 10 microvolis (modulated
30% £ 5%5) and the audio output adjusted to a level of 100 milliwstis at the main
recciver output with a 1,00C Hz modulation freguency, the output shall not vary more
thar =1 db or =< db as the modulation frequency is varied from 300 to 6,000 Hz,

3e.24.1 Audio Hesponse Above €.000 Hz. Above €,000 Hz, the audic ocutput shall decrease
as the frequency increases, and shzll be down at least 1C dt at 10,000 Hz.

3e<4e2 Audio HResponse Below 300 Hz., Below 300 Ez, the audio output shall decrease
as ithe freguency decreases and shall be down at least 10 db at 100 Hz,

3.4%5 Audio Distortion. Witk a 1 volt input signal modulated 30% ¥ 5% and with the
audio level of the receiver adjusted to an output of 100 milliwatts into a 600 ohm
load, the total harmenic distortion shzll not exceed 10% as mcasured successively at
300, 1,500, 3,000 and 6,000 Hertz. With the same RF input level modulated at 90%

5%, the total harmonic distortion over the same frequency range shall not exceed 20%.

3.26 Selection of Semiconductor Devices. All semiconductor devices shall be eaviron-
mentally qualified production articles in accordance with MIL-S-19500, Field effect
transistors shsll be acceptable if environmentally qualified and adegquately protected
against transient voltages. Germanium semiconductor devices and vacuum tubes shall not
be incorporated in the receiver design.

3.26.1 Substitution of Semiconductor Devices. Substitution of semiconductor devices
(semiceonductors not authorized by FIL-S-19500) shall not be authorized unless specifi-

cally requested by the contracter with fully explained justificastion and specifically
approved in writing by the Coniracting Officer aftcr a thorough engineering evaluation.

3.2€.2 Mounting of Semiconductors. A4ll semiconductors with wire leads shall be
soldered into the circuit. All cther semiconductors shsll be mounted in accordance with
the recommcadations of their manufacturers.

3.27 Paint. The receiver shall be finished in a semi-gloss gray color according to

FED-STD-595, color 2¢15z. Necessary markings cn this surface sbzll ve accomplished
in a compatible semi~-gloss white.
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4.0 SAMPLING, TNSFECTION, AND TEST PROCEDURES REQUIRED FOR QUALITY ASSURANCE

4.1 General. The contracter shall be responsible for the performance of all
inspection and testing requirements as specified herein. All contractor prepared
test procedures shall be approved by the contracting officer prior to commence-
ment of testing., Except as otherwise specified, the contractor may utilize his
own or any other inspection facilities and services acceptable to the Government.
Inspection records of the examination and tests shall be kept complete and avail-
able to the Government as specified in the contract. The Government reserves the
right to perform any or all of the inspections set forth where such inspectiorns
are deemed necessary by the Government to assure that supplies and services
conform to the prescribed requirements,

4.2 Clasgification of Testg. Prescribed inspections and the tests of the equip~
ment shall be classified as qualification tests and acceptance tests.

4.3 Qualification Tests. Qualification tests shall be perfoirmed by the contractor
on the first 2 complete equipments rroduced under this specification. To minimize
the elapsed time for performance of the tests and the development of test data, the
Air Force may desire to perform operational suitability tests at the same time

that the contractor is performing environmental tests. (See 3.2)

4.3.1 Environmental Testgs. Environmental tests shall be performed in accordance
th MIL-STD-810 unless otherwlse specified herein.

4.3.1.1 Low Pressure. Components and assemblies shall be subjected to test
method 500, procedure I.

4e3.1.2 High Temperature. Components and assemblies shall be subjected to test
method 501, procedure I.

4e3.1.3 low Temperature. Components and assemblies shall be subjected to test
method 502, procedure I.

4.3.1.4 Humidity. Components and assemblies shall be subjected to test method
507, procedure I.

4.3.1.5 Vibration. Components and assemblies shall be subjected to test method
£14, procedure I. The test shall be for equipment class §, using test curve A of
Figure 514-5.

4.3.1.6 Shock. Components and assemblies shall be subjected to test method 516,
procedure I, II, and VI,

4.3.2 Religbility. The contractor shall establish a reliability assurance.
program that is planned, integrated and developed in conjunction with other
planning functions. The program shall be based upon the specified requirements,
the complexity of design, the quantity under procurement, and the manufacturing
techniques required. The program shall assure adequate reliability consideration
throughout the respective design, development and production as necessary to

meet the contractual reliability requirements.
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4.3.2.1 Reliebility Program Plan., The contractor shall submit a detailed
reliability program plan in accordance with MIL-STD-785 as a separate and
complcte entity within the total system project delineation. The program plan
shall be submitted nc later than 30 days after award of contract. Submission
of the proposed detailed rrogram plan concurrent with the coniractor's technical
proposal is prescribed in 3.€.1 of this specification.
L5.2.2 Basis of Compliance. The reliability program plan, as approved by the
procuring activity and incorporated intc the contract, becomes the basis for
contractual compliance.
4L.3.2.3 Reliability Program. A4 minimum reliability program applicable to this
specification shall consist of (but not be limited to) progrem clements contained
in MIL-STD-785 as follows:

(a) FReliabiliiy Orgenization (MIL-STD-785, 5.1.1)

(b) Maonagement and Control (MIL-STD-785, 5.1.2)

(¢) Program Review (MIL-STD-78%, 5.1.3)

(d) Critical Items (MIL-STD-725, £.1.8)

(e) Apportionment and Mathematical Models (MIL~-STD-785, 5.1.9)

(f) Relisbility Prediction (MIL-STD-785, 5.1.9.1)

(g) Design Reviews (MIL-STD-785, 5.1.10)

(h) Supplier and Subcontractor Relisbility Programs (MII-STD-725, 5.1.11)

(i) Human Enginecering (MIL-STD-785, 5.1.13)

(3) Safety Ergineering (MIL-STD-785, 5.1.15)

(kx) Maintainability (MIL-STD-785, 5.1.16)

(1) TFailure Data Collectiorn, anslysis and Corrective action
(MIL-STD-785, 5.1.19)

(m) Reliability Demonstration (MIL-STD-785, 5.1.20 and Section 4.2.2.4 below)

4.3.2.4 Relisbility Demonstration. The contractor is required to submit a
statistical test plan, to be used in the demonstration of the required reliabilitiy
of the equipment, within thirty (30) days after the date of contract. The test
plan pilus details of its implementation shall be submitted as part of the program
plar.,

L.2.2.5 General Demonstrztion Tcst Provisions, The provisicns of MIL-STD-7E1

aprly except where they are in conflict with provisions given in this specifi-
cation, whereas thic specificastion takes precedence.
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" 4.3.2.6 Specific Provisions.

(a) MIBF - The Specified Mean Time Between Failures (0,) is stated in
Section 3 as 10,000 hours,

(b) Test level - Test Level A-1,as defined in Section 4.l of MIL-STD-781
shall apply.

(¢c) Definition of Fajilure - The contractor must submit for approval details
of operational criteria and specific definitions of failure for the equipments
under test.

(d) Semple Size - Three (j) operational receivers shall be available at
the contractor's plant for the purpose of reliability demonstration tests.

(e) Preproduction Test Plan - Test Plan XXV of MIL-STD-781 shall be used,
with a discrimination ratio of 3.0 and a and B risk of .30, The contractor has
the option of submitting within 30 days an alternate statistical plan for

roval. Any alternate plan would be based on the specific provisions in (a),
(gg (¢), and (d) above plus the constraint of a maximum testing period of
60 days calendar time.

(£) Production Qualification Test Plan - Test Plan C~6 of Table 2D-l(c)
MIL HDBK-H 108 shall be used, with a discrimination ratio of 3.0 and an alpha

and beta risk of .10, The sample shall be made from the first months production.

(g) Production Sampling Test Plan - Test Plan C-3 of Table 2D-1(e),
MIL HDBK-H-108 with a discrimination ration of 5.0 and an alpha and beta ratio
of .10 for acceptance of each months productien.

4.3.3 Maintainabjlity Demonstration. A maintainability demonstration shall be
performed by the contractor to show compliance with the quantitative requirement
of Section 3.9 for corrective maintenance. In conjunction with this requirement,
the following portlons of MIL-STD=471 apply.

4.3.3.1 Demonstrgtion Plan. The contractor shall prepare a demonstration plan
for approval by the contracting agency in accordance with 4.2 of MIL-STD-471,

4.3.3.2 Maintenance Task Selection. The contractor shall demonstrate compliance
of the repair time specified in 3.9 through the fault simulation method. This
method shall be performed by introduction of faulty parts, deliberate misalign-
ments, ctc., Simulated faults shall be generated for each anticipated failure
mode of each module. The general technique of task selection as discussed

in Appendix A of MIL-STD-471 for corrective maintenamce tasks only skhall apply.
Since both the design and the maintenance concept are based on a modular
construction of the receiver, then the maintenance task selection can be
restricted to the characteristics of each module.

4.3.3.3 Semple Size. A minimm of 30 selected maintenance tasks shall te used
for the maintainability demonstration.
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4e3.3.4 Maintenance Task Performance. In accordance with 4.2.< of MIL-STD-471.
4.3.2.5 Accept/Reject Criteria. Upon completion of all maintenance tasks, an
accept decision shzll be mede if the 90tk percentile point of the resultant

distribution of observed maintenance times is equal to or less than 15 minutes
for restorztion of service and 180 minutes for module repair.

4.2.3.6 Mairtsinability Demonstratior Report. In accordance with 4.5 of
MIL~STD-471.

Le3e4 Performance Tests. The receiver shall be subjected to 2 broad spectrum
of performance tests necessary to confirm that the basic design and the assembied
equipment in fact have met the performance of requirements of this specification
for both VEF and UHF operation. The performance tests shall include, but may not
be limited to, the following operational parameters:

a. Frequeacy tuning range

b. Repeatability of tuning operation

c. JSensitivity

d. Selectivity

e. lLocal oscillator radiation levels

£. Desensitization

g. Cross-modulation

he Output level

i. Output Level Regulation

J. Audio bandwidth cheracteristics

k, Hum and noise

l. Harmcnic distoriion

m. AGC characteristics

n. Scuelch characteristics

o. AGC versus pulse interference

P Squelck versus pulse interference

q. Pulse noise output

r. Frequency accuracy and stzbility

s. Conducted radiation and susceptability



4.3.5 Acceptance Téstg. Prior to delivery of each completed receiver assembly,
the contractor shall perform a thorough physical electrical and mechanical
examination of the equirment to determine that all components and assemblies are
in complete compliance with the requirements of this specification. In additiom
to the specific performance tests which have been accomplished and performed on
the variocus modules, subassemblies, minor assemblies and major assemblies during
the production phase, the contractor shall perform the final inspection on each
deliverable article to include, but not necessarily be limited to, the following
parameterss

a, Resettability of tuning controls

b. Audio distortiom

¢. Audio frequency response

d. Audio cutput level

e. Power supply ripple voltage

f. Sensitivity

g. Intermedlate frequency bandwidth

h. Image rejection

i. Internmal oscillator radiation level at antenna terminal

Jo BRadlio frequemcy accuracy and stability

k. Automatic gain control operatiom

1. Squelch sensitivity

m, Noise limiter operation

n. Power consumption

0. Tuning range
P Warm up time
4.4 Submigsion of Iggg Procedures and Data Forms. The cantractor shall submit

complete and comprchensive test procedures with appropriate forms for recording
the results thereof, for performance tests required by this- specification. The
procedures and forms shall cover all tests described within this specificationm,
and all other tests required but not described within this specification. The
contractor shall identify all equipment to be utilized in each of the tests.
MIT~STD-826 shall be used as a guide in the preparation of the test procedures,
for equipment class Gp.
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4e5 Sensitivity. With the squelch circuit in operation, inject a test signal. of
1.5 microcvolts across a 50 ohm load into the receiver antenns connection at a
frequency of 225 MHz modulated 30% + 5% at 1,000 Hz. Adjust the receiver output
level contrcl for an sudic output of 100 milliwatts (7.75 volts). Remove
modulstion from tlie input signal; the resultant reading on the output meter shall
be not mcre tharn <.f4 volts. Repeat the same mcasurements at 300 MHz and 399.95
Miz. (See 3.1z and Figs 1 and 2)

4L.5.1 VHE Sen§3t1v1tx With the squelch circuit in opersticn, inject a test
signal of 1.5 microvelts across a 50 ohm load into the receiver antemns connection
at a frequency of 11€¢ Miz modulated 30% I 5% at 1,000 Hz. Adjust the receiver
output level control for an audio output of 100 mlllldatts (7.75 volts). Remove
modulation from the input signal; the resuliant reading on the output meter shall
be not more than .54 volts. BRcpeat the same measurements at 133 and 149.95 Miz.
(See 3.1Z and Figs 1 & 2)

L.5.2 Sencitivity of Two HReceivers Operated from One Antennas. Following the

procedures prescriLed in the Technical Order for connecting two receivers in
paraliel on a singlie antenna, and using tuo recelvers or the same design, inject
a signal of 2.0 microvclts modulsted 30% I 5% at 1,000 Hz into the single coaxial
input across a 50 ohr load at each of ike frequencles used for calculation of the
interconnecting transmission lines. Adjust the receiver output level comtirol
(eack receiver at its appropriate operating frequency) for an audic output of
100 milliwatts (7.7% volts). Kemove modulation from the input signal; the
resultant reading on the output meter shall be not more than 2.54 volts feor each
receiver., Performance shall be demonstrated on three pairs of frequencies on
each band (VHF and UHF),; with separations of 3 MHz on UHF and 1 MHz on VHF, and
the frequencies located near the lower, middle, and upper limits of each band.
(See 3.12.1 and 3.12.2)

4.6 Selectivity. Injcct an unmodulated signal of 6 microvolts across a 50 ohm
load inte the receiver antemna input terminal. Adjust the input frequency to
produce the design center frequency in the lasi  intermediate fregquency amplifier
output. Record the resultant AGC reference voltage. Record the channel frequency
as presented on the freguency counter, thc settings of all attenuators, the AGC
refercnce voltage and the frequency of the output intermediate frequency amplifier.

Set the attenuation to a value 6 db below the level above and acjust the
frequency of the signzl generator to a higher frequency which will produce the
identical AGC reference voliage previously recorded. Record the freguency as
presented on the frequency counter. Repeat this procedure and record the lower
freguency which produces the same AGC reference voltage.

Using thc same procedures, record the frequencies for attenuation levels of
20 dt, 40 dt, €0 db, and 80 db and define the profile of the sclectivity curve
which ghese mcasurements have produced. (See 3.12.3, 3.12.4, 3.12.5, 3.12.6 and
Fig 4.

Output Level Regulation. Inject a test voltage of 500 microvoltus modulated
30’ T 5% (1,000 Hz) at a sclected channel frequency. Connect a 600 ohm load to
each output winding and set the audio gain control to an cutput level of 1C0
milliwatts (7.75 volts). Replace the main output load resistor with a resistor
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of 120 ochms and measure the ocutput voltage without changing the signal generator
or receiver output level controls. The audio output level shall not be less than
4.9 volts across the 120 obm resistor. (See 3.14.2 and Fig. 3) .

4.8 equency Intermodula o« 4 frequency counter shall be required for
all frequency determinations in this test. Careful shielding must be incorporated
throughout the test procedure or the results will not be acceptable. Connect two
UHF signal generators through a hybrid isclation pad to obtain a dual signal input
which does not produce intermodulation products from either signal generator. The
receiver squelch shall not be operated for this test.

Set Generator No. 2 (£} ) to the receiver channel frequency. Adjust the signal
generator for a 3 microvolt 30% modulated ¥ 5% test signal and adjust the receiver
audio gain control for am cutput of 100 milliwatts (7.75 volts). Remove the signal.

Set Generator No. 1 (fy) to a frequency 100 KHz above the channel frequency
(unmodulated) and Gemerator No, 2 (fp) to a frequency 200 KH, above the channel
frequency with 30% modulation = 5% at 400 Hz,

With the output levels of both generators maintained at equal values, increase
their outputs wntil a 3.875 volt level (25 milliwatts) main ocutput signal is
obtained. It may be necessary to retune one generator very slightly in frequency
to maximize the audio ocutput at the 3.875 volt ocutput level. Record input levels,
correcting for the isolation pad and other insertion losses in the system when the
3.875 volt output occurs.

Repeat the above procedure with Gemerator No. 1 (£,) at a frequency 100 KHz
below the channel frequency (unmodulated) and Generator No. 2 (fb) 200 KHz below
the channel frequency 30% modulated = 5% at 400 Hz. Again increase the signal
levels of both generators equally to obtain an output voltage of 3.875 volts at
the main receiver output. These tests shall demonstrate that input signal levels
at the antenna terminal of the receiver must be in excess of 10,000 microvolts to
overcome the RF intermodulation immunity required by this specification. Repeat
the entire test procedure on VHF. (See 3.22 and Fig 5)

4.9 Desensitization. Set the frequency of Signal Generator iHo. 1 to 309 MHz with
an ocutput signal of 3 microvolts across a 50 ohm load and modulated 30% = 5% at
1,000 Hz. Set the audio output control to an ocutput of 100 milliwatts (7.75 volts)
at the main output of the receiver. Set the frequency of Signal Generator No. 2
alternately to each of the prescribed undesired frequencies and at the signal
levels prescribed in 3.21 to determine the desensitization experienced in each of
the prescribed off-resonant frequencies and signal levels. In each of the
specified conditions, the application of the off-rescnant signal shall not reduce
the receiver output more than 2 db (a measured level of 6.15 volts) as recorded .

on the main audio ocutput. Rcpeat on VHF, using a center frequency of 133 MHZ.

(See 3.21 and Fig 6)
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4.10 Cross-lioduiztion. The attenuator of Signsl Ginerator No. 2 shall be in the
positior of maximum attenuation. Set Signal Generator No. 1 to an output control
to obtain a level of 100 milliwatts (7.75 volts) at the main output of the receiver.
Remove modulation frog Signal Generator No. 1 leaving all other controls umchanged.
Apply 90% modulation = 5% to Signal Generator Nc. 2 at a modulation frequency of
400 Hz and output irequency cf 300.9 MHz and an output level of 100,000 microvolts
across a 50 ohm load, Gradually increase the unmodulated carricr from Signal
Generator No. 1 to & level of 100,000 microvolts,; noting all points at which the
receiver audio output voltage reaches a peak. Record Signul Generator No. 1 RF
output levels and recziver audic output levels at each of these peak points.

At each of the maximum zudio output points noted above, set the attenuator
of Signal Generator lic. 2 to the roint of maximum attenuation snd record the
recelver ouiput noise ievel. The peak levels and the noise lcvels shall not
differ more than 2 db. Hecpeat the procedure for all frequencies ané signal levels

specified in 3.21. (Ailso see Fig 6)

4.1l Hum and Noiss. Adjust the signal generstor for a channel frequency of

300 MHz 3C% mcdulated T 5% at 1,000 £z and the output adjusted to 300 microvclts
across a 50 ohm load. Set the audio output control of the receiver to a level of
100 milliwatts (7.75 volts) at the main audio output.

With the equipment opcrsting or & 60 Hz power source, connect a wave analyzer
to the receciver output and determinc thc amplitude of all detectable signals at
820, £80, 1060, 112C and 1180 Hz. The total calculated RMS voltage at the above
nmeasured frecuencies skall be at least 50 db down from the 7.75 volt level or
0.0245 volts. The total calculated RMS voltage ic to be derived by taking the
square root cf the sum of the squares of tiie mcasured voltages. Repeat this rroce-
dure with thc equipment operating om 50 Hz AC power and the audio measurements
made at 85C, 900, 1050, 1100 and 1150 Hz; with the equipment operating on 400 Hz
power, measurements shall be accomplished at 200, 600, 1400, 180C arnd 2200 Hz.
?epeat th; same test procedure with an EF input signal lcvel of 100,000 microvolts

0.1 volt).

Remove modulation from thce signal generztor with the equipment operating at
cack of the specified AC power frequencies and record the resultant AC hum witk
RF signazl inputs of 100,000 microvolts and 300 microvolis. The hum level in each
case shall be at least 50 db below 100 milliwatts (3ee 3.20 and Fig 3)

4.12 Hermporzic Distcrtion. AGjust the IF signal genersztior to a frequency of

300 ¥Hz, an output lcvel of 1 volt across a 50 ohm load modulated 3C% ¥ 5% at

1000 Hz and adjust thc recciver sudic level to an output of 100 milliwatts (7.75
velts). Witk modulaiion frequencies of 300, 1,500, 3,000 and 6,000 Hertz
successively applicd to the signzl gecnerator, tke total Larmonic distortion as
mezsured witk the wave analyzer shall not excced 10%. Repeat the. measurement
procedure with a modulation level of 90% at the same modulaticn frequencies and
measure the total harmonic distortion. The total distortion at the 90% modulation
level shall not exceed 15%.
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Repeat the harmonic distortion tests at the same rzdio frequency input levels
and the same modulation levels and frequencies, but with the receiver audio level
control adjusted to an output level of 1 milliwatt (.775 volts). All distortion
requirements previously specified shall be met. (See 3.25 and Fig 3)

4.13 Autoratic Gain Conirol Versus Mcdulation Level. Adjust the signal generator
to an output frequency gf 300 MHz with an output of & microvolts across a 50 ohm -

load and modulated 30% = 5% at 1,000 Hz. Adjust the receiver audio output level
to 100 milliwatts (7.75 volts) at the main audio output. Measure the AGC voltage
under these conditions. Adjust the modulation level down to zero and up to 90%
¥ 5% and record the 4GC voltages. The recorded AGC voltage shall not vary more
than ¥ 1% during these variations of modulation level.

4.14 Automatic Gain Control Versus RF Signal level. Adjust the RF signal input
levels successively to 6, 10, 15, 20, 30, 100, 1,000, 10,000, 100,000, 200,000 and

500,000 microvolts and 1 volt with modulation levels of 10%, 30%, and 50% = 5% at
each signal level and a modulation frequency of 1,000 Hz. The audio output level
measured at the main receiver audio output shall not vary more than 3 db at each
modulation level, as the RF signal voltages are advanced from 6 microvolts to

1 volt. (See 3.15 and Fig 3)

4.15 AGC Time Consgtant. Adjust a pulse type signal generator to an output
frequency of 300 MHz and a signal level of 500 millivolts. Tke signal shall be
pulsed with a 500 millisecond pulse having a rise time of not more than 1 milli-
second and a decay time of not more than 1 millisecond. The pulse shall be
synchronized with a cathode ray oscilloscope to present a calibrated sweep for

the measurement of the rise time of the AGC voltage and the decay time of the AGC
voltage. The AGC shall rise to a value at least 30% of the AGC maximum voltage
within a time period of 100 milliseconds and shall decrease to a level of not more
than 10% of its zero signal level in a decay time of not more than 100 milliseconds
and shall decrease to a level of not more than 10% of its zero signal level in a ~
decay time of not more than 100 milliseconds. (See 3.15.1)

4.16 Saueleh Characteristics. With the squelch sensitivity at maximum setting,

an unmodulated carrier of 1.5 microvolts applied across a 50 obhm load shall activate
the squelch circuit at RF input frequencies of 225, 300, and 399.92 MHz. A test
signal of 2 microvolts applied across a 50 obm load modulated 30% - 5% shall
activate the squelch circult at each of the prescribed frequencies and bte carpable

of producing an audio output lcvel of at least 100 milliwatts. Repeat at 116, 133,
and 149.95 MHz. (See 3.16 and Fig 3)

4.17 Scuelch Versus Pulse Interference. Adjust the signal generator and ihe
receiver to a frequency of 300 MHz and adjust the squelch threshold to activate

at a signal level of 3 microvolts (unmodulated) across a load of 50 onms. Remove
the unmodulated carrier and apply a pulse signal with a peak amplitude of 3,000
microvolts, a pulse repetition frequency of 300, 360, and 420 pulses per second,
a pulse width of 10 microseconds < 1 microsecond with a 1 microsecond maximum
rise time and determine whether the squelch circuit of the receiver is activated
by the pulsed signal. Rereat this measurement at the same squelch threshicld, but
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with an unmodulated carrier level of 2 microvolts and a peak pulse amplitude

of 1,000 microvolts. Again repeat the procedure with a squelch threshold of

50 microvclts, a carrier level of 37.5 microvolts (unmodulated) and a peak

pulse amplitude of 5,000 microvolts. The squelch circuit shall not be activated
under any of these signal combinations. Repeat all of the above measurements with
the pulse width adjusted to 2 microseconds - 1 microsecond, a pulse repetition
rate which shzll be varied from 300 to 1,500 pulses per second and a rise and
decay time of less than 1/10 microsecond. The squelch circuit of the receiver
shall not be activated by the above signal combinations and no parasitic effects
such as ringing or regeneration of any internal receiver circuit shall be arparent
- during the performence of these tests. (See 3.19 and Fig 7)

4.18 Audio Frecuency Response. Adjust the RF signal generator to a channel
freq&ency of 300 MHz with an output carrier level of 300 microvolis modulated
30% ~ 5% at 1,000 Hz. Adjust the receiver audio output control to a level of
100 millivolts (7.75 volts) at tne main audio output. While retaining the same
carrier level in the signal generator and the same modulation level, adjust the
modulation frequency altcrmately to 100, 200, 300, 500, 1,000, 2,000, 3,000, 4,000,
6,00C, and 1C,000 Hz and record the audio output voltage for each modulation
frequency. The output level shall not vary more than +1 db or -2 db between 300
and 6,000 Hz, but the level shall decrease continuously below 300 Hz and shall
decrease continuously above 6,000 Hz and shall be down at least 1C db at the

100 Hz and 10,000 Hz modulation frequencies. (See 3.2/ and Fig 3)

4.19 Freguency Accuracy and Stsability. Utilizing the standard tuning procedures
prescribed by the Technical Order and utilizing a crystal of the prescribed specifi-
cation, the receiver shall be tumed to 116, 1334 and 150 MHz without benefit of

the frequency counter and shall operate within £ .001% of the specified channel
frequency. accuracy and stability shall be maintained over the environmental

range of 3.4. A calibrated frequency counter shall be used to verify the accuracy
after the tuning operation bhas been complcted. Repeat procedures on 225, 300 and
399.95 MHz. (See 3.11.3)

4.19.1 Effect of Detuning and Retuning. The receiver shall be detuned to the
limit of the tuning controls from the operating frequencies and then returned

to the specified channels (again using the prescribed Technical Ordgr rrocedures ).
Each frequency shzll be within the previously specified accuracy of = .001% of

the operating freguency without benefit of any external frequency measuring device
during thc tuning process.

5. FPREFPARATION FOR DELIVERY

5.1 General. Preservation, rpackaging, and marking shall be in accordance with
MIL-STD-129, and as specified in the contract.

5.2 Individusl Packing. Each unit with itsaccessories shall be packed and marked
so that it can be identified ané reshipped individually without repacking.

6. NOTES
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6.1 Intended Use. The single channel VHF/UHF receiver described in this specifi-
cation is intended for worldwide use in the air traffic control environment.
Typically it may be installed at remotely controlled receiver sites or collocated
VEF/UHF transmitter/receiver sites or locally within the equipment areas of radar
aprroaci cantrol (RAPCON) facilities or control towers. The receiver also may be
installed in ground control approach (GCA) and Mobile FAFCON facilities. At remote
locations such as radar early warning sites, it may be collocated with VHF/UEF
transmitters and it may be required to use the same antenna as the transmitters,
with suitable antenna switching relays or multi couplers (which are not included

in this specification). The receiver hormally will ke installed in 19" racks or
cabinets in multiple quantities commensurate with tke number of air traffic control
commmication channels authorized for use at the individual air traffic control
station or faeility.

6.2 Concept of Design. The intent of this specification is to produce a reliable
transistorized VHF/UEF communications receivcr which may be expected to operate
in excess of 1 year in a typical air traffic control environment without failure
of parts or performance. To achicve this level of reliability, the parts count
must be held to a minimum figure consistent with good design, and all components
must be derated for'electrical and thermal stresses to avoid premature failures
in service. Protective circuitry designed to isoclate the operating semiconductor
devices and their associated components from destructive transients also is
expected to contribute to the long life and reliability of the receiver. The
receiver also will allow the use of a battery powered (24 volt) DC bus which may
be floated across the power suprly; tue combination of receiver reliability and
the availability of the battery powered DC bus is expected to provide a receiving
system with all of the advantages and characteristics of no-break power. The
versatility of the receiver is further enhanced by its compatibility with AC
power frequencies ranging from 47 Hz to 420 Hz with voltage stability in the order
of  10% of the nominal voltages. Such flexibility will enable the receiver to
utilize relatively unstable and unreliable power sources which normally could not
be caonsidered for regular use in the air traffic control service. Any design
concept which is not consistent with this goal of reliability and availability
for service cannot be considered compatible with the intent of this specification
and will be concidered as not res:onsive to this specification.
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TECHNICAL EXHIBIT
CCNEE 66-67

All External Connections and Pads to
Have Coaxlal Connectors
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Recelver
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T 508 Coaxial Line

(All or part
contained L().._ _—— e . — _T()_
within i é
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generator)
-
FIGURE 1
CONNECTION OF SIGNAL GENERATOR TO RECEIVER
TT T T 502 T T}
T. --------- Receiver
] Antenna
WOt - —_—— - Coil
I
___________ |
FIGURE 2

EQUIVALENT CIRCUIT OF ARTIFICIAL ANTENNA
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TECHNIGAL EXHIBIT

OCNEE 66=67
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Generator Pad Recelver Output | VIVM
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AC Wave Distortion
VTVM Analyzer Analyzer

FIGURE 3
DISTORTION TEST

A-28



TECHMICAL EXHIBIT

OCNEE 66=67
1
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Counter
L
Output
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FIGURE 4

SENSITIVITY/SELECTIVITY/STABILITY TESTS
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TECHMICAL EXHIBIT
OCHMEE 66=67
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FIGURE 5
INTERMODULATION TEST
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Signal Generator
No. 2

TECHNICAL EXHIBIT
OCNEE 66=67

RF Amplifier
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FIGURE 6
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T=CHNICAL EXHIBIT

CNEE 66=67
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Recelver

t
Output Loads
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FIGURE 7
PULSE INTERFERENCE TESTS
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TECHNICAL EXHIBIT OCNEE 66-68
" 23 Novermber 1966 =

VHF /UHF TRANSMITTER AN/GRT ( )

1. SCOPE

1.1 This equipment specification describes a reliable single channel
transistorized communications transmitter to be installed in collocated
VHF/UHF transmitter/receiver ground stations engaged in the air

traffic control service throughout the world. The transmitter shall

be capable of generating an amplitude modulated (voice) signal in the
116 to 150 MHz and 225 to 399.95 MHz air traffic control communications
bands. The transmitter shall be capable of operating oneach of the
authorized VHF and UHF air traffic control communications channels and
shall be compatible with the 50 KHz channel spacing and transmitter/
receiver collocatior required in that service. The design and construc-
tion of the transmitter shall facilitate a possible future modification
for conversion to 25 KHz channel spacing. The transmitter shall be
expected to operate reliably for long periods of time under normal
operations. The transmitter shall consist of a transistorized exciter
of not less than 10 watts power output and linea~ amplifier with a
minimum carrier power output of 50 watts. The transmitter shall contaln
a minimum parts count consistent with good design and shall contain all
of the design characteristics required to achieve an MIBF of at least
10,000 hours,

2., APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date of
the invitation for bids or request for proposals, form a part of this
equipment Specification. In the event of conflict between the require-
ments of this equipment specification and the requirements of the
referenced documents, the requirements of this equipment specification

shall govern.

Military Speeifications

MIL-P-116 Preservation

MIL.-C-3098 Quartz Crystals

MIL-E-4158 Ground Electronic Equipment, General Requirements
MIL-E-4682 Electron Tubes and Transistors

MIL-C-6781 Control Pgiel, Aircraft Equipment

MII-N.7513 Nomenclature Assignment and Nameplate Approval
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MIT.-Q-9858
MIL-S-19500
NAVSHIPS 94324
NAVSHIPS 94501

Military Standards

MIL-STD-129
MIL-STD-130
MTL-STD-188
MIT.-STD-189
MIL-STD-L15
MIL-STD-L454
MIL-STD-470
MIL-STD-471
m..srn.ssa
MIL-STD-
MIL-STD-%8%"
MIL-STD-803
MIL-STD-810
MTL-STD-826
MIL-STD-871

Federal Standards

FED-STD-595

Military Handbooks

MIL-HDBK-216
MIL-HDBK-217

Technical Orders
31P5-2-137

31R2-1-137

3151-2FSA22-10

AF Manuals

AFSCM 80-3
AFLC/AFSCM 310-1

Quality Program Requirements
Semiconductor Devices
Maintainability Design Handbook
Reliability Design Handbook

Marikding for Shipment

Identification Marking of U. S. Military Property

Military Commnication System Technical Standards

Racks, Electmical EQ, 19" and Associatad Panels

Test Points

Standard General Requirements for Electronic Equipment

Maintainability Program Requirements

Maintainability Demonstration

Crystals and Holders

Test Levels and, Accept/Raject Criteria
Bpliability Program

Human Enginoer ng

Environmental Test Methods

Electomagnetic Interference Test Requireuents

Preparation of Test Reports

Paints

Radio Transmission Lines and Fittings
Reliability Stress and Failure Rate Data for
Electronic Equipment

Standard Installation Instructions, RAPCON
Communication Facility

Standard Installation Instructions, Control ;aner
Facility .

GEEIA Installation Standard, Control Monitor Group
AN/FSA-22

Handbook of Design Instructions
Management of Conmtractor Data and Reports
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Miscellaneous

OTS PB-161894 RADC Reliability Notebook (RADC-TR-58-111)

ICAO International Standards and Recommended
Practices (Annex 10)

ITO Radio Regulations (Geneva 1959)
3. REQUIREMENTS

3.1 Performance. The single channel transmitter described in this
specification shall be designed for worldwide deployment in the air
traffic control service and shall operate on any of the 3,500 channels
allocated tc this service between 225 and 399.95 MHz and alsc on any of
the 680 channels between 116 and 150 MHz. The transmitter shall be
compatible with the 50 KHz channel spacing of the air traffic control
service, but shall be designed to permit a future conversion to operate
on any of the 7,000 channels within the same UHF band or 1360 channels
within the VHF band with a spacing of 25 KHz between adjacent channels.
The exciter portion of the transmitter shall be capable of operating
directly into a suitable antemnna, thus providing a minimum of 10 watts
power output when the 50 watt power amplifier is not required or is
otherwise not in service. The transmitter shall represent the state-
of-the=art in reliability and shall contain parts and workmanship of
the highest quality. The transmitter shall perform reliably in an air
traffic control environment which may include air traffic control
towers, radar approach control facilities (RAPCON's) and precision
approach radar facilities such as GCA's and mobile RAPCON's, Typically
the transmitter will be installed in remotely controlled transmitter
sites and collocated VHF/UHF transmitter/receiver sites and will be
mounted in racks or cabinets ir multiple gquantities commensurate with
the nmumber of air traffic control channels in use at those stations.

3.1.1 TIype of Construction. Modular conmstruction shall be utilized
throughout the transmitter., The transistorized exciter unit shall
constitute one assembly (comrlete with its own power supply ) which may
be deployed independently from the linear amplifier. The power ampli-
fier also shall be a separate and indevendent assembly containing its
own power supply. The internal construction of both assemblies shall
be modular and shall facilitate the rapid exchange of minor assemblies
for rapid restoration of service in case of failure. Assemblies and
subassemblies may be exchanged for similar modules when the transmitter
is converted from VHF tc UHF coverage. All cables, connectors and
voltages shall be compatible amone the VHF/UHF conversion assemblies

to allow full fiexibility of employment sand interchange. The exciter
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portion of the transmitter shall contain no blowers and shall not
require forced air cooling for normal operation. The design gosl is

to avoid the use of blower assemblies in the power amplifier to minimize
the number of electromechanical devices and achieve increased
reliability. Blower assemblies are not authorized in this specification
and no such authorization shall be assumed unless specifically approved
in writing by the Comtracting Officer after the contractor has demon-
strated that no other solution can be employed in the transmitter
design and his proposal has been approved after a thorough engineering
evaluation. Any blower assembly recommended by the contractor shall
have a demonstrated reliability of at least 1 yesar of continous duty
operation without failure or maintenance, and the air flow through

the amplifier shall be oriented from the front to the rear of the
assembly. Ventilation ports (intake or exhaust) shall not be located
on either side of the exciter or power amplifier. Air filters (if
requitted) shall be located on the front panel and shall be of the

washal re<usable type. Printed circuit boards shall not contain
mechanical linkages. Printed circuit boards and modules shall be so
constructed that removal and installation require a minimum of tools
and soldering.

3.1.2 Physical Size of Equipment. The exciter portion of the trans-
mitter shall require not more than 5-1/4" of panel space (Panel per

MIL-STD-189). The power amplifier shall require not more than 7" of

panel space (Panel per MIL-STD-189). Each assembly shall mount in a
standard 19" rack or cabinet and shall have a maximum depth of not

more than 15" behind the front panel. The tw: maior assemblies shall
constitute the emtire transmitter, including all powet sunplies and contr-l
circuit assemblies.

3.1.2,1 Weight of Equipment., Total weight of the transmitter shall

not exceed 70 lbs. with neither the exciter assembly nor the amplifier
assembly to exceed 35 lbs. A design goal of 54 lbs. shall be maintained
by the contractor in the evaluation of all design technlques.

3.1.2.2 Dust Covers and Insect Screens. In addition to radio frequency
shielding required to achieve the technical performance prescribed for
the transmitter, suitable dust covers and insect screens shall be
provided as a part of the enclosure. Insect screens shall be not larger
than 15 mesh for protection of heat exhaust ports or other openings

not secured by dust covers,
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3.1.3 Interchangeabiliity of Modules. Modules contained in the trans-
mitter shall be interchangeable with modules performing the same
functions in other transmitters of the same production type. Inter-
changeability of moduies between transmitters of the same type shall
be accomplished and demonstrated without necessity for realignment of
the electrical circuits contained in the interchanged modules and
without realignment of the circuits contained in adjacent modules of
the transmitter. All assemblies, subassemblies, printed circuit boards,
and modules shall be accessible for testing or replacement, and shall
facilitate rapid fault location and restoration of service by direct
replacement.

3.2 Protctype Equipment. Eight (8) preproduction equipments shall be
required for testing. Two (2) transmitters shall be utilized for in-
plant environmental and proof or performance testing. Three (3) opera-
tional transmitters shall be subjected to ccntinuous operation at the
contractor’s plant for a period of approximately sixty (60) days to
determine whether the equipment has met the design goals in terms of
reliability, maintainability, and compatibility with a simulated air
traffic control enviromment test program. Three (3) transmitters shall
be furnished to the Air Forge for simultaneous operational suitability
tests. The 3 equipments furnished for operational suitability testing
shall be shipped to an Air Force site to be designated by the Contracting
Officer., Air Force testing will be performed at the site for approx-
imately sixty (60) days. The contractor shall be responsible for

support of all preproduction equipments during the entire test program
including installation assistance, familiarization of Air Force personnel
with the equipment, supply of ovarts and interim instruction manuals

and correction of repair of failures. '

3.3 Flexibility of Primary Power., All power transformers shall be
provided with primary taps to furnish the reguired rectifier vecltages
for AC line voltages of 105, 120, 210, and 240 volts + 10%. Note that
this specificaticn requires normal operation of the equipment with
input voltages within * 10% of the specified primary voltages. Tap
changing of all appropriate transformers shall be accomplished simulta-
neously by setting a metal link or strap. Unless otherwise specified
in the contract, taps shall be connected for 120 volt operation upon
delivery. The transmitter shall operate at full rated power from
single phase alternating current sources at any power frequency from
47 Hg to 420 Hz., In addition to operation on the AC voltages previously
listed, the transmitter shall have provisions whereby a nominal 24 volt
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DC battery bus may be floated across the power supply to provide
emergency power in the event of failure of AC power. The AC power
supply also shall recharge the 24 volt battery and maintain it in a
fully charged condition without overcharging or causing damage to any
component in the transmitter. The transmitter shall be so designed

that application of a short circuit or voltage of a reversed polarity
across the 24 volt terminals shall not result in failure of components
(other than fuses) within the transmitter. Elimination of fuses shall
be considered as a design goal by the contractor through prudent employ-
ment of isolation diodes and other reliable protective devices; any
fuses lncorporated in the design shall be of the self-indicating type
and shall be mounted on the front panel of the transmitter. The exciter
shall be capable of rated performance while being operated on DC power
from the 24 volt bus; the power amplifier may be disabled during DC
operation if it contains vacuum tubes or semiconductor devices which

are unable to achieve an operational condition from the DC bus.

3.4 Normal Operating Conditions

Ambient Temperature «=299C to +60°C

Relative Humidity 5% to 95% (+ 5%)

AC Line Voltage 120 V + 10%; 240 V + 10%

AC Line Frequency 47 to 420 Hz

DC . 22 to 30 Volts

Duty Cycle Continuous Unattended at Rated

Power 90% Modulated
3.4.1 Non-Operating and Storage Conditionms.

Ambient Temperature -62°C to +71°C
Relative Humidity 54 to 95%
Barometric Pressure 334 Inches Hg to 31 Inches Hg

3.4,2 QOperation After Transportation. The transmitter shall be

required to operate immediately after being traonerartad feam ~na I5e3-
tion to another, either while installed in a GCA or mobile RAPCON rucility,
or while being transported in the custody of the military-supply system.
The transmitter shall not be required to operate while installed or
carried in a vehicle in motion.

3.5 General Reguirements. The equipment shall meet the requirements
of MIL.STD-452 and MIL-E-4158 regarding design, parts, materials,
processes, identification and marking, and workmanship except as other-
wise noted in this specification. The total weight and volume of this
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equipment shall be reduced as far as possible without sacrifiecing
reliability or maintainability. The contractor shall employ all methods
possible in the process of design, development and manufacturing which
will insure quality and maximum reliability and maintainability. The
design shall include all possible features which produce reliable and
stable operation with minimum requirements for adjustments and
maintenance. Conservative desig- practices with ample operating margins
shall be employed throughout. The contractor shall be familiadr with
NAVSHIPS 94324, NAVSHIPS 94501, AF3CH 80-3, and the RADC Notebook, and
zhall gike maximum use of the design guides therein. (See 4.3 through
e3e30

3.6 Reliability. The design reliability of the transmitter and its

components shall achieve a Specified Mean Time Between Failures

of not less than 10,000 hours under conditions of MIL-STD-781, level

A-1. Vacuum tube (s) employed in the power amplifier may be excluded
from the parts count in the computation of this MIBF: however vacuum

tube (s) shall have a Mean Time to Failure of at least 3,000 hours in
this application.

3.6.1 Reliability Program Plan. The contractor shall submit to the
procuring activity for review and acceptance an effective and ecomomical
proposed program plan responsive to MIL-STD.785. The plan shall be
included in the contractor's proposal submitted in accordance with the
Governments's Request for Proposals (RFP).

3.6.2 Reliability Prediction. Reliability prediction shall be performed
in accordance with procedures of MIL-STD-785 (5.1.9.1)s The contractor
shall submit as part of the technieal proposal, a reliability prediction in
accordance with MIL-STD-756, using failure rate data furnished in MIL HanA-

book 217.

3.6.3 Derating of Components. Quality components selected for their
long life and reliability shall be used throughout the transmitter

and shall be derated in each specific application to achieve the lowest
practicable failure rate as reflected for each component class in MIL
Jandbook 217, ,

3.7 Reliability Analysis. The contractor shall analyze existing
designs and technigues to determine the methods necessary to satisfy
the reliability requirements of this specification.

3.7.1 Preliminary Reliability Estimate. Within 4) days of contrzct
award, in accordance with 5.1.9.1 of MIL.STD-725, ths contractor shall

prepars and submit a Preliminary Reliability prediction of the
transmitter, The failure retes shall be obtained from MIL-Handbook 217
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for the classes of . components and the voltage and thermal stresses
involved. (See 4.3.2)

3.7.2 Final Reliability Estimate. As the design of each major assembly
or subassembly is established, the contractor shall compute and submit
within 30 days the Final Reliability Estimate of that assembly and
updats the estimated reliability index for the transmitter.

B.fﬁif‘Test Conditions. Because of the MIBF requirement of this
transmitter, the limited number of test articles and the limited time
for testing, test level A-l of MIL-STD-78l shall apply.

3.8 Maintainability. All assembliss, subassemblies and components

of the transmitter shall be readily acc9551ble for maintenance, to

accelerate and facilitate the location of faults and the replacement

of faulty modules or subassemblies. The maximum time for location of

the fault, replacement of. the faulty module or subassembly and restora-

tion of ssrvices shall not exceed 15 minutes. Time shall not exceed 180

zénu?:s3f§§ rapair’bf the module itself, including checkout and aligmment.
ee

3.8.1 Maintainaggggtz Program Plan. The contractor shall submit to the

procuring activity for review and acceptance, an effective and economically

proposed program pIan responsive to MIL STD 470. The plan shall be included

in the contractor’ s proposal submitted in accordance with the government's

request for proposal.

3.9 Contractor's Quality Assurance System, The contractor shall provide
and maintain an effective inspection and quality assurance system
acceptable to the Government and in accordance with MIL-Q-9858. A
current written description of the system shall be submitted to the
cognizant Govermment imspector for system approval prior to preproduction
inspection. Any changes to the approved quality assurance system which
might affect the degree of assurance required by this specification cr
other applicable documents must be submitted to the cognizant inspector
and approved in writing prior to use.

3.9.1 Govermment Verification of Contractor's Quality Assurancs System.
All quality assurance operations performed by the contractor shall he
subject to Government verification at any time. Verification shall
consist of, but not be limited to:

a. Surveillance of the operations to determine that practices,
methods, and procedures of the written system description are being
properly applied, and;

b. Govermment product inspection to measure quality of product
to be offered for acceptance. Failure of the contractor to correct
deficiencies discovered by him or of which he is notified shall be
cause for suspension of acceptance until corrective action has been
made or until conformance of product to prescribed criteria has been
demonstrated.
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3.10 Protective Circuitry. The transmitter shall contain suitable
semiconductor protective circuitry to isolate all active audio and
radio frequency transistors and semiconductor devices from destructive
transient voltages or spi.es introduced into the transmitter from the
AC power line and the DC bus. The protective circuits shall react to
short duration transients occuring either at a random or recurring
rate and shall become effective within 100 nanoseconds of the leading
edge of the transient pulse. The protective semiconductor devices
shall be effective against transients up ta 4 times the amplitude of
the ambient voltage in the circuits to be protected and shall not
disable the transmitter during their protective operation. The con-
tractor shall demonstrate that adequate transient voltage protection
has been provided for all semiconductors, including those associated
with the RF output circuits and power supply circuits.

3:10.1 Protection from High VSWR. Protective circuits activated by
Viltage Standing Wave Ratios (VSWR) greater than 3:l1 shall be provided

in tne 10 watt exciter to protect the output transistors from destructive
conditions produced by high levels of reflected RF power,

3.11 Test Points. The contractor shall prepare a List of Proposed
Test Points in accordance with 4.4.2.4 of MIL-STD=415 to be delivered
at the same time as the Preliminary Reliability Estimate (3.7.1).

3.11.1 Major Test Points., Major test points necessary to confirm
proper operation of the transmitter and necessary in the location of
faults in msjor modules shall be available on the front panel and
shall be sufficient to identify major modules, assemblies, or sub-
assemblies which may have failed or deteriorated in service.

3.11.2 Minor Test Points. Minor test points required during bench
testing or alignment procedures shall be readily available upon removal

of dust covers and shall be sufficient to identify faults or deteriorated
performance within each printed circuit card or minor subassembly of the
transmitter. Test points shall be readily identified and cross-referenced
in the handbook of maintenance instruections which also shall contain
reference to necessary waveforms, voltage, current, or resistance

readings that may be appropriate for the individual test points.

3.11,3 Builtein Tuning Meters. A ruggedized and protectively fused
tuning meter shall be built into the exciter assembly with a suitable
switching circuit to provide all necessary measurements during a normal
tuning process. The meter also shall provide a measurement of forward
power and reflscted power in the exciter output circuit and modulation
percentage measurement.
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3.11.4 Power Amplifier Mstering., One or more ruggedized and protectively
fused meters shall be provided in the power amplifier assembly for

proper tuning and loading of the amplifier stage. Provision also shall

be made for measuring forward power and reflected power in the output
transmission line, using one of the integral meters in the amplifier
assembly.

3e11.5 Metered Circuits. Circuits to be metered shall include, but
shall not be limited to the following:

a. All voltages and currents necessary to confirm or establish
normal equipment operation, :

b. Voltages and currents necessary to isolate operational trouble
in coordination with the use of major test points (3.11.1).

c. Forward power and reflected power in the RF transmission line,
d. Audio input level in dbm across a 800 ohm load.
e. Modulation level in percent.

3.11.6 Mster Selector Switch. A clearly designated rotary selector
switch shall be included with the necessary meters and meter shunts.
The combined accuracy of the meter, meter shunts and other associated
circuitry shall be within + 10% on power and modulation and within + 5%
on voltage and current.

3.12 Automatic Switching of Antenna., To achieve the maximum operational

reliability of the exciter and to avoid reliability limitations imposed
by the power amplifier, provisions shall be incorporated for automat-
ically switching the antenna from the amplifier to the exciter output
stage in case of amplifier failure or primary AC power failure.

3.12,1 Antemna Switching by Semiconductor Devices. To avoid the use

of electromechanical relays, the contractor shall design and devise
semiconductor switching techniques for automatically transferring the
antenna from the amplifier to the output stage of the exciter. The
semiconductor switch also shall return the antenna to the amplifier
upon restoral of AC power or restoral of operational capability to the
amplifier. Substitution of slectromechanical relays for the semi-
conductor switches shall not be authorized unless specifically recuested
by the contractor with fully explained justification and sovecifically
approved in writing by the Contracting Officer after a thorough engi-
neering evaluation. .
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3.12.2 Antenna Change<QOver STransmit-ReceiveZ Relay. A sultable

output circuit shall be provided for activating an external 24 volt
DC antenna change-over relay (not to be furnished under this specifi-
cation) in synchronization with the carrier control circuits. An
output voltage of 24 volts DC shall be available to supply the change-
over relay, with a current capability of at least 100 milliamperes.
The external relay circuit shall be sufficiently filtered to prevent
the external leakage of radio frequency from the transmitter and to
prevent the introduction of external radio frequency siemals into the
transmitter. The relay control voltage shall be available when the
equipment is operated from AC or DC supplies with or without the
amplifier in operation and shall contain current limiting circuitry
incorporating nondestructive devices to protect the switching circuits
in case of external short circuits.

3.12,3 Antenna Comnectors. The radio frequency output circuit shall
be designed for connection to a 50 ohm unbalanced flexible coaxial
cable through a constant impedance N-type connector at the rear of
the equipment.

3.13 Harmonic and Spurious Outputs. The level of each spurious
frequency at the transmitter output connector including 4armonics of

the ca'rier frequencies at all modulation percentages up-to 90% and
frequencies up to 1,000 MHz shall be at least 80 db below the lsvel
of the carrier fundamental.

3.13.1 Radiated and Conducted Noise Interference, To minimize all
radiated and conducted noise interference in the frequency range 25 MHz
to 1,000 MHz which may be radiated directly from the equipment enclosure
or conducted outside the enclosure on external wiring, adequate shield-
ing and filtering shall be provided on 211 leads entering or leaving
radio frequency compartments.

3.13.2 Undesired Radiation lLevel. When measured at a distance of 4'
from the transmitter enclosure, radiation levels shall not exceed the

following maxima:

411 frequencies between 25 10 microvolts
and 1,000 MH2

Carrier frequency with 90% 10,000 microvolts
+ 5% modulation
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3.14 Crystal Osciliator. The transmitter shall incorporate a crystal
oscillator possessing inherent stability characteristics sufficient

to achieve a frequency accuracy of +.001% at the operating frequency
of the transmitter. The crystal shall be installed in or through the
front panel of the transmitter; installaticn or removal of a crystal

- for a different channel frequency shall not require removal of the
transmitter from the rack either for access to the crystal or retuning
of internal transmitter circuitry.

3.14.1 Crystal Unit. The crystal oscillator shall function with a
standard crystal of the desired frequency accuracy and stability in
accordance with MIL.C-3098, With the crystal properly installed in

the front panel of the transmitter, the crystal shall not extend beyond
other fixed components (such as dials, knobs, switches and connectors)
also extending from the front panel.

3.14.2 Crystal Oven. The basic design of the transmitter shall not
contain a erystal oven unless the contractor demonstrates that the
required degree of frequency accuracy and stability cannot be achieved
in any other manner. Operation of the crystal oven shall not be
noticeable or apparent in any internal circuit of the transmitter and
shall not be asudible in the audio output of the transmitter. In the
event that a crystal oven should be approved by the Contracting Officer,
an amber indicator light shall be mounted on the frontmnel to indicatse
operation of the oven heater. The crystal oven (if approved) shall

be provided in accordance with the following requirements:

Crystal Ovem Socket For HC-6/U Holder

Operating Temperature Controlled 6§7°+5°C

Heater Power 24 V DC, 0.25 amperes or less
Crystal Oven Base Standard Octal

3.14.3 External Oscillator Input. The transmitter shall have a
provision for use of an external precision oscillator (not to oe
furnished with this equipment) for frequency control of the transmitter
in lieu of a crystal. The axternal radio frequency input required for
normal operation shall not exceed 0.1l5 volts RMS into a 50 ohm # 2 ohm
impedance. A type BNC connector shall be provided for the external
oscillator input. :

3.14.4 Maximum Allowable Frequency Deviation., Under all combinations
of normal operating conditions specified in 3.4 incluging those combina-
tions where the net effects are additive, the total deviation under
humidity, temperature, loading, modulatiom, and power fluctuations
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shall not exceed + .001% of the designated carrier frequency. (See 4.5
and Figure 1) .

3.15 Exciter Power Output. The exciter portion of the transmitter
shall deliver a minimum carrier power output of not less than 10
watts to a 50 ohm resistor load throughout the frequency range of

116 to 150 MHz and 225 to 399.95 MHz. At this carrier power level and
with a modulation level of 90% + 5%, the exciter shall be capable of
normal operatlon into reactive loads producing voltage standing wave
ratios (VSWR) of not greater than 3 to 1. (See L4.6) :

3.15.1 Amplifier Power Output. When drivenm by the transmitter exciter,
the power amplifier shall deliver a minimum carrier power output of 50
watts into a 50 ohm resistive load throughout the frequency range of
116 to 150 MHz and 225 to 399.95 MHz. With the signal modulated at a
level of 90% + 5% and with a carrier output of not less than 50 watts,
the amplifier shall be capable of operating into a reactive load produc-
i(.xsxeg vzl;.ag; standing wave ratios (VSWR) of not greater tham 3 to l.

[} ° ol ’

3.16 Modulation.  Amplitude modulation of the transmitter at mm.mum
rated power shall be achieved to a level of 90% + 5% from an audio
input signal to the speech amplifier of =15 dbm to +10 dbm. (See L4.7)

3.168 Optiomal Medule for Input Devels Below =15 dbm. An optional

module, not required for normal applications, shall be designed for
use of audio input levels down to '=35dbm. The optional module shall
be of such size and shape that it can be installed internally within
the equipment with minimum tools and technical skills. When so
installed, this module shall enable an audio input signal at a level -
of -35 dbm to modulate the transmitter 90% (+ 5%). "

3.17 Audio Freg\g:encx Response of the Transmitter. Throughout the audio
range of 300 to 6,000 Hz, the modulation amplitude shall not vary more
than +1 or =2 db from the modulation amplitude at 1,000 Hz. (See 4.7)
3.17.1 Audio Response above 6,000 Hz. Above 6,000 Hz the modulation

amplitude shall decrease as the frequency increases and shall be down
at least 10 db at 10,000 Hz. (See 4.7)

3.17.2 Audio Response Below 300 Hg. Below 300 Hz the modulation
amplitude shall decrease as the frequency decreases and shall be dowm

at least 10 db at 100 Hz. (See 4.7
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3.17.3 Audlio Compression and Limiting Circuits. The transmitter shall
contain audio compression and limiting circuits designed to prevent

over-modulation of the carrier under all conditions and to retain a
high modulation level of the transmitter (85 to 90% + 5%) under
varigble audio input lsvels from -15 dbm to + 10 dbm, ( See 4,7)

3.18 Transmitter Carrier Hum and Noise, With the transmitter opera-
ting at a carrier power cutput of 50 watts modnlatod,90$ 2,5%, the total
hum distortion shall be not less than 50 db below a 1,000 Hz test tone
output level, Separate measurements shall be made with primary power
input frequencies of 50,60, and 400 Hz. Test frequencies for each

of the specified AC power frequencies are prescribed in Section 4 of
this specification.

3.19 Radioc Frequency Intermedulation (UHF) (Carrier op Condition).

The amplitude of each radio frequency intermodulation product shall

be at least 30 db below the amplitude of an interfering signal fed

into the transmitter output comnector at 20 db below the transmitter
output level and spaced +1 MHz from the transmitter output frequency.
Measurements shall be made at 50 watt (transmitter) and 10 watt (exciter)
levels. (See 4.8 through 4.8,3 and Figure 3) .

3.19.1 Radio Fregquency Intermodulation gVHF) SCarrier on Conditiou}.

The amplitude of each radio frequency intermodulatiom product shall be

at least 35 db below the amplitude of an interfering signal fed into

the transmitter cutput connector at 20 db below the transmitter output
level and spaced #500 KHz from the VHF transmitter output frequency.
Measurements shall be made at 50 watt (transmitter) and 10 watt (exciter)
levels.,

3.19.2 Radio Freguency Intermodulation SUHFQSCarrier of £ Conditions),

The amplitude of each radio frequency intermodulation product shall be
at least 30 db oelow the amplitude of each of two interfering signals
fed simultaneously into the transmitter output connsctor and spaced
+500 KBz from the normal transmitter output frequency, but with the
transmitter in a "carrier off" condition,

3.19.3 Radio Freguency Intermodulation (VHF) (Carrier off Conditionm).

The amplitude of each radio frequency intermodulation product shall

be at least 35 db below the amplitude of each of *twn interfering signals
fed simultaneously into the transmitter outout connector and spaced
+250 KHz from the normal transmitter ocutput frequency, out with the

VHF transmitter in a "carrier off"™ condition.
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3020 Iransmiter Keying. Semiconductor switching devices shall be
used to activate the keying circuits of the exciter. The external
keying circuit shall operate through the audio input lines and provide
a DC simplex ground circuit which will activate the transmitter switche
ing device by externally grounding the center tap of an audio line
transformer. Local keying of the transmitter shall be achlieved by
locally grounding the center tap of the audio input transformer at

the transmitter. The keying potential furnished by the transmitter

to the keying line, to the amplifier keying circuit and to the external
antenna relay (not a part of this equipment) shall be +24 wolts DC.

The keying time shall not exceed 35 milliseconds.

3.20.1 Loop Resistance of Keying Circuit. Reliable and positive
transmitter keying shall be possible with an external loop resistance

of 3,000 ohms.

3.20.2 Optional K-ying Module. An optional module shall be designed to
provide further keying flexibility, when the standard keying circuit is
not adequate for the special enviromment confronted by the transmitter.
The optional module, which may be installed at the discretion of the
user, shall cause the transmitter to be keyed reliably by external
push-to-talk or keying circuits employing 50 volts DC or 100 volts IC
with loop currents of 50 milliamperes or 20 milliamperes, or by a
300-3,000 Hertz tone at a level of ~10 dbm to { dbm.

a. When the transmitter is being keyed in the 20 or 60 millampere
push-to-talk mode, the loop input impedance shall be 150 ohms or less.

b. When the transmitter is being keyed in the 50 or 100 volt
push-to-talk mode, the input impedance shall be not less than 47,000

ohms.

c. When the transmitter is being keyed in the "tone"™ (300-3,000
Hz) push-to-talk mode, the input impedance shall be a nominal 600 ohms.

d. Input loops shall be electrically isolated from ground
(balanced mode).

3.21 Audio Input Circuit. The 500 audio input to the transmitter

shall be connected directly to an ungrounded transformer primary consis-
ting of 2 separate primary windings which shall be connected in series
by an external wire jumper on the input transformer terminals. The
series connected primary shall be connected to 2 terminals on the
terminal strip provided for external connections.
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3.21.1 Protective Deviees on Audio Input Circuits, The audio input
circuit shall withstand without permanent damage, input pulses applied

to each terminal pair and from terminals to chassis of #1,000 volts
peak, with rise time not over 10 microseconds, duration of not over
50 microseconds, and decay time of not less than 600 microseconds
measured between 10% and 90% of peak amplitude. After 100 pulses of
sach polarity applied between input terminals and afterwards between
tarminals and chassis at intervals of not over 1 second, any resulting
change in gain shall not affect the modulation level of the trans-
mitter more +2%.

3.22 Microphone Input. The front panel of the transmitter shall

contain a sultable Jack for a single button carbon microphone with
Push-to Talk switch contained in the migrophone and a suitable connector
for a dynamic microphone, ML09 or equivilent also equipped with Push-to-
Tallk switch on the microphone. ‘

3.23 Modulation Gain Control. A modulation gain control shall be
mounted in a location which is readily accessible for adjustment. The
gain control shall be a continuously adjustable composition or wire
wound resistor type with a logarithmic taper.

3.2% Switches. The front panel of the transmittsr shall possess 3
basic toggle switches as follows: (1) On-off switch, (2) Control switch
(local/remote), (3) Two-position switch labelled "Push-to=Talk® (normal)
and "Carrier Test.™ :

3¢24,1 Amplifier Switches. The power amplifier shall be egnipped with
a powsr on=off switch located on the fromt panel of the ampIifier
assembly., The power amplifier power switch shall be independent from
the powsr switch on the exciter assembly.

3.25 Selection of Semiconductor Devices. All semiconductor devices
shall be envirommentally qualified production articles in accordance
with MIL-S-19500 which have been selected for their performance and
reliability. Germanium semiconductor devices shall not be incorporated
in the transmitter design.

3.25.1 Substitution of Semiconductor Devices, Substitution of semi-

conductor devices (semiconductors not authorized by MIL-S-19500) shall

not be authorized unless specifically requested by the contractor with
fully explained justification and specifically approved inm writing
by the Contracting Officer after a thorough engineering evaluation,
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3.25.2 Mounting of Semiconductors. All semiconductors with wire leads
shall be soidered into the circuit., All other semiconductors shall be
mounted in accordance with the recommendations of their manufacturers.

3.26 Paint. The transmitter shall be finished in a semi-gloss gray
color according to FED=STD-595, color 26152. Necessary markings on
this surface shall be accomplished in a compatible semi-gloss white,

4, SAMPLING, INSPECTION, AND TEST PROCEDURES REQUIRED FOR QUALITY
ASSURANCE

4.1 General. The contractor shall be responsible for the performance
of all inspection and testing requirements as specified herein., All
contractor prepared test procedures shall be approved by the Contracting
Officer prior to commercement of testing. Except as otherwise speci-
fied, the contractor may utilize his own or any other inspection
facilities and services acceptable to the Government. Inspection
records of the examination and tests shall be kept complete and avail-
able to the Government as specified in the contract. The Government
reserves the right to perform any or all of the inspections set forth
where such inspections are deemed necessary by the Government to assure
that supplies and services conform to the prescribed requirements.

4,2 Clagsification of Tests. Prescribed inspections and the tests
of the equipment shall be classified as qualification tests and accept-

ance tests.

4.3 Qualification Tests. Qualification tests shall be performed by

the contractor on the first 2 complete equipments produced under this
specification. To minimize the elapsed time for performance of the
tests and the development of test data, the Air Force may desire to
perform operational suitability tests at the sam= time that the contrac-
tor is performing enviromental tests.

4,3.1 Environmental Tests. Environmental tests shall be performed in
accordance with MIL-STD-810 unless otherwise specified herein.

4.3.1.1 Low Pressure. Components and assemblies shall be subjected
to test method 500, procedure I.

4,3.1.2 High Temperature. Components and assemblies shall be subjected
to test method 501, procedure I,

4,3,1.3 Low Temperature. Components and assemblies shall be subjected
to test method 502, procedure I.
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4.3.1.4 Humidity. Components and assemblies shall be subjected to
test method 507, procedure I,

4.3.1.5 YVibration. Components and assemblies shall be subjected to
test method 514, procedure I. The test shall be for equipment class 5,
using test curve A of Figure 514-5.

4.3.1.6 Shock. Components and assemblies shall be subjected to test
method 518, procedures I, II, and VI.

4.3.2. Reliability, The contractor shall establish.a reliability
assurance program that is planned, intergrated and developed in conjunc-
tion with other planning functions. The program shall be based upon
the specified requirements, the complexity of design, the quantity
joder procurement, and the manufacturing techniques required. The
- Pfogram shall assure adequate reliability consideration throughout
the respective design, development and production as necessary to
meet the contractual reliability requirements.

4,3.2.1 Reliability Program Plan. The comtractor shall submit a
detailed Reliability Program Plan in accordance with MIL SID 785
as a separates and complete entity within the tdal system project delinea-
tion. The program plan shall be submitted no later than 30 days after award
of contract. Submission of the proposed detailed program plan concurrent
with the contractor's technical proposal is prescribed in 3.6.1 of this
specification.
4.3.2.2 Basis of Compliance., The reliability program plan, as approved
by the procuring activity and incorporated into the contract, becomes
the basis for contractual compliancs.
4.3.2.3 Reliability Program, A minimum reliability program applicable
to this specification shall consist of (but not be limited to) program
elements contained in MIL-STD=785 as follows:

a. Reliability Organization (MIL-STD-785, 5.1.1)

b. Management and Control (MIL-STD-785, 5.1.2)

Ce Propam Reﬂew (MIL-STD—?&S, 5010‘3)

d. Critical Items (MIL.STD-785, 5.1.8)

e. Apportionment and Mathematical Models (MIL-STD-785, 5.1.9)

f. Reliability Prediction (MIL-STD-785, 5.1.9.1)

g. Design Reviews (MIL-STD-785, 5.1.10)
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h. Supplier agd Subcontractor Reliability Programs (MIL-STD-785,
5.1011

i. Human Engineering (MIL-STD-785, 5.1.13)
jo Safety Engineering (MIL-STD-785, 5.1.15)
k. Maintainability (MIL-STD-785, 5.1.16)

1. Failure Data Collection, Analysis and Corrective Action
(MIL-STD-785, 5.1.19)

m. Reliability Demonstration (MIL-STD-785, 5.1.20 and Section
uo 30 20 ue bQIW)

4.3.2,4 Reliability Demonstration. The contractor is required to
submit a statistical test plan, to be used in the demonstration of
the required reliability of the oquipment,within thirty (30) days
after the date of the contract. The test plan plus details of its
implementation shall be submitted as part of the program plan.

4,3.2.5 General Demonstration Test Provisions. The provisions of
MIL.STD-781 apply except where they are in conflict with provisions
given to this specification, whereas this specification takes precedence.

14‘.30206 SE_O_Cific PrOViSiOUSD

(a) MIEF - the specified Mean Time Between Failures (o ) is stated
in Section 3 as 10,000 hours.

(b) Test Level - Test Level A-1l, as defined in Section 4.1 of
MIL-STD-7381 shall apply.

(¢) Definition of Failure - The contractor must submit for approval
detalls of operational criteria and specific definitions of
failure for the eguipments under test.

(d) Sample Size - Three (3) operational transmitters shall be
available at the contractor's plant for the purpose of relia-
bility demonstration tests.

(o) Preproduction Test Plan - Test Plan XXV or MIL-STD-781 shall
be used, with a descrimination ratio of 3.0 and alpha and beta
risk of .30. The contractor has the option of submitiing with-
in Thirty (30) days an alternate statistical plan for approval.
Any alternate plan would be based on the spescific provisions in
(a), (b), (¢), and (d) above plus the constraint of a maximum
testing period of 60 days calendar time.
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(£) Production Qualification Test Plan. - Test Plan C-6 of Table
2D-1(c) MIL HDBK-H 108 shall be used, with a discrimination
ratio of 3.0 and an alpha and beta risk of .10. The sample
shall be made from that first months production.

(g) Production Sampling Test Plan - Test Plan C-3 of Table 2D-1(e),
MIL HDBK-H-108 with a discrimination ration of 5.0 and an alpha
and beta ratio of .10 for acceptance of each months production.

4.3.3 Maintainability Demonstration. A maintainability demonstration
shall be performed by the contractor to show compliance with the quanti-
tative requirement of Section 3.8 for corrective maintenance. In conjunc-
tion with this requirement, the following portions of MIL-STD-471 apply.

4.,3.3.1 Demonstration Flan. The contractor shall prepare a demon-
stration plan for approval Ly the contracting agency in accordance with
4,2 of MIL-STD-471,

4,3.3.2 Maintenance Task Selection. The contractor shzll demonstrate
compliance of the repair time specified in 3.8 through %2 fault simu-
lation method. This method shall be performed by introducticn of faulty
parts, deliberate misalignments, etc., Simulated faults shall be
generated for each anticipated failure mode of each module. The general
technique cof task selection as discussed in Appendix A of MIL-STD-471
for corrective maintenance tasks only shall apply. Since both the
design and the maintenance concept are based on a modular construction
of the transmitter, then the maintenance task selsction can bs restricted
to the characteristics of each module,

b.3.3.3 Sample Size. A minimum of 30 selected maintenance tasks shall
be used for the maintainability demonstration.

4,3.3.4 Maintenance Task Performance. In accordance with 4.3.2 of
MIL-STD-47],

4,3.3.5 Accept/Reject Criteria. Upon completion of all maintemance
tasks, an accept decision shall be made if the 90th percentile point

of the resultant distribution of observed maintenance times is equal
to or less than 15 minutes for restoration of service and 180 minutes
for module repair,

4.3.3.6 Maintainability Demonstration Report. In accordance with 4.5
of MIL.STD-471,

b.3.4 Performance Tests. The transmitter shall be subjected to a broad
spectrum of performance tests necessary to confirm that the basic design
and the assembled equipment in fact have met the performance requirements
of this specifization. The performance tests shall include, but may
not be limited to, the following operational parameters:
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a. Carrier power output

b. Carrier modulation level

¢. Tuning range of equipment

d. Repeatability of tuning operation

e. Audio response

f. Audio distortion

g. Carrier noise

h. Intermodulation distortion

i. Parasitiec and spurious oscillations

Jo Conducted and radiated radio frequency energy

k. Transient protection
1. Module interchangeability
m. Variable frequency AC and DC power supply performance

4.3.5 Acceptance Tests. Prior to delivery of each completed trans-
mitter assembly, the contractor shall perform a thorough physical
electrical and mechanical examination of the equipment to determine
that all components and assemblies are in complete compliance with
the requirements of this specification. In addition to the specific
performance tests which have been accomplished and performed on the
various modules, subassemblies, minor assemblies and major assemblies
during the production phase, the contractor shall perform the final
inspection on each deliverable article to include, but not necessarily
be limited to, the following parameters:

8o Exciter power output

b. Percentage of modulation at maxirmum exciter output

¢. Power amplifier power output

d. Percentage of modulation at maximum power amplifier output
e. Audio distortion measured at exciter output

f. Audio distortion measured at power amplifier output

g Audlo frequency response of transmitter modulator
h. Audio input level for maximum modulation

i, Frequency tuning and resettability

jo Hum and noise content of carrier

k., Radio frequency accuracy and stability
1. Power consumption in normal operation

m. Tuning range
n. Metering accurracy

0. Jvermodulation protection
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4.4 Submission of Test Procedures and Data Forms. The contractor shall

submit complete and comprehensive test procedures with appropriate forms
for recording the results thereof, for all performance tests required

by this specification, The procedures and forms shall cover all tests
described within this specificationy, and all other tests required but

not described within this specification. The contractor shall identify
all equipment to be utilized in sach of the tests, MIL-STD-826 shall

be used in the preparation of the test procedures, for equipment class Gp,

4,5 Frequency Accuracy and Stability. Utilizine the exact procedures
specified in the Handbook of Maintenance Instructions, the transmitter
shall be tuned to fresquencies of 116, 124.5, 133, 141.5, 149.95, 225,
250, 275, 300, 325, 350, 375, and 399.95 MHz and loaded to its rated
power output. The output frequency then shall be measursd (at each
aperating frequency) with a frequency counter of establishsd accuracy.
The frequency shall not deviats more than +,001% from the indicated
operating frequency. The transmi‘:ter shall be detuned and then returned
to each of the indicated frequencies for a sscond successive cycle and
again shall be measured within‘i.OOI% of the specified frequency.
Under all combinations of load, modulation, temperature, and humidity
conditions, the frequency shall remain within +.001% of the desired
frequency. (See 3.14.4)

L,6 Exciter Power Output. The exciter shall be coupled to a 50 ohm
resistive load and shall deliver not less than 10 watts of carrier
power on thefrequencies specified in 4.5. The same output levels
shall be obtained when operating into a reactive load resulting in a
voltage standing wave ratioc of 3 to 1 in the exciter output circuit.
(See 3.15)

4,6.1 BExciter Protective (lrcuits Activated by High VSWR - The sxciter

shall be coupled to a load circuit whichmay be adjusted for either capacitive
or inductive loads over an impedance range which will produce VSWR greater
than 3:1 in the ocutput transmission line to demonstrate effective cperation
of the protective circuits. The circuits shall protect the ocutput stage
from damage when confronted by an open antenna circuit, a shorted antenna
circuit, and reactive loads producing a VSWR of 5:1. (See 3.10.1)

4,6,2 Transmitter Power Output. The transmitter shall bSe coupled to

a 50 ohm resistive load and shall deliver not less than 50 watts of
carrier powsr on each of the frequences specified in 4.5. The same
power cutput levels shall be obtained when operating into a reactive
load resulting in a voltage standing wave ratio of 3 to 1 in the antenna
output circuit. (See 3.15.1)

b,7 Audio Level Regquired for 20% Modulation., With the transmitter

ad justed to an operating frequency of 300 MHz and delivering a measured
power output of at least 50 watts into a 50 ohm load, an audio signal
generator shall be applied to the audio input of the transmitter to
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determine audio signal levels required for 90% modulation of the carrier.
An audio frequency of 1,000 Hz at a level of -15 dbm shall be applied

to the speech amplifier input and a 90% + 5% modulation level achisved
by adjustment of the transmitter modulation control. With audio frequen-
cies successively applied to a level of =15 dbm at each 300 Hz from

300 to 6,000 Hz, the modulator shall deliver sufficient andio pover to
produce a 90% :,5% amplitude modulated envelope without any adjustment

of the modulation level of control.

The input audioc level of 1,000 Hz shall be advanced to +10 dbm and
the modulation envelope shall not exceed 90$.: 5% modulation level.
Over-modulation of the carrier envelope shall not be acceptable under
any audio signal input condition or adjustment between ~15 dbm and
+10 dbm.

Adjust the transmitter for 90% modulation +5% with an audio input
of 1,000 Hz at 0 dbm:. Reduce the audio input to -15 dbm and again
measure the carrier envelope. The modulation level shall not decrease
below a level of 80% + 5% (See 3.16 and 3.17)

4,8 Radio Freguency Intermodulation. Intermodulation tests shall be
accomplished on both VHF and UHF using two transmitters of the same
type. Care shall be exercised to prevent spurious radiations from the
interconnecting transmission lines or other equipment from degrading

the accuracy of the test measurements. To achieve the 20 db attenuation
prescribed in the level of the interfering signal, a suitable length of
lossy radio frequency transmission line shall be employed to provide a
cumulative 20 db loss between the second transmitter and the transmitter
under test. The level of the interfering signal shall be measured with
a 50 ohm resistive load substituted for the transmitter. The inter-
fering signal shall be fed to the transmitter ocutput connector in a
manner which does not disturkt the normal impedance relationship of the
transmitter output circuit and dummy antenna load. (See 3.19 through

3.19.3 and Figure 3)

4.8.1 Interfering Signal Source. Each interfering signal shall be
generated by a transmitter of the same type as the transmitter under

test.

4,8,2 Intermodulation Measurement. The device for measuring intermod-
ulation product amplitude shall be so designed and so isolated from the
transmitter output that distortiom and intermodulation within the device
do not affect the intermodulation measurements.

L.8,3 Exciter Intermodulation Tests. Each intermodvlation test specified
for the complete transmiiter shall be repeated utilizing the exciter only.
The interfering transmitters also shall be reduced to their exciter por-
tions to achieve intermodulation measurements among identical signal sources
on both VHF and UHF,
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4,9 Transmitter Hum Distortion. Adjust the transmitter for rated output
on 399.95 MHz. Modulate the carrier 90% (+55) with a -15dbm audio signal
at 1,000 Hertz. When operating from 60 Hertz power, use a wave analyzer
to measure the amplitude of any audio signals appearing at 820, 880, 1060,
1120, and 1180 Hertz on the demodulated carrier. Determine the sum of the
squares, and develop the square root of the sum of the squares. Calcuiate
the attermuation in decibels relative to the 1000 Hertz level.

Repeat the above operation when using 50 Hertz power. Measure the
amplitude of audio signals at 850, 9C0, 1050, 1100, and 1150 Hertz on
the demodulated carrier. Using the square root of the sum of the squares,
calculate the attermuation in decibels relative to the 1000 Hertz level.

Repeat the above operation when using 400 Hertz power. Measure the
amplitude of audio signals at 200, 600, 1400, 1800 and 2200 Hertz on
the demodulated carrier. Using the square root of the sum of the squares,
calculate the attemuation in decibels relative to the 1000 Hertz level.

Adjust the modulation level at 30% (+5%) and repeat the measurements
using 50, 60 and 400 Hertz primary power.

With the transmitter operating at rated power output on 149,95 Miz,
repeat all of the above measurements at 30% and 90% modulation levels,
with primary power frequencies of 50, 60, and 400 Hertz., (See 3.18 and
Figure 4).

5. PREPARATION FOR DELIVERY

5.1 General. Preservation, packaging, and marking shall be in accorde-
ance with MIL-STD=-129, and as specified in the contract.

5.2 Individual Packing. BEach unit with its accessories shall be packed
and marked so that it can oce identified and reshipped individually with-
out repaciking.

6. NOTES

6.1 Intended Use. The single channel VHF/UHF transmitter described in
this specification is intended for worldwide use in the air traffic con-
trol environment. Typically it may be installed at remotely controlled
transmitter sites, collocated VHF/UHF transmitter/receiver sites, or
locally within the equipment areas of radar apprcach control (RAPCON)
facilities or airport control towers. The transmitter also may be
installed in ground controlled approach (GCA) and mobile RAPCON facilities.
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At remote locations such as radar early warning sites, it may be co-=located
with VHF/UHF receivers and it may be required to use the same antenna as the
receivers, with suitable antenna switching relays or multi-couplers (which
are not included in this specification)., The transmitter normally will be
installed in 19" razks or cabinets in multiple quantities commensurate with
the number of air traffic control communications channels authorized for use
at the individual air traffic control station or facility. The exciter
portion of the transmitter may be employed in GCA, mobile RAPCON or locally
within control tower facilities where space is premium and 10 watts of
transmitter power is accepted as an adequate power level for normal operations.
The small size of the transmitter exciter and its reliability in service

may in some instances lead tc its multiple installation in lieu of previously
programmed multi-channel facilities.

6.2 Concept of Design. The intent of this specification is to produce a
reliable, transistorized VHF/UHF communications transmitter exciter which
may be expected to operate in excess of 1 year in o typical air traffic
control enviromment without failure of parts or performance and a 50 watt
linear amplifier incorporating the same concept of equipment reliability.

To achieve this level of reliability, the parts count must be held to a
minimum figure consistent with good design and all components must be

derated for electrical and thermal stresses to avoid premature failures

in service. Protective circuitry designed to isolate the operating semi-
conductor devices and their associated components from destructive transients
also is expected to contribute to the long 1life and reliability of the
transmitter. The transmitter exciter also will allow the use of a battery
powered (24 volt) DC bus which may be floated across the power supply; the
combination of transmitter reliability and the availability of the battery
powered DC bus is expected to provide a transmitting system with all of the
advantages and characteristics of no-break power. The versatility of the
transmitter is further enhanced by its compatibility with AC power fre-
quencies ranging from 47 Hz to 420 Hz with voltage stability in the order
of.iiof of the nominal voitages. Such flexibility will enable the trans=-
mitter to utilize relatively unstable and unreliable power sources which nor-
mally could not be considered for use in the air traffic control service.

The availability of the transmitter exciter is further enhanced by the
automatic switching of the antenna from the 50 watt linear amplifier to the
output of the 10 watt exciter in case of AC power failure or failure of the
50 watt amplifier. Any design concept which is not consistant with this goal
of reliability and availability for service cannot be considered compatible
with the intent of this specification and will be considered as not responsive
to this specification.
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TECHNICAL EXHIBIT

OCNEE 66=68
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1
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FIGURE 1
FREQUENCY ACCURACY/STABILITY TESTS
Transmitter T Attenuator 500 Load
]
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FIGURE 2
HARMONIC/DISTORTION TEZTS
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TECHNICAL EXHIBIT
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TECHNICAL EXHIBIT

OCNEE 66-68
TRANSMI TTER o1 ATTENUATOR
AUD 0 WAVE
S IGNAL ANALYZER 50 OHM LOAD
GENERATOR
FIGURE 4
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APPENDIX B

AIR TRAFFIC CONTROL VHF AND UHF FREQUENCIES

Appendix B contains a listing of the VHF and UHF frequencies which
were used in the computer model developed by ARINC Research. The VHF fre-
quencies were defined by referring to report number FAA-RD-76-13, System
Design Study for VHF Universal Data Link and DABS Combinations. The UHF
frequencies were indicated by a computer printout obtained from the Spec-
trum Engineering Division (AES-500) of the FAA.




TABLE B-l

ASSIGNED VHF AIR TRAFFIC CONTROL FREQUENCIES

ATC Frequencies Number Available

50 kHz 25 kHz

Band MHz Use Spacing Spacing
118.0-121.4 Air Traffic Control 69 137
121.5 Emergency 1* 1*
123.6-128.8 Air Traffic Control 105 209
132.,025~135,975 Air Traffic Control 79 159
Total 254 506

*100 kHz spacing for the Emergency Channel.




-

UHF ASSIGNMENT COUNT RIS AF-6050-15

APRIL 19782

FREQUENCY ASSIGNMENT FREQUENCY ASSIGAUMENTY FREQJENCY ASSIGNMENT FREQUENCY ASSIGNYENT
(MFGAHERTZ) COUNT (MEGAHERTZ} COUNT (MEGAHERTZ) CNUNT (MEGANERTZ) cowmNT

00249.9000 1/ 1 23263.79)2 (¥4 7 00282.1000 . V4 0
00225.1000 37 1 00251.1000 187 0 32269.0020 3/ 0 00292.2000 {74 0
30225.7000 | ¥4 3 00252.1000 1/ 19 13269.129) 21/ 2 00292.3000 1 0
0022%.9000 1/ 3  00252.7000 (W4 0 022679.2330 32/ 0 00282.899) V4 30
90226.3000 6/ 11 00252 .9000 1 74 8 23269.3020 267/ 1 00283.6000 1 {4 0
00226.4000 (¥4 9 00253.5000 1 ¥4 18 22269.%200 30/ 0 00284.0000 10/ 12
00226.9700 (¥4 2 002%54.3000 28/ 0 32269.5020 287 0 00234.6000 3o/ i
00226 .9700 1 W4 5  00255.1000 1/ 1 27259.527) 2 74 3 00234.7000 22/ 0
00227.3200 2/ 2 00255.%000 NS/ 2 02269.970) 5/ 27 00285.2000 & 2
00229.3700 | W4 1 00255 .6000 6/ 15 00272.0020 v 4 00295.4000 25/ 0
00228.4200 (Y4 4 00255,7000 1 ¥4 12 22273.1220 1/ 19 00285.5000 r3 4 (1]
00228 .5000 17 S  00255.9000 3/ 10 22272.3320 157 0 00285.6000 22/ o
00228.9000 1/ 15 002%6.7000 117/ 2 002732.6070 | ¥4 B 00286.,0000 2/ 7
00229.4000 2/ 24 00256.R000 27 0 922270.8500 3/ 14 00286.5000 v 6
00229.5000 1/ 10 00256.9000 117 2 02273.9020 ¥/ 0 00286.6000 57 4
00231.13209 (¥4 1 00257,.0000 1/ 20  332T1.2320 1 4 6 00287.1000 s/ 'Y
00233.2200 (¥4 8 00257.1000 27 1 22271.3770 117 18 00287.900) 12/ 1
20233.5000 27 3 00257.2000 8/ 3 03271.4220 | W4 10 00298.1000 15/ 1
00233.7900 1/ 12 00257.3000 17 2 03272.7000 16/ ] 00288.2000 | V4 3
902313.8000 1.4 13  00257.6000 227 1 23273.5230 | V4 18 00288.3000 8/ 0
00234 ,2000 1/ 0 00257.7000 157 0 00273.6090 167 0 00289.1000. 2/ 4
202256.1300 27 2 00257.7360" 1/ 0 J2274.522) 1 V4 9 00239.2000 i/ i
00236,5000 €/ 2 00257.8000 1737 S  232715.2220 ¥4 30 00239.%000 (Y4 28
00236.6000 8/ 46 00257.9000 127 0 32275.4300 1/ 17 00289,6000 Rl 11
00236.7700 3/ 0 00258.1000 | W4 2  332715.80200 16/ 66 00290.2000 25/ o
00226.8000 2/ 2 00258.3000 144 S  02276.0000 27 18 00290.3002 18/ 0
00237.3000 17 5 00259.1000 10/ 12 3)2756,332) 3/ 0 00290.4000 17 1
00227.5000 1/ 21 00259.2000 | W4 8 D2275.%230 1/ 13 00290.5500 267 (1]
00239.0000 29/ 3  002%59.3000 97/ 10 22277.22%0 2/ ¢ 00290.6000 v 5
00239,3500 | W4 0 00259.4000 | W4 1S 222771.%220 187/ 0 00270.7000 F 14 ]
00239.2300 1/ 10 00260.1000 | W4 2 2327%.1030 | W4 2 00790.8000 57 L]
00239.2500 1/ 0 00260.6002 (V4 26 22273.3220 r3Y4 0 00290.9000 9/ 13
00239.3200 217 0 00260.8000 1 4 16 332718.52)) 14/ 0 00291,0000 EY L4
00239,3500 1/ 0 00261.5000 117 0 00279.8720 2/ 6 00291.§000 i/ 8
00239.8000 27 14 00263.0020 227 0 05279.23%0 1/ 9  00291.6000 29 0
00240,9200 ¥/ 1 00263.3000 3/ ] 3327%2.4922) 1/ 13 002917000 287 0
D0241.0009 3/ 59 00263.6000 57 10 2327%.5930 (Y4 1] 00292 1000 i’ 7
00241.1000 1/ 4 00264.2000 17/ 1%  322719,6230 31/ 0 00294.5000 El4 9
00241.2000 1/ R 00264.7000 1/ & 22273.9079 1 ¥4 9 00294.7000 v 8
D0242.1700 1/ 2 00265.0000 | V4 3 33282.1900 3/ 8 0029¢,9000 £/ 8
00242.4000 2/ 17 00265.1000 1/ & 022%93.9230 17 7 00295.90000 L Y4 2
00242.7000 3/ 6 0026%.7000 17 & J2291.327) 1/ 2 00295.1200 v 2
00243,0000 5517 115 00265.8200 17 12 J))281.997)3 2V 0 00295.7003 3/ (3
090247.2000 (V4 1 00266.8300 27 19 22291.52920 21/ 0 00295.9%09 v 6
00247.6000 1/ 0  00267.3000 1/ 7 03281.8070 1/ 7  00296.0000 2/ |1
00248 .2900 ¥4 19  00267.9200 10/ 2 29281.9)09 114 5 00296,7000 287 0



UHF ASSIGNMENT COuNY RIS AF-5050-15

q-g

APRIL 1982

FREQUENCY ASSIGMENT FREQUENCY ASSIGNMENT FREQUENCY ASSIGNMENT FREQUENCY ASSIGNMENY
{MEGAHERTZ) CNUNT (MEGAHERTZ) COUNT (NEGAMERTT) COUNT (MEGAHERTZ) cotNT
00297.2000 3/ & 00317.7000 297 1 33335.8900 37 16 00351.1090 5/ 7
00297.4000 8/ ] 00317.8000 27 5 00351.7000 18/ 0
00298.0000 | W4 2 00318.1000 8/ 10 22335.239) 2/ 10 00351.8000 2y 0
00298.9000 18/ 1 00318,2000 9/ 8 22336.43)0 27 24 00351.9000 14/ V]
00299.2700 137 0 003)8.8000 3/ 10 37335.8220 1 1 00352.0000 1%/ 0
00299.6200 27 9 0©0319.0000 17 1 2)337.2090 L V4 11 00352.400) | U4 15
00300.4000 17/ f 00319.1000 197 0 03337.4900 2/ 10 00352.8000 27 1}
00301 .4000 27/ 2 00319.2000 24/ 0 22337.7730 V4 4  00353.0000 1/ 5
00301.5700 17 8 00319.3000 8/ 4 J)333,0020 17 3 00353.5000 157 0
00302.7009 5/ 5  00319.8000 227 0 7333%9.13)0 17/ 5 00353,600) 147 1

00319.9000 197 2 22339,2230 117 0 00353.7000 167 0
00303,.6200 1/ 2 00320,1000 8/ 13 23338.3739 2%/ 0 00353.80900 197 0
00304 .8900 1/ 2 00320.4000 2/ 7 33339,6270 3/ 6 00353,39000 197 0
00305.1900 1/ § 00320.5090 27 9 73339.13%0 6/ 8 00354.000) 19/ 0
00305.23090 17 10 00321.1000 3/ 7T  333372,330) L Y4 5 00354.1000 18/ 0
00305.4200 s/ 10 00321,2000 17 17 23333.9)7)) 8/ 3 00354.8000 27 6
00306.2200 20/ 0 00321.3000 327 0 23340.7000 27/ 8 00355.1000 v [
00306.3900 257 1  00321.4000 27 0 32342.3000 3/ 8 00357.0000 1/ 3
20306.9000 257 0 00321.8300 1/ 8 27381.7220 27 1 00357.4000 L Y4 3
00307,.3900 137 0 00322.0000 1/ 10 23341.92%0 1/ 1 00357.6000 | & /4 0
00307.1000 20/ 0 00322,1090 (W4 3 33342.59)) 27 19 00358.0000 17 12
00307.,2000 227/ 0 00322.3000 187 0 J0343.6000 23/ 0 00359.0000 3/ 7
20307.37092 117 0 00322.4000 197 0 23343.7200 157 2 00359.2000 17 2
00307.9000 207 0 00322.5000 287 1 2)3343.8730 1957/ 1 00359,3000 3 10
00307.9509 207/ 0 00327.7000 2/ 3 233343.9020 20/ 1 00360.6000 2y 0
00308 .4000 3/ 7 00322.9000 1/ 0 33384.4200 17 7 00360.7200 18/ 0
00308.6300 27/ 2 00323.0000 267 1 J3344.6000 (Y4 49  00350.8000 28/ 2
00309,2900 3/ 2 00323.1000 187 1 93344.8900 5/ 3  00261.4000 114 10
00309,6900 17 1 00323,.2000 2%/ 0 37345.02))0 17 . 6 00362.3000 1 0
00309.82090 27/ 13 00323.3000 | 4 2 27345.22)0 3/ 10 00362.6000 27/ 6
N0319.99200 | W4 & 00324,1000 €/ §  ))3845.07)) 27 10 00353.0000 1v/ i
00312.2000 s/ 1 00324 ,3000 S/ 18 30346.3020 127 0 00353.1000 (k74 ]
00312.3000 | V4 3 00324.5000 €/ 18 3)346.4020 117 0 00353.2000 2v/ 0
00312.4200 27 7 00324.8300 1/ 2 30346.9I220 2/ 5 00353.8000 t3 V4 21
00313.2900 3/ 6 00325.2000 2/ 9 23347.%99) 17 & 00354.0000 v 6
00314.0000 17 S 00325.800) 197 3 7334%.07)) 1/ 12 00364.8000 227 6
00314.2000 S/ 24 00326.2000 L ¥4 B 3D343.32)0 (Y4 2 0036%.2000 i/ ]
00314.9000 27/ 11 00326.7000 1/ 2 29348.4020 27 12 00358,7000 14 2
00315.4900 1 W4 10 00327.00090 18/ 0 J33349,.623) 100/ 0 00369.0009 V4 26
00315.6000 3/ B 00327.1000 287 ] 33343.7930 157 0 00359.2000 i’ 12
00116 .1900 177 0 00327.5000 (44 5  33347.3330 57 11 00359.%9000 20/ 1
00316.1500 17 0 00327.8000 157 0 03349.132)) 17 5 00370.1000 v 2
00316.7700 117 7 _00328,.4220 2/ 11 32347.4220 17 21 00370.9000 197 0
00317.4000 157 0 0033%5,.,5200 147 0 32352.2232 137 0 00371.1%00 1/ 8
003}17.5%00 22/ 0 0033%.6000 197 0 33352.337) 167 0 00371.2000 ¥ 8
00317.6200 167 0 37357.9220 3/ 7 00371.9000 167 0



UHF ASSIGNMENT COUNT RIS AF-6050-15

APRIL 12782

FREQUENCY ASSIGNMENT FREQUENCY ASSIGNMENT FREJJENCY aSSICNMENT FREQUENCY ASSIGNMENTY
(MEGAHERT1) COUNT (MEGAHERTZ) COUNTY (YEGAHERTZ) COUNT (MEGAHERT2) COUNT
00372.9000 127 0 00390.9000 3/ 3
00372.1000 6/ 1 00391.2000 1/ 10
00372.2000 S/ T4  00391.9000 27/ 10
00372 .A000 2/ 8 00392.0000 27 8
00372.9000 17 5  00392.1000 174 2
00373.5000 2/ 9 00393.0000 9/ 5
00374.8900 17 5  00393.1000 10/ L}
00375.2000 27 12  00394.10%0 1/ (]
00377.1000 187 0 00395.0000 LY4 5
00377.2000 5/ 1 00395.B000 L V4 5
00379.11700 /4 ¢ 0039%5.9000 (¥4 10
00378.8200 27/ 9 00396.0000 S/ 7
00379.1%200 197 0 00396.1002 (Y4 6
00379.2000 14/ o 00397.0000 17 2
00379.3200 | V4 8 00397.2000 17 6
00379.7700 17 18 00397.8940 1/ 0
00379.9900 6/ 2 00397.9000 157 0
00379.9000 19/ 1 0039%8.2000 6/ 6
00380,0000 1/ 0 00398.9000 117 9
003R0.1000 2/ 0 '

003R0.2000 207 1

00300.3000 137/ 1

00380.56000 1/ 13

00380.8000 17 15

00383 .2700 9/ 1
00381.4000 18/ 1

00381 .5200 127 |

003A1.56000 197 1

003R2.2000 1/ 10

00382.62%00 1/ (13

003R3.1000 3/ 9

00384 .9700 3/ s

00385.2300 17 3

00385.4000 13/ 0
003R5 ,5200 137 s

00385.6000 28/ ?

00385.5500 4 o

00387.2000 1/ 0

003A7.1200 9/ 0

00308.2009) 12/ 3

003RR . 2000 1/ 10

003018.5000 9/ s

0032R 9200 2/ 4

003R9,5300 8/ 7

00319 ,9000 2/ 3

20390 .8200 s/ ;]

10TAL UHF COUNT D44 T/03PC0



APPENDIX C

COMPUTER MODEL LISTING

A computer model was developed to choose sets of VHF and UHF frequen-
cies and to calculate intermodulation products formed by them. This model
provided the basis for the quick=-look analysis described in the body of
the report. The model, developed by ARINC Research, was written in
Fortran IV and implemented on a PDP 11/34 computer.

A listing of the program appears in this appendix.



FORTRAN IV-PLUS V02-51C 20315:51 03-DEC-83
DOTHIS.FTN

0001
0002
0003
0004
0005
0006
0007

0008
0009

0010
0011
0012
0013
0014
0015
0016
0017
oo1e
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028

0029
0030
0031
0032
0033
0034
0033
0036
0037
0038
0039
0040
0041
0042
0043

/TR{BLOCKS/MWR

(g afagadafagadadagf ot ad g g af af af o f af af Y ad af a af a ] o af af o o of af o d af o ad ad ol of ] af af Y of af af Y oY o of of of o of of of of o o of oY o of T o od

nnnNnNnnNnnnnnnonNnNNnNnnonNNnNnNnNnNnNnN

IMOD - simulation to determine the impact of intermodulation
on transmitter co-location. User specifies ruumber of UVHF
and UHF transmittersy minimum interfreauency sracind to be
observedy and a *delts f* which resresents the minumum °*safe*
intervsl around each freauency. The user-srecified IM rro-
ducts are calculated for each rairing of frequenciesi these
products are comrared with esach freauency to see if thew
fall within delta f. If they dor then a °*hit" is scoreds’

the process is rereated for each freauency rairt and then

a new set of random freeuencies is generated and the rrocess
starts over. A printout gives statistics and distribution
of hits.,

Lodical unitst: 1 = terminaly 2 = disk (DK12)r I = printer
written bw Rick Conner

ARINC Resesrch Core.

2551 Rive Road

Annagrolis MD 21401

11 Ausust 1983

[af af af of af af a o af af a ad a a o] af o o o ol af af ol ol ol af ol af o f o nf nf nf o af af nf nf af of of of af nf nf of af af af af af of af ag o af af af af af o af af af ad ol nf Y Y )

[~

10

15
16

17
20

21
22

23

25
26
27

30
31

real%xq vflist(1000),uflist(1000)sfreal(S50)svhfsersuhfsersvarsfm
real%xq deltaf,sumhitrsauhitrsimerrodsmaarssidmarskalerrends fabw
real%4 pairsscomr

integer?2 dist(0:1000) ymiterynumvhfsrumuhfrtotvhfrtotunhfriterct
intedert2 seedirseed2rstartrendsthissthatshitsrmarkssmaxsirfinit
lodgical®l cleasrshomeransrfladbrfladcyfladdefladerfladfrstime(8)
losical®l vfladsffladsonefstwof

common/seeds/seedlsseed?
common/tester/frearimprodrdeltaf,feburhitsrendyvflagyfflad

clear=26 tASCII clear screen
home=30 . ! ASCII home cursor
fixit=193

write(1s10)clearshomne

format(ixs2al)

write(1,%)’ INTERMODULATION SIMULATION'
write(ls%x)’ ASErssrzomssssnsEssmmnmm—m—
write(1,195)

format(/’$Enter number of iterations (X0 - 30,000)...")
regd(1sX)niter

if(niter.gt.29.and.niter.1t.30001)¢0 to 20

write(i,17)

format(’sDut of rande — eplease try again...’?

do0 to 16

write(1,21)

format(/’sEnter number of VHF freaquencies (ur to 22),..7)
read(1»Xx)numvhf

ifCriumvhf,1t.23,and.numvhf.de.0)d0 tn 25

write(1,23)

format(’$Your selection is out of range’ please try agsin...’)
do to 22

write(1,26)

format(/’ $Enter number aof UHF freauencies (ur to 22)...7)
read(1ly %) numuhf

it tnumahf.1t.23,and,numuhf .ge.0)d0 to 30

write(1,23)

40 to 27

write(1+31)

format(/’SEnter min. VHF inter-freauercy sepacing ‘MHz)! ’)
read(lyx)vhfser

urite(1,35) ]
format(/’$Enter min. UHF inter—-freauency sracindg (MHz)! /)
read(1rX)uhfser

write(1r40)



0044 40 format(/’sEnter VOR freauency - 112-118 MHz or O for none! )

0049S read(1,%)vor
0044 write(1,43)
0047 45 format(/’$Enter FM freauency - 88-108 MHZ or O for nonel ’)
0048 read(1sX)fw
0049 if(fm.l@.0)d90 to A9
0050 write(1,47)
00351 47 format(/’$Enter FM banduwidth in MHzt )
0052 read(1,%) fmbw
0053 49 write(1:50)
0054 S50 format(/’$Enter delta-f in HHzS )
0055 read(1lrs¥)deltaf
c
c rromet user for which tumres of IM sroducts to chechk for
c
0056 write(1,55)
0057 55 format(/’ For each of the followind IM rproductsy ansuer °Y°® if’)
0058 urite(1,356)
0059 56 format (’ wou want to check for it...’/)
0060 write(1.57)
0061 57 format(’ a) 2¢ - £ XY%) ! check this one anvyway
0062 write(1.,58)
0063 58 format(’s b) 2¢ + £°°¢F 7))
0064 read(1+59)ans
0065 flagsb=.false,
0066 59 format(lal)
0067 if(ana.ea.’Y’.0or,ang.ea.’y’)fladb=,true.
00468 write(1,60)
0069 &0 format(’s e) £ - fF78 %)
0070 read(1959)ans
0071 fladc=.false.
0072 if(ang.ec.’Y’.or,ans.ea, 'y’ )fladec=,.true.
0073 write(irbl)
0074 61 format(‘’s d4) £+ F£°°0 %)
0075 read(1+59)ans
0076 fladd=,.false.
0077 if(ans.eq.’Y’.or,ans.ea.’y’)fladgd=.true.
0078 write(1s62)
0079 62 format(’'$ e) 2¢ ¢ ‘)
0080 read(1+59)ans
0081 flade=.false,
0082 if(ans.ea.’Y’0r,ans.ea. 'y’ )flage=,true.
0083 write(1v63)
0084 63 format(’'s ) 3IF 8§ )
008S read(1,59)ans
0086 flasgf=.false.
0087 if(ans.ea.’Y’.orsans.ea. 'y’ )fladf=.true,
c
c read frecuency tables into memory from digk files
c
0088 oren(unit=2rtuyre=‘ald’ rname="DK1:{0100,100IFREQ. VHF ‘y
% readonlyrcarriagecontrol="1list’) ! oren file
0089 totvhf=0 | set VHF counter
0090 100 totvhf=totvhf+tl | advance VHF counter
0091 read(2s%krend=110)vflist(totvhet) ! read a3 frecuency
0092 40 to 100 t{ keer doing ‘til EOF
0093 110 totvhf=totvhf-1 ! correct the count
0094 close(unit=2) ! cloge the file
0095 oren(unit=2rture=‘old’ yname="DK1:L 100, 100IFREQR . UHF ‘y
4 readonlyrscarriadgecontrol=’1list’)
00968 totuhf=0
0097 112 totuhf=totuhf+l
0098 read(2yXrend=120)uflist(totuhf)
0099 g0 to 112
0100 120 totuhf=totunf-1
0101 close(unit=2)
c
c
0102 125 iterct=1 ! set iteration counter
0103 sumhit=0 f sum of hits
0104 sauhit=0 ! sum of (hits sauared)
0105 call time(stime) ! call for system time
0106 decode(B8y130rstime)seedlrseed? ! to seed random dgen’r
0107 130 format(i2s4»%9i2) ! with hour t seconds
c
c gstart iteration loor here
c



0108
0109
0110
0111
0112
0113
0114
0115
0116
ot17
0118
0119
0120
o121
0122
0123
0124
0125
0126
0127

0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0133
0134
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165

0166
0167
0168
0169
0170
0171

0172
0173

0174
0179

200
201

205

210

250

260

280
290

329

~

write(1,201)iterctrniter
format(/’ Iteration number
hits=0
frea(1)=121.5
frea(2)=243.,0
start=3
if(vor.ea.0)d0 to
frea(start)=vor
start=4
if(fm,ea,0)do to 210
frea(start)=fm
start=start+l
end=start-1
if(numvhf.lt.1)d90 to
endzstartt+numvh?-1

205

212

call pick(vflistrtotvhfsfrearstartrendsvhfser) !

if(numuhf.lt.1)s0 to 220
startz=end+l

end=start+numuhf-1

call pick(uflistrtotuhfrfrecrstartrendruhfeer) !

“9ily

of 2159’ 4es’)
t reset hit counter
| VUHF emerderncye frea
! UHF emerdencw frea

! assidn 3 VOR?

! assidgn an FM7?

t temrorarw set

t any VUHFs 7

! yessy how manu?

get random VHFs

! any UHF?
! wesy count them
det, rendom UHFs

calculate and test IM products for each freauency eair

do 290 this=lsend ! subscrirt for °f°
vflasg=,false.

fflad=,.fslse.

if(frea(this).1t,118,0)vflad=,true, t is this a VOR?
if(frea(this),1t.108,0)fflag=.true, ! is this an FM?
if(.not,flade)so to 225

improd=2%frea(this) ! test 2f

call test

if(.not.fladf)do to 240

improd=3%kfrea(this) | test 37

call test

do 280 that=1lsend
if(this.ea.that)sgo to 280

if(frea(that).1lt.118.0)vflasd=, trye.
if(frea(that).1t.,108.0)fflas=,true.

improd=2%frea(this)-frea(that)
call test
if(.not.flasbl)do to 250
improd=2xfrea(this)+frea(that)
call test
if(.not.fladc)go to 260
imeprod=frea(this)~-frea(that)
call test
if(.not.flasd)so to 280
imrrod=frea(this)+frea(that)
call test
continue
continue
sumhit=sumhit+hits
rhits=hits
sauhit=sauhit+(rhitsxx2.)

subscrirt for °f°°
don‘t psir with self
is thst a VOR?

is thet an FM?

test 27 - T’

! test 27 + '

! test ¢ - ¢~

| test f + f°

accumulate hits
convert to real
and sauare of hits

if(hits.dst.max)mar=hits ma» no. hits
dist(hits)=dist(hits)+1 distribution
iterct=iterct+tl advance iteration cnt
if(iterct.dt.niter)do to 320 finished?
write(1,292)hits

format(’ Accumulated hits! ‘,i4)

d¢0 to 200 ! next iteration

end of iteration loor

write(3,322)

format(“1’,18:s RANDOM FREQUENCY INTERMODULATION SIMULATION’)
write(3,323)

format(18ys’ Tx==== ErozmsTssosasoaSSSsRrEasss===’ )

write(3,325)niterrdeltaf
format(//’ NUMBER OF ITERATIONS!?
‘ MHz'’/)
write(3,327)numvhfsvhfsepr
format(’ RANDOM UHF FREQUENCIES!
6.3y MHzZ)

write(3,329)rumuhfrishfser .
format(’ RANDOM UHF FREQUENCIES!

‘yiSe13y 'DELTA F = “»f10.3,
‘9139139 "VHF SFACING ~ '

‘5139139 “UHF SFACING = “»



0176
0177

0178
0179

0180
0181
0182

0183
0184
01835
0186
0187
o188
0189
0190
0171
0192
0193
0174
0195
0196
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207

0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
0220

0221

0222

0223

0224
0225

0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239

331

333

334

335

337
339
341
343
500

510

345
350
356
353

354

355

0on

340

362

365
370

375

378

f6.307 MHzZ’)

write(3,331)
format(//’ VHF EMERGENCY = 121,500 MHz’s13xs‘UHF EMERGENCY = ‘5

‘243,000 MHz')
write(3,333)vorefm
formet(’ VOR FREQUENCY = “+£7.3¢’ MHz’¢+13%»‘'FM BROADCAST = ',

8.3’ MHZ’)
ibw=fmbwk1000
write(3,334)ibw
format(’ (forced bandwidth 25 kHz)’»17u»

‘(forced bandwidth 4/~ ‘9i3e’ kHz) ')
write(3:335)
format(21xy’ (Freauency of zero means not tested for)’)
onef=0
twof=1
write(3,337)
format(//’ INTERMODULATION FRODUCTS TESTED: 2f - f°° )
if(flagblurite(3,339)
format(3Sxr‘2¢ & €7 )
if(flade)urite(3y341)
format(3Sxsy'f - f7° /)
if(flagd)urite(I,343)
format(3ISxe’'C + £°7 )
if(flase)write(3,500)
format(3Sxy,’2f’)
if(fladflwrite(3,510)
format (35, ‘3F°)
if(flasb)twor=tuwof+l
if(flade)twofstuof+l
if(flagd)twof=twof+l
if(flase)onef=oneftl
if(flagf)onef=onef+i
rend=end
comp=(rendXXx2, )Rk (end—-1)XtwoftoneftrendX*2,. | # possible hits
mean=sumhit/niter ! averade hits/iteration
sigma=(sauhits/niter - (sumhits/niter)xR2,.)X%0.5

! standard deviation

write(3,345)

format(//1%»80(1h=))

write(3+350)

format(/’ FRERUENCY CONFLICTS:’)»

write(3+356)comr

format(’ NUMBER OF FOSSIBLE CONFLICTS! “9f7.0)
write(3+353)mean

format(’ HMEAN CONFLICTS FPER ITERATION: ‘»fb6.1)
write(3,354)sidma

format (’ STANDARD DEVIATION: ‘+10xsféb.1)
write(3,34%5)

write(3,335)

format(/’ CONFLICT DISTRIBUTION FOLLOWS’)
draw distribution

max=max+3 ' 1limit to chart
write(3+360) *
format (’1FREQUENCY CONFLICT DISTRIBUTION - HITS vs. ‘'

‘TIMES (NUMBER OF ITERATIONS)’)

write(3,362)numvhfrnumuhfrdeltafrniter

format(/’ (’+i29’ VHFy ‘»12¢’ UHFy delta f = ‘56,39’ ’5iSs
‘ iterations)’)

write(3,365)

format(//’ NUMBER NUMBER ‘)

format( ’ OF HITS OF TIMES')

write(3,370)

write(3,375)

format(1x»80(1h=))

biga=0 ! look for lardest DIST(1)

do 378 i=0rmax

if(dist(i).dt.bid)big=digt (i)

continue

skale=1000,

if(bid.1t.5000)skale=100. t set scales for chart

if(bigd.1t.500)skale=10.

if(big.1t.S0)skale=1



0240
0241
0242
0243
0244
0245 380
0246 385
0247 400
0248
0249
0250

FORTRAN IV-FLUS v02-51C

DOTHIS.FTN

do 400 i=O0rmax

marksudist(i)/skale

if(markg.dt.50)marks=50
if(marks.lt.1)write(3,380)1irdist (i)
if(marks.de.1)urite(3,385)irdist (i)
format (3xride2xr’ ! #2%9i%5e3Ixr " 1)
format(3Ixsias2:¢r ) 9»2:9iS5s3xs ! ‘v <marks>(1hx))
continue
write(3+37%)

stom
end

FROGRAM SECTIONS

NUMBER NAME

1 $CODE1
2 $PDATA
3 $IDATA
4 $VARS
S STEMPS
6 SEEDS
7 TESTER
VARIABLES
NAME TYPE
ANS Lx1
END I%x2
FLAGD Lx1
HITS Ix2
ITERCT 1I%2
NITER 1I%2
REND R24
SKALE Rx%x4
THIS Ix2
VFLAG Lx1
NAME TYFE
DELTAF Rx4
FLAGC Lx1
FHEW Rx4
IHFROD R%4
MITER 1Ix2
FAIRS Rx4
SIGMA RX4
THAT %2
UHFSEF RX4
ARRAYS
NAME TYPE
DIST Ix2
FREQ R24
STIME Lx1
UFLIST Rx4
VFLIST R%4

/TRIBLOCKS/UWR
SIZE

005574 1470

000164 58

003372 ?57

023372 35053

000012 S5

000004 2

000332 109
ADDRESS NAME TYPE
4-0233536 RIG R%4
7-000326 FFLAG Lx1
4-023541 FLAGE Lx1
7-000324 HOME Lxt
4-023514 MARKS Tx2
4-0235%6 NUMUHF 1Ix%2
4-017544 RHITS Rx4
4-017540 SQUHIT Rx4
4-023520 TOTUHF 1I%2
7-000330 VHFSEF Rx4
ADDRESS
7-000314
4023540
7-000320
7-0006310
4-023502
4-017530
4-017534
4-023522
4-017504
ADDRESS SIZE
4-017560 003722 1001
7-000000 000310 100
4-023544 000010 4
4-007640 007640 2000
4-000000 007640 2000

ATTRIBUTES

RW»I»CONsLCL

RWyDsCONsLCL

RWsDyCONsLCL

RW»DyCONvLCL

RWeDrCONyYLCL

RW+sD»OUR»GBL

RW»DyOVR»GBL
ADDRESS NAME
4-023%566 CLEAR
7-000331 FIXIT
4-023542 FLAGF
4-023533 1
4-023524 MAX
4-023506 NUMVHF
4-0233560 SEED1
4-017524 START
4-023512 TOTVHF
4-017500 VOR

DIMENSIONS

(031000)

(50)

(8)

(1000)

(1000)

TYFE

Lx1
I%2
Lx1
1x2
%2
%2
I%2
%2
1%x2
RX4

ANDRESS

4-023534
4-023532
4-023543
4-023530
4-023526
4-023504
46-000000
4-023516
4-023510
4-017510

NAME

COMF
FLAGR
FM

g:1)
MEAN
ONEF
SEED2
SUMHIT
TWOF

TYFE

R¥4
Lx1
R¥4
%2
R%4
Lx1
I%2
R%4
Lx1

ADDRESS

4-01735354
4-023537
4-0173514
4-0233564
4-017330
4-023554
6-000002
4-017320
4-0233555



LABELS

LABEL ADDRESS LABEL ADDRESS L.ABEL ADDRESS LABEL
10 3-000000 15~ 3-000006 16 1-000200 17~
21 3-000134 22 1-000322 23’ 3-000216 25
27 1-000442 30 1-000534 31’ 3~000370 35
45° 3-000626 a7 3-000712 49 1-001034 50
567 3-001100 577 3-001140 58° 3-001166 59
61’ 3-001244 62’ 3-001270 63’ 3-001312 100
112 1-002032 120 1-002112 125 X 130’
201 3-001344 205 1-002366 210 1-002430 212
220 1-0025460 225 1-002716 240 1-002770 250
280 1-003340 290 % 292’ 3-001412 320
323 3-001524 325’ 3-001606 327 3-001674 329~
333” 3-002162 334° 3-002254 335° 3-002354 337°

LAREL ADLRESS

20 1-000274 341 3-002530 is0- 3-002612
267 3-000306 354’ 3-002770 360 3-003074
a0- 3-000540 365° 3-003306 378 X
55° 3-001006 385’ 3-003414 510° 3-002570
60" 3-001220 343 3-002544 353- 3-002715
110 1-001774 355° 3-003032 362° 3-003212
200 1-002230 3707 3-003334 380- 3-003372
214 X 400 %

260 1-003274 348 3-002600

322- 3-001442 384 3-002644

33 - 3-002060 375/ 3-003362

339~ 3-002512 500° 3-002560

FUNCTIONS AND SUBROUTINES REFERENCED

CLOSS OPENS PICK TEST TINE

TOTAL SPACE ALLOCATED = 035714 74654

FORTRAN IV-PLUS V02-51C 20117:54 03-DEC-83
DOTHIS.FTN /TR{BLOCKS/UR
0001 sybrouytine rick(listsnlistyfrearstartrendrser)

c
cccceocceceececcccceceocceocececccoceccceccececceceoccecececcecceoceoccoceccecocceceeocecccecceoccecccececccecec

PICK - cslled bw IMOD main errosram -~ randomly selects freauen—
cies from the indicated band (UHF or VHF),» observinag the
srecified minimum serecing between frecuencies.

EXTERNAL ASSIGNMENTS!

SoEnarsoss=asz === e et L Gt

list - arrav of freauencies (as read from ore of the files)

nlist - no. of frecuencies in *list*

frea - array containing set of freauencies to be tested in
this iteration of main srosgram

start - subscrirt of first freaency to rick

end - subscriprt of last freauency to eichk

ser - minimum freauency seraration (MHz)

seedl» seed2 - random number function seeds

INTERNAL ASSIGNMENTS

WA ET SRR EM TR =W
temr - arrav containing available freauencies
nitem ~ number of freauencies in "teme®
count ~ subscrirt of freauency sssigned to °free’
roint - randomlu~-selected subscrirt of “temr®
temrct - number of freauencies still available after
ryrding ‘teme®

ceececocececcecceocececceeccceccecceccecceccoccecceccceoocecccecccceocccecceoceocococceccceeccec

nnNannNnAanNNANaNNNNNNNANANNNNNONNODN

ADDRESS

3000066
1-000414
3-0004354
3-000752
3-001214
1-001714
3-001334
1-002506
1-003214
1-003562
3-001766
3-002432



0002

real%4 1ist(1000)ytear(1000)sfrea(S0)rsexr

0003 intesert2 nitemenlistrcountrstartrendrrointstemrctri
0004 intederx2 seedisseed?
c
0003 common/seeds/seedlrseed?
c
0006 5 nitem=nlist ! cory no. of available freas.
0007 do 10 i=ilrniten t copy available freauencies
0008 tems (i)=list (1)
0009 10 continue
0010 count=start. ! set at first freauencwy to det
0011 20 point=(ran(seedl rseed2)X(nitem-1>>+1 ! random subscriet
0012 frea(count)=tenr(roint) ! assidn random frecuency
0013 if(frea(count).ea.0)d¢0 to 20 ! n0o rero freauencies
c
0014 do 30 i=lsnitem ! look for too-close frecencies
0015 if(abs(temp(i)-freal(count)).lt.ser)temr(i)=0
c ! make them unavailable
0016 3o continue
0017 tempct=0 I count number of freas. left
0018 do 40 i=lrnitem t in "temer® after above loor
0019 if(temp(i),.ea,0)d0 to 40
0020 tempct=temrctil t shrink "temr" bw drorring
0021 temp (temrct)=temp (i) ! unavailable (zeroed) freas.
0022 40 continue
0023 nitem=temprct ! reset available frea count
0024 countacount+l ! next "frea® subscrirt
00235 if(comnt.st.end)return t finished assigning freas?
0026 if(nitem.st.0)d0 to 20 ! out of freauencies?
0027 50 write(1,51)
0028 51 formet(’ WHOOPS! Freauency list exhausted!’)
0029 g0 to S
0030 end
FORTRAN IV-PLUS V02-51C 20217156 03-DEC-83
DOTHIS.FTN /TRIBLOCKS/WR
PROGRAM SECTIONS
NUMBER NAME S1ZE ATTRIBUTES
1 $CODE1 000534 174 RUWsI»CONsLCL
3 sipATA 000100 32 RWsDrsCONsLCL
4 SVARS 007652 2005 RW»DsCONsLCL
S STEMPS 000002 1 RWsDsCONsLCL
é SEEDS 000004 2 RW:DyOVRyGBL
ENTRY POINTS
NAME TYPE ADDRESS NAME TYPE ADDRESS NAME TYFE ADDRESS NAME TYFE
PICK 1-000000
VARIABLES
NAME TYPE ADDRESS NAME TYPE ADDRESS NAME TYPE ADDRESS NAME TYFE
COUNT 1x2 4-007642 END %2 F-000012% I I%2 4~0076%0 NITEM Tx%2
POINT I%2 4-007644 SEED1  Ix2 6-000000 SEED2 I%2 6-000002 SFF 3 L]
TEMPCT Ix2 4-007646
NAME TYPE ADDRESS
NLIST 1%2 F-000004%
START Ix*2 F--0000107

ADDRESS

ADDRESS

4-007640
F-000014x%



ARRAYS
NAME
FREQ
LIST
TEMP

LABELS
LAREL

S

40

TYFE ADDRESS SIZE DIMENSIONS

R%4 F-000006%x 000310 100 (30)
R%4 F-000002% 007640 2000 (1000)
R%4 4-000000 007640 2000 (1000

ADDRESS LABEL  ADDRESS LABEL  ADDRESS LAREL
1-000062 10 % 20 1-000156 30
1-000434 50 = 51/ 3-000000

FUNCTIONS AND SUBROUTINES REFERENCED

RAN

TOTAL SFACE ALLOCATED = 010514 2214

FORTRAN IV-PLUS V02-51C 20:18:09 03-pEC-83
DOTHIS.FTN /TRIBLOCKS/MWR
0001 subroutine test

c

0002
0003
0004

0005

0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016

[=fof o af fafaf af af ol ad al g af o of of ol af f of ol af af of of af ol of af of af ¥ f ol o f of of ol af af af o af af of ] Y of of af af af ad af of o af wf af of uf of ad of uf ol o] f ol g

test - test the handed-off intermodulation esroduct adgainst
all freouencies in the list *frea®. If thev fall within
delta f of a2 transmitter freauencws then score one hit.

EXTERNAL ASSIGNMENTS!
frea - list of freauencies for this iteration
end - number of freauencies in *frea*
imrrod - IM sproduct freeuency to be tested
deltaf - min. "safe’ distsnce (MHz) from transmitter freauency
hits - no. of occasions that °imerrod® was within °deltaf® of
a freauency
vflag - true if one of the contributing freauencies was 3
a3 VOR) special bandwidth maw be reauired.

=== romE=mmscssxmsepeam=m==

fflag - true if one of the contributing freauerncies was an
FM broadcsst? serecial bandwidth may be reauired,

nnNnNnnnnNnnNonnNnnoNNNNONNDNNADN

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeCCCeCCCCccccceccecccececceeceeccececceece
c

real¥*4 frea(S50)rimprodsdeltafrbusberth

inteder®2 isendrhits

logical®l vflag,fflag

c
common/tester/frearsimmrrodrdeltaf,fmbuwrhitsrendyvfladrfflag
c
c
do 50 islsend
berth=0 ! reset duard band
if(frea(i).1t.118)berth=0,025 ! this frea. a VOR?
if(freal(i).le.108)berth=fmbw ! this free an FM?
if(berth.lt.deltaf)berth=deltaf ! choose widest band
if(improd.gt.(frea(i)tberth))ge to S50
if(improd.lt.(freal(i)-berth))do to 50
hits=hitst1
S0 continue
return
end

ANDRESS

xX



FORTRAN IV-PLUS v02-~-51C 20318109 03-DEC-83
DOTHIS.FTN /TRIBLOCKS/WR

FROGRAM SECTIONS

NUMBER NAME SIZE ATTRIBUTES
1 $CODE1 000230 78 RW» I, CONsLCL
2 SFDATA 000004 2 RW+D»CONsLCL
4 $VARS 000012 S RWsDyCONsLCL
S STEMPS 000002 1 RWsDyCONsLCL
é TESTER 000332 109 RW+DsOVR»GBL

ENTRY POINTS

NAME TYPE ADDRESS NAME TYFE ADDRESS NAME TYFE ADDRESS
TEST 1-000000

VARIABLES
NAME TYFE ADDRESS NAME TYFE ADDRESS NAME TYFE ANDRESS

BERTH Rx4 4-000004 BW Rx4 4-000000 DELTAF RX4 6-000314
FMBY Rx4 6-000320 HITS %2 6-000324 I Ix2 4-000010

NAME TYFE ADDRESS

FFLAG tLx1 6-000331
UFLAG |L.x1 6-000330

ARRAYS

NAME TYFE ADDRESS SIZE DIMENSIONS

FREQ R%4 6-000000 000310 100 (50)
LABELS

LABEL ADDRESS LABEL ADDRESS LABEL ADNDRESS
So 1-000204

TOTAL SPACE ALLOCATED = 000602 193

rDOTHIS=DOTHIS

14
13

* %

-
>

COVCOOOOOO0OOROOOONNIKNNN

NAME

NAME

END

TYFE ADDRESS

TYFE ADDRESS

Ix2 6-000326

IMFROD RX4 6~000310

LAREL

ADDRESS
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2%
26
27
28
29
30
32
33
34
35
36
37
38
39
40
Al
42
43
44
4s
46
47
49
49
50
s1
52
53
54
55
56
57
58
59
60
61
62
&3
64
6%
66
&7
48
&9
70
71
72
73
74
75
76
77
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APPENDIX D

COMPUTER MODEL OUTPUT DATA

Appendix D contains a selected set of data resulting from the use of
the computer model as described in Chapter Two and listed in Appendix C.
Each output consists of two sections, the first indicating the input
parameters used and the second presenting a histogram of intermodulation
problems. The number of hits is the number of intermodulation problems
noted; the number of times is the number of frequency sets which had the
indicated number of intermodulation problems. '



RANDOM FREQUENCY INTERMODULATION STMULATION

_____ S S TN T NSRRI RS ENmms RN
NUMBER OF ITERATIONS: 100 DELTA F = 0.020 MH=z
RANDOM VHF FREQUENCIES? 2 UHF SFACING = 1,500 MHz
RANDOM UHF FREQUENCIES:? 3 UHF SPACING = 1.500 MH=z
VHF EMERGENCY = 121,500 MH=z UHF EMERGENCY = 243.000 MH=z
VOR FREQUENCY = 114,500 MH:= FM BROADCAST = 0,000 MH=
(forced banduwidth 25 kHz) (forced bandwidth +/- 0 kHz)

(Frequency of =zero means not tested for)

INTERMODULATION PRODUCTS TESTED: 2f - £~
2¢ + 7

FREQUENCY CONFLICTS?
NUMBER OF FOSSIBLE CONFLICTS? 2754,

MEAN CONFLICTS FER TTERATION? 2.2
STANDARD DEVIATION: 0.7
s e L g ====..-'.i=======:==================:.'::.-:==:-.r=:.'
CONFLICT DISTRTIBUTION FOLLOWS
L]

FREQUENCY CONFLICT DISTRIBUTION ~ HITS vs. TIMES (NUMBER OF JTTKFRATIONS)

¢ 3 UHFy 3 UHFy delta f = 0,020 100 iterations)

NUMBER NUMBER
OF HITS OF TIMES
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RANDOM FREQUENCY INTERMODULATION SIMULATION

NUMBER OF ITERATIONS?

RANDOM VHF FREQUENCIESS 6
RANDOM UHF FREQUENCIES!? &

VHF EMERGENCY = 121.500 MH=z

NELTA F =

VHF SPACING
UHF SFACING

UHF EMERGENCY

0,020 MHz

1.500 MHz
1,500 MHz

= 243,000 MH:z

VOR FREQUENCY = 114.500 MH=z FM BROADCAST = 0,000 MHz
(forced bandwidth 25 kHz) (forced bandwidth +/- 0 kHz)
(Frequenrncy of zero means not tested for)
INTERMODULATION FRODUCTS TESTED: 2F - ¢~
2f + f
f - £
f +
2¢
3f
T R N N N S e e T I I N A T N T N T I N T T T S N I T T I N N e I ST aERSRE T E TSRS =
FREQUENCY CONFLICTS?
NUMBER OF POSSIBLE CONFLICTS: 13050,
MEAN CONFLICTS PER TTERATION? 2.9
STANDARD DEVIATION? 2.0
A T e T T N S L T N T O O s A S N S e S s N T N I T N N N I N T S N T T T TN TN TSR E NSNSt T

CONFLICT DISTRIBUTION FOLLOWS

FREQUENCY CONFLICT DISTRIBUTION - HITS vs,

( 6 VHFy & UHF, delta f =

NUMBRER
0F HITS

NUMBRER

0.0

2

O

KKK KK

100 iterations)

TIMES (NUMRER OF ITERATIONS)




RANDOM FREQUENCY

EEE P At 2 2 A e e S i

NUMBER OF ITERATIONS:

RANDOM VHF FREQUENCIES?S
RANDOM UHF FREQUENCIES?

VHF EMERGENCY

=1
VOR FREQUENCY = 1

21.500
14,500 MHz
(forced bandwidth 25 kH:z)

DELTA F =

VHF SFACING
UHF SFACING

UHF EMERGENCY

FM BROADCAST =

INTERMODULATION SIMULATION

0.020 MHz

1.500 MH=z
1.500 MHz

= 243,000 MH=

0.000 MHz

(forced bandwidth +/- 0 kH2)
(Freauency of zero means nmnt tested for)

INTERMODULATION FRODUCTS TESTED:! 2f - £/
2f +
f - £
£+ f
2
3f
Mmoo ommssTmEIN mrmrommomzse R e e e s L ]

FREQUENCY CONFLICTS?

NUMBER OF FOSSIBLE CONFLICTS?
MEAN CONFLICTS FER ITERATION!?

STANDARD DEVIATION?

R T N R N N N R N I I R N T N I T S T T N T S g T S EENR RN TSNS snT

CONFLICT HISTRIRUTION FOLLOWS

FREQUENCY CONFLICT DISTRIBUTION ~ HITS vs.

TIMES (NUMBER OF ITERATIONS)

(9 VHFy 9 UHFy delta f = 0.020y 100 iterations)
NUMEER NUMBER
OF HITS OF TIMES
========—__———-—===_.._——========================3======= ______________________________
o ! 0 H
1 H 0 H
2 1 37 1K R KOKKCK K RKOK KRR K OK O OK K KOKIOKK K K KKK R K
3 1 4 1 RRRK
4 20 19K KK K KKK R K K K KKK K
S 9 1233333
6 | 15 RRAOKOR AR R KKK KK
7 i 3 1 RRX
8 | ? [R23$3338 %33
? 2 R 3
10 2 1 RK
11 (o] H
12 1 B
13 0 H
14 ¢ 2 KX
15 ! (o} H
16 | 0 H
17 (o} !
18 ¢ (o} H
19 0 !
2 H 0 '
21 0 !



RANDIOM FREQUENCY

NUMBER OF ITERATIONS!?

RANDOM VHF FREQUENCIES: 12
RANDOM UHF FREQUENCIESS

UHF EMERGENCY 121,500 MH:=

VOR FREQUENCY 114.500 MH:z

(forced bandwidth 25 kHz)
(Freauency of

INTERMODULATION SIMULATION

EE 2 T L S EF E b ]

DELTA F 0.020 MH=

1.000 MH=z
1.500 MH=z

VHF SFACING
UHF SFACING

243,000 MH=z
0,000 MH=z

0

UHF EMERGENCY
FM BROADCAST
(forced bandwidth +/-

zero means not tested for)

kHz)

INTERMODULATION FRODUCTS TESTED: 2f - f’
2f + f7
f - f
f + f
2f
3f

FREQUENCY CONFLICTS?

NUMBER OF FOSSIBLE CONFLICTS: 77274,

MEAN CONFLICTS FER ITERATION? 4.4

STANDARD DEVIATION? 3.6
SN T T N I R T T S NN TN TN T EmSEgEE TS EEasmNn ORI RS S
CONFLICT DISTRIBRUTION FOLLOWS
FREQUENCY CONFLICT DISTRIRUTION —~ HITS vs. TIMES (NUMBER OF ITFRATIONS)

(12 VUHFy 12 UHF» delta f = 0,020, 100 iterations)
NUMRER NUMBER
OF HITS OF TIMES
N e T R R T N N S S S N T T N S I I I N e T R T e R I mE SNSRI I I I T m I I

Q H 0 '

1 3 0 H

2 ' 13 § 30KKXKOKOIOR KKK

3 8 £ RRAORRK

4 ' 19 ORI ROK KRR RO KKK R KKK

9 ' 8 P RRRKKR XK

b ' 14 § KKK K KRR K AOK K OK K

7 H 4 [R.3 %3

8 ! 7 1 0ORKRAKORKOK

? ! 4 1 RRKK

10 ¢ b (B33 334

11 3 HR % 3

12 H 4 1 RRkX

13 ! 1 !

14 ' 4 § KKk

15 i 3 kK

16 H 0 H

17 ' 0 H

18 ' 0 H



RANDOM FREQUENCY INTERMODULATION SIMULATION

NUMBRER OF ITERATIONS? 100 NRELTA F = 0.020 MH=

RANDOM VHF FREQUENCIES! X VUHF SFACING 1.500 MH=

[}

RANDOM UHF FREQUENCIES: X UHF SFACING 1.500 MH=z

VUHF EMERGENCY = 121,500 MH=z UHF EMERGENCY = 243,000 MHz

VOR FREQUENCY = 0.000 MH=z FM BROANPCAST = 102.300 MH=
(forced bandwidth 25 kH) (forced bandwidth +/- 50 VHz)

{Frequency of rero means not tested for)

INTERMODULATION FRODUCTS TESTED! 2 - £
2¢ + £/
f - £
£+ f

FREQUENCY CONFLICTS!?
NUMBER OF FOSSIBLE CONFLICTS! 2754.
MEAN CONFLICTS FER JTTERATION? 2.2
STANDARD DEVIATION! 1.0

T T T S T I T T I L R T I N N R T N I S R N I N S N R R N R R N N T S Em oSS m TSNt e e

CONFLICT DISTRIBUTION FOLLOWS



FREQUENCY CONFLICT DISTRIBUTION - HITS vs. TTMES (NUMBER OF ITERATIONS)

¢ 3 VHFy 3 UHF» delta f = 0,020, 100 iterations)

NUMBER NUMBER
OF HITS OF TIMES
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RANDOM FREQUENCY INTERMODLH.ATION SIMULATION

NUMBER OF ITERATIONSS 100 DELTA F = 0.020 MHz

RANDOM VHF FREQUENCIES: & VHF SPACING = 1.500 MHz

RANDOM UHF FREQUENCIES! I3 UIHF SPACING = 1.500 MH=z

VHF EMERGENCY = 121.500 MH:=z UHF EMERGENCY = 243,000 Milz

VOR FREQUENCY = 0,000 MHz FM BROADCAST = 102,300 MHz
(forced bandwidth 25 kHz) (forced bhandwidth +/- 50 kHz)

(Freauency of =zero means not tested for)

INTERMODULATION FRODUCTS TESTED: 2f - £~

2f 4+ f/
-
f o+t
2
af

FREQUENCY CONFLICTS:
NUMBRER OF FOSSIBLE CONFLICTS: 13050.

MEAN CONFLICTS FER TTERATION! 2.3
STANDARD DEVIATION: 0.8
T TS R e N I T N N N N N I N R T N I T R SN m RN S SR E TS T S R T

CONFLICT DISTRIBUTION FOLLOWS

FREQUBNCY CONFLICT NISTRIBUTION - HITS vs. TIMES (NUMBER OF ITERATIONS)

( 6 VHFy 6 UHF, delta £ = 0.020» 100 iterations)

NUMRER NUMBER
OF HITS OF TIMES
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RANDOM FREQUENCY INTERMODULATION STMULATION

B e et e e g ]

NUMRER OF ITERATIONS! 100 NELTA F = 0,020 MHz

RANDDM VHF FREQUENCIES! ? VHF SPACING = 1.3500 MH=z

RANDIOM UHF FREQUENCIES: ? UHF SFACING = 1,500 MHz

VUHF EMERGENCY = 121.500 MH= UHF EMERGENCY = 243.000 MH=z=

VOR FREQUENCY = 0.000 MH=z FM BROADCAST = 102.300 MH=z
(forced bandwidth 25 kHr) (forced handwidth +/- 50 kHz)

(Freauency of zero means not tested for)

INTERMODULATION PRODUCTS TESTED? 2F ~ £
2t + £
f -t
f + £
2f
3f

FREQUENCY CONFLICTS?
NUMBER OF POSSIBLE CONFLICTS: 36162,

MEAN CONFLICTS FPER TTERATION: 4.2
STANDARD DEVIATION? 2.9
T T A S A N I I N N D T S R R N A R e I e e e e T Y e N R R T R N M s T I R S S R T R N T N N S RSN TSNS DS ST NS

CONFLICT DISTRIRUTION FOLLOWS

FREQUEMCY CONFLICT DISTRIBUTION - HITS vs., TTMES (NUMRER OF ITERATIONS)

{( 9 VHFy @ UHF, delta f = 0.020, 100 iterztions)

NUMRER NUMBER
OF HITS OF TIMES
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5 ! 7 PRk KK
6 1 16 AR IO OK KKK K K K K
7 (o} t
8 | 4 KKK
? i 1 R
10 ‘2 .3
11 2 R 3
12 i LR
i3 0 '
14 1 ]
13 0 !
16 o H
17 4 0 i
i8 ! 0 !
1? 0 '
20 o i
2 L 0 !
22 0 H
23 0 !
24 0 i
285 0 !
26 0 i
27 (o} i
28 ! 0 :
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RANDOM FREQUENCY INTERMODULATTION SIMULATION

22— 3 1+ 3 3333+ 3t i 1+ 2 P 2t 1 1 3 -+ 3 -1
NUMBER OF ITERATIONS: 100 DELTA F = 0,020 MHz
RANDOM VHF FREQUENCIES: 12 VHF SPACING = 1,000 MH=z
RANDOM UHF FREQUENCIES: 12 UHF SPACTNG = 1.500 MH=z
UHF EMERGENCY = 121,500 MH=z UHF EMERGENCY = 243,000 MHz
VOR FREQUENCY = 0,000 MH=z FM BRODOADCAST = 102,300 MH:=
(forced bandwidth 25 kHz) (forced handwidth +/- 50 kHz)

(Frecuency of zero means riot tested for)

INTERMODULATION FRODUCTS TESTED: 2f - f°
2f + £/
f ~ f
f + f
2f
3f

T I R T R N N N S R T S R e N e T N N T T T N T S N N N T R N I N R ST TN SR S I s e e

FREQUENCY CONFLICTS?
NUMRER OF POSSIRLE CONFLICTS: 77274,
MEAN CONFLICTS FER ITERATION? $5.9
STANDARD DEVIATION: 3.8

CONFLICT DISTRIBUTION FOLLOWS

FREQUENCY CONFLICT DISTRIBUTION - HITS vs. TIMES (NUMBER OF ITERATIONS)

(12 VHF, 12 UHF, delts f = 0,020y 100 iterations)

NUMBER NUMBER
OF HITS OF TIMES

o 3 0 i

1 0 H

2 4 17 §ROKOKR KR AOK KKK KKK
3 - PR

4 26 1 RKOK KK KK KKK KKK KKK AOK KK
S 4 PRRKK

6 15 FRRRRK AR KK KKK
7 3 S AKX

8 1 ? KKK K OKK

? 3 Rt 3

10 S B33

11 2 (R3S

12 1 R

13 & 2 PR

14 ¢ 2 LR &
1§ 0 i

16 1 1 R

17 i (o] !

18 | 0 '

19 1 R
20 ¢ 0 !
21 0 H
22 1 1 X

23 0 H
249 0 !
25 0 !



RANDOM FREGUENCY INTERMODUILATION STMULATION

it 3 A3+ttt 3 - i P 1 & 1]
NUMBER 0OF ITERATIDNS! 100 DELTA F = 0,020 MHz
RANIIOM VHF FREQUENCIES! 3 VUHF SPACING = 1.500 MH=
RANDIIOM UHF FREQUENCIES: 3 UHF SPACING = 1,500 MMz
UHF EMERGENCY = 121.500 MH= UHF EMERGENCY = 243,000 HMiiz
VOR FREQUENCY = 114,500 MHz FM BROADCAST = 102,300 MHz
(forced bandwidth 25 kLHD) (forcerd bhandwidth +/~ 50 kHz)
(Frequency of zero means not tested for)

INTERMODULATION FPRODUCTS TESTED: 2f - 7

2F + £

f - £

f +

2f

3f
A I N N O A T N R T N N N R T T R S R T I R N T R T N e R T T I N L R T T N R SR S IS I N T S I T

FREQUENCY CONFLICTS?
NUMBER 0OF FOSSIBLE CONFLICTS? 3800,

MEAN CONFLICTS FER ITERATION:? 2.2
STANDARD DEVIATION? 0.6
R N R R N R R R R N S N I N N S T S T R N R S e e s G T I N O N e S E e e T I T I e T T R T

CONFLICT DISTRIBUTION FOLLOWS
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TIMES (NUMBER OF ITERATIONS)
100 iterations)

delta f = 0,020y

3 UHF»
NUMBER
OF TIMES

FREQUENCY CONFLICT DISTRIRUTION - HITS vs,
3 VHF,

¢

NUMBER
OF HITS

AR KK
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RANDOM FREGUENCY INTERMODULATION SIMULATION

SEEanoEsEESTEINnEETzas IRNSEEmNIEIEEIEEmoDmmEIoSEEs

NUMBER OF ITERATIONS? 100 DELTA F = 0.020 MH=z

RANDOM VHF FREQUENCIES? & UHF BFACING = 1.500 MH=

RANDOM UHF FREQUENCIESS 6 UHF SPACING = 1,500 MHz

UHF EMERGENCY = 121,500 MH=z UHF EMERGFENCY = 243,000 MH=

VOR FREQUENCY = 114.500 MH:= FM EBROADCAST = 102,300 MH=
(forced banduwidth 25 kHz) (forced bandwidth +/- 50 kHz)

(Freauency of zero means rot tested for)

INTERMODULATION FRODUCTS TESTEDS 2f - f£¢
- S
R
£+

3f

R R e T R S N N T R R e T S e TS e TS m M m s T T I e I T
FREQUENCY CONFLICTS?
NUMBER OF FOSSIBLE CONFLICTS? 15§

a
MEAN CONFLICTS FER ITERATION: 3
STANDARD DEVIATION? 1

CONFLICT DISTRIBUTION FOLLOWS

D-14



FREQUENCY CONFLICT DISTRIBUTION - HITS vs. TIMES (NUMBER OF ITERATIONS)

( 6 VHFy 6 UHF, delta f = 0.020y 100 iterations)

NUMEER NUMBRER
OF HITS OF TIMES

S S R R R S R N e e T T N D T S T N N N s e T N T T e e D R e S I e e T T S I I 2 IR
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DO OO0V COO0OCTOCOOCCOOCOOOMOOO LN WNN
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RANDOM FREQUENCY INTERMODULATION SIMULATION

L3 2 - -+ 1+ 4 3+ ¢ 3 3 F - F b -
NUMBER OF ITERATIONS! 100 DELTA F = 0,020 MHz
RANDOM VHF FREQUENCIES: ? VHF SFACING = 1.3500 MH=
RANDOM UHF FREQUENCIES! ?. UHF SFPACING = 1,500 MH=
VHF EMERGENCY = 121,500 MH=z UHF EMERGENCY = 243,000 MH=
VOR FREQUENCY = 114,500 MHz FM BROADCAST = 102,300 MH=z
(forced bandwidth 25 kHz) (forced bandwidth +/- S0 VHz)

(Frequency of zero means not tested for)

INTERMODULATION FRODUCTS TESTED: 2f - £~
2¢ + 7
f - f
f + £
2f
3f

FREQUENCY CONFLICTS:
NUMBER OF FOSSIBLE CONFLICTS! 41624,

MEAN CONFLICTS FER ITERATION? .0
STANDARD DEVIATION? 2.9

CONFLICT DISTRIBUTION FOLLOWS
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FREBUENCY CONFLICT DISTRIBUTION - HITS vs, TIMES (NUMBER OF ITERATIONS)

( 2 VHF» 9 UHF» delta f = 0,020, 100 iterations)

NUMBER NUMBER
OF HITS OF TIMES

[=]

25 3 KKK K K K K K KKK KKK K K
10 AR K KKK

21 3 AR R KKK KRR KK KR KK

7 AORKR KKK

15 RN KKK R KOO K

' X

£ RRAOK R K KX
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RANDOM FREQUENCY INTERMODULATION STMULATION

EREaoEmIDmmamm N -+ 34+t ¢t ¢t 2+ + 1+ - -t ¢t - -t -4+t
NUMBER OF ITERATIONS! 100 DELTA F = 0,020 MH=
RANDOM UHF FREQUENCIES: 12 UHF SFACING = 1,000 MH=z
RANDOM UHF FREQUENCIES: 12 UHF SFACING = 1,300 MH=z
UHF EMERGENCY = 121.500 MH=z UHF EMERGENCY = 243.000 Mtz
VOR FRENUENCY = 114,500 MH=z FM BROADCAST = 102,300 MH:z
(forced bandwidth 25 kHz) (forced bandwidth +/- 50 kHz)

(Frecauency of zero means not tested for)

INTERMODULATION FRODUCTS TESTED: 2f - t~
2f + 7
f - f
f + f
2f

3f

S R N T R R RN R N R T N R N T e R T N T N T N T e SN T RS TR R o e

FREQUENCY CONFLICTS?
NUMBER OF POSSIELE CONFLICTS?! R46240.
MEAN CONFLICTS PER ITERATIONS 7.8
STANDARD DEVIATION:? 4.3

e N R S T T N N T R T T T N I I T e T T T T TN E SR EmE S m T S

CONFLICT DISTRIBUTION FOLLOWS
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FREQUENCY CONFLICT DISTRIBUTION ~ HITS vs. TIMES (NUMBER OF ITERATIONS)

(12 VHF» 12 UHF» delta f = 0.020» 100 iterations)

NUMEER NUMEER
OF HITS OF TIMES

b i R i - R R e e

o ! 0 H

1 0 '

2 1 S LIk K

3 1 R

4 | i8 KKK KO K K K KKK KKK
5 1 13 RO R R AOK KKK K
& 13 ¥ AOKKCKOK 0K KKK K
7 1 5 P RRRKK

8 ! 10 L AOKOKOKREROOKKR K

? i 3 1Ry

10 1 6 $ KKK X
11 9 1 AOKOR R OKKRK K
12 S KKK
13 3 1R
14 3 RS2

15 1 2 e £

16 1 ] !
17 1 1 P X

18 | 1 1 X

1?2 0 }
20 ! 1 R
21 ¢ 0 H
22 3 0 '
23 ¢ 0 !
24 1 0 H
25 3 0 '
26 1 0 H
27 1 1 1%
28 | 0 !
29 i 0 '
30 i 0 !
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RANDOM FREQUENCY TNTERMODULATION STMULATION

33 s+ 4+ 1t 2 -+ P it Pt ittt
NUMBER OF ITERATIONS! 100 DELTA F = 0.010 MHz
RANDOM VHF FREQUENCIES: 3 VHF SFACING = 1,500 MH:z
RANDOM UHF FREQUENCIES:! X UHF SPACING = 1,500 MH=z
UHF EMERGENCY = 121.900 MH:= UHF EMERGENCY = 243,000 MH=z
VOR FREQUENCY = 114.500 MH=z FM BROADCAST = 0,000 MHc
(forced bandwidth 25 kHz) (forced bandwidth +/- 0 rHz)

(Frequerncw of =zero means not tested for)

INTERMODULATION PRODUCTS TESTED! 2¢ -~ f~
2f + £
f - £
f + f
2f
3f

FREQUENCY CONFLICTS!

NUMRER 0OF FOSSIBLE CONFLICTS: 2754,
MEAN CONFLICTS FER ITERATION? 2,2
STANDARD DEVIATION!? 0.9

CONFLICT DISTRIBUTION FOLLOWS

FREQUENCY CONFLICT DISTRIBUTION -~ HITS vs. TIMES (NUMBER OF ITERATIONS)

( 3 VUHFy 3 UHF, delta f = 0.010,» 100 iterations)

NUMERER NUMBER
OF HITS OF TIMES

e b A bt et SEmCEorEEsSmEmTmIoEmR R
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RANDOM FREQUENCY INTERMODULATION SYMULATION

e e e e S e Y F EEE EE EEt
NUMEER 0OF ITERATIONS! 100 NELTA F = 0,010 MH=z
RANDOM VHF FREQUENCIES! & VHF SFACING = 1,500 MH=z
RANDOM UHF FREQUENCIES:! & UHF SFACING = 1.500 MHz
UHF EMERGENCY = 121.500 MH=z UHF EMERGENCY = 243,000 MH:=z
VOR FREQUENCY = 114,500 MHz FM BROADCAST = 0,000 MHz
(forced handwidth 25 kHz) (forced bandwidth +/- 0 kHz)

(Frequency of zero wmeans not tested for)

INTERMODULATION PRODUCTS TESTED: 2f - £’
2f + f°
f - f’
f + f
2f
3f
T R T R R I N S N S N N N S I T g s I T S N T N e N S gNRNE RSN SN IS ISR SR IS TS

FREQUENCY CONFLICTS?
NUMBER OF FOSSIBLE CONFLICTS: 13050.
MEAN CONFLICTS FER JTERATION! 2.9
STANDARD DEVIATION? 1

R T R T e S N R e T T T N T eI E SO TSm e S DRI RmE ST

CONFLICT DISTRIBUTION FOLLOWS

FREQUENCY CONFLICT DISTRIRUTION - HITS vs. TIMES (NUMEBER OF ITERATIONS)

( 6 VHF» 6 UHF» delta f = 0.010» 100 iterations)

NUMBER NUMBER
OF HITS 0OF TIMES

D-21



RANDOM FREQUENCY TNTERMODULATION SIMULATION

NUMBER OF ITERATIONS: 100 DELTA F = 0,010 MH=z

RANDOM VUHF FREQUENCIES? 9 VHF SPACING = 1,500 MH=z

RANDOM UHF FREQUENCIES: ? UHF SFACING = 1,500 MHz

UHF EMERGENCY = 121.500 MH=z UHF EMERGENCY = 243,000 MH=

VOR FREQUENCY = 114.500 MH=z FM BROADCAST = 0.000 Mz
(forced barndwidth 23 kH2) (forced handwidth +/- 0 bkHz)

(Freauency of rero means not tested for)

INTERMODULATION FRODUCTS TESTED: 2f - 7
2 + ¢
£ - £
f+f
2

If

S Tt e o e e

FREQUENCY CONFLICTS?S
NUMBER OF POSSIBLE CONFLICTS: 36162,

MEAN CONFLICTS FER TTERATION? 3.9
STANDARD DEVIATION?S 2.1
mMEEENIDNOEREES NI NS N T T T T I N N T T S amaEs NS SNETERIT R I T IR nNmRmanTER

CONFLICT DISTRIBUTION FOLLOWS

FREQUENCY CONFLICT DISTRIRUTION ~ HITS vs, TIMES (NUMBER OF ITERATIbNS)

( 9 VHFy, 9 UHF, delta f = 0.010y 100 iterations)

NUMBER NUMBER
OF HITS OF TIMES

o (o) H

I 0 |

2 32 3 RSRIOK KK IOKAOKK KKK KKK KKK KOK KKK R
R I i1 KKK XOKOK X0K K

4 H 346 3 KKOROIOIOKOKK K IR ACIOK S0M0K R HCKOKOK R XSCHOK KKK KO
3 H 3 § kX

) H 2] RO KKK

7 4 0 H

8 ! ) LRI

? 2 B 3

19 i o] H

11 H 1 X

12 ' 1 (R

13 H ] '

i4 H 0 H

15 ! 0 !

16 0 !

17 ¢ 0 '

18 ] H ¢
19 ¢ (o) '
20 ] H

21 0 !

a2 H 0 '
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RANDOM FREQUENCY INTERMODULATION STMULATION

mDmoonmEnmanannREgmumoEnRen SEamSmooIEREITRERTIEE®
NUMRBER OF ITERATIONS? 100 DELTA F = 0.010 MH:
RANDOM UHF FREQUENCIES: 12 VUHF SFACING = 1,000 MH=
RANDOM UHF FREQUENCIES: 12 UHF SFPACING = 1.500 MH=z
UHF EMERGENCY = 121.500 MH= UHF EMERGENCY = 243,000 MHz
VOR FREQUENCY = 114,500 MHz FM BROADCAST = 0000 MHz
(forrced banduidth 23 kH) (forced bandwidth +/- 9 kHz)

(Freauercy of zero means not tested for)

INTERMODULATION FRODUCTS TESTED: 2f - ¢
2f 4 1/
£ -
o+
2f
3f

FREQUENCY CONFLICTS!
NUMBER OF FOSSIBLE CONFLICTS: 77274,
MEAN CONFLICTS FER ITERATION? 6.6
STANDARD DEVIATION? 3.4

COMFILICT DISTRIBUTION FOLLOWS

FREQUENCY CONFLICT DISTRIBUTION -~ HITS vs. TIMES (NUMBER OF ITERATIONS)

(12 UHFy 12 UHF, delta f = 0,010, 100 iterations)

NUMBER NUMBER
NOF HITS OF TIMES

o 0 |

) S 0 !

2 1 15 §3OKOIORCHOKOKOROK 30K K0K KK
3 | 3 RS

4 146 §3KROKKOKOKCKOKOK KKK K
S 10 AR IOKR KK

6 i 17 1 AKOKKKKOR KKK KK KKK
7 1 X

8 | 12 PO KK

? | S LAOKK ¥ X

10 ¢ 8 §KOKROE KK
3 3 PROEK
12 9 1 R
13 3 XXk

14 | 3 L RKX

15 1 1 H
16 1} 2 R 3]
17 1 0 !

18 ! 0 !

1?7 i 0 }
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RANDOM FREQUENCY INTERMODULATION SIMULATION

NUMBER OF ITERATIONS! 100 DFLTA ¢ = 0.010 MH=z

RANDOM VHF FREQUENCIES! 3 VUHF SFACING = 1.500 MHz

RANDIOM UHF FREQUENCIES! 3 LIHF SFACING = 1,500 MH=z

VHF EMERGENCY = 121.500 MHz UHF EMERGENCY = 243,000 MH=z

VOR FREQUENCY = 0,000 MH= FM BROADCAST = 102.300 MH=
(forced bandwidth 25 kHz) (forced bandwidth $/- 50 kH=)

(Frecuencye of zero means not tested for)

INTERMODULATION FRODUCTS TESTED: 2f¢f - f7

2f + f
f - f
f +
2f
3f
I S I R S N T N S S T N R I T R T N T T TSN ey e RN TR E R DRSS mm

FREQUENCY CONFLICTS:
NUMBRER OF FOSSIBLE CONFLICTS!? 27
MEAN CONFLICTS FER YTFRATTON? 2
STANDARD DEVIATION! (V]

A R e e T N R R I N I N N I N N N S s e e e e T T S N E T NN EEESE S T ;S T

CONFLICT DISTRIBUTION FOLLOWS
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FREQUENCY

¢ 3 UHF,

NUMBER
0F HITS

CONFLLICT DISTRIBUTION ~ HITS vs, TIMES (NUMBER OF ITERATIONS)

3 UHF, delta f = 0,010,

NUMEBER
OF TIMES

100

ARAAKKKK K

D-25
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RANDOM FREQUENCY INTERMODULATION STMULATION

P i s Pt e e N S

NUMBER OF TTERATIONS: 100 DELTA F = 0,010 MH=

RANDOM VHF FREQUENCIES? ) VHF SFPFACTNG = 1,300 MHz

RANDOM UHF FREQUENCIES: 6 UHF SFACING = 1.300 MH=z

UHF EMERGENCY = 121.500 MH:z UHF EMERGENCY = 243,000 MH:z

VOR FREQUENCY = 0.000 MHz FM BROADCAST = 102,300 MHz
(forced bandwidth 25 kHm) (forced bandwidth +/- 50 kHz)

(Freouency of zern means nnt tested for)

INTERMODULATION FRODUCTS TESTED: 2f - £
2f + f
f - f
£+ ofr
2f

3f

FREQUENCY CONFLICTS?
NUMBER OF FOSSIPLE CONFLICTS: 130590.

MEAN CONFLICTS FER ITERATION? Ao
STANDARD DEVIATION? 1.4

CONFLICT DISTRIBUTION FOLIOWS
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FREQUENCY CONFLICT DISTRIRUTTON - HITS wvs. TIMES (NUMEER OF ITERATIONS)

( 6 VHFy 6 UHFy deltaz f = 0,010y 100 iterations)

NUMBRER NUMBER
NF HITS OF TIMES

I A N T e T T T R I T T T N T I N R T S T R R R N R N T T N N TSN R TSN m R DR s T I I I T s e

KAOK KKK KK

NMAONEPAD W=D

DOCOQCOOO OO0 COOVO RO OO LOBVHNMNOS
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RANDOM FREQUENCY INTERMODULATION STMULATION

NUMERER OF ITERATIONS? 100 DELTA F = 0,010 MH=z

RANDOM VHF FREQUENCIES: 9 VUHF SFACING = 1,500 MH=z

RANTIOM UHF FREQUENCIES: ? UHF SFACING = 1,500 MH=z

UHF EMERGENCY = 121.500 MH= UHF EMERGENCY = 243,000 MH:z

VDR FREQUENCY = 0,000 MH= FM BROADCAST = 102,300 MHr
(forced bhandwidth 25 kHx) (forced handwidth +/- 50 kHz)

(Frecuency of zern means not tested for)

INTERMODULATION PRODUCTS TESTED: 2f —~ £¢

FREQGUENCY CONFLICTSS '
NUMRER OF FOSSIBLE CONFLICTS! 36162,
MEAN CONFLICTS FER ITERATION! 4.1
STANDARD DEVIATION? 2.3

CONFLICT DISTRIBUTION FOLI.OWS

FREQUENCY CONFLICT DISTRIBUTION — HITS vs. TIMES (NUMRBER OF TTERATIONS)

( 9 VHFy 9 UHF, delta f = 0,010y 100 iterations)

NUMBER NUMRER
OOF HITS 0OF TIMES

o ] !

1 0 t

2 39 § 0K KKK KO 0OKOK KKK KK KK KK KKK KRR K
3 ? 1 AOKOROR R KRR K

4 | 27 3 KROKACKOK KK AR KK KR KK KK KK KKK
5 6 PRRRKKK

6 13 1 ERAROROKOKK K KKK
7 i 2 1 RX

g8 ! 2 P RX

? 1 2 R 3

10 2 R 3

it 1 P X

12 1 ] !

13 0 H

14 | 1 R

15 1 0 H

16 ! 0 '

17 0 H

18 ! 0 i

19 i 0 H
20 0 H
21 0 !

22 0 i
23 i 0 '

24 1 0 H

29 0 !

26 i 0 !



RANDOM FRFQUENCY INTERMODULATION SIMULATION

I N T N D N N N T S T N R R S e e A e i S I SR M e Ty S AR A e
NUMEBRER OF ITERATIONS?: 100 DELTA F = 0.010 MH= .
RANDOM VHF FREQUENCIESS: 12 UHF SFACING = 1.000 MH=z
RANIIOM UHF FREQUENCIFSS: 12 UHF SFACING = 1,500 MH:z
UHF EMERGENCY = 121,500 MH= UHF EMERGENCY = 243,000 MH=z
VOR FREQUENCY = 0.000 MH=z FM BROADCAST = 102,300 MH=
(forced bandwidth 25 kHz) (forced bandwidth +/- 50 kH7)

(Frecuencys of zero means not tested for)

INTERMODULATION FRODUCTS TEFSTED: 2 ~ ¢
aF ¢ fr
£ - f
F+ fr

3f

FREDUENCY CONFLICTS?
MUMBER OF FOSSIBLE CONFLICTS: 77274,
MEAN CONFLICTS PER 1TERATION? .2
STANDARD DEVIATION? 3.5

CONFLLICT DISTRIBUTION FOLLOWS

FREQUENCY CONFLICT DISTRIBUTION - HITS ve, TIMES (NUMBER JF ITERATIOMS)

(12 VHFy 12 UHF, delta f = 0,010, 100 iterations)

NUMRER NUMBER
OF HITS OF TIMES

o 0 !

1 0 |

2 16 §RACHOKOKOK K AOK K KKK
3 3 R34

4 ! 19 § XK HOKOKKOKKOKR KOK KKK KKK
g 11 EAOIOKIOKRKOKOK KR K

6 13 £ RROROKOKOKOKOK 30K K X
7 1 10 RORRRRORKK R

3 i 10 DRG0 KK

¢ ! 3 TRRX

1o 6 RNORHNOK

11 2 PRk

12 1 e 4

13 1 ik

14 2 1 RX

15 3 0 !

16 1 i X

17 1 R

18 1 0 H

19 ! 0 '
20 ! 1 tk
21 0 :

22 0 '
23 ' Q0 i
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RANDIIOM FREQUENCY TINTERMODULATION SIMULATION

NUMBER NF ITERATIONS? 100 DELTA F = 0.010 MHz

RANDOM VHF FREQUENCIES:? 3 VUHF SFACING = 1,500 MH=

RANDOM UHF FREQUENCIES:? 3 UHF SFACING = 1.500 MH=

UHF EMERGENCY = 121.500 MHz UIHF EMERGENCY = 243,000 MH=

VOR FREQUENCY = 114.500 MH=z FM BROADCAST = 102,300 MH=
(forced bandwidth 25 kHz) (forced handwidth +/- 350 kH:z)

(Freauenecy of zero means mot tested for)

INTERMODULATION FRODUCTS TESTED: 2f - f°
2F + f°
T X
o+
2¢
37

R e S b i S o - Lt 4t Lt

FREQUENCY CONFLICTS?
NUMBER OF FDSSIBLE CONFLICTS? 3800.
MEAN CONFLICTS FER ITERATION!? 2.2
STANDARD DEVIATION: 0.7

R R N N N e R S R N N I R S S S T R e s I N T I N e N TS SAaNEEREE R TS EN e S o o m e

CONFLICT DISTRIBUTION FOLLOWS
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FREQUENCY CONFLICT DISTRIBUTION - HITS vs, TIMES (NUMBER OF TTERATIONS)

( 3 UHFy I UHF» delta £ = 0,010, 100 iterations)

NUMBER NUMBER
OF HITS OF TIMES

KKK KK
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RANDOM FREQUENCY INTERMODULATION STYMULATION

NUMBER OF ITERATIONS! 100

RANDOM VHF FREQUENCIES? b
RANIIOM UHF FREQUENCIES? A

UHF EMERGENCY 121,500 MH=z

YOR FREQUENCY 114.500 MH=z

(forced bandwidth 23 kHz)
(Frequencw of

i

INTERMODULATION FRODUCTS TESTED?

FREQUENCY CONFLICTS?
NUMBER OF FOSSIBLE CONFLICTS?
MEAN CONFLICTS PER TTERATION?
STANDARD DEVIATINNG

3 PP AR E I R P s

CONFLICT DISTRIRBUTION FOLLOWS

Bt 2 b 3 P

DELTA F = 0.010 MH=z

1.500 MH=z
1,900 MH=z

UHF SFACING
UHF SFACING

iou

UHF EMERGENCY = 243,000 MH=z
FM BROADCAST = 102.300 MH=
(forced bandwidth +/~ %0 kHz)
zero means riot tested for) .

26 - £
2P 4 7
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FREQUENCY

( 6 VHF,

NUMBER
OF HITS

CONFLICT DISTRIBUTION - HITS vs, TIMES (NUMBER

6 UHF, delta f =

NUMBEFR
OF TIMES

XRKKRK

x

0,010y

100 iterations)

Or JTERATIONS)
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RANDOM FREQUENCY INTERMODULATION STMULATION

== === E3 44 3+ 4 4t 3 1 4 = =mSI||E=ss
NUMBRER OF ITERATIONS! 100 DELTA F = 0.010 MHz
RANDOM VHF FREQUENCIES! ? VHF SFACING = 1.3500 MH=
RANDOM UHF FREQUENCIES! 9 UHF SPACING = 1,300 MH=
VHF EMERGENCY = 121.500 MH=z UHF EMERGENCY = 243,000 MH=
VOR FREQUENCY = 114,500 MH= FM BROADCAST = 102.300 MHz
(forced bandwidth 25 kH=z) (forced bandwidth +/- 50 kH:x)

(Freauency of =zero means not tested for)

INTERMODULATION FRODUCTS TESTED: 2F - £

2f + £
f - f
f + £
2f
3f
- R o Er i3t T Rt P et 4 Er b EommmsrssSoIoomommmm D

FREQUENCY CONFLICTS?
NUMBER OF FOSSIBLE CONFLICTS! 41424,

MEAN CONFLICTS FER JTTERATIONS 5.3
STANDARD DEVIATION? 2.8

CONFLICT DISTRIBUTION FOLLOWS

FREQUENCY CONFLICT DISTRIBUTION - HITS ve. TIMES (NUMBER OF ITERATINNS)

9 UHFy 9 UHF, delta f = 0.010, 100 iterations)

NUMBER NUHBER
OF HITS nF TIMES

T T A I L N e I N T I T R T R I I N N I R R R N N S N N N T S S R N S T N N N R ENT SRS T RE RSN m eI S ST

o 0 i

1 0o ;

2 1% 3RO KKK RO K KK XK
3 é PR KK

4 25 3 ROHRORKOK AR K KRR KORIOKKKR KK
S b DIOEXRKRK

& 14 RO OROKOK R ACK KKK
7 1 ) kKoK

8 | 10 TACEXORKOROK K 0K

? 3 HR A%

i 2 R 3

LS . 3 oKk

12 X Lk

13 0 H

14 1 R

15 1 o] !

16 0 :

17 0 b

8 i 0o '

19 0 H
20 0o t

21 0 H

22 1 0 }

23 i 0 !

24 0 !

25 0 i

2 0 |

27 0o H



RANDOM FREQUENCY INTERMODULATION STMULATION

NUMERER OF ITERATIONS? 100 DELTA F = 0.010 MH=z

RANDOM UHF FREQUENCIES?: 12 . UHF SFACING = 1.000 MH:z

RANDOM UHF FREQUENCIES: 12 UHF SFACING = 1.500 MH=z

UHF EMERGENCY = 121,500 MH=z UHF EMERGENCY = 243,000 MHz

JOR FREAQUENCY = 114,500 MH=z FM BROADCAST = 102,300 MH:z
(forced bandwidth 25 kHz) (forced handwidth +/- 50 kHz)

(Frequency of zero means rot tested for)

INTERMODULATION FRODUCYS TESTED: 2fFf - £/
W+ £
f - £
f 4+ £
2f
3f

FREQUENCY CONFLICTS?
NUMRER OF FOSSIRLE CONFLICTS: 86240,
MEAN CONFLICTS FER ITERATION? 7.1
STANDARDY DEVIATION? 4.3

CONFLICT DISTRIRUTINN FOLLOWS

FREQUENCY CONFLICT DISTRIBUTION - HITS ve., TIMES (NUMBER DOF ITERATIONS)

(12 VHFy 12 UHFy delts £ = 0.010y 100 iterations)

NUMEER NUMERER
AF HITS OF TIMES

o 0 !

1 0 !

2 1 4 [R2 22

3 i 12 RIE O KKK KK K
4 | 13 +AOKOKKOK KKK KKK
S 0 i8 T HORROECROKOKOK K OKOK KKK
- 15 £ O IOK O JOK XK KKK X
7o 3 B2 $

8 i 10 OO 0K KKK

g i 4 ROk

10 2 HE 3

L RO 3 [RS8

F RS 2 KK

13 0 !

ta 2 1K

15 1 3 R 3 2

16 1 1 !

17 i 0 !

18 3 TAOKX

19 2 R 3
20 0 !
21 1 P X
22 1 0 !
23 0 !
24 0 !
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RANDOM FREQUENCY TINTERMODULATION SIMULATION

et i

NUMBER OF ITERATIONS! 100

X
3

RANDOM VHF FREQUENCIES!?
RANDOM UHF FREQRUENCIES!

121,300 MH:z

0.000 MHz

25 kHz)
(Freauency of

VHF EMERGENCY
VOR FREQUENCY =
(forced bandwidth

B Pt P

DELTA F

VHF SFPACING
UHF SFACING

UHF EMERGENCY
FM BROADCAST

0.020 MHz
= 1.500 MH:z
= 1.500 MH=z

243.000 MH=
0.000 MH=

(forced bandwidth 75 kHz)
zero means not tested for)

INTERMODULATION FRODUCTS TESTED: 2f - '
2f + £’
t - f
o+t
af
3r
mEmommmmamomsmmoRmssmma == == S S T TN S T S T RN TR ES SRR TR ERESET s
FREQUENCY CONFLICTSS
NUMBER OF POSSIBLE CONFLICTS: 1920,
MEAN CONFLICTS PER ITERATION: 2.0
STANDARD DEVIATION: 0.2
:==:.-:===::====.-.-.========================================a===========.============::===:
CONFLICT DISTRIRUTION FOLLOWS
FREQUENCY CONFLICT DISTRIBUTION - HITS vs. TIMES (NUMBER OF ITERATIONS)
¢ 3 UHFy» 3 UHFy delta f = 0.020, 100 iterations)
NUMBER  NUMBER
OF HITS OF TIMES
R N I N N T T S I R T S T I N s T T T M T T RN R REEEmmRI T I T
o o
1 o !
2 ! 98 XRKKXKKKK
3 1
4 1
5 o
6 o
7 o
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RANDOM FREQUENCY INTERMODULATION SIMULATION

omoomommmmnmXmmsomRammmmmEEs IR EEmEERRERR

NUMBER OF ITERATIONS! 100 DELTA F = 0,020 MH=z
RANDOM VHF FREQUENCIES! o) VHF SFACING = 1,500 MH=z
RANDOM UHF FREQUENCIES! 3 UHF SFACING = 1.500 MH:z
UHF EMERGENCY = 121,500 MH=z UHF EMERGENCY = 243.000 HMH=z
VOR FREQUENCY = 0,000 MH=z FM BROADCAST = 0,000 MHz
(forced bandwidth 25 kH=z) (forced bandwidth 75 kHz)

(Freauency of zero means not tested for)

INTERMODULATION PRODUCTS TESTED: 2f ~ f°
2f + £

FREQUENCY CONFLICTS?
NUMBER OF FOSSIBLE CONFLICTS! 10584.
MEAN CONFLICTS FER ITERATION? 2.4
STANDARD DEVIATION? 1.2

CONFLICT DISTRIEUTION FOLLOWS

FREQUENCY CONFLICT DISTRIBUTION - HITS vs., TIMES (NUMBER OF ITERATIONS)

( 4 VHF» 6 UHF, delta f = 0.020, 100 iterations)

NUMBER NUMBER
0OF HITS OF TIMES _
‘E!“.’:::;—--—.‘l— —————— 5_—_? —————————————————————————————————

1 3 0 '

2 0 86 §AORK K AORK K

3 1 '

4 | 10 1

5 1 0 !

6 1 1 i

7 0 H

8 ! 1 !

? 0 H

10 ! 1 !

11 0 t

12 0 '

13 ! 0 !
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RANDOM FREQUENCY INTERMODULATION SIMULATION

NUMEBER OF ITERATIONS! 100 DELTA F = 0.020 MH=z
RANDOM VHF FREQUENCIES! ? VHF SFACING = 1.3500 MH=z
RANDOM UHF FREQUENCIES! 9 UHF SFACING = 1.500 MH=z
VHF EMERGENCY = 121,500 MH= UHF EMERGENCY = 243,000 MH:=
VOR FREQUENCY = 0,000 MH:z FM BRROADCAST = 0,000 MH=
(forced bandwidth 25 kHz) (forced bandwidth 7% kH=z)

(Frequency of zero means rot tested for)

INTERMODULATION FRODUCTS TESTED! 2f - £’

219 + £
f - f

f+ f

2f

If

FREQUENCY CONFLICTS:
NUMBER OF FOSSIBLE CONFLICTS:! 31200.
MEAN CONFLICTS FER ITERATION? 3.6
STANDARD DEVIATION? 2.0
R T O N R I N T N S N T T N S I I s T N R N e e R TN RO oSSR TSN TS s m R

CONFLICT DISTRIBUTION FOLLOWS

FREQUENCY CONFLICT DPISTRIBUTION - HITS vs, TIMES (NUMPER OF ITFRATIONS)
( 9 VHFy 9 UHF, delta f = 0,020, 100 iterations)
NUMBRER NUMBER
OF HITS OF TIMES
mommmmoTmommIm e S b e e e e

o 0 '

) 0 '

2 1 47 3R AR AR AOR AR KKK K KKK AKOKKOIOOR AR AR R KK KK

3 8 (R332 33 %3 ¢

4 22 AR KKK K KRR

5 S PRRRKRK

6 1 8 AR R KK

7 S RE e

8 | 3 KX

? 0 !

10 2 1 KX

11 0 !

12 0 H

13 3 0 |
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RANDOM FREQUENCY INTERMODULATION SIMULATION

NUMBRER OF ITERATIONS! 100 DELTA F = 0,020 MH=z
RANDOM VHF FREQUENCIES: 12 UHF SFACING = 1,000 MH=z
RANDOM UHF FREQUENCIES: 12 UHF SPACING = 1,500 MH=
YHF EMERGENCY = 121.500 MH= UHF EMERGENCY = 243,000 MH:
VOR FREQUENCY = 0,000 MH= FM BROADCAST = 0.000 MH:z
(forced bandwidth 25 kHz) (forced bhandwidth 75 kH=)

(Freauency of cero means not tested for)

INTERMODULATION FRODUCTS TESTED: 2f ~ f-
26 4 £

FREQUENCY CONFLICTS?
NUMBER OF FNSSIBLE CONFLICTS: 68952,
MEAN CONFLITCTS FER ITERATION? 55
STANDARD DEVIATION? 3.3

R R R N N R N s T T T N T N T T N S N N N N N N T T S R N N e N e s s T S e

CONFLICT DISTRIBUTION FOLLOWS

FREQUENCY CONFLICT DISTRIBUTION - HITS vs, TIMES (NUMBER OF ITFRATIONS)

(12 UHFs 12 UHF,y delta f = 0,020, 100 iterations)

NUMRER NUMBER
OF HITS OF TIMES

o 1 0 :

1 0 '

2 1 24 K KOIOKOKOROK OISR KKK OK KK OK X
3 3 4 234

4 | 24 (R3320 288 020022232300 08301
5 ! 4 §XXKK

6 15 LOOORROIOOR KRR KKK

7 0 ¥} (RS

8 | 11 DAOKOKORKORKKK KR X

? 2 P XX

10 3 X

11 1 LR

12 3 RS2

13 ! 0 }

14 | 0 H

15 ! 2 B 3 3

16 1} 2 XX

17 ¢ 0 !

18 0 }

1? 0 i
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RANDOM FREQUENCY INTERMODULATION SIMULATION

G IommNESOTIESS NSNS SNI SRR sSmss ==
NUMBER OF ITERATIONS: 100 DELTA F = 0,010 MH=z
RANDOM VHF FREQUENCIES! 3 VUHF SFACING = 1.500 MH:z
RANDOM UHF FREQUENCIES! 3 UHF SFACING = 1,500 MH=
VHF EMERGENCY = 121.500 MH=z UHF EMERGENCY = 243,000 MH:z
VOR FREQUENCY = 0.000 MHz FM BROADCAST = 0,000 MHz
(forced bandwidth 25 kH) (forced bandwidth 7% kHz)

(Freauency of zero means not tested for)

INTERMODULATION FRODUCTS TESTED: 2f - ¢/
20 4+ £
£~ f°
£+
2f
3f

R N N e T e T T I R R N R S R I N N R R S S T N N NS ER TR T S SIS T TR
FREQUENCY CONFLICTS:
NUMBER OF FOSSIBLE CONFLICTS? 1920,

MEAN CONFLICTS FER ITERATION! 2.2
STANDARD DEVIATIONG 0.9

T T T T I T e e T e T T I A I T N N T T N T N T T S N N N T N T N RN SENR oo ooSRaaaT T mm TS RS e

CONFLICT DISTRIBUTION FALLOWS

FREQUENCY CONFLICT DISTRIBUTION - HITS vs. TIMES (NUMBER OF ITERATIONS)

( 3 UHFy, 3 UHF, delta £ = 0,010y 100 iterations)

NUMBER NUMBER
OF HITS OF TIMES

- E st e P R R N N T T e AN T I T IS IS IS I STINIS

o 0 !

1 0 !

2 1 ?S HRORRORKOR KK
3 1 H

4 2 i

S 0 H

& 1 0 t

7 0 !

g8 2 }

? 3 0 !
10 ! 0 H

11 0 '
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]
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H
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RANDOM FREQUENCY TNTERMODULATION STMULATION

EE P PSP PP R e S==m == =

NUMBRER OF ITERATIONS! 100 DELTA F = 0,010 MH=z
RANDOM VHF FREQUENCIES: I UHF SPACING = 1.500 MHz
RANDOM UHF FREQUENCIES!? [ UHF SFPACING = 1,500 MH:z
VHF EMERGENCY = 121,500 MHz UHF EMERGENCY = 243,000 MHz
VOR FREQUENCY = 0.000 MH= FM BROADCAST = 0.000 MH:
(forced bandwidth 295 kHz) (forced bandwidth 75 kHz)

(Frequency of zero means rnot tested for)

INTERMODULATION FRODUCTS TESTED: 2f - 7
2f + 7
P - £
f + f

3f

FREQUENCY CONFLICTS!:
NUMBER OF FOSSIBLE CONFLICTS: 10584,
MEAN CONFLICTS PER ITERATION? 2.5
STANDARD DEVIATION? 1.1

CONFLICT DISTRIBUTION FOLLOWS

FREQUENCY CONFLICT DISTRIRUTION - HTTS ve. TIMES (NUMBER OF ITERATINNS)

( & VHF» 6 UHF, delta f = 0.010, 100 iterations)

NUMRER NUMBER
OF HITS OF TIMES
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RANDOM FREQUENCY INTERMODULATION SIMULATION

E 2+ 1 1 ¢ ¢ L+ -2 F 3 5122t 3]
HUMBER OF ITERATIONSS 100 DELTA F = 0,010 MHz
RANDOM VHF FREQUENCIES! Q VHF SFACING = 1,500 MH:z
RANDOM UHF FREQUENCIES! ? UHF SFACING = 1,500 MH=
UHF EMERGENCY = 121.500 MH= UHF EMERGENCY = 243,000 MH=z
VOR FREQUENCY = 0.000 MHz FM BROADCAST = 0.000 MH=
(forced bandwidth 25 kHz) (forced handwidth 75 kHz)

(Freauency of zero means not tested for)

INTERMODULATION PRODUCTS TESTED: 2Ff - £~
2¢ + 7
f - £
f+
2f

if

FREQUENCY CONFLICTS?
NUMBER OF FOSSIBLE CONFLICTS: 31200.

MEAN CONFLICTS FER ITERATION!? 4.1
STANDARD DEVIATION? 2.6
®
R T R I O L T N T L e T R O T O T S Y S S o Y S O T Y S N e e e N R T I T S S N N N T RS S T T

CONFLICT DISTRIRUTION FOLLOWS

FREQUENCY CONFLICT DISTRIBUTION - HITS wvs. TIMES (NUMBER OF ITERATIONS)

( 9 UHFy % UHFy delta f = 0.010» 100 iterations)

NUMRER NUMBER
OF HITS OF TIMES

OSSN RTINS RN DRS 3 E 1 1t £t itk e R
o o H
1 0 !
2 1 46 18323333223 3333 3033033833080 88003 3388330080 tsss
3 4 1 RKKX
4 22 § XK XK
S 3 1R 3 3.4
6 10 LXKk
7 1 2 R3]
8 | ¥ DRROERR
? i 1 1R
10 ¢ 4 P RRRR
11 ! o !
12 4 3 kX
13 3 0 H
14 ¢ 0 i
15 ! o !
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RANDOM FREQUENCY TNTERMODULATION SIMULATION

A L e L et e

NUMBER OF ITERATIONS? 100 DELTA F = 0,010 MH=
RANDOM VHF FREQUENCIES: 12 VHF SFACING = 1,000 MH:z
RANDOM UHF FREQUENCIES: 12 UHF SFACING = 1,500 MH=z
UHF EMERGENCY = 121,500 MHz - UHF EMERGENCY = 243.000 MH=
VOR FREQUENCY = 0,000 MH= FM BROANCAST = 0.000 MHz
(forced bhandwidth 25 kHz) (forced bandwidth 7% kHzZ)

(Freauency of =ero means not tested for)

INTERMODULATION FRODUCTS TESTED: 2f - f/
2f ¢+ 77

FREQUENCY CONFLICTS?
NUMBER OF FOSSIBLE CONFLICTS? 68952,
MEAN CONFLICTS FER ITERATION? Seb
STANDARD DEVIATION? 3.2

CONFLICY DISTRIBUTION FOLL.OWS

FREQUENCY CONFLICT DISTRIBUTION ~ HITS vs. TIMES (NUMBER OF ITERATIONS)

(12 YHF, 12 UHF, delta f = 0,010, 100 iterations)

NUMRER NUMBER
OF HITS OF TIMES

0 ' 0 H

1 0 '

2 H 22 3 0KOK KKK K KOK OKOK KO KKK K R KK
3 H 1 X

4 H 22 £ 300K 0K OIOKOK X0K0K K CHOK 30K K K K0k K
5 H 6 iR 33 841

6 H 20 400K K 0K R OK KK XK AOK 0K Ok K
7 ' 6 1 RKKK KK

8 H 7 1RO KOk X

? ' 4 1 AokOKOK

10 ! 6 § KK KK

* 1

12 Lo

13 o !

14 | 1 K

15 H 2 R 34

16 ' 0 '

17 1 1 R4

18 (o] '

19 H 0 H
20 (o] H



RANDOM FREQUENCY INTERMODULATION SIMULATION

=== == =e= ==mza
NUMBER OF ITERATIONS:! 100 DELTA F = 0,050 MHz
RANDOM VHF FREQUENCIES: & VHF SFACING = 1.300 MHz
RANDOM UHF FREQUENCIES? & UHF SFACING = 1.3500 MHz
VHF EMERGENCY = 121,300 MH=z UHF EHEﬁGENCY = 243,000 MH=z
VOR FREQUENCY = 114,500 MHz FM BROADCAST = 102,300 MH=z
(forced bandwidth 25 kH2) (forced bandwidth +/- 25 kHz)

(Freauency of zero means rnot tested for)

INTERMODULATION PRODUCTS TESTED! 27 - £’
271 + £
f - f
f + ¢
27
3f

- = mEmomzTs= ||a= SMERTETITIDET S SSNoooommmmmaTm

FREQUENCY CONFLICTS:
NUMBER OF FOSSIBLE CONFLICTS: 15872,
MEAN CONFLICTS PER ITERATION: 4.4
STANDARD DEVIATION? 2:5

CONFLICT DISTRIBUTION FOLLOWS



FREQUENCY

( & VHFy

NUMBER
OF HITS

CONFLICT DISTRIBUTION - HITS vs, TIMES (NUMBER OF ITERATIONS)

4 UHF»

NUMBER

delta f = 0,050 100 iterations)

OF TIMES

AR AR AR KR AR AKR AR XA R K
PRRXRKRRKK

{ R AR KKK KRR AKXk

RRRRRRKK

PRRERERKRRKK

RX

(223330243383



RANDOM FREQUENCY INTERMODULATION SIMULATION

NUMBER OF ITERATIONS? 100 DELTA F = 0.100 MHz

RANDOM VHF FREQUENCIES: 12 VHF SFACING = 1.000 MHz

RANDOM UHF FREQUENCIES: 12 UHF SFACING = 1.500 MHz

VUHF EMERGENCY = 121,500 MHz UHF EMERGENCY = 243.000 MHz

VOR FREQUENCY = 114,500 MHz FM BROADCAST = 102,300 MHz
(forced bandwidth 23 kHz) (forced banduwidth +/- 2% kH2)

(Freauency of zero means not tested for)

INTERMODULATION FRODUCTS TESTED?! 2f - f~
2¢ + £
f - f
f + f
27

3f

FREQUENCY CONFLICTS?
NUMBER OF POSSIBLE CONFLICTS! 84240.
MEAN CONFLICTS PER ITERATION! 34.9
STANDARD DEVIATION? ?.3

= = == =E=mE=m==ca = 2 5 £ 5 111

CONFLICT DISTRIBUTION FOLLOWS
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TIMES (NUMBER OF ITERATIONS)

FREQUENCY CONFLICT DISTRIBUTION -~ HITS vs.

100 iterations)

0.100

12 UHFy delta f =

(12 VHFy

NUMBER
OF TIMES

OF HITS

NUMBER

»* *
»* »* »*
»* % % I I LB B o el ol
% % 3 I I B I I I I I N A PN N X
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RANDOM FREQUENCY INTERMODULATION SIMULATION

NUMBER OF ITERATIONS? 100

RANDOM VHF FREQUENCIES: 3
RANDOM UHF FREQUENCIES! 3

UHF EMERGENCY 121,500 MHz

VOR FRERQUENCY 114,500 MH=z

(forced bendwidth 25 kHzZ)
(Freauency of

DELTA F = 0.050 MHz

VHF SPACING = 1,500 MHz
UHF SFACING = 1.500 MHz

UHF EMERGENCY = 243,000 MH=
FM BROADCAST = 102,300 MHz
(forced bandwidth +/- 25 kHz)
zero means not tested for)

INTERMODULATION FRODUCTS TESTED: 2f - f’
2f + 7
f - f
f + f
2f
3f
FREQUENCY CONFLICTS:
NUMBER OF POSSIBLE CONFLICTS? 3800.
MEAN CONFLICTS FER ITERATION! 2:6
STANDARD DEVIATION? 1.3

mooyes

CONFLICT DISTRIBUTION FOLLOWS
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TIMES (NUMBER OF ITERATIONS)

FREQUENCY CONFLICT DISTRIBUTION - HITS vs.

100 iterations)

= 0,050,

delta f

3 UHF»

¢ 3 VHF,

NUMBER
OF TIMES

NUMBER
OF HITS

EERRRRR

CONEOTOMOCOOOOOOOOOO

COO0COOCOCO0O0O0O00OO0OOOOOOO0OOCOOODOOOOCOO
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RANDOM FREQUENCY INTERMODULATION SIMULATION

NUMBER OF ITERATIONS: 100

RANDOM VHF FREQUENCIES? 9
RANDOM UHF FREQUENCIES! ?

VHF EMERGENCY 121.500 MH=z
VOR FREQUENCY 114.500 MHz
(forced bandwidth 25 kHz)

[}

INTERMODULATION PRODUCTS TESTED!

DELTA F =

VHF SPACING =
UHF SPACING =

0.100 MHz

1.500 MHz
1.500 MHz

UHF EMERGENCY = 243,000 MHz

FM BROADCAST =

2¢ - 7
2¢ + £
f - f

f+f

2f

3f

102,300 MHz
(forced bandwidth +/-
(Freauency of zero means not tested for)

25 kHz)

FREQUENCY CONFLICTS:
NUMBER OF POSSIBLE CONFLICTS!?
MEAN CONFLICTS PER ITERATION?
STANDARD DEVIATION:

=== =T mETAME[=RmEEms

414624,
18.1
F5.9

CONFLICT DISTRIBUTION FOLLOWS
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FREQUENCY CONFLICT DISTRIBUTION - HITS vs. TIMES (NUMBER OF ITERATIONS)

( 9 VHFy 9 UHFy delta f = 0.100» 100 iterations)

NUMBER NUMEBER
OF HITS OF TIMES

x

VONOOANDGNFO

-

QOO0 OOOOVOTCOOOOROOVDOOO0OOOOROOCOOOCOCOOLOOR R OMNORMNUWDLDWIGNIRITDBNGWUAIRLDIN R IE,OOOOOO0

XXXKKEREKRK
x
xXX

#* % % % M W %

P RRRREARX
(R 232 S
tRxx

P RERRRKK
PRRKRRRRR
TRRRRKK

P RRRRRK
iRt 1]
TRXEAKERKN
R 3

xR

1 RxX

(Rt 23]

1xx

i X

%

X
x

7]
a




RANDOM FREQUENCY INTERMODULATION SIMULATION

NUMBER OF ITERATIONS! 100
RANDOM VHF FREQUENCIES! 6
RANDOM UHF FREQGUENCIESS &

VHF EMERGENCY = 121,500 MH:z

VOR FREQUENCY = 114,500 MHz

(forced bandwidth 25 kHz)
(Freauency of

INTERMODULATION PRODUCTS TESTED:S

DELTA F = 0.100 MHz
VHF SPACING = 1,500 MHz
UHF SPACING = 1.500 MHz

UHF EMERGENCY = 243.000 MH=
FM BROADCAST = 102,300 MH=
(forced bandwidth +/- 25

zero means not tested for)

2¢ - ¢
2f + £
f - f
f + f
2f

3f

LHz)

FREQUENCY CONFLICTS!?
NUMBER OF POSSIBLE CONFLICTS!
MEAN CONFLICTS FER ITERATION!
STANDARD DEVIATION?

CONFLICT DISTRIBUTION FOLLOWS




FREQUENCY

(&6 UHF»

O
1]
L] == == == % = am == au ma em am we =% 2m me S e = ma 4% 2= e 4a a6 = o= WS = =8 =e am vm wn S8 == =% aw =% == =4 ~e wm em =m wa == wm A% 4w e == ~% ea mn = 45 ok va e == om =e wa ca am as om wa o aw =e e wn o= == }

CONFLICT DISTRIBUTION ~ HITS vs. TIMES (NUMBER OF ITERATIONS)

6 UNFy delta f = 0.100» 100 iterations)

NUMBER
OF TIMES
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RANDOM FREQUENCY INTERMODULATION SIMULATION

== F=Smmmann ===

NUMBER OF ITERATIONS!? 100 DELTA F = 0,100 MH=z

RANDOM VHF FREQUENCIES:? 3 VUHF SPACING = 1,500 MHz

RANDOM UHF FREQUENCIES! 3 UHF SPACING = 1.500 MH=z

VHF EMERGENCY = 121,500 MH=z UHF EMERGENCY = 243,000 MH=z

VOR FREQUENCY = 114,500 MHz FM BROADCAST = 102.300 MHz
(forced bandwidth 25 kHz) (forced bandwidth +/- 29 kHz)

(Freauency of zero means not tested for)

INTERMODULATION PRODUCTS TESTED: 2¢f - £’

2¢ + £
LA
f+f
2f
3f

FREQUENCY CONFLICTS?
NUMBER OF POSSIBLE CONFLICTS? 3800.
MEAN CONFLICTS FER ITERATION: 3.2
STANDARD DEVIATION? 2.0

B £ Lt 1 = e = mmammmm == ESpEoommes o ===

CONFLICT DISTRIRUTION FOLLOWS

FREQUENCY CONFLICT DISTRIBUTION - HITS va., TIMES (NUMBER OF ITERATIONS)

( 3 UHFy 3 UHF,. delta £ = 0,100 100 iterations)

NUMBRER NUMBER
OF HITS OF TIMES

o 0 H
0 !
2 1 37 PRRRKX
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RANDOM FREQUENCY INTERMODULATION SIMULATION

NUMBER OF ITERATIONS: 10000 DELTA F = 0,100 MHz

RANDOM VHF FREQUENCIES: 12 VHF SPACING = 1,000 MHz

RANDOM UHF FREQUENCIES: 12 UHF SPACING = 1,500 MHz

UHF EMERGENCY = 121,500 MH= UHF EMERGENCY = 243,000 MH=z

VOR FREQUENCY = 0,000 MH=z FM BROADCAST = 0,000 MHz
(forced bandwidth 25 kHz) (forced bandwidth +/- 0 kHz)

(Freauency of zero means riot tested for)

INTERMODULATION PRODUCTS TESTED:! 2f - f°

20 + ¢/ ;
TR X

r+

2t

3r

FREQUENCY CONFLICTS?
NUMBER OF FOSSIBLE CONFLICTS: 689352,
MEAN CONFLICTS FPER ITERATION! 27.6
STANDARD DEVIATION? 8.8

sm=== == memoman EragSSrooSSaanrzzamoeImngoDEEIREEST=R

CONFLICT DISTRIBUTION FOLLOWS
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FREQUENCY CONFLICY DISTRIBUTION - HITS va, TIMES (NUMPER OF ITERATIONS)

(12 VHFy 12 UHF» delta £ = 0.100s 10000 iterations)

NUMBER NUMBER
OF HITS OF TIMES

m=op ==X rTe=E ST REN NIRRT ENNECT AR IR R MEREERETNSgRISIOITETITEmESSIEES
o o !
1 o !
2 o !
3 o
4t 1
s 2 3
& 5
7 ¢ 100 !
8 1 24
9 29 !
10 ! Py S
R Y L
12 89 !
13 114 2
14 ! 163 ix
15 ¢ 161 %
16 ! 208 ixx
17 261 1xx
18 ! 340  1%%x
19 314 IxRx
20 ¢ 373 ixRx
21 ¢ 372 ixxx
22 441 1XRxX
23 ¢ 420  1RERx
24 4S9 1XRXX
25 437 LRRRx
26 1§ 536  IRRKXX
27 454 jxaxx
28 ! 443 12RxX
29 ¢ 422 iRExx
30 ¢ 420 IAxxX
3 ¢ 373 1xxx
32 383 ieRx
33 315 iaax
34 304 Ixex
s ¢ 272 xx
36 ¢ 234 ixx
37 209  i%x
38 191
39t 191 ¢
40 ¢ 137
a1 12 e
42 99
43 96 !
FYR 84 !
45 80 !
a6 ! 57 4
47 FERE
a8 ! 33
49 34
50 ! 28 !
st ¢ 24 !
52 4 25 ¢
s3 ! ¢
54 ! 17
55 2
56 ! 8 !
57 ! &
s8 ! 7
s ! o
60 ¢ 6 8
61 ¢ 1
62 ! 2
63 ¢ 4
64 ! 1
&5 ! 1
66 ¢ TR
67 ¢ 1
68 ¢ o
69 ¢ o !
70 o
71 ¢ o
72 ¢ o
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