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STATEMENT OF MISSION 

The mission of the Office of Telecommunications in the Department 
of Commerce is to assist the Department in fostering, serving, and 
promoting the nation's economic development and technological 
advancement by improving man's comprehension of telecommuni­
cation science and by assuring effective use and growth of the 
nation's telecommunication resources. 

In carrying out this mission, the Office 

• Conducts research needed in the evaluation and development
of policy as required by the Department of Commerce

• Assists other government agencies in the use of telecommuni­
cations

• Conducts research, engineering, and analysis in the general
field of telecommunication science to meet government needs

• Acquires, analyzes, synthesizes, and disseminates information
for the efficient use of the nation's telecommunication re­
sources.

• Performs analysis, engineering, and related administrative
functions responsive to the needs of the Director of the Office
of Telecommunications Policy, Executive Office of the Presi­
dent, in the performance of his responsibilities for the manage­
ment of the radio spectrum

• Conducts research needed in the evaluation and development
of telecommunication policy as required by the Office of Tele­
communications Policy, pursuant to Executive qrder 11556

l/SCOMM · Ell 
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PREFACE 

The model development work reported herein was accomplished 

at the direction of the Office of Telecommunication Policy. 

This report documents the first phase in the development 

of a very general model for assessing the variability 

(probabilistic nature) of electromagnetic compatibility and 

its influence upon frequency management. 
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STATISTICAL FREQUENCY-DISTANCE CURVES, INITIAL MODEL 

R. D. Jennings*, L. E. Vogler*, and J. J. Stephenson**

This report describes an initial computer program that 
produces statistical frequency-distance curves . . The 
computer program has been developed as a tool for use 
by the frequency managers' community of OTP/IRAC. 

The statistical frequency-distance curves estimate the 
minimum distance separation that is required between 
a victim receiver and an interferer as a function of 
the frequency offset between th�m. The curves are 
parametric in the probability or percent of time that 
interference is permissible. The model uses statistical 
variations in antenna gain and propagation loss to com­
pute the probability of interference. Appendices of 
the report describe the propagation loss and antenna 
gain models and the method used to combine them to pro­
duce the statistical frequen�y-distance curves. Oper­
ating instructions and several sample applications 
also are included as appendices. 

Key words: Compatibility; computer model; distance 
separation; electromagnetic compatibility; 
emission spectrum; frequency-distance curve; 
frequency management; frequency separation; 
interference; off-frequency rejection; pro­
pagation loss; receiver selectivity; sta­
tistics. 

* The authors are with the Institute for Telecommunication
Sciences, Office of Telecommunications, U.S. Department of Com­
merce, Boulder, Colorado 80302.

** The author is with the Space Environment Laboratory, National 
Oceanic and Atmospheric Administration, U.S. Department of Com­
merce, Boulder, Colorado -80302. 



1. BACKGROUND

1.1 Applications 

The engineer or analyst faced with frequency management 

problems usually has a work load and schedule that restrict 

him to a brief engineering analysis. He is faced with 

continual demands for day-to-day decisions in the assignment 

of the available frequencies of the finite radio frequency 

resource. Further, he is called upon to solve or resolve 

reported, actual, and/or expected problems of unsatisfactory 

performances due to radio �requency interference 

(electromagnetic incompatibility) between existing, real-

world systems or expected new systems. 

Two of the basic variables available to the engineer or 

analyst for making trade-offs, or in solving his frequency 

assignment problems are the tuned frequency of a system and 

the physical distance that separates it from other systems. 

However, analysis other than the use of engineering judgment 

in consideration of these variables requires him to perform 

fairly detailed and lengthy calculations on a case-by-case 

transmitter-receiver pair basis. This places a severe 

limitation on the number of assignments and/or problems that 

he can consider. 

The computer based model described in this report 

provides an easy-to-use engineering technique that will

allow improved design and planning of frequency assignments. 
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Also, this model as it now exists, can be used at an early 

concept stage in system development to assist in examining 

the trade-offs in transmitter and receiver designs such as 

filtering, tuning, �odulation type, data rates, etc. 

1.2 Concept and Utility of Frequency-Distance Curves 

The basic factors considered in generating a frequency­

,distance curve are shown in figure 1-1. The interfering 

:transmitter is tuned to some frequency f
T 

and generates a 

power spectrum that is a function of modulation type and 

equipment. The signal then is fed to an antenna where it is 

radiated over the propagation path to the antenna of the 

victim receiver. The victim receiver has a bandpass 

characteristic again dependent on signal characteristics or 

modulation type and the filtering employed. 

Given the characteristics of two systems as shown in 

figure 1-1, one then can compute the amount of power in the 

victim receiver output due to that interfering source. If 

we compare that output power to a maximum power level, 

defined by the user of the model, that the victim receiver 

can tolerate, a decision can be made concerning the 

transmitter's effects. Quite often, bhis maximum tolerable 

power level depends on the particular characteristics of the 

received interference, and is different for different 

classes of interference. 
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In order to examine the trade-offs possible by varying 

the frequency separation between systems as well as their 

spatial separation, a pcirameter is needed to compare the 

results in system performance. The performance measure that 

is used in this model is the interference-to-noise power 

ratio (I/N) at the victim receiver detector. The noise 

power, N; is the internal noise power of the victim re­

ceiver. This I/N can be converted to a signal-to­

interference ratio provided that the desired signal level 

and the level of interference or noise are known. 

This frequency-distance separation concept is 

illustrated by the curve in figure 1-2. For example, in 

case #1 shown by dashed lines, the curve shows that if the 

interfering transmitter and the victim receiver antennas are 

physically separated by 9 n mi (16.7 km) and the tuned 

frequencies of the systems are separated by at least 12 MHz, 

the interference power from the transmitter will not exceed 

the noise power of the receiver (I/N=O dB). In case #2, 

shown by dotted lines, the curve shows that if the 

interfering transmitter and the victim receiver have tuned 

frequencies which are separated by 30 MHz, the units must be 

physically separated by at least 3.9 n mi (7.2 km) for the 

interference power to be equal to or less than the receiver 

noise power. 

The procedure is to determine the amount of 

interference protection required for a given frequency 
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Figure 1-2. Sample curve (as would result from using discrete data) 
illustrating t�e frequency-distance separation concept 
(1 n mi = 1.85 km). 
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separation and interference signal level, and then solve the 

propagation calculation backwards (i.e., given loss, find 

distance) to determine the amount of distance separation 

required to give that protection. This represents one point 

on the curve as is shown by case tl in figure 1-2. This 

procedure is repeated then for all frequency separations of 

interest to generate a complete F-D curve. 

This idea can be extended to generate curves for 

different levels of I/N that will bound the problem of 

interest. An example is shown in figure 1-3 where the F-D 

curves are parameterized for four values of I/N. These 

values could represent four levels of transmitter power, or 

four levels of antenna gain, etc., where the four values 

might be known operating power ranges or, perhaps, the 

antenna gains that are not known precisely. In any case, 

the output represents another useful form that can display 

the trade-offs available. 

1.3 Statistical Frequency-Distance Curves 

Recall that the discussion of the frequency-distance 

separation concept thus far has consid.ered only the 

discrete, single-valued specification of all parameters of 

interest. A more useful concept results when the parameters 

are statistically characterized. 

The equipment characteristics and propagation factors 
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of the I.F. 1/N criterion (1 n mi = 1.85 km). 

8 



that one uses to compute a frequency-distance curve rarely 

will be the actual values found in the field. As an exam­

ple, if a transmitter is designed to be a single frequency, 

fixed tuned device, there is some tolerance associated with 

the nominal specification of tuned frequency. Further, as 

that transmitter is used in the field it may be retuned and 

modified as a result of routine maintenance, resul�ing in a 

changed emission characteristic. These same phenomena of 

instability, modifications, and general in-situ performance 

apply to all of the components of the system. Therefore, to 

make the F-D concept generally applicable to the "typical" 

or field problems, the characteristics associated with each 

component of the system should be represented statistically. 

The concept of a range of data describing a single 

factor, such as output power, is important to the 

probabilistic nature of frequency-distance trade-offs. In 

the past, a single value--usually a conservative or worst 

case estimate--has been used, when in fact the frequency 

manager has known that factors like output power have a 

range of values in practice. 

When this range of values is known, usually as a result 

of measurements, it is described as a "distribution" for 

input to statistical models. These distributions can be 

variously described as probability density functions or 

cumulative distribution functions. For example, the power 

9 



output of the transmitter can be expressed as a distribution 

of powers. 

Once a distribution is known (even if it is assumed) 

the user may select any probability of occurrence that is 

appropriate to the problem at hand. For example, one may 

use (1) a value for power that represents the average value 

for all of the transmitters sampled, (2) a value for power 

applicable to only 10% (or any other percentile) of the 

transmitters or (3) a value for power which represents 90% 

of the transmitters. This selection of appropriate 

probabilities of occurrence allows an improved consideration 

of actual field conditions. 

One would like to have these distributions for all of 

the component elements, making it truly a statistical F-D 

model. However, our initial consideration is restricted to 

the statistics of the propagation loss and antenna power 

gain components. 

Statistical frequency-distance curves provide trade­

offs which apply for the full range of probabilities of 

occurrence. For example, the curves could portray 

interference expected with low probability of occurrence 

(i.e., 10% of the cases or time), with high probability of 

occurrence, (i.e., 99% of the cases or time) or on the 

average (i.e., 50% of the time). Thus, one has a tool with 

10 



great utility, since it can be applied to problems over a 

broad range of conditions. 

Various interpretations of probabilistic F-D curves are 

possible. For example, figures 1-4 and 1-5 present the same 

curves but different interpretations are illustrated. The 

dashed lines in figure 1-4 illustrate an interpretation for 

a specified frequency separation. When the interfering 

transmitter (TEST XMTR) and the victim receiver (TEST RCVR) 

have tuned frequencies which are separated by 10 MHz and 

their antennas are physically separated by 18 n mi (33.3 

km), the interference criterion of I/N=lO dB will be 

violated 10% of the time. If they are separated by 13 n mi 

(24.1 km), the I/N will be greater than 10 dB 50% of the 

time. If they are 7 n mi (13.0 km) I/N will be greater than 

10 dB 90% of the time. 

The dashed lines in figure 1-5 illustrate an inter­

pretation for a specified distance separation. When 

antennas for the interfering transmitter (TEST XMTR) and the 

victim receiver (TEST RCVR) are physically separated by 

15 n mi (27.8 km) and the systems have tuned frequencies 

which are separated by 8 MHz, the interference criterion of 

I/N=lO dB will be violated 90% of the time. If the tuned 

frequencies are separated by 9 MHz, the I/N of 10 dB will be 

exceeded 50% of the time. If they are 11 MHz apart, the I/N 

will be greater than 10 dB 10% of the time. The same curves 

also could be generated for other values of I/N resulting in 

families of statistical F-D curves. 
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Other workers concerned with electromagnetic 

compatibility ,have applied a statistical treatment to the 

frequency-distance separation concept (Lustgarten, 1966; 

Lustgarten and Mayher, 1968; and U. s. Army Electronic 

Proving Ground, 1968). These and other unreported results 

have been used where possible in this development. 
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2. GENERAL DESIGN

The concepts and ideas described in the previous section 

have been worked into an approach that will meet the objectives 

of the Office of Telecommunications Policy (OTP} and the 

Interdepartment Radio Advisory Committee (IRAC}. The model 

development has been an evolutionary one. 

2.1 Design Objectives 

(1) The techniques used must be realistic models of

the system components so that the probabilistic nature of. 

the variables can be accurately considered and the 

appropriate trade-offs examined. 

(2) The model developed must be one that is easily

accessible and can be used readily by the frequency 

management community as well as system designers. This 

means that the interface with the user must be simple and 

easily understood. 

(3) This model must provide a natural interface with

the probabilistic performance and operational factors 

affecting electromagnetic compatibility. 

2.2 General Structure 

A generally useful technique for computing the 

probabalistic trade-offs in frequency and distance must 

provide for statistical -considerations of each of the 
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factors in figure 1-1. Also, it must provide for valid 

statistical combinations of these factors. 

The structure of the model can be examined in two major 

divisions: those components that are frequency dependent 

and those components that are primarily distance dependent. 

The major frequency dependent parts of the model are 

the transmitter and the receiver. Their frequency dependent 

characteristics (transmitter emission spectrum and the 

receiver selectivity) can be input to the model manually 

from known or approximated data, or they can be synthesized 

from time domain wave shapes and filter types. The combined 

frequency dependence of the transmitter and receiver is 

termed the spectrum dependency, SD, characteristic.* This 

can be expressed for any frequency difference (Af) between 

the pair as: 

SDAf = J PT 
( f

T
) S (fT ,Af) df

*off-frequency rejection (OFR) as discussed by Fleck (1967)
is the spectrum dependency at a specified frequency separa­
tion (Af = specified value) normalized to the spectrum 
dependency when the receiver and transmitter are tuned to
their normal operating frequencies (Af = f - f ). OFR 
as defined in Appendix E of this report isTnorm§lized by 
the spectrum dependency· for the receiver and transmitter 
tuned to the same frequency, i.e. f = f (Af = o) • 
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where: 

PT(f) is the transmitter power spectral density

function, 

S(f,t:.f) i,s the receiver selectivity or transfer 

function, and 

t:.f is the difference between tuned frequencies. 

This quantity can be considered to be the effective power 

of the received spectra when a transmitter and receiver are 

connected back-to-back. It is a convenient parameter in that 

it is dependent on hardware, and can be measured in the 

laboratory. 

The factor that is primarily distance dependent is 

propagation. An inverse solution to the propagation loss 

algorithm then must be found. An •inverse• solution means 

that one starts with a value of loss and then must compute a 

corresponding value of distance. Many of the propagation 

models that exist are not easily amenable to an inverse 

solution. The other parameters involved in the F-D 

calculation (transmitter power, antenna gains, receiver 

sensitivity, and SD) determine the required loss between the 

transmitting and receiving antennas. 

Depending upon the application of the F-D model, an 

appropriate propagation sub-model must be used. Currently 

both an air-ground model (Gierhart and Johnson, 1973) and a 

ground-to-ground model derived from work reported by Longley 

and Rice (1968) are incorporated into the program. 
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The major technical problem in the development of a 

statistical frequency-distance separation model is in the 

proper combination of probability distributions of the 

several contributing factors. The block diagram in figure 

2-1 gives the logical flow between the sub-models which

represent each contributing factor or statistical variable. 

Details of each sub-model are given either in references or 

in the appendices of this report. 

The emission spectrum and receiver selectivity blocks 

(shown in the upper-left dorner) are combined as an SD 

characteristic of the pair. Note also that the normaliza­

tion process which produces OFR tabular data is available as 

an optional output. The input parameters may be synthesized 

internally or input by the user. Appendix C gives a 

detailed technical discussion of the synthesization tech­

niques. After determining the SD characteristics of the 

equipment, the necessary interference protection or 

attenuation that is required between that pair for a given 

I/N (or another interference criterion) is calculated. This 

value then is input to the propagation equation which is 

solved for the distance that produces this loss. 

Actually, since we are dealing with statistical values 

for both antenna patterns and propagation loss, the 

cumulative distribution functions for the antennas and the 

propagation loss must be. combined by convolution to obtain a 

18 
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composite cumulative distribution function for both param­

eters. This is illustrated at the bottom of figure 2-1. 

Once the distance values are known for the required 

probability levels, they are used as one point on the F-D 

curve, and the frequerrcy is incremented. The process of 

determining the SD, and then convolving the statistics of 

the antenna gain and propagation loss is repeated over the 

range of frequencies and distances of interest. This 

process is the basis for the initial model development, as 

well as the future extensions of the model. 

2.3 Design of the Statistical Frequency-Distance Curves 

Model 

The initial model has been organized around existing 

computer models for various components. These programs have 

been modified to fit together into a useful tool that will 

be expanded to work with a broad class of problems that face 

he OTP and IRAC. 

The existing p�ograms used in the F-D model are: 

(1) Statistical propagation prediction routines from

the Air-Ground model (Gierhart'and Johnson, 1973).

(2) Propagation prediction routines from the Longley­

Rice Irregular Terrain Model (Longley and Rice,

1968).
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(3) Emission spectrum and filtering routines the NEWSPEC

synthesis model developed during a study of spectrum

sharing (E. Haakinson and H. Kimball, Spectrum assess­

ment for the 1535-1660 MHz band, phase II analysis,

private communication).

Each of th�se programs was restructured for its application 

to F-D curve generation. 

The computational routines require input in special 

forms. The program design allows the user flexibility in 

supplying input data and unspecified input is supplied from 

a table of default values. 

These input variables then are adjusted (e.g., feet to 

miles or milliseconds to microseconds) as necessary. The 

initial F-D model allows a user the choice of supplying data 

for the pulse emissions in the time domain, as well as 

supplying filter types with their number of poles for the 

receiver. This option is NEWSPEC as described in Appendix 

c. A second option allows the user to supply data in the

frequency domain in the form of amplitudes for specific 

frequencies (point-amplitude) or as slopes of the emission 

envelope and receiver response at specific frequencies 
i 

(point-slope) for input data. This option gives maximum 

flexibility in that if measured spectrum data and measured 

receiver data are available, they can be input to the 

program in the detail desired or necessary. However, it 

also allows the introduction of approximated spectrum and 
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receiver response data for those systems that have not been 

developed. 

The fixed system characteristics (transmitter power, 

receiver noise, terrain type, etc) that are required for 

calculation of F-D are,described in Appendix A.

All of the original sub-elements were designed for 

specific applications, hence each has some built-in 

limitations. Although the objective has been to remove as 

many of these as possible, there are some limitations that 

should be pointed out. 

1. Frequency Range is 20 MHz to 20 GHz.

2. The transmitter antenna heights in the ground-air

model must be from 1.6 ft to 9,840 ft (0.5 m to

3000 m), and the receiving antenna heights must be

greater than the transmitting antenna height up to

300,000 ft (91,440 m) maximum.

3. Antenna heights in the ground-ground model must be

between 1.6 ft to 9,840 ft (0.5 m to 3000 m) for

each antenna.

4. The plotting capability imposes some practical

restrictions which are identified in the user's

guide, Appendix A. /
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5. The number of point-amplitude or point-slope data

pairs used to specify an emission spectrum or a

receiver response is limited to 100 data pairs for

each envelope.

6. The maximum number of frequency separations which

can be used to plot statistical frequency-distance

curves is 101. However, Appendix A contains an

advisory to use fewer frequency separations when

the NEWSPEC routine is selected to synthesize the

emission spectrum and receiver response.
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3. TYPICAL APPLICATIONS

This model, which portrays the ptobabilistic nature of 

radio interference, can be particularly useful in analyzing and 

avoiding or resolving EMC problems of two types (or from two 

points-of-view). These applications are (1) the problems faced 

by the frequency managers in assuring that users of the spectrum 

will realize satisfactory system performance and (2) the prob­

lems faced by an agency in planning and developing a new sys­

tem or a new use of an existing system. The utility of statis­

tical frequency-distance curves in evaluating each type of 

problem is demonstrated in the discussion of the following two 

sections. 

3.1 Frequency Management Problem 

For this discussion, suppose that some agency of the 

Federal Government has determined a need to establish a new Land 

Mobile Radio (LMR) voice net. This net will consist of a fixed 

base station and several mobile units. The plans call for the 

base station to use a commercially-available antenna installed 

100 ft (30.48 m) above the surrounding te�rain. The mobile units 

will be required to operate within 15 mi (24.1 km) of an existing 

LMR fixed base station which operates in the 162-174 MHz fre­

quency band with an antenna installed 150 ft (45.72 m) above the 

terrain and within 10 mi (l�.l km) of an LMR repeater which 
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operates in the 406-420 MHz frequency band with an antenna 

installed 200 ft (60.96 m) above the terrain. 

Assume that the agency has applied for authorization to 

operate in the 406-420 MHz frequency band. How can statistical 

frequency-distance curves be utilized by the frequency manage­

ment analyst to evaluate this problem? At least two aspects of 

the problem must be evaluated. These are (1) interference from 

the existing repeater to the new mobile units and (2) inter-

ference from the repeater to the base station for the new voice 

communications net and vice versa. Interference from the new 

base station to the existing repeater will be the same as inter­

ference from the repeater to the base station, since transmitter 

and receiver technical characteristics for each installation are 

assumed to be identical. 

The analyst assembles the best data he can obtain for 

emission characteristics of the repeater and new base station 

transmitters; receiver selectivity_characteristics for the 

repeater, new base station and new mobile equipments; antenna 

characteristics for the antenna used by each equipment; and 

factors influencing propagation between each transmitting and 

receiving system. These data are provided as input to the 

statistical frequency-distance curves model. In addition, the 

analyst must specify an interference criterion and the three 

propabilities of interference to be considered. Upon execution, 

the model then will produce the curves that are shown in 

figures 3-1 and 3-2. Tables 3-1 and 3-2 are the tabular data 
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corresponding respectively to the figures. Figure 3-1 shows the 

frequency separation-distance separation relationships that apply 

to potential interference from the existing repeater transmitter 

to the new mobile receivers. Because of the reciprocity explained 

above, the curves in figure 3-2 show the trade-offs in frequency 

and distance separation which apply either to potential inter­

ference from the repeater transmitter to the receiver of the new 

base station or to potential interference from the new base 

station transmitter to the repeater receiver. 

Considering potential interference from the repeater 

transmitter to a new mobile receiver, figure 3-1 shows a distance 

separation of 16.9 mi (27.2 km) would be required if the systems 

were co-channel (�f=0). This value comes from the 10% curve 

which means that interference power would not exceed the inter­

ference criterion more than 10% of the time. The interpretation 

also can be thought of as at least 90% probability of interference­

free operation. If interference could be tolerated as much as 50% 

of the time, then a distance separation of 13.5 mi (21.7 km) would 

be needed, and separation of 11 mi (17.7 km) would allow 90% prob­

ability of interference. The change from 10% to 50% probability 

of interference reduced the required distance separation by only 

20%. Furthermore, the performance penalty thus incurred would not 

be ac·cepted by most users. Under co-channel and, perhaps, adjacent 

channel operating conditions, the probability of interference is 

an important consideration, as noted. However, it also should be 
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noted that for frequency separations greater than about 30 kHz 

(two channel widths), the probability of interference is insig­

nificant, since the required distance separation apparently is 

much less than the valid minimum distance for which the propagation 

loss model can be employed. 

to be about 1 km.) 

(That minimum distance is considered 

A much more desirable scheme for achieving compatible 

operation under conditions of small distance separations is to 

operate the new voice net systems with s:ome frequency separation 

from known sources of interference. In defining the problem, 

operation of the new mobile units within 10 mi (16.1 km) of the 

repeater was listed as a requirement. Ten miles (16.1 km) corre­

sponds to a 40% reduction in the necessary distance separation for 

co-channel operation with 10% probability of interference. With 

a little effort one can read from the 10% curve in figure 3-1 a 

frequency separation of about 9 kHz corresponding to 10 mi (16.l km). 

Assuming the LMR equipments employ 15 kHz channel spacing, the 

repeater operation and new voice net operation must be separated 

by 1 channel. However, one might properly ask if, in fact, the 

mobile units of the new net always will be at least 10 mi (16.1 km) 

from the repeater. Figure 3-1 shows that two channels separation 

(30 kHz) would allow the systems to operate within less than 1 mi 

(1.61 km) distance separation with at least 90% probability of no 

interference. If the assumption had been that the agency was 

applying for authorization to operate in the 162-174 MHz band, an 
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evaluation similar to the discussion of this paragraph would have 

been presented for interference from the fixed base station to 

mobile units operating within a 15 mi (24.1 km) radius. 

Now consider interference between the repeater and the new 

base station. Figure 3-2 shows a maximum distance separation of 

63 mi (101 km) would be required if the systems were co-channel 

(6f=O). Such separation would result in interference power 

exceeding the interference criterion no more than 10% of the time. 

If performance requirements for the fixed installation were such 

that interference could be tolerated up to 50% of the time, then 

a distance separation of 43.5 mi (70 km) would be required. 

Similar to the preceding situation, this change in probability of 

interference from 10% to 50% reduces the required distance separa­

tion by only 31%. However, few users of the LMR net would be 

willing to tolerate a 50% probability of interference to their 

service. 

Compatible operation can be achieved by employing frequency 

separation. Looking at the curves in figure 3-2, it is seen that 

frequency separation of about 0.03 MHz will allow low probability 

of interference as well as small required distance separation. 

The ground-to-ground propagation loss mode.l (as well as the 

ground-to-air model) is a far field model. No inferences of cosite 

and/or near field coupling effects are intended by the statistical 

frequency-distance curves in figures 3-1 and 3-2. By consulting 

the tabular data in table 3-2, one observes that a frequency 
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separation of 0.022 MHz (22 kHz) with an associated distance 

separation of 1.27 mi (2 km) w�ll provide operation with no more 

than 10% probability of interference. A frequency separation of 

22 kHz is midway between one and two channel widths. 

At least one,factor influencing the curves in figure 3-2 

deserves discussion. Antenna-to-antenna coupling has been 

computed assuming each antenna has power gain of 10 dBi and that 

main beam-to-main beam coupling will occur. Further, it has been 

assumed that one antenna will be 200 ft (60.96 m) above the terrain 

and the other antenna will be 100 ft (30.48 m) above the terrain. 

Antennas for fixed installations such as the existing repeater 

and the new base station likely would have some directivity and 

be installed so that main beam-to-main beam coupling would not 

occur. A reduction in net coupling gain would reduce the required 

distance separation. However, one can observe that at 30 kHz 

(0.03 MHz) frequency separation, the required distance separation 

is so small that modeling capabilities which consider antenna 

near field and/or cosite effects must be employed if realistic 

computations are to be made of required distance separation. 

3.2 Engineering/System Design Problem 

This problem is an examination of interference that 

could occur in the 7.25 to 8.40 GHz frequency band. There 

are many terrestrial microwave links now in operation which 

employ the RML-4 class of receivers. These systems can 

operate on any of 24 frequencies in the 7.125 to 7.650 GHz 

frequency band and on any of 36 frequencies in the 7.650 to 
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8.400 GHz frequency band. The MILSATCOM system also is 

scheduled to operate in the 7.25 to 8.40 GHz frequency band. 

The possible interference that could result to the RML-4 

terrestrial receivers from MILSATCOM Airborne Platform 

transmissions is the problem which will be analyzed. Two 

questions might concern a system engineer for the MILSATCOM 

Airborne Platform transmitter: 

1. What spectral emission control (how much

filtering, etc?} must be applied to achieve

compatibility witn the RML-4 receivers?

2. Could some additional filtering be incorporated

into the RML-4 receivers to help achieve

compatibility?

The system designer must collect the best available 

data on the emission characteristics of the Airborne 

Platform transmitter and on the selectivity characteristics 

of the RML-4 receiver, as well as for the antennas used by 

each system. The antenna patterns reveal that both systems 

employ high main beam gain antennas. Thus, the antenna gain 

patterns will be highly directive, and the designer must be 

concerned with defining the regions of each antenna pattern 

I 

that provide the energy coupling between systems. A study 

of the coupling geometry reveals that only side- and back­

lobe regions of the Airborne Platform antenna will couple 

energy to only side- and back-lobe regions of the RML-4 

receiver antenna. 
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Two assumptions for the emission spectrum envelope of 

the MILSATCOM Airborne Platform transmitter and two 

assumptions for the selectivity curve of the RML-4 receiver 

are considered to generate the four plots of statistical 

frequency-distance curves shown in figures 3-3 through 3-6. 

Tables 3-3 through 3-6 are the tabular data associated with 

each respective figure. The assumptions for the emission 

spectrum envelope are: 

(1) 60 dB/decade roll-off rate at frequencies

differing by ±20 MHz or more from the carrier

frequency. This transmitter assumption is

designated AB MILSATCOM(7) in figures 3-3 and 3-4.

(2) a theoretical estimate presented in the ECAC

(1975) report which analyzes MILSATCOM

compatibility. This transmitter assumption is

designated AB MILSATCOM (R) in figures 3-5 and 3

The assumptions for the receiver selectivity curve are: 

(1) 100 dB/decade fall-off rate outside the 3 dB

passband, corresponding to a receiver front-end

containing five tuned stages. This receiver is

designated RML-4 (1) in figures 3-3 and 3-5.
I 

(2) 140 dB/decade fall-off rate outside the 3 dB

passband, corresponding to a receiver front-end

containing ten tuned stages. This receiver is

designated RML-4 (2) in figures 3-4 and 3-6 •
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Table 3-3. Tabular Data for MILSATCOM Airborne Transmitter 
(60dB/Decade Roll-Off) vs. RML-4 Receiver 
(100 dB/Decade Fall-Off) 

HAN5t1tHE:.:>: At3 '1Il5AE0'1 17> 
RE:Cc!JE�I �dl-4 (1) 

OE LT /l F 
(MHZ) 

0.0,]0J 
3,CJJJ 
6. ,J j J) 
9.0JOJ

12,0JOJ 
15, 'j j OJ 
18.:.:JJJ 
21, 100 J 
24.JiJJl 
27. 0 JO J
3J,'j.JQ) 
33.,JJjJ
�;, • G J J l 
3'3,JJJJ 
42,JOOJ
45,..:�JJ 
48,•JtlOJ 
51._JJOJ 
54,J,J0J
'., 7, S ,] 0 J 
t O, 0 ,] 0 l 
63,JJOJ 
b6, 0 JO 0
69, 0 JO l
72, J J J l 
75,C JO J
78,)000 
61.0JOJ 
c4.uJJj
87.CJOJ 
YO,JiJ01 
93.GJOJ 
96,JJOJ 
9g • L ,J IJ J 

1C2,0JOJ 
1C5,QOOJ 
11J8.')00] 
111.GQOJ
114.J-JOJ 
117.0JOJ 
120.0JOJ 
123.000)
126,0JOl
129,0JOJ
132.CJQCJ
135.000) 
138.CJJJ 
141,.100)
144,JOO•J 
147.GJOJ 
150.0jQJ 
153,JJOD
156.GOOO
159.)00J

Ti,;ANS 
LOSS 
I O,J I 

15 J. ,;2 
1 50.44 
15J.21 
14g.81 
14'3. 4 7 
14➔• 03 
1 :.1:1. &2 
14 >\. 2 J 
14 7. r; 0 
14 7. 4 J 
147,cZ 
14f::, 64 
146,25 
14 3, tl <J 
1 1+5. 51 
145,13 
1 '+-+, 7 :; 
144,38 
144, H 
143.'::>3 
l<d, 2fi 
142 • 3 :l 
142.31 
142, 11 
141.76 
141. 3'3
1'+1.01
140,f,4
14'�.26 
13':J • .,g 
139.:,2
139.14
13P..77
138.40 
133,JZ
137.65
137,2-�
136.9] 
13 b• 53 
136.16
1.35.7<)
135.42
135,J4
134. 67 
134.30
133.93
133.56
133.13 
U2.8l
132.44 
132 �J 7 
t31.7Q
131. 33
HO. ➔6

.:>>{OP 
LOSS 
( J 11 

14 8. 'i .'. 
14�.44 
148.n
147. -n
1'+7.47 
147,J?
1'•IS.02
1 .. s. 2 j
1 '+ 5. � Q
14S.4� 
145.02 
1 + '+, »4 
144,26
1'+3, !H 
1•+3,51 
1-+3. 13
142.7'> 
14 2 •. 3 8
1 '+ 2 , Q 1
1 '+ 1, 6 �
1 ♦ 1.?. 1)
1 '• '.j. � :l 
1 ➔ J. 51
140, 13 
139.76 
1 n. 3·3 
1 �'-3. 01
1 J b. 64 
1 !8. 2 6
1 H. '3'3 
137.S2 
1 ! 7 • 11, 
uo.77 
1.S S. '+ j
1 �6. � 2
135 ,b5
135. 2 ii
134.gJ
134.53
1.34,lG
133.7'3
13 �-42
133.01+
uz .67
1.32. 30
1 H. q3 
131 .56 
1 H. 1'3
130, 81
1 .IO. 44
lH,;J_
12 J. 7'] 
1�·-1.33
12➔.96

1.GJOO
-. c1n2 
- , 30_:,1
- , '>42 4

-1.J4o3 
-:-1, 1+72J 
-l. '19'3 3
-?,3179
- � ._ 1? 3 5
- l, 117� 
-t, SOll9 
-3. ll 7'3'3
-'+. 25 !l
-+,G334 
-',.)014
-5,3�51
-3.76]6
-,.13,,J
-;:, • ::; 113 
-,.8864
-7.2SJ3 
-7.6-�62
-L J1C9 
--l, Sl:135
-,-l, 753'3
-'l.1342 
- 'l. 5083 
- 1. 3e,z 4
-lJ.2563

-1),()330
-11.00Jf
-11.3771 
-t1.75j4 
-1".1237 
-12,4967 
-1�. WF
-13,2425
-U,n152
-13,9877
-14,3601
-14,7324 
-1�.1r,45
-1.-,.47'>5
-15,34➔4 
-10. ::>201 
-15,5317 
-lf,,%32 
-17.3345 
-17.7057 
-13,G7o� 
-J8,4477 
-111. ,3185 
-1J.18<J2
-U.5597

40 

Ff'R 
<DGI 

-7,4�04
-7,5E:-Y,
-7.786S 
-�.122� 
-8,52F-7
-�.-3524 
-9.3797
-9.79111

-1Q,2C39 
-1Cl,5<.i74 
-10.9�13
-11,3b0.3 
-11,7375
-12.11311
-12,4P,9,�
-12 ,8655 
-13.2410 
-13,_61f4
-13,9917 
-14,3668 
-14.7417
-t5.11G6
-15.4913
-15.8658
-16,2403
-16.6146
-16,98117
-17,3 62/l 
-17.736",
-18,1104
-18,4840
-18. 8 5 75
-:1_9_._rH II
-19,6041
-19,':3771
-20,3501
-20.7223
-21,0956 
-21 � 461H
-21.8405
-22,2121l
-22.584�
-22,951i9
-23,32118 
-23.700�
-24,0721 
-24,4436
-24,8J4g
-25,1861
-25.5572
-�!? •-�.ZJti 
-26,2989
-26,669�
-27.0401

OISTAN:E SE?A�ATIJN, MI 
:;.ooo J c10.ooo > (50.000 

?49.31 
245.94 
?40.26 
.2 .. 6. 73 
.233,97 
22'}. 31 
2?.u.35 
215, 70 
212.97 
210. 41
2:&.9�
2�2.83
198.69
1g4, 60
1q0.55
18&.52
1il2.60
179 • 42 
176.40
172. 64
16 7. gs
1 fi 3. J a
158.05 
152.%
146.70
137.62
131. 63 
126.50
121, 94
1!_'7'_."52 
113.18 
108.% 
tQ!t.,_90 
10 0. 95 

97 .13 
.'1 ��-_ltQ_ 
89. 91
86.46
8 3 •J.':+ 
79.93 
76. 83 
?,'.::t.....ll....� 
7 0 ,  91+ 
6 8. 15 
�5 .... � -� 
62.91 
n O, 43 
58,Q� 
55, 75 
53. 54 

_2_L__'t2_ 
49.36 
4 7. 38 
4 5 • 48 

19 3. 0 7 
192.26 
190.09 
1-86.BJ
182.76
177, 88
173.06
169.29
166. 38
163,75
16C, 92
157.57
153.51 
14 7, 75 
13 6, 8 6
130.93 
125.59
120.54
115. 75
111. 23 
P6-• 91+
102.83 

98. 8 9
95,09 
91, 42 
87.83 
1:14. 4 9 
!I 1. 21 
78.05 
L5-!_Q1 
7 2. 0 9 
69.26 
6�,?_!+ 
63,91 
61. 38
�lh3'!. 
56.59 
5 4. 33 

..2-z� 1,,__? 
50.07 
4 8. 0 7 

Jth-15 
44.29 
l+2, 51 
_li...ll 
39.13 
37,5!+ 
_36_!.._g_� 
34.58 
33,19 

.ll.LU 
30.52 
29. 27 
28, 0 !I

46,3J 
45. 8 d 
44.77 
'+ 3 .14 
41.23 
,39, 3!+ 
37,51 
35,80 
34,24 
32. 77
31,38
30.06 
28.81
2 7, 6 3 
26.51
25.43 
24.37
23,36
22.38
21.45
20.56 
19.71
18.89
18.11
17 .35
16.63 
15.94
15,28
1 4.61+ 
14. 0 3
U,45
12.89
1?,3§ 
11.84 
11.35 
1,JJ. 1\� 
10.42 

'3.99 
-��21 
9,18
B.79
!l. 43
8, 0 8
7.74 

_7 ,42
7,11
6,82
�2]__ 
6,26
6,21
...6._,_2_1_
6.21 
6 .21 
6.21 



Table 3-3. Continued 

162.000.J 130.5g 128.59 -n. g3;;1 -27.41C5 43.67 26.95 &.21 
16s�·Tooo 

-···--· 
130,22 1211,22 -20. 3001+ -27,71108 '+1.92 25,B 6,21 

168,JCOJ 129,d5 127, 85 -2),•,7J5 -28,1509 4 0, 24 24,83 E--, 21 
171.0000 l_?9. 4� 127_,43 -�1._J4p5 -2s. r;2 rg 38,61 2 .3.81 6,21 
174,000 □ 129, 11 1Z7, 11 - "1,410 '+ -28,89C� 37.C5 22.83 6,21 
177.0�01 128,74 126, 7'+ -21. ?llJt -29,2605 �5.55 21,89 6,21 
1. so. o o o_□ 12'3. 37 12b,37 "'.:?_?,14-17 -2g.63G1 34, 13 20,93 &,21 
183.000J 128,00 126,00 -2?.,S192 -2'3,99% •z. 75 2 0.14 E,21 
186,000J 127,63 1�5.63 -22, q8"-:, -30 , .J6A'3 31 • 42 19, 31 6,21 
189.0iJO) 127.26 !.25 • 26 -23,2577 -3G,73111 -. 0, 11+ B,52 6,21 
192,0JOJ 126,89 124, 89 -2l,»268 -31,1C72 2 8, 91 1 7 • 76 f,, 21 
195.0000 126, 52 P4,52 -23,q957 -31, 4 761 '27.75 17.0 3 0.21 
196,0)0) 126, 16 1�4.16 • 2 ... ,61+3 -:'.1,d449 26,64 1.6, 34 f, ;:> 1 
201,0QO,J 125,79 123.73 -?4,'?332 -32,21�&, 2 5, 'o7 15,67 6,21 
2 _04, 0 ll OJ 125,42 123,42 -2:;.10111 -32,5822 .? 4, 53 15, 0 3 c,21 
207,0JOJ 125�05 1�3.G5 -25.47Q? -;3.2,9506 23,52 1'+, 41 6,21 
210,0'.JO() 124,63 1.?? • 6 8 - 2'>, 'l3,'l5 -33,31P9 22, :;5 1 �, II 2 6,21 
213,)000 124,31 1?.2, 31 - 2,,. 2066 -33,61l70 ?1, &4 1 3,25 6,21 
216,0JOJ 123,94 121,94 -z·,. S746 -34,GS�J 2 0, 76 12,71 6,21 
21Y,d)O) 123,58 1.?l,'>3 -?fr-. -l42'5 -::4 ,4229 19, 91 1 ?., 19 c, 21 
222,)00) 123,21 1'21,21 -?.7,H03 -34,7907 1 'l. l1 11,69 f,, 21 
225,CJOJ 122,3'+ 1 l J , ti'+ -2.1.6779 -35,1sn 1 e. 32 11, 21 c,21 
228,J"OJ 122, '+ 7 1.� a, 4 7 -?1. �-454 -35,5258 1 7, 58 u. 75 6,21 
231,0,JJ) 122,11 120,11 -21,41:?8 -35,11932 lo,86 10, 31 6,21 
234,0JOl 121, 7 4 119,74 -23,ldQJ -.:;6,2604 16, 17 '), 88 6,21 
2 37,GJO'J 121,37 11),·,, -:➔,!.471 -.:6,6275 1 5, 51 1, 4rl 6,21 
240,QHJ 121,01 11'-:J,Dl -21,5141 -3b,9':l45 14, 83 g, 0 g 6,21 
243,GJOJ 120,64 11 fl,,, .. -n,BlJ -..ll,_3613 11+, 27 �- 7 2 6,21 
246,0:JO.J 12(i.Z7 11-3,27 -3). 2477 -::, , 7281 13, 69 ,'l, 3", 6, 21 
249,JJOJ 119,"Jl 117, '!l - 31J. 614.� -.l8,u946 1 3 . 13 1, 0 2 �.21 
2 52, CJ O ,J 11::J, SI+ 117, 54 -?l,'111!7 -3� ,4611 12,59 7,69 6,21 
255.,JjQ) 11':l,17 111,17 -31. 347J -/8. 8274 12, GB 7,37 6,21 
258,jJO] llrl,:H 1 l :-, , R 1 - :H, 71 32 -39,1'3,io 11, 59 7, Q 7 6,21 
261,·luJJ 113,44 116,4'1+ -,3'., H33 -39,55'37 ll, l1 6,78 6,21 
2 f,4, .J JO J 11:l, J7 116,07 -.:�.44S?. -�9.S256 l J, 16 6.50 6,21 
267.Q,jJ) 117,71 115,71 -S�.H!1J -4C,2914 t �. 23 6,23 f:, 21 
270, Ju OJ 117, 34 115,34 -33,17G7 -40 ,b�71 9, 81 6,21 6,21 
273,·Liil'J 116,·H 114, a ·.l -33.5422 -41. a 2 2 6 9 • 41 6,21 f., 21 
276, JOOJ 11o,b1 114,>,1 - _l7• ·:)077 -41,388() 9,02 6,21 f,,21 
279,JQQJ 116,25 114, 2:;, -3 1

♦ , � 7 .2 .� -41,7533 8, 65 t',, 21 6,21 
262,,jjJJ 115, ,18 113, 13 -'l -34,6381 -42,111\S 8, 30 6,21 f'J, 21 
285,J,JOJ 115,52 ll.,1,52 -3,,JC31 -42,48�5 7,% 6,21 6, 21 
288,JOOJ 11:;,, 15 H3, 13 - 3;, 36i3.0 -':!i,/.l4!I4 .. 7, 64 &.21 r,, 21 
2C,1,0JCJ 114,n 112 .n - ,.,, 73?3 -43,21�,2 7. :n 6, 21 6,21 
294,0JCJ .:.14, 42 112,42 -�<:,. :g74 -43,577-1 7.03 6,21 6,21 
2 97, J JO ) U<+,0';, 112, Q ,, -Jj,'.;ql'l '.'.'it3,.9.Lt2.-l o.ZLt. 6,?1 6,21 
3CO,JJJJ 1U,6'l 111 ,id - .h, '\2o3 -44,3067 6,46 6,21 f-, 21 
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Table 3-4. Tabular Data for MILSATCOM Airborne Transmitter 
(60 dB/Decade Roll-Off) vs. RML-4 Receiver 
(140 dB/Decade Fall-Off) 

T�ANSMITff:<.: AB MIL.SATCOM (71 
,sECC::IJc:!{: �•1L-4 (�l 

DELTA F 
(Mf1Zl 

0, 0 dQ J 
3. J J Q J
6, G JO J 
g,JJOJ 

12,00DJ 
15,JJJJ 
lil,CJOJ 
21, J J J l 
24,0JOJ 
'c 7, 0 ,J J l 
30,JJJ) 
33,JjjJ 
36,J.JJ) 
3g,OJOJ 
42, hlO J 
45, '.i J J J 
48,GJOO 
51, U U O l 
:>4,1;0J) 
S7,CJOJ 
l, (J. J J J J 
63,)JJJ 
f-6,JJOJ
b9, ) JO 1 
72.�J:]1 
75�(J)J 
78.�i]')Q 
e1,0JOJ
P4,,,J8J 
87,0JIJJ 
YO, ::HO J 
93,SJCJ 
%, D JO l 
99, CJO'l 

1G2,,JJOJ 
105,0,100 
1u8,QJOJ 
111,J;j] 
114,JJOJ 
117,010) 
1 20,0QOJ 
123,0001 
126,)00J 
129,tlJOJ 
132, J JO) 
135,J'JOJ 
138,:i.JJ) 
141,J.JOJ 

144,.JJOJ 
147, JJJJ 
150,.JJOJ 
153,0001 
1 56,)')0J 
159, 0 Q O l 

TRA"S 
LOSS 
(J',) 

149,61 
141,20 
148,lb 
1,,1, -31 
147,88 
14 7. 4G 
147,0Lj 
.!. 4b, 6 7 
146, 2 °J 
145,'ll 
145,'i4 
145,lb 
144,7g 
144,41 
144,03 
143,66 
1 t. 3, 2 j 
142,91 
142. 3 3
11+2. 16
1!tt.78 
141,41
141,;3
14:,60
14 0 ,·2 'l 
139.91
139,54
1 39. 16
138. n
13.'J,42 
13 'I, 0 4 
137,67 
137,30 
13b, 'JZ 
1.36.55 
1.h,, lo
135,81
135.43
1 3 s. Jo 
134,69
134,32
133.95
1J3,57
133,20
132.83 
132,46
132, ff'l
1.31.72
131,35
130,9d 
1 30, 6 Q 
13C.23

J,\OP 
L0S5 
(lJ :3 I 

14 7, ,, 7
14 7. ii 7 
11.?,bl 
147.ZJ
1 1·♦'�,76 
1 1♦ 6. -i: 1 
1 ·,5, ii 8 
1'�?,46 
1�s.00 
1 '♦ 4, 0 7 
1'♦ 4, ?'J 
1-d,'H
143. ',4
1c+3, U, 
1 1• 2, 7 'I 
1➔2,41
1·♦2,23
1 '♦ 1 •. s F,
1 '+1, 2 l 
11♦ J, ') 1
1·+0,53
140. 1 F.,
l) ·:), 7 d
139.41
13Y,·:3
138, 66
1.38. 29 
1i7.91
137,54
137,lb
1 36. 79
U6,42
1 S6 ,.D 4
135,&7 
135.3�
J..34_,n 
134,55
134,18
133,1\1
133.!+3 
!3�.C6 
132,6':i 
uz .. 32 
1 H, �5 
131,57 
1,1,2;; 
13:.83 
1 .3J,46 
130.Q';l
1�'j.72 
+29,3',
128. 98
128, F,Q
1?3.23 

')F '< 
er:; 'll 

'. � 8 0 0 
- • �g,i J
-_._303� 
-. 76 73 

-1. 2153 
-LJ,6J3 
-2. ·)955 
-!,-3157
-2.H'lS 
- -�. 7, Q f, 7
-L 6'l4',
...... )nJ Ii 
··4, 43,d
-'♦ ,8127
-,__. tR�5 
-S,5041
-',, 'l396
-�. 1150
-S,6902
-7. :553 
-

7
• 

1+4 0 3 
-7.3151 
-'i. 1 :3'37
-l,5G43 
-'l. 9387 
-!. 3130 
-).6871 

·lJ,O611 
· 1: . 43 S:
·1J.iJC87 
-11.1823
-11,5558 
-11,.1291
-12,3023
-12,6753 
:J. 5., 9 4 lt.2. 
-U,4210 
-13,7937
- J 1♦ , 1 &0·2 
-14. 538&
-1'+,HJ�
-1�. zazg

-1'i,fJ549
-1;;.c263 
-F, . .n35
-F,,7701
-1',1415 
-17,51:'3 
- 17,8840 
-1L?55Q 
-13,6259 
-13.9%7 
-tJ.3674 
-l-J,737"!

-d,0277 
"-8, 12c;/l
-8, 3Y.1�
-a,7c;50 
-9 ,2431 
-9, 6 IJ,q 3

-1u, 1'231
-lG,5435
-10,9464 
-11,3c44
-11.7123
-12,0885
-12,4645
-12,84C5
-13. 2162._ 
-13 ,5919
-13,9674 
-1<♦._3427 
-14,7179
-15,J93Q
-15. 4f,/l0
-15,842�
-Hi,2175
-16,59'.'0
-16.%61+ 
-17,3407 
-17,7148
-111. 0 888 
-18 ,4627
-18,8364
-19,2100
-13,56".5
-19 ., .. 512.9 �
-20,33B
-20.7031
-a._J!l..:fa ll
-21,4488 
-21,8214
-�2 d,5J9
-22,5663
-22, 9386
-23 .• ,HQ.7
-23,6827
-24,0545
-,�� .•.. 4 Zf>. �
-24. 797",
-25,1692
-25,5405
-25 ,9117 
-26 ,2823
-26,.£,,537
-27,0244
-27.3951 
-;:? , 7b56 
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nrsTAN::: S�PA�ATION, HI 
:;,QOO J 110,000 I 150,00C 

2�7.52 
2�6.71 
234,90 
?�1.4? 
223,23 
216,61 
213,47 
210,8J 
2C7,36_ 
.?H, 12 
198,g7 
194, Sil 
190,?2 
1 ° b, 79 
1_'1?.• 83 
179,61 
176,61 
17?, 93 
168,27 
163.31 
1 c; 8, 36 
153,28 
147,26 
1�8,GC 
131, g? 
126,77 
1?.2,20 
117,77 

113, 42 
109,20 . . . ,., .. , .. . . . . 

10-5.12
101,16 
_97 ._33
93, 66 
9 o. □9 

�It. 
113, 31 
8 0, 10 

-7J>....!..1'i 

73, 98 
71. 08

.. � 
'65.6i) 
6 3.03 
.QJ!,54 
58,15 
55,85 
5,3 ,.§_t+_ 
51 . 51 
49,1+5 

.!±L't.R. 
45,56 
43,74 
41. Jg

187. n

18F,.77 
184,15 
179.73 
174,52 
170,19 
166,:n 
164, 12 
161,20 
157.o2
153,81
148,47
137,27 
131,31
12 5, g 3
120,86 
116, 0 5
111, 51
10 7, 20 
103.08

99,P 
9 5. 32 
91. 61+ 
8 8, 10 
84,69
81, l+J 
78,23
75,18
7 2 ,'2 5
69.42
66.69
& 4. 0 5

_§1, 51
59. 0 7 

56,71 
2.� 
, z. 26 
, o. 11 
48.!.11 
It&, Zit 

. 44, 38 
li.t..ll 
40,86 
3 g. 20 
ll....li 
3&.10 
34.65 

_:u. z2-
31. s9
3 0, 5 !I
.?-9........U.. 
2 8.1 3 
2 7, 0 0 
25.92 

4 3, 5 3 
43,1 2  
41,87 
4 0, 0 3 
3 ll, C 3 
3S,24 
34,5'+ 
32,97 
31,5 □

3C,1 5 
28.89 
27,71 
26,53 
25,50 
24.44 
23.42 
22,44 
21,51 
20,62 
19.7& 
18.91+ 
18,15 
1 7,40 
16.&8 
1 5, 9'3 
15,32 
14.&8 
14.07 
1 3,48 
_12._cg_ 
1 2,39 
11 .87 
ll ... R 
1 0,90 
1 0 ,45 
.1...0...t.il 

9,&0 
9,20 
hll 
B,45 
!I. 0 9 

L.ll_ 
7. 43 
7.12 
� 
&.54 
6,27 
�....t...U 
6.21 
& • 21 
L..ll 
6.21 
6.21 
6.21 



t62.000J 
.. 6s.onof 
168.JOO J 
171. ,)00]
T11+.-01o·Y 
177.0jQJ 
18 0 •. o JO J 
183 • .JOOJ 

186.000J 

1eg_,_a_: a J 
1'12. il Ju 1 
1'15.JJOJ 
,1,.'ld_.qJ0J 

201.0001 

204.0uO J 
207.)00) 

210.iJJOJ
213,)00) 

216,JJOJ 
219.GUilJ
222,000•)
225.GJOJ

228.0J0J

231,JJOj 
n4.0QOJ 
237.JJ01 

21+0.0DOJ 
243,jJGJ 
246. ·J JO J 
24'1.JOOl 
�52, JOJJ
2!=5,JCJJ
2 58. •) 0 0 J
261.JOOJ 
z 6<+. a Jo 1 
2t,7.0JOJ 
270.GJ0,J 
273.)00)
276.JOOJ 
279.JJOJ
282.JJJJ 
285.JJOJ 
288.000) 

�S>l.OJiJJ 
294.QjQ]
2S7,00JJ
3GO,Ou'.iJ

12'1.86 
129.4'1 
129.12 
128.75 
1?.8.-3if 
128,01 
127. 64 ·-···----·-·- .
127.28
126.91
��!.2� 
12 t>.1 7 

125,'lJ 
.1.25-.43
125.06
124.6�
1?_4.32 
123, g,:, 
123,59
12-3,22 
122. il 5
122.-+ 8 
1c2. 12 
121.75 
121. 33
121,H
120,65 
120. 2 'I
119. H
119.55
119. 111
t 1 cl. 'l 1
118,45
11,'I. :) 8 
117,72 
117,35 
116. '-11:1 
116. 62
11G,25 
11'5.89
115_. 5 �
11<:i.16 
114,71
11 '+ • 4.3
114.06
113.7]
113. 33
112.·37

Table 3--4. 

1u. Bo -·--
127.4'1 
121.12 
126, F,-·-· - - --126. �-�
126.01 
!ZS, 64
1!5,28
124. 11
1_24 • <;4
124.17
123.8:J
U3.4 3
123.U,
1 !2, (:.g
1?2.32
121.%
121.53
1-� 1.?. 2
LU.'15
120 ,<+d
12J,12
119.](j 
1L 3. ,Hl
11:,.01
11 '.l • f, 'J
11-�- 2/J
117 ,91
117.53
11 7, 1 /I
116,?-1
116,4S
116. 1j j
115. 72
11. 3. � 5
114 • q'I
11<+,62
114,25 
113 • 8 ')
1 t3 �-2.�
113,16
112.71
uz.1tJ. 

1.i.2,()f, 
:.11 • 7 J 

11.1 .• :33 
110.'1/ 

-2J,1C82 ··----·--··-
-2). ,.7,5 
- 2 J, P,4 � 6 
-?:..�1?16
-21,58�4 
-21,95131
-2?,1277 
-Z:?, 6972
-23,}665 
�?_? ·-�� :j 7
·23,f)[-47
- 2i+.1736 

-24,]4?4
-14,91�1
-z:;, 271S 
-2?.�4�!J
-?C,,)1 6�
- ?;j. 38!+!+
-2,',, 7524
-;n,1z-n 
-zr. 1,880
-21, -15:;.,
-2'\,2231
-2'1, :;gJ4
-2 l, �s ro

- ? ; • '24 7

-"4.sq17 
-3:J,JS�5 
- 3:, 1+2 52
-3S, 7918 
- H,1:'d?.
-:i�. ,;z4c:;
-n.�g·j, 
-.lZ,;.567 
-5?,':--226 
- -� �. ge g <+
- n. 3_541
- 3 l. 71 ·-Jlj
- ? 1+ e J 8 5 Q
- ,4. 420_2 
-3'.+,81'54 
- 35, lo J 4
- J5, ?_it.? .3_
-33,Q100
-.�,.?746 
-J_2,2J'H
-37.JG35

Continued 

-28 .13GC 4 0, 3J 24.87 F,, 21 
-?8,5062 3.3.&7 23, 85 6,21 
-28.8763 � 7 • 11 22.87 f:, 21 
-29,24r)3 :� 5. 61 21.'13 6, 21 
-?9,6162 3 4, 1 '\ 2 1. Q 2 6.21 
-29,98'3') 12 • .0.0 2 0 • 1 7 6,21 
-30,3555 31 .47 19,34 6,21 
-30,7249 ,J. u 13. 55 6,21 
-31,QCl42 28. 96 1 7. 7 'I E:.21 
-.H,4634 27.7'1 1 7. Q 6 E,, 21 
-31,8325 26.68 16.36 6,21 
-32,2014 2 5. 61 15. 6 9 E,_. 21 
-::2,57n2 24,56 15,05 6,21 
-32,9388 2 3 • 35 14, 43 E:.21 
-33,3073 2 2 • 5� 13,83 ':>, 21 
-j3,6757 21. ')6 13.27 f·. 2 1 
-34,0440 n. 79 12,72 f,,21 
-34,4121 1 'cl. 94 12, 2 C c.21

-34,7801 19. 13 11. 7J f,, 21 
-35,14flQ 1 :l. 34 11.22 6,21 
-:55,5157 1 7 • GO 1 J, 7 S f-.;, 1 
-:::,.an3 1 S. 8-'I t>J, 32 6,21 
-3b.25C� : ". 1 g 1. 8g 6 ,21 
-36,61112 15.53 9. _49 6.21 
-3:i,9854 14. go '3, 10 s.21
-:q.�5?5 14 • 29 :i.n f , 21
-37,7194 13. 71 8,37 6.21 

-38 ,_0 IH·2 13.15 il. 02 "-, 21 
-3�.4529 12.61 7. ::,g ",. 21 
-::,8,8193 12. Q<; 7. 3 'l f., 21 
-:,'),1851 11. 6C 1. o 1 6. 21
-39,5522 11. 12 6. 79 f:, 21
-3g,g1114 1-J.67 6.51 6,21 
-40.,21'44 1 J. 23 6.24 c,21
-4G,650<+ g. 1\2 6.21 6,21 
-41,Ll61 9.41 �J. 21 (:, 21 
-41. 3 8B 9.03 b.21 f-,21 
-41,7473 8. ,F, s.21 f-, 21
-42.11:'7 '3 • .ll 6,21 f, 21
-42, 4 7 �) 7 • 97 6.21 0,21
-.. 2 ,8431 7.64 0,21 f.::. 21
-43,2CR1 7.33 6.21 6,21
-1!3,5730 7.03 b. 21 6.21
-43,g377 F, • 74 6.2t 6,21
-44, 3G24 t:>.47 6.21 6, 21
-l;'t.., 6.flfi9 6. 21 6.21 6.21
-45.0312 S. 21 6. 21 6 .21 
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Table 3-5. Tabular Data for MILSATCOM Airborne Transmitter 
(ECAC Emission Envelope) vs. RML-4 Receiver 
(100 dB/Decade Fall-Off) 

TRANSMITfE"<: l\fl '1IL5ATC0'1 (�I 
><ECC:IJ=-?1 �ML-4 (11

O!:.LTA F 
{Mf1ZI 

O,OOOJ 
• s u a 1

1, : JC l 
1, 5 l) U J 
2,000) 
2,5JOJ 
3. : J J J 
3, :,J;J J 
4,CuOJ 
4,5.JDJ 
5, J J1)') 
5,5Jul 
6, J JO l
6,500]
7,000)
7,5J01
8,J;JOJ 
8, ': tl tl l
9,JJIJ} 
g, 5: 0 l 

10,00Q) 
10,5JOJ 
11,Jutll 
11,5u0l 
12,.]JOJ 
12,500)
13,JJ!)J 
13,SOOJ 
14,CJOJ 
14,5JOJ 
15,00Q,) 
15,'>0uJ 
16, Q ,j O l 
16,5:JOJ 
17,0JOJ 
17,5J01 
18, 00Q1 
18,5JOJ 
19,0tlOJ 
19,500') 
20,QJOJ 
2G,SJOJ 
21.0.101 
21,500) 
22,CJJJ 
22,500) 
23,JOOJ 
2J,5uOJ 
24,0JO:J 
24,500] 
25,JJOJ 
25,5jQJ 
26, u tl0,J 
26,':dOJ 

T-<.�NS 
LOSS 
(LJJ) 

152.15 
152,% 
152,% 
152, '37 
152,98 
15 l, J Q_ 
15-l,:J2
153,04
153,:Jo
153, B 
153,11
153,1.3
153,15
153,17
153. U
153,ZQ
15.3,21
153,22
15l.21
153,2]
15S,1'3
153,16 
15-i, 13
153,09
15.3,)4
152, :J cl
152,'ll 
152,3 3 
152,74
152,63
152,51
152, 37
152,ZZ
152,06
151,il'l
151. 68 
151, 4 'l
151.25
151,'ll
150.76 
15 0, 4 il
15J,19 
149,88
14'l,55
141,20 
148. 113
14d,'�4 
14 2,, Ll 2 
147,59
147,14 
14 ·o, S6
146,17
145,65 
145,12 

t'3;_QP 
LOSS 
(Jill 

LiQ ,95 
1r;o.% 
1'>� • q f, _  
150,97 
15 0, 98 
1 =i 1_._0 C 
151, J 2 
1s1. iJ4 
1_'51 ,_G_6 
l·Ji,0'1 
131,11 
1 :i 1. 13 
1',1,15
hl, 17
Lil, 1S 
101.2�
bl.�1 
Li1.22 
1-,1.?1 
101.2:
101. 19 
1',1,16
151,13
1s1. n
1 j 1, 0 '+
1 :iJ, ·B 
1 'i O, 91 
1:; a. 6:
!. j �. 74
1:i0, ':>3 
1,o.c;1 
1�0.37
15-,2c
l?J,06
11+9, I\ 3 
1'+9,68
149,45
149,25
1 '.+9 •. o 1 
11+ 8, 7 6
11+3. 41 
1-+8, 19 
1'+7, 88 
1-47, 55 
14.7,2J
11+6, fl 3 
1 '♦ t), !+4
146, IJ 2
145,S'l
145,14
11+4,66
1 4, 17 
1 3, 6,,
1 3, 12 

rJF" 
(0 'll 

j, )QJJ 
, JO .20 
__. .lLi'._!3 
• 7172 
, ]238 
, ]45-3
• � 6 3 4
• i 83 7
, 10 5',
�'t21� 
, 1 S21 
, 1755 
, 19 31 
, 213!3 
,?36!3 
• ?5:j 7 

• 2� '15
• Z6-�:> 
.?537
• ?5 ·J 4
,2343 
, 21B
,l7:l5
, 13"7 
,,)90& 
, '] 311 

- • J 3'l3 
-,1217 
-, 215 8
- • 5229 
- • 4!+3 8
-,57➔8 
-.7_�_JJ,
- • 995 8 

-1. J752 
-1, ?-f?.c1J 

-1,4771 
-1. 7004 
-1. ➔395 
-?,1953 
-;>,4691 
-2.7621 
-3.0740 
-1,4045 
-1.7542
-!+, 1245
-4,51S7
-4.'330J 
-'5. 1637
-5. �173
-_r,.zgJ '3
-6. 785]
-7,3003
-1. :l3H

-OR 
IDtl I 

--

-5,0461 
-5.04.43 
:-:-_5_. 0 3115 
-5.0201 
-5.0165
-5,0_0JIJ
-4,9/\29
-4, %27
:-:-'+,9408
-4 ,91 B 
-4,8942
-4,87C8
-!t, 848 J
-4,8275
-4,80%
-4,7Y56
-4.7.863
-l+.7637
-4 .-7%6 
-4,79'39 
-4,8121
-4,8355
-4, 86f',3
-4, 9C f,6 
-4,95S8 
-5,0152
-5,0858
-5,168]
-5,2622
-5,3692
-5 ,4902 
-5.6262
-5,F6_9
-5.9421
-6,1215 
-6,3152 
-6.5235 
-6,7468 
-!> ! 9_8 5 a
-7,2411' ,
-7.5154
-7,(IQ/14.
-8,1203 
-8,4508 
:- § __ , _ _.� G_ Q§
-9,1701
-9,563� 
-:_9,9_7_63 _

-10,4100
-10,8E,36
-:_li_._}3 73
-11,8313
-12,3466
-12,8645 
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DISTLIN:I: SEPl\��TION, MI 
5,000 I (10.000 I (5u,COO 

?71.12 
271,11 
271, 01 
'.:'71,06 
271,01 
2?0,%_ 
270 ,9J 
27 0, �3 
270_. 75 
?70,67
270 ,5g 
270,51 
270,43 
270 ,36 
?70,30 
270,2n
�70,23 
270, �2 
21 o. 23 
2 7u. 26 
270, 31
270,39
270,49 
270,63
270, 80
2 71,Cl
271 • 25 
271,.49 
271,72
2_71. ill_ 
271, 85 
271, 53 
�10. n
.269,14
2fi6, 84
_264,37_ 
261.P,2 
259,28 
�',6,64_
253,71
?4 7, ')3
�J_1�E>_

)�36, 75 
234 ,  50 
n1c_� '!1 
224. 111
21 7, 79 
214,_4_?_ 
211, 69 
.208,19 

_LQJ___.__Q� 
197.67 
192, 09 
t%, 32 

222,06 
222,08 
222, 13 
222,21 
222,31 
222,44 
222.5'3 
222,76 
222,93 
2 2 3, 12 
2 2 3, 3 0 
223,48 
223,66 
22 3, 8 2 
223,% 
224,07 
224,U 
224,lS 
22 4, 14 
2 2 4. D 6 
22�.94 
223,76 
223,52 
223,2tl 
222.81 
222,3 2 
221, 72 
220. %
220,00 
218_. 7_'} 
?17, 13 
? 14. 8 3 

212,06 
20 9, 2 o 
206,85 

_iJ�8� 
202.66 
200.38 
197, 9!> 
195,42 
192.73 

189,87 

186.83 

183,55 
J,1�_6_L 
17 5. 3 3 
171.28 

16_7.96 
165.01 

161 • 84 
157. 80 
152. 36 
139.65
130.65

6 0, 4 S 
60,44 
60,4� 
SO, 5 4 
6 0, fi 3 
60. 73 
60,83 
60,93 
61,13 
s1 .n 
61,43 
61. 5g 
61, 74 
61, 8 3 
62,0) 
62, 0 'l 
62,15 
62,17 
6 2, 15 
62, 0 g 
61,98 
61,83 
61,62 
61,35 
61, 0 3 
60,63 
60,17 
59.64 
5 q. 0 3 
_5_1!_,12 
5 7,58 
56,73 
5 5. 81_ 
54 ,81 
53,75 
? _£.!.Q_� 
5 1.43 
50.1'3 

_!t_8___._!Ll_ 
4 7.53 
46.12 
4 4 ,66 
43.15 
4 1.60 
40,01 
38.39 

36.75 
35,11 
33.1+6 

31.8;) 

30.11+ 
2 8 • 51 
26.93 
25 .37. 



27.000 □

27.500() 
28.0uOJ 
28.500'1 
29.000) 
Z9.5j01 
30.000) 
�-•_2..IJ_Q_ g 
31.0000 
31.5j0) 
32.0JOJ 

- ----·-· ----

32.5000 
33.0JOJ 
}}_. 5 0 0 J 
34,llJOJ 
34.50ou 
3?.• C tlQO 
35,50 □ '1 
36.0JOJ 
3f:i!5� _0_) 
37,000) 
37.?uOJ 
38.J)t)J 
38,5JOJ 
39. iJ GO l 
39.5J<JJ 
40.v:JOJ 
40.SJOJ 
:.1,,Ji)QJ 
41.SJOJ 
42.JJiJ) 
42 • 5 ,Ju J 
43,JJQ) 
43, 5 il OJ 
44,0Jl)J 
44,5)0) 
45, ;Ju OJ 
45.51uJ 
4b,JO•JJ 
46,5J01 
47,QjJ) 
47,5jJ:J 
<+d. 'J JQJ 
48,:,JD1 
49,011'1 
49.�jQJ 
50,'1JGl 

144.55 

143.96 
143.35 
142. 70 
142. 04 _,. _____ . 

141.36 
140.67 
J3_� '!7 
139.26 
138.54 
137.81 -·-·- ---- ...... -· 

137, J 8 
1 36,34 
13 5.60 
134,85 
134.10 
13_:l,35 
132.59 
L31.'34 
. __ 3 _1_. ;_,d 
130. 32
12➔• J6 
128.BG 
12�.Ll3 
121.n 
1 2f:,. 30 
12 5. 1 '+ 
124.97 
1Z4.2J 
123,4<+ 
�22,67 
12;.. 9.; 
121.13 
120.36 
� ◄ a ,- ".l 
- "" , . _J ..,

l.1 i\, i\ 3 
118,i]r� 
117.23 
lli.i, 52 
115. 75 
114, '1il 
114,21 
113.43 
112, 61' 
111.91 
111.14 
llJ,37 

Table 3-5. 

142 • '> 5 
li+l.% 
TTi�s 
140. 7J 
1L+J.C4 

-· -- -- ·-----· -

139.�S 
1B.f,7 
q7.'H 

137.26 
1 H:,. 54 
_135 _.13J 
135 . uE 
1: 4, 34 
113.F:,j 
132.�S 
132,lJ 
!_lJ • 3'> 
U0,5'1 
1Z9.34 
1?9,td 
12d. �2 
127,'iS 
�26.RJ 
1:�f,.G3 
us, 27 
P4.">,) 
1�3.74 
1i?2,g1 
1.!2.�: 
1-7.1, 44 
1:?J,(-,7 

119.qJ 
11 c_1, l 3 
118,30 
117,S) 
11':,. '13 
1 l f, • u o 
115.2-:i 
114. 'o 2 
1l3. 7:, 
112,g,3 
112.�1 
111.45 
ltO.td 
1,9.11 
ug. t4 
1Ji:i.:37 

-R, 4 CJ 4 
- L ')8g5 
-cl,':>U70 

-1). 24-H 
-1),':>107 
-1 t. :51\/\8 
-1�.2/1�5 
-1 �. _)8 3 6 
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Table 3-6. Tabular Data for MILSATCOM Airborne Transmitter 
(ECAC Emission Envelope) vs. RML-4 Receiver 
(140 dB/Decade Fall-Off) 
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Let us now examine the information contained in the 

statistical F-D curves. First, notice that all curves are for 

an interference criterion I/N = 0 dB� (In most cases, this 

interference criterion would be a safe, perhaps even 

conservative assumption.) The criterion is specified by the 

model user when supplying the input data. Secondly, notice 

on these figures that curves are plotted for 5%, 10%, and 

50% probabilities of interference. In the preceding example 

10%, 50%, and 90% probabilities of interference were used. 

These values also are specified by the model user when 

supplying the input data. 

Figure 3-3 shows curves for the AB MILSATCOM (7) vs. 

RML-4 (1) pair. In the figure, a maximum distance 

separation of �249 mi (401 km) is required if the systems 

are tuned to the same frequency (6f=0). This value is shown 

by the 5% curve which has the meaning that interference 

power will not exceed the interference criterion more than 

5% of the time. The 5% curve also can be thought of as 

portraying at least 95% probability of interference-free 

operation. If the RML-4 receiver can tolerate 10% 

prooability of interference, the required distance 

separation drops to �193 mi (311 km) - a 22% reduction in 

I 

required distance separation when the systems are tuned to 

the same frequency. 

One would need to examine channel frequencies and 

bandwidths to determine frequency separations (between the 
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airborne transmitter and the microwave receiver) which could 

be used. But, assume that 25 MHz is a workable frequency 

separation. Then figure 3-3 shows that about 212 mi (341 

km) separation is required for 5% probability of 

interference and about 166 mi (267 km) separation is 

required for 10% probability of interference. Compared to 

the distance separation requirements when 8f=0, the 

reductions in required distance separation when 6f=25 MHz 

are 14.9% and 14.0% respectively. 

Now consider the effect of assuming sharper selectivity 

of 140 dB/decade roll-off rate outside the 3 dB bandwidth 

for the RML-4 receiver. The transmitter emission spectrum 

is still assumed to be 60 dB/decade roll-off rate. Figure 

3-4 shows the statistical F-D curves for this transmitter­

receiver pair, i.e. AB MILSATCOM (7) vs. RML-4 (2). At 

6f=0, the required distance separation now is �238 mi (383 

km) for 5% probability of interference and �188 mi (302 km) 

for 10% probability of interference. Allowing the 

probability of interference to increase from 5% to 10% now 

provides a 21% reduction in required distance separation at 

6f+0. At 6f=25 MHz, the required distance separation is 

�206 mi (332 km) for 5% probability of interference and �160 

mi (258 km) for 10% probability of interference. When 25 

MHz of frequency separation are employed, the reductions in 

required distance separation are 13.3% for 5% probability of 

interference and 14.8% for 10% probability of interference. 
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Comparing required distance separations between figures 3-3 

and 3-4, one observes that at 6f=0 the sharper receiver 

fall-off rate reduces the required separation by only 4.8% and 

at 6f=25 MHz the reduction is only about 2.4%. 

Statistical frequency-distance curves portrafing the 

influence of the theoretical emission spectrum envelope 

published in the ECAC (1975) report now will be examined. 

Figure 3-5 shows curves for the AB MILSATCOM (R) vs. RML-4

(1) combination. The distance separation at 6f=0 is shown

to be �271 mi (436 km) for 5% probability of interference 

and �222 mi (357 km) for 10% probability of interference. 

These required separations are larger than the comparable 

values shown in figures 3-3 and 3-5. The reason is that the, 

revised emission spectrum envelope has considerably reduced 

spectral power density at frequencies greater than ±20 MHz

away from the carrier frequency, yet the total output power 

has been assumed to be the same. Thus, the spectral power 

density at frequencies less than ±20 MHz is greater for the 

revised spectral envelope than for the envelope with 60 

dB/decade roll-off rate. 

Returning to discussion of the information contained in 

figure 3-5, one observes that allowing 10% probability of 

interference reduces the required distance separation by 

18.1% at 6f=0. As before, if frequenci separation of 25 MHz

is employed, the required distance separations are � 203 mi 

(327 km) for 5% and �158 mi (254 km) for 10% probabilities 
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of interference. The respective reductions in required 

distance separation are 25.1% and 28 .9%. The revised 

emission sepctrum envelope and frequency separation combine 

to yield an important reduction in required distance 

separation. 

Finally, consider figure 3-6 which is statistical F-D 

curves for the AB MILSATCOM (R) vs. RML-4 (2) transmitter­

receiver combination. The required distance separations at 

6f=0 are �270 mi (4 35 km) for 5% and �210 mi (338 km) for 

10% probabilities of {nterference. Accepting 10% 

probability of interference, rather than 5% probability of 

interference would reduce the required distance separation 

by 22% when the more selective RML-4 receiver is used. 

However, comparing similar data at 6f=0 for 5% and 10% 

probabilities of interference shows that the respective 

required distance separations are reduced by only 0.4 % and 

5.2%. At frequency separation of 25 MHz, the required 

distance separations on figure 3-6 are �181 mi (241 km) for 

5% and �123 mi (198 km) for 10% probabilities of 

interference. These separations compared to the required 

distance separations at 6f=0 represent reductions of 32.9% 

and 91.5% respectively. 

The reader will notice in figures 3-5 and 3-6 that the 

curves show maximum required distance separations at about 

10 MHz frequency separation. This phenomenon occurs because 

the receiver bandwidth is narrower than the emission 
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spectrum width. Under such conditions, the statistical F-D 

curves tend to follow the slope of the spectral power 

density envelope which is maximum at 6f=l5 MHz.

In summary, the statistical frequency-distance curves 

in this example lead t,o and support the following 

conclusions: 

1. Separation between the operating frequencies of

two systems can be very effective in reducing the

required distance separation between the systems.

2. The shape of the emission spectrum is a dominant

influence upon required distance separation when

the 3 dB bandwidth of the victim receiver is

narrower than the 3 dB emission spectrum width.

The shape of the receiver selectivity curve is a

relatively insignificant influence.

3. When the interfering tansmitter and victim

receiver are tuned to the same frequency (6f=O),

the dominant factors which influence required

distance separation are (1) the relationship

between emission spectrum width and receiver

bandwidth (2) the receiver noise power, (3) the

interference criterion, and (4),the total output

power of the interfering transmitter.

4. Probability of interference has a significant

influence upon required distance separation when a

given frequency separation applies.
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4. CONCLUSIONS AND RECOMMENDATIONS

Conclusions 

1. A method of calculating trade-offs in frequency and

distance separations between interference sources and 

potential victim receivers has been developed which 

considers the probabilistic nature of contributing technical 

factors. 

2. This technique provides trade-offs of direct interest

to frequency managers and incorporates a more realistic 

description of key technical factors affecting interference 

than has been generally available in the past. 

3. The technique is user-oriented and allows various

options for the description of input characteristics. 

4. The technique is based on a general structure capable

of expansion to consider additional statistical data as they 

become available. 

s. The technique allows consideration of a wide range of

interference situations including ground-to-ground and 

ground-to-air combinations. 

6. The use of this technique is limited primarily by the

availability of valid statistical descriptions of input 

factors. This initial model uses statistical descriptions 

of propagation loss and antenna power gain. As recommended, 
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additional work is needed to adapt and develop statistical 

descriptions of other technical and system performance 

factors for incorporation into the model. 

Recommendations 

To improve the validity and general utility of the 

Statistical Frequency-Distance Curves Model, it is 

recommended that: 

1) A capability to 1ncorporate statistical emission

spectra and receiver response curves be added.

2) The validity of available antenna models be

verified with empirical data.

3) Statistical data be acquired for emission spectra

and antenna gain patterns using the Radio Spectrum

Measurement System, bench measurements, and other

sources as available.

4) A data base and data analysis procedure be

established for the storage and use of statistical

characteristics.

5) The techniques be expanded to allow consideration

of probabalistic performance factors (S/I, D/U)
I 

such as those that are contained in the EMC

Degradation Handbook (Kravitz, 1973).

6) The techniques be expanded to allow consideration
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of temporal and spatial characteristics of 

telecommunications systems as determined by their 

operational use. 

7) Additional options for synthesis of equipment

characteristics be incorporated.

8) Freespace propagation loss calculations be

available as a selectable option for the loss model.
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APPENDIX A. USER'S GUIDE 
FREQUENCY-DISTANCE CURVES MODEL 

A.l Functional Nature of the Model

The general characteristics of any interference 

condition are dependent upon knowledge (real or assumed) 

about the emission spectrum of the transmitter, the power 

gains of the transmitting and receiving antennas, the 

attenuation of the propagation medium, and the selectivity 

and sensitivity of the receiver. 

Emission spectra and receiver response characteristics 

are primarily frequency dependent phenomena. Transmitter 

frequencies may be adjusted and radiated and/or received 

signals may be filtered to reduce interference. Propagation 

loss is both frequency and distance dependent, but the 

distance dependency is the primary consideration in 

analyzing an interference problem. 

The procedure for developing a curve that relates 

frequency separation and distance separation (F-D curve) 

requires one to determine the isolation that is required 

between two systems for a given frequency separation and 

performance condition. In this model the interference 

criterion is interference power-to-receiver noise power 

ratio. Knowing the isolation that is required between 

systems, the propagation loss expression is solved 
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implicitly to obtain distance (rather than knowing the 

distance and solving explicitly for propagation loss). 

The detailed and lengthy computations which are 

required to produce frequency-distance curves are ideally 

suited to programming for computer solution. This model is 

a computer-based model that calculates these frequency 

separation-di�tance separation relationships. Further, the 

model is enhanced by its statistical characterization of 

propagation loss and antenna gains. 

The functional organization and operation of the model 

are depicted by figure A-1. Three principal sub-sections of 

the model are indicated by lightly dashed lines. 

The upper left portion of the figure depicts the speci­

fication of emission and receiver characteristics, the 

process of combining the emission spectrum and receiver 

selectivity to obtain the amount of interference power that 

is at the output of the receiver filtering, and the 

utilization of the information to provide frequency-
' 

dependent rejection (FDR) data and/or the interference 

protection (IP) as a function of frequency. These 

operations are performed by the models INSPECT or NEWSPEC, 

depending upon the selection of the user. The detailed 

mathematics of these models is contained in Appendix C. 

INSPECT provides a general capability for specifying bounds 

(in straight-line segments on semi-logarithmic paper) for 
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the emission spectrum and receiver selectivity curve, 

whereas NEWSPEC provides a capability for theoretically 

modeling the emission spectrum for a pulsed emitter and the 

power admitted by a filter which may be specified as 

Butterworth, Chebyshev or elliptic. 

The lower left portion of figure A-1 illustrates the 

capability for specifying antenna power gains in statistical 

terms. The antenna power gain model characterizes the 

mainbeam powe� gain by a cumulative distribution with mean 

value, GM' and standard deviation, a
M

. The side- and back­

lobe regions are characterized by another cumulative 

distribution with mean value, G ,  and standard deviation, a
8 

These distributions are convolved to obtain a mutual gain 

distribution with mean value and standard deviation. 

Details of the statistical characterization of antenna power 

gain are contained in Appendix D, and the convolution 

routine mathematics is shown in Appendix G. 

A single box in the lower, central portion of figure 

A-1 portrays utilization of a propagation loss model. The

models currently available are: (1) a ground-to-air 

propagation loss model known as POWAV �nd (2) a ground-to-

ground propagation loss model known as Q-AREA. The user 

selects the propagation loss model to be used. 

Remaining functions of the statistical frequency­

distance curves model involve the convolution of the 
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selected propagation model with the mutual antenna power 

gain expression to obtain the probabilistic transmission 

loss vs. distance data. These data are then combined with 

the interference protection vs. frequency separation data to 

provide plots, with statistical character, of required 

distance separation as a function of frequency separation-­

the statistical frequency-distance curves. 

A.2 Input Data for the Model 

Input data must correspond to the requirements of the 

particular subroutines selected. For example, the input 

data for INSPECT are different from those required by 

NEWSPEC. Certain basic data, of course, are common to more 

than one subroutine. 

The five pages of table A-1 are the data forms which 

are used to provide input data for the model. If the point­

amplitude or point-slope method of specifying the emission 

spectrum and receiver selectivity (INSPECT subroutine) is 

selected, page 3 of the data form is not required. When the 

NEWSPEC subroutine (which produces synthesized emission 

spectra from time domain data describing pulsed systems) is 

used, page 2 is not required. The required user-input data 

are denoted by asterisks. All other variables have default 

values which are automatically used if those data are not input. 

63 



Table A-1. Sample Forms to Provide Input Data for the 
Statistical Frequency-Distance Curves 
Model 

DATA FORM 

STATISTICAL FREQUENCY-DISTANCE CURVES MODEL 

General Data 

Transmitter identification (16 characters maximum) 
---------

1. 

2. 

3. 

4. 

5. 

6. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

21. 

Receiver identification (16 characters maximum) 
----

*Carrier frequency, f
T

, MHz 

*Output power, dBm

Type.of output power.(0.) 
=D. ·+f output power +s average power, IAVG =l. 1f output power 1s peak power, IPK 
*Receiver noise, N, dBm

Interference-to-noise criterion, I/N,dB (0.)

Transmitter polarization (1.)
=l. for horizontal 
=2. for vertical 

Number of frequency separations (101.) 

Lowest frequency separation, MHz (0.) 

Highest frequency separation, MHz (100.) 

Maximum distance separation to be plotted, n mi (0.) 
=0. for model to calculate maximum 

( 10. ) 

(50.) 

( 9 0. ) 

Probability of interference, percent 

Units for the distance (1.) 
=l. for nautical miles (n mi) 
=2. for statute miles (mi) 
=3. for kilometers (km) 

Type of output (1.1 
=l. for statist1ca F-D and FDR curves 
=2. for FDR curves only 

Emission spectrum/receiver selectivity model (1.) 
=l. for INSPECT, input 22 
=2. for NEWSPEC, input 23 through 27 

* Denotes required input data on each data sheet.

() Denotes values used if user does not specify. 
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22. 

Table A-1. Continued 

Subroutine INSPECT 

*Emission spectrum and receiver selectivity envelopes
=l. to input 6f and amplitude (2oint-arnplitude)
=2. to input 6f and "slope" in aB/decade (point-slope}
=3. to input 6f and "slope" in dB/octave (point-slope)

Spectrum Envelo:e_� Normalized Receiver Response 

6 f, MHz 

6f, MHz

(Point - Amplitude) 

Amplitude, dBm/Hz 6f, MHz

(Point - Slope) 

Slope, dB/decade 
or· dB/octave 
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6f, MHz 

Amplitude, dB 

Slope, dB/decade 
or dB/octave 



23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

3 2. 

3 3. 

Table A-1. Continued 

Subroutine NEWSPEC 

*Receiver (filter) bandwidth, MHz

*Half amplitude pulse width, microseconds

*10% - 90% rise time, microseconds

*90% - 10% fall time, microseconds

*Pulse repetition rate, pulses/second

Type of filter (2.). 
=l. for Chebyshev, input 27.� 28., and
=2. for Butterworth, input 2,. 
=3. for Elliptic, input 28., 29., 30., 

Number of poles or ripples (5.) 

Maximum z-squared in pass band 

Minimum (allowable) Z-squared in pass 

Maximum (allowable) Z-squared in stop 

Beginning frequency of the stop band 
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29. 

and 31. 

band 

band 



41. 

42� 
44. 

45. 
46. 
47. 
48. 

51. 

52. 
53. 

54. 

5 5. 

56. 

57. 

58. 

Table A-1. Continued 

Subroutine ANTSTAT (Antenn� Statistics) 
Transmitter 

Coupling ( 1.) 
(Interference Notebook Tables) 

=l. for main beam only, input 42. 
=2. for side- and back-lobe only r input 42. and 44. 
=3. for full pattern, input 42., 44., and 45. 

(User-provided statistics) 
=4. for main beam only, input 42. and 46. 
=5. for �ide- and back-lobe only, input 47. and 48. 
=6. for tull pattern, input 42. and �5. through 48. 
*Median main-beam gain, GTM' dBi
Site condition (2.)
=l. for open
=2. for average 
=3. for crowded 
10 dB main-beam width, aT, degrees
Standard deviation, main-beam gain, 0™, dB
Median side- and back-lobe gain, GTB' dBi
Standard deviation, side- and back-lobe gain, 0TB' dB

Receiver 

Coupling (1.) 
(Interference Notebook Tables) 

=l. for main beam only, input 52. and 53. 
=2. for side- and back-lobe only input 52. and 54. 
=3. for full pattern, input 52. through 55. 

(User-provided statistics) 
=4. for main beam only, input 52. and 56. 
=5. for side- and back-lobe only, input 57. and 58. 
=6. for full pattern, input 52. and 55. through 58. 
*Median main-beam gain, G

RM
, dBi

Polarization (1.) 
=l. for horizontal 
=2. for vertical 
Site condition (2.) 
=l. for open 
=2. for average 
=3. for crowded 
10 dB main-beam width, aR' degrees

Standard deviation, main-beam gain, 0Rl'_1, dB
Median side- and back-lobe gain,GRB

, dBi 
Standard deviation, side- and back-lobe gain, 0

RB
' dB

67 



61. 

62. 

63. 

64. 

65. 

66. 

67. 

91. 

92. 

93. 

Table A-1. Continued 

Loss Data 

Loss model (1.) 
=L for ground-to-air, input 62. through 66. 
=2. for ground-to-ground, input 62. through 66. 

and 91. through 95. · 

Transmitter antenna height above terrian, HT, feet (50.)

Receiver antenna height above terrain, HR, feet (1000.)

Surface refractivity, N-units (301.) 

Terrain roughness, �H, feet (0.) 

Transmitter site elevation above MSL, feet (0.) 

Surface types and constants (3.) 
=l. sea water 
=2. good ground 
=3. average ground 
=4. 2oor ground 
=5. rresh water 
=6. concrete 
=7. metal 

Ground-to-ground only 

Transmitter antenna siting (1.) 
=l. for random siting 
=2. for some selection in siting 
=3. for good selection in �iting 

Receiver antenna siting (1.) 
=l. for random siting 
=2. for some selection in siting 
=3. for good selection in siting 

Climate ( 5.) 
=l. for equatorial 
=2. for continental subtropical 
=3. for maritime subtropical 
=4. for desert 
=5. for continental temperate 
=6. for mar!t!me temperate overland 
=7. for mar1t1me temperate oveJsea 
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The first page of the data form contains all variables 

to be general inputs that are used by two or more 

subroutines. The s�cond page of the data form contains 

variables used only by subroutine INSPECT. Note that two 

options are available. These are discussed later in this 

section. A detailed description of INSPECT is contained in 

Appendix C, part 1. Page 3 of the data form lists the 

variables for using subroutine NEWSPEC. A detailed 

description of NEWSPEC is provided in Appendix C, part 2. 

The variables for antenna statistics are on page 4 of the 

data form. Appendix D discusses the statistical antenna 

power gain model. Finally, page 5 lists the variables 

required for propagation loss computations. Appendix F 

presents summary discussions of each propagation loss model. 

An item-by-item discussion of each variable is provided in 

the following sections. 

A.2.1 General Data

On the general data sheet (page 1 of the data form), 

the first two blocks are for identifyfng the interfering 

transmitter and the victim receiver. A maximum of 16 

characters are provided for each. 
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Numbers preceding the subsequent variable entries are 

for convenience in discussing the entry and compiling the 

input data cards. The value in parentheses following the 

item description is the default value for that item. 

Item 1 is the carrier frequency of the interfering 

transmitter, specified in MHz. This is the reference 

frequency in computing frequency difference,�£. Carrier 

frequency is a required input. 

Item 2 is the total output power of the transmitter, 

specified in decibels referenced to 1 milliwatt (dBm). This 

value is treated as average power or peak power according to 

the specification of item 3. The output power is a required 

input. 

Item 3 provides definition of the type of output power 

(average or peak) being considered. This is not a required 

input. The default specification is that average power is 

being used. 

Item 4 is the noise power of the victim receiver, 

specified in dBm. The criterion for interference is 

interference-to-noise ratio, I/N, which is discussed as item 

5. The receiver noise power is a required input.

Item 5, as mentioned, is the interference-to-noise

ratio, specified in decibels (dB). This ratio is used as 

the criterion for interference. That is, if one wishes to 

portray the frequency separation-distance separation 
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relationship for interference power 5 dB less than the 

victim receiver's noise power, he specifies I/N to be -5 dB. 

If desired, one can consider item 5 as actually a 

specification of tolerable interference relative to some 

operating threshold of the receiver; then, item 4 

specification must be understood as the receiver's operating 

threshold. When item 5 is not specified, the default value 

is I/N = 0 dB. 

Item 6 is specification of polarization for the 

transmitting antenna. The choices for polarization are 

horizontal, specified by inserting a 1, and vertical, 

specified by inserting a 2. When specification is not 

provided, the model assumes horizontal polarization. 

Item 11 is a specification of the number of frequency 

separations to be used in computing the frequency 

separation-distance separation data. The default value of 

101 is appropriate when using the INSPECT routine. If the 

NEWSPEC routine is selected to synthesize the emission 

spectrum and receiver response, considerably fewer than 101 

frequency separations should be used in order that computer 

running time not exceed a practical limit. One will note in 

Appendix B that 21 frequency separations were used for 

sample 3. Of course, fewer frequency separations provide 

more coarse data for plotting the final curves. 
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Items 12 and 13 define the frequency separation span, 

specified in MHz. Item 12, the lowest frequency separation, 

has a default value of 0 MHz which is appropriate whenever 

the emission spectrum and receiver selectivity are 

symmetrical. When symmetry does not exist, item 12 must be 

specified with a negative value. Item 13, the highest 

frequency separation, has a default value of 100 MHz. In 

specffying items 12 and 13, the frequency separation span 

must include 6f = 0. This requirement arises from the 

definition of off-frequency rejection in Appendix E. A 

practical constraint in specifying these limits results from 

the output plotting of the statistical frequency-distance 

curves. If frequency separations greater than ±300 MHz or 

0 to 600 MHz are used, the abscissa scale (frequency 

separation axis) is very difficult to read. 

Item 14 allows specification, in nautical miles (n mi), 

of the maximum distance separation to be shown by the 

ordinate of the statistical frequency-distance curves plot. 

This feature is useful when two or more plots are generated 

which one desires to compare directly (by overlay or other 

similar technique). The default option, /denoted by zero, 

calculates the maximum distance separation required and 

automatically scales the ordinate of the plot to correspond 

with that calculated value. 
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Items 15, 16 and 17 allow specification of three 

values, in percent, for probability of not exceeding the 

specified I/N criterion. The three plotted statistical 

frequency-distance curves will be for these specified 

pr ob,abil i ties. Default values are 10% for i tern 15, 50% for 

item 16, and 90% for item 17. 

�tern 18 provides opportunity for the model user to 

specify the units for distance to be used in plotting the 

statistical frequency-distance curve. Option 1 provides 

distance scaled in nautical miles; option 2 provides 

distance scaled in statute miles. The default option 

provides distance scaled in nautical miles, option 1. 

Item 19 defines the type of output data desired by the 

model user. Statistical frequency distance curves and 

frequency-dependent rejection (FDR) curves are provided 

through option 1, which is the default option. 

Specification of option 2 directs the model to produce only 

FDR plots. 

Item 21 is specification of the method to be used in 

specifying the emission spectrum and receiver selectivity 

curve. The subroutines INSPECT (discussed in section A.2.2) 

or NEWSPEC (discussed in section A.2.3), are the options. 

The INSPECT subroutine is utilized through option 1 which 

requires that item 22 be specified. The NEWSPEC subroutine 

is utilized through option 2. This option uses the data 
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which are provided as items 23 through 33. The INSPECT 

subroutine, option 1, is the default condition for item 21. 

A.2.2
0
D,ta for INSPECT

Page 2 of the data form itemizes data for subroutine 

INSPECT. INSPECT utilizes straight-line segments (when 

plotted on semi-logarithmic graph paper) which bound the 

emission spectrum and receiver selectivity curve. Use of 

this subroutine requires the data to be specified in either 

point-amplitude or point-slope form. 

The point-amplitude specification is used when each 

straight-line segment is defined as the amplitude and 

frequency difference of each end point. Amplitude data for 

an emission spectrum may be either normalized or absolute 

from the power spectral density curve. Amplitude data for a 

receiver selectivity curve must be normalized (0 dB for 

maximum sensitivity and negative values for other points of 

the curve). The frequency difference (�f) values that are 

required for the input data are the freqµencies of the data 

points relative to the carrier frequency16f the transmitter

or relative to the tuned frequency of the receiver as 

appropriate. 

The point-slope specification is used when the 

straight-line segment is defined in terms of its slope and 
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the frequency difference at one end of the line segment. 

The mod�l is programed to accept input data which specify 

the difference fr�quency for the line segment end with 

smaller absolute value difference frequency. Slope must be 

defined in terms of change in amplitude per frequency 

interval. Definitions in terms of dB/decade or dB/octave 

are programed into the model. Again, difference frequency 

associated with the slope is the frequency of the right end 

of the line segment for hegative difference frequency and 

}he left end of the line segment for positive difference 

frequency referenced to the carrier frequency of the 

interfering transmitter or tuned frequency of the receiver. 

Input data for INSPECT must correspond to the selection for 

item 22. A numeral 1 shown in item 22 selects the point­

amplitude method� a numeral 2 shown in item 22 selects the 

point-slope method. 

Point-amplitude data must be input in ascending order 

of 6f values beginning with the largest negative 6f value 

for non-symmetrical curves or with 6f = 0 for symmetrical 

curves. Amplitudes from a spectral power density plot and 

amplitudes from a normalized emission spectrum must not be 

mixed. 

In summary, the 6f for spectrum data is the difference 

between the frequency for the data point and the carrier 

frequency of the transmitter. Spectrum envelope amplitude 
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data are the numerical values for amplitude on either a 

spectral power density curve (units of dBm/Hz) or a 

normalized emission spectrum (negative numbers expressed in 

dB). The spectrum envelope is integrated to obtain power. 

The particular integral then is compared with the power 

(specified by items 2 and 3 on the general data page). When 

these valu)s are different, as will be the case if the input

data are normalized amplitudes, the "total" power from the 

integration is adjusted to agree with the input power data. 

The 6f for receiver selectivity data is the difference 

between the frequency of the data point and the tuned 

frequency of the receiver. Receiver selectivity amplitude 

data are negative numerical values (in dB) for amplitude on 

a normalized receiver selectivity curve. 

Point-slope data must be properly ordered for input. 

The required order is that data be organized to provide 

point-slope pairs starting with 6f = 0 and list data pairs 

in increasing absolute value of negative difference fre­

quency (when appropriate), then start with 6f = 0 and list 

data pairs in increasing value of positive difference fre­

quency. Symmetry is assumed when data pairs for positive 

difference frequency only are provided. 

When using the INSPECT subroutine, in either point­

amplitude or point-slope form, the emission spectrum 

envelopes and receiver selectivity curves should be 
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specified at least 80 dB below the maximum amplitude. If 

available data do not provide specification to -80 dB 

normalized amplituae, the following recommendations should 

be employed. For emission spectrum envelopes, continue the 

defined envelope slope to -80 dB normalized amplitude. For 

receiver selectivity curves, assume a fall-off rate of 20 

dB/decade continuing from the last defined datum until -80 

dB iormalized amplitude is reached. 

A.2.3 Data for NEWSPEC

The NEWSPEC subroutine is useful when the interferer is 

a pulsed emitter and the emission spectrum is not known, but 

the pulse shape is known. For these conditions, this 

subroutine will model the pulse, the emission spectrum, and 

filtering of the energy which may be characteristic (in 

concept) of filtering at either the emitter output or the 

receiver input. 

Item 23 on the NEWSPEC data sheet (page 3 of the data 

form) defines the filter bandwidth in MHz. This is the 

bandwidth of the filter at which power response is decreased 

by 3 dB. This filter may be a final filter on the 

transmitter, but more likely, it will be the filtering of 

the victim receiver. Bandwidth specification is required to 

use this subroutine. 
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Item 24 is a specification of the half amplitude pulse 

width of the transmitter expressed in microseconds. The 

pulse width is a required input. 

Item 25 specifies the pulse rise time expressed in 

microseconds. This is the time between 10% amplitude and 

90% amplitude for the leading edge of the pulse. Pulse rise 

�lme is a required input. 

Item 26 specifies the pulse fall time expressed in 

microseconds. This is the time between 90% amplitude and 

10% amplitude for the trailing edge of the pulse. Pulse 

fall time is a required input. 

Item 27 specifies the frequency at which pulses occur, 

expressed in pulses per second. The pulse repetition- rate 

is a required datum. 

Item 28 provides for selection of the type of filter to 

be considered. Three options are available. These are (1) 

Chebyshev, (2) Butterworth, and (3) elliptic. When 

specification of filter type is not provided, the subroutine 

automatically uses a Butterworth filter. 

Item 29 defines the-number of poles,for the Butterworth 

filter or the number of ripples for the' Chebyshev filter 

depending upon the selection made for item 28. When no 

selection is made for items 28 and 29, the subroutine 

automatically uses the Butterworth filter with 5 poles. 
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Items 30 and 31 pertain only to a Chebyshev or elliptic 

filter selection. The transfer impedance of the filter is 

denoted by z. Passband ripple is defined by the values used 

for items 30 and 31 where 

ripple (dB) = 10 log
z

2 

max 

z
2 

nun 

( i tern 3 0) •

(item 31) 

Items 32 and 33 pertain only to an elliptic filter 

s�ecification. Item 32 is the maximum squared value to be 

considered for the transfer impedance, z, of the filter at 

frequencies outside the passband, i.e., in the stop band. 

As an example, if one wants the stop band characteristics to 

provide at least 70 dB of attenuation (relative to signals 

within the passband) the normalized z value used in item 32 

would be z
2 

= 1 x 10-7 or z � 3.16228 x 10-4
• Item 33 is

the frequency in MHz at which the stop band attenuation 

characteristic is to begin. Note that the ratio of the 

frequency at which the filter bandwidth is achieved to the 

frequency at which the stop band characteristic begins is a 

measure of the steepness of the filter's rejection 

characteristic. 

Users not familiar with Chebyshev and elliptic filter 

specification should consult some good reference (i.e., 

Weinberg, 1962) before attempting to use this subroutine. 
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A.2.4 Antenna Data

The subroutine which computes the mutual antenna power 

gain statistical distribution is named ANTSTAT. Data for 

this subroutine are provided by page 4 of the data form. 

Two basic options are contained in the subroutine for 

specifying antenna characteristics. These can either (1) 

utilize antenna power gain statistics from the RADC 

_ I�terference Notebook (1966) which have been incorporated

into the subroutine, (Appendix D provides a summary of the 

RADC statistical characterizations of antenna power gain.), 

or (2) require as user-provided input data the statistical 

characterizations of antenna power gains. These desired 

antenna coupling options are selected by the data input in 

items 41 and 51. 

Item 41 defines the transmitting antenna coupling to be 

used by specifying one of 6 options. 

Option 1 (the default value for item 41) selects main­

beam coupling only, and requires the user to 

specify median main-beam gain in item 42. The 

subroutine then utilizes the RADC data for 

standard deviation of the main-beam gain. 

Option 2 selects side- and back-lobe coupling only. 

The user must specify median main-beam gain in 

item 42. Under this option the subroutine 

utilizes the RADC data to select appropriate 
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values that are dependent on the main-beam gain 

for a median side- and back-lobe gain and a 

standard deviation of the side- and back-lobe 

gain. If option 2 is selected for Item 41, then 

the site condition, item 44, needs to be supplied. 

Option 3 selects full pattern coupling. This selection 

requires the main-beam width, item 45, to be 

specified in addition to items 42 and 44 (the 

median main beam gain and the site condition 

respectively). The full pattern selection is 

appropriate for rotating and randomly oriented 

antennas. "Full pattern" weights the median gains 

for main beam and side- and back-lobe according to 

the ratio of main-beam width to 360
°
. 

The statistical antenna power gain 

characterizations discussed in Appendix D consider 

the main-beam region gain to be normally 

distributed. The gain in the side- and back-lobe 

region also is assumed to be normally distributed 

(a different distribution from that for the 

mainbeam region, of course). Recall that for a 

normal distribution the mean and median are equal 

and that the distribution is characterized 

completely by specification of the mean (or 

median) and standard deviation for the 
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distribution. The same tabular data from Appendix 

D as are built into the statistical F-D curves 

model also are sh9wn in Tables A-2, A-3, and A-4 

as a convenience to the model user. He is not 

required to provide any data from these tables as 

part of his input data, but he may desire to know

what values are used by the model for a particular 

logic of antenna coupling defined by him in 

specifying items 41 and 51. 

For example, suppose his problem involved coupling 

between a transmitting antenna with median main­

beam region gain of O dBi and a well-engineered 

(open site) receiving antenna with median main­

beam region gain of 20 dBi. Further, suppose 

items 41 and 51 defined the coupling to occur from 

the mainbeam region of the transmitting antenna to 

the side- and back-lobe region of the receiving 

antenna. From table A-4, one can see, then, that 

the model will use O dBi as the median gain with 

associated standard deviation of 1 dB for the 
I 

I 

transmitting antenna. From table A�3, one can see 

that the model will use -15 dBi as the median gain 

with associated standard deviation of 8 dB for the 

side- and back-lobe region of the receiving 

antenna. 
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Option 4 selects main-beam coupling only, but with this 

selection, the main-beam median gain, item 42 and 

standard deviation, item 46, must be input. 

Option 5 selects side- and back-lobe coupling only. 

With this selection the side- and back-lobe median 

gain, item 47, and standard deviation, item 48, 

must be input. 

Option 6 selects full pattern coupling utilizing users' 

input data, which requires specification of items 

42 and 45 through 48. 

Item 42 is the median main-beam gain expressed in dB 

relative to the gain of an isotropic (dBi) antenna. This is 

a required item of input data. However, when median main­

beam gain is the only item of input data for the trans­

mitting antenna, the only coupling selection that can be 

made for item 41 is option 1 which uses the RADC data for 

standard deviation of the main-beam gain. 

Item 44 defines the site conditions for the 

transmitting antenna. This is an important consideration 

whenever the coupling selection (in item 41) involves any 

consideration of side- and back-lobes (options 2 or 3). 

Site condition 1 defines an antenna location virtually 

free of objects which will scatter and/or reflect 

the antenna radiation. 
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Site condition 2 defines an antenna site for which 

there is an "average" number of objects within the 

vicinity which will scatter and/or reflect the 

radiation. 

Site condition 3 defines a very crowded site with many 

objects to scatter and reflect the antenna 

radiation. 

When no site condition is specified, an average condition is 

assumed. 

Item 45 is the 10 dB main-beam width of the azimuthal 

antenna power gain pattern. That is, this beam width is the 

width in degrees of the power gain pattern at the points 

where gain is 10 dB less than the maximum gain. This is a 

required datum only if coupling option 3 or 6 is selected in 

item 41. 

Item 46 is the standard deviation, expressed in dB, of 

the main-beam gain. This is a required datum only if 

coupling option 4 or 6 is selected in item 41. 

Item 47 is the median side- and back-lobe gain 

expressed in dBi. This is a required datum only if coupling 

option 5 or 6 is selected for item 41. 

Item 48 is the standard deviation, expressed in dB, of 

the side-and back-lobe gain. This is a required datum only 

if coupling option 5 or 6 is selected for item 41. 
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Items 51-58 provide characterization of the receiving 

antenna exactly analogous to the characterization of the 

transmitting antenna provided by items 41-48, with one 

exception. Polarization of the transmitting antenna is 

defined by item 6 of the general data sheet (page 1 of the 

data form). Polarization of the receiving antenna is 

defined by item 53 of the ANTSTAT data sheet (page 4 of the 

data form). The choices for polarization are horizontal, 

specified by a numeral 1, and vertical, specified by a 

numeral 2. When polarization is not specified, the model 

assumes horizontal polarization. 

A.2.5 Propagation Data

It has been stated in section A.l that the statistical 

frequency-distance curves model incorporates two propagation 

loss models. These are (1) a ground-to-air loss model and 

(2) a ground-to-ground loss model. Page 5 of the input data

form, the propagation data sheet, contains the data 

requirements for both propagation models. Some required 

data inputs for computing propagation lq�s are common to 

other subroutines of the statistical frequency-distance 

curves model and these inputs are listed on the general data 

sheet (page 1 of the data form). Examples are frequency 
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(item 2) and transmitter polarization (item 6). Most other 

input data are used by both propagation loss routines in the 

statistical frequency-distance curves model. 

On the propagation data sheet, item 61 provides 

selection of the desired propagation loss model. Option 1 

selects the ground-to-air model; option 2 selects the 

ground-to-ground model. If a selection is not indicated the 

ground-to-air model is used. 

Item 62 defines the transmitting antenna height, in 

feet, above the surrounding terrain. This value must be 

greater than 1.6 ft (0.5 m) but less than 9,840 ft (3,000 m), 

If transmitting antenna height is not specified, a height of 

50 ft (15.2 m) is assumed. 

Item 63 defines the receiving antenna height, in feet. 

When the ground-to-air model is used, this value must be 

greater than the transmitting antenna height but less than 

300,000 ft (91,440 m). When the ground-to-ground model is 

used, this value must be between 1.6 ft (0.5 m) but less 

than 9,840 ft (3,000 m). If a receiving antenna height is 

not specified, a height of 1,000 ft (305 rn) is used. 

Item 64 is the surface refractivity referred to sea 

level, expressed in N-units, The input value must be at 

least 250 but no larger than 400 N-units. The surface 

refractivity default value is 301 N-units when item 64 is 
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not provided. This value corresponds to an effective 4/3 

earth radius. 

Item 65 characterizes the terrain over which 

propagation is to occur as an irregularity factor or 

roughness expressed in feet. This terrain irregularity may 

be calculated directly from path profiles or estimated from 

table A-5. Terrain roughness of zero (0) defines a smooth 

earth condition; this is the assumed value when roughness is 

not defined by the input data. 

Table A-5. Estimates of Terrain Roughness 

Type of Terrain Terrain Roughness (feet) 
(1 ft = 0.30 m) 

Water or very smooth plains 0 - 16 

Smooth plains 16 - 65 

Slightly rolling plains 65 - 130 

Rolling plains 130 - 260 

Hills 260 - 490 

Mountains 490 - 980 

Rugged mountains 980 -/2300 

Extremely rugged mountains >2300

Item 66 specifies the elevation above mean sea level 

(msl) in feet for the transmitting antenna site. The 
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default value for site elevation is Oft. 

·item 67 defines a conductivity and dielectric constant

selection to be used in the propagation loss computation. 

The seven options are quantitatively defined in table A-6. 

When specification is not provided, average ground condi­

tions (option 3) are assumed. 

1 

2 

3 

4 

5 

6 

7 

Table A-6. Surface Types and Constants 

Conductivity Dielectric 
Surface Type (mhos/m) Constant 

Sea water 5 81 

Good Ground 6. o;:z 25 

Averaqe qround 0.005 15 

Poor qround 0.001 4 

Fresh water 0.010 81 

Concrete 0.01 5 

Metal 10
7 

1 

Several additional data are required only for the 

ground-to-ground model. Items 91 and 92 specify the quality 

of site selection to be considered for the transmitting and 

receiving antennas respectively. When the quality of site 
/ 

selection is not known, random siting, specified by numeral 

1, is appropriate. When the quality of site selection is 

known, one of the other options for "some selection" or 

"good selection" is appropriate and should be specified by 
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either a numeral 2 or numeral 3. The default option for 

each item is "random siting." 

Item 93 specifies the climate for the geographic region 

containing the systems being considered. Seven selections 

are available as itemized on the data sheet. The default 

selection is continental temperate climate, denoted by 

numeral 5. 
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APPENDIX B. SAMPLE MODEL APPLICATIONS 

Three sample� illustrating various ways in which the 

statistical frequency-distance curves model may be used are 

shown and discussed in this appendix. Each sample includes 

the appropriate "raw" data available to a frequency 

manager's analyst (emission spectrum, receiver selectivity, 

pulse shape, etc.), translation of those data to the 

worksheets for the F-D model, the statistical F-D curves 

which are generated by the model, and discussion of the 

salient features of each step in the sample. 

The first sample is for a transmitter emission spectrum 

and receiver selectivity that were specified using point­

amplitude data pairs for the INSPECT subroutine. For this 

sample the ground-to-air propagation loss model has been 

used. 

The second sample again uses the point-amplitude speci­

fication for the transmitter emission spectrum and the 

receiver selectivity. However, the ground-to-ground 

propagation loss model has been used for this sample. 

The third sample uses the NEWSPEC subroutine to 

synthesize an emission spectrum for a pulsed transmitter and 

a 5-pole Butterworth filter to model the receiver. The 

ground-to-air propagation loss model has been used. 
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B.l Sample Number 1. Example of the Statistical F-D Model 

Using the Ground-to-Air Propagation Loss Model and 

Point-Amplitude Spectrum and Receiver Response Data 

The systems considered in this sample operate at 5000 

MHz and are identified simply as transmitter 1 and re­

ceiver 1. The data forms as they were completed for this 

example are shown in figures B-1 through B-4. The items 

referred to are shown in these figures. 

The general data sheet, figure B-1, shows the trans­

mitter has peak power output of 60 dBm, and the receiver has 

an operating threshold of -96 dBm (noise power would be 

somewhat less that this operating threshold) to which the 

interference criterion is related. Therefore, -96 dBm is 

shown in item 4. The criterion for interference is that 

peak interference power be 3 dB greater than the operating 

threshold of the receiver. This is entered as I/N = 3 dB in 

item 5. Other data provided on the general data sheet are 

the frequency separation (�f) limits to be used in plotting 

he F-D curves. 

Figure B-5 shows the emission spectrum for transmitter 

1 and the receiver selectivity curve is shown by figure B-6. 

The emission spectrum is symmetrical, but the receiver 

selectivity is non-symmetrical. Therefore, the frequency 
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DATA FORM 

STATISTICAL FREQUENCY-DISTANCE CURVES MODEL 

General Data 

____ ] _____ Transmitter identification (16 characters maximum) 
___ .J.. _ ____ Receiver identification (16 characters maximum)

1. SOQc), *Carrier frequency, fT, MHz
2. 60- *Output power, dBm
3. /, Type of output power (0.)

=D. if output power ts average power, IAVG=l. 1f output power 1s peak power, IPK
4. ::.!1&
5. .J,

*Receiver noise, N, dBm
Interference-to-noise criterion, I/N,dB (0.)

Transmitter polarization (1.)6.

11. 
12. 

13. 
14. 

15. 

16. 
17. 
18. 

19. 

21. 

* 

( ) 

-35 0.
30().

=l. for horizontal 
=2. for vertical 
Number of frequency separations (101.)
Lowest frequency separation, MHz (0.)
Highest frequency separation, MHz {100.)
Maximum distance separation to be plotted, n mi (0.)
=0. for model to calculate maximum 
( 10. )
{ 5 0. ) 

{ 9 0. )

Probability of interference, percent

Units for the distance (1.) 
=l. for nautical miles (n mi)
=2. for statute miles (mi) 
=3. for kilometers (km) 
Type of output (1.1 
=l. for statist1ca F-D and FDR curves
=2. for FDR curves only

Emission spectrum/receiver selectivity model (1.)
=l. for INSPECT,- input 22
=2. for NEWSPEC, input 23 through 27

Denotes required input data on each data sheet. 
Denotes values used if user does not specify. 

Figure B-1. Completed general data sheet for Sample 1. 
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22. ./_.

Subroutine INSPECT 

*Emission spectrum and receiver selectivity e nvelopes
=l. to Jnput 6f and arnplitud� (Qoint-arnplitutje)
=2. to input 6f and "slope" in as/decade (point-slope}
=3. to input 6f and "slope" in dB/octave (point-slope}

Spectrum EnveloE_� Normalized Receiver Response 

6f, MHz

-Bsa.

-19✓ 

-36
()._

3,�
/9# 

3SO. 

6 f, MHz 

(Point 

Amplitude, 

- 7{),

-�o.

- ).9. 

a. 
-�,- . 

- d_lJ •

- ll),

dBm/Hz 

- Amplitude)

6f, MHz

-60,
-a�
-JS:

() .

61J. 

R3. 
-----

(Point - Slope) 

Slope, dB/decade 
or dB/octave 6f, MHz 

/ 

Amplitude, dB 

-zo.

-�/, g_
_-3. 

_ __t1:_ 

- l:5'. ..

7J,

Slope, dB/decade 
or dB/o�!_�� 

Figure B-2. Completed data sheet for subroutine INSPECT for 
Sample 1. 
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41. 

Subroutine ANTSTAT (Antenna Statistics) 
-----

Transmitter 

Coupling ( 1.) 
(Interference Notebook Tables) 

=l. for main beam only, input 42. 
=2. for side- and back-lobe only, input 42. and 44. 
=3. for full pattern, input 42., 44., and 45. 

(User-provided statistics} 
=4. for main beam only, input 42. and 46. 
=5. for side- and back-lobe only, input 47. and 48. 
=6. for full pattern, input 42. and ij5. through 48. 

42. 8.£. *Median main-beam gain, GTM' dBi
44. ___ Site condition (2.)

=l. for open 
=2. for average 
=3. for crowded 

45. ___ 10 dB main-beam width, aT, degrees

46. ___ Standard deviation, main-beam gain, o™, dB

47. ___ Median side- and back-lobe gain, GTB' dBi

48. Standard deviation, side- and back-lobe gain,

51. 

Receiver 

Coupling ( 1.)
(Interference Notebook Tables) 

=l. for main beam only, input 52. and 53. 
=2. for side- and back-lobe only input 52. and 54. 
=3. for full pattern, input 52. through 55. 

(User-provided statistics) 
=4. for main beam only, input 52. and 56. 
=5. for side- and back-lobe only, ingut 57. and 58. 
=6. for full pattern, input 52. and 55. through 58. 

52. 3
,,
£ *Median main-beam gain, G

RM
, dBi 

53. 

54. 

55. 

56. 

57. 

58. 

Polarization (1.) 
=l. for horizontal 
=2. for vertical 

Site condition (2.) 
=l. for open 
=2. for average 
=3. for crowded 
10 dB main-beam width, aR' ftegrees

Standard deviation, main-beam gain, oRM' dB

Median side- and back-lobe gain,GRB ' dBi

Standard deviation, side- and back-lobe gain, ORB' dB

Figure B-3. Completed data sheet for subroutine ANTSTAT for 
Sample 1. 
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Loss Data 

61. ___ Loss model (1.)
=l. for ground-to-air, input 62. through 66. 
=2. for ground-to-ground, input 62. through 66. 

and 91. through 95. 
62. /O()Q,. Transmitter antenna height above terrian, HT, feet (50.)

63. /0LJOQ.Receiver antenna height above· terrain, HR, feet ( 1000.)

64. ___ Surface refractivity, N-units (301.)
65. 

66. 

67. 

91. 

92. 

93. 

Terrain roughness, �H, feet (0.) 

Transmitter site elevation above MSL, feet (0.) 

Surface types and constants (3.) 
=l. sea water 
=2. good ground 
=3. average ground 
=4. Qoor ground 
=5. "fresh water 
=6. concrete 
=7. metal 

Ground-to-ground £nly 

Transmitter antenna siting (1.) 
- =l. for random siting

=2. for some selection in siting
=3. for good selection in siting 

Receiver antenna siting (1.)
=l. for random siting
=2. for some selection in siting
=3. for good selection in siting 

C 1 ima te ( 5. )
=l. for equatorial
=2. for continental subtropical
=3. for maritime subtropical 
=4. for desert
=5. for continental temperate
=6. for martttme temperate overland
=7. for mar1t1me temperate oversea 

Figure B-4. Completed loss data sheet for Sample 1. 
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separation limits have been specified from -350 MHz to 300 

MHz in items 12 and 13. 

Nine items of input data have been left blank on the 

general data sheet, figure B-1, which simply means that the 

default values are the best estimates for these quantities. 

The emission spectrum and receiver selectivity curve 

shown in figures B-5 and B-6 provide the input data for 

subroutine INSPECT. These data are shown on figure B-2. 

Note that the spectrum and selectivity curves are "bounding" 

straight-line segment estimates. The relative frequency and 

normalized amplitude for each line segment intersection are 

entered as data pairs on the data sheet for the INSPECT 

subroutine. The point-amplitude option has been selected in 

item 22. Up to 100 point-amplitude or point-slope data 

pairs may be used to specify the emission spectrum and the 

receiver response curve, but only seven were required for 

the spectrum and six for the selectivity curves of this 

example. 

Many options are built into the selections of the data 

sheet for antenna statistics.* Note that only two required 

items of data have been specified in this example (see 

figure B-3). These are the main-beam gain for both the 

transmitting and receiving antennas. 

*The options are discussed in detail in the User's Guide,
Appendix A.
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It is important to review the default conditions and 

the data that result. Leaving blank the antenna coupling 

(items 41 and 51) results in main beam-to-main beam antenna 

coupling, and the F-D model then utilizes the RADC 

Interference Notebook data for antenna statistics. Since 

main-beam gains are specified, the only additional data 

needed by the model are the standard deviations for main­

beam gain for both antennas. These values are automatically 

selected from the tabular data as described in Appendix D. 

For the user's information, observe that both antennas 

have been specified with median main-beam gain of 3.5 dBi. 

Reference to Table D-3 (in Appendix D) shows the main-beam 

standard deviation is 1 dB, and that site conditions (items 

44 and 54) do not influence the main-beam standard 

deviations. Horizontal polarization is the default option 

for polarization. 

Looking now at the input data sheet for computing 

propagation loss, figure B-4, the ground-to-air loss model 

has been used by default in item 61. Transmitter antenna 

height has been specified as 1000 ft (304�8 m) above its 

surrounding terrain (item 62) and receiver antenna height 

has been specified (item 63) as 10,000 ft (3048 m). 

Omitting the remaining data means that the loss calculations 

are made using a smooth earth with effective 4/3 earth 

radius (default values of items 64, 65 and 67). Further, 
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the earth dielectric and resistive properties are considered 

to be "average" (item 67). (Refer to table A-4, Appendix A, 

for quantitative .values for "average" earth reflection 

material.) 

Figure B-7 shows the statistical F-D curves which are 

generated using the data of this example. The transmitter 

and receiver identifications are labeled automatically on 

the plot along with the values for receiver noise and the 

I/N criterion. The curves 'have the following 

interpretation: for a given frequency separation, a related 

distance separation defined by the appropriate curve will 

allow the interference p0wer to be greater than the 3 dB I/N 

criterion 10% of the time for the solid curve, 50% of the 

time for the dashed curve, or 90% of the time for the dotted 

curve. 

The shapes of the statistical F-D curves have two 

characteristics deserving comment. First, the non­

symmetrical shape of the receiver selectivity curve in 

figure B-6 is reflected in the F-D curves. Since the 

transmitter carrier frequency is used as the reference 

frequency, one can see that the broader upper sideband 

character of the receiver selectivity results in a greater 

distance separation for the constant I/N of the example when 

the receiver tuned frequency is less than the transmitter 

carrier frequency (negative �f values). When the receiver 
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Figure B-7. Statistical frequency-distance curves for transmitter 1-
receiver 1 pair for Sample 1 using the ground-to-air 
propagation loss model (1 n mi = 1.85 km). 
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is tuned above the transmitter operating frequency, the 

receiver can operate closer in distance to the transmitter. 

A second characteristic of the F-D curves of this 

example is that near �f=O the solid curve has a flat top, 

whereas the other curves do not. This flatness is an 

influence of the propagation loss model. For any 

propagation path, as distance increases there is, first, a 

region of line-of-sight propagation, then a region of 

diffraction-mode propagation, and, finally, a region of 

scatter-mode propagation. Loss in these regions is 

influenced by antenna heights, terrain characteristics, etc. 

As the propagation goes from line-of-sight to diffraction 

mode, a rapid increase occurs in the propagation loss. In 

addition, when considering statistical propagation loss 

curves, the standard deviations become much greater for 

diffraction and scatter modes than for line-of-sight modes. 

For the conditions specified in this example, the transition 

from line-of-sight to diffraction mode propagation occurred 

at about 160 n mi (296 km). 

B.2 Sample Number 2. Example of the Statistical F-D Model 

Using the Ground-to-Ground Propagation Loss Model and 

Point-Amplitude Spectrum and Receiver Response Data 

The data forms as they were completed for this example 
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are shown in figures B-8 through B-11. The items referred 

to are shown in these figures. 

This sample considers systems which operate at 5000 

MHz. The systems are identified simply as transmitter 3A 

and recuiver 6A. The transmitter has average output power 

of 53 dBm (items 2 and 3, figure B-8). The receiver noise 

power is -110 dBm (item 4), and the interference criterion 

is that average interference power be 5 dB greater than the 

noise power (item 5 showing I/N = 5 dB). 

The remaining items on the general data sheet, except 

item 13 (the highest frequency separation) are not 

specified, hence the default values are used by the model. 

Item 13 is specified by consulting the emission spectrum and 

receiver selectivity plots, figures B-12 and B-13. The 

emission spectrum is symmetrical and reaches its minimum 

value at a frequency of about 60 MHz above the transmitter 

center frequency (6f=60 MHz). The receiver selectivity is 

also symmetrical, except for the image response at 120 MHz 

below the tuned frequency of the receiver. The selectivity 

curve reaches its minimum value about 50 MHz above the tuned 

frequency and about 180 MHz below the t��ed frequency except 

for the image response. Considering the frequencies at 

which the transmitted spectrum and the receiver selectivity 

reach their minimum values, frequencies of 120 MHz and 240 

MHz would be entered in items 12 and 13 for the lowest and 
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DATA FORM 
STATISTICAL FREQUENCY-DISTANCE CURVES MODEL 

General Data 

,34- TraDsmitter identification (16 characters maximum) 

(4/2 __ ___ Receiver identification (16 characters maximum) 
1.SM4. *Carrier frequency, fT, MHz
2. £3. *Output power, dBm

3. Type of output power (0.)
=O. if output power ts average power, IAVG=l. 1f output power 1s peak power, IPK 

4. -J//),
5. ,5:
6.

*Receiver noise, N, dBm
Interference-to-noise criterion,

Transmitter polarization (1.) 

I/N,dB (0.) 

11. 
12. 
13. 
14. 

15. 
16. 
17. 
18. 

19. 

21. 

* 

{ ) 

-/�/J-

�aa. 

=l. for horizontal 
=2. for vertical 
Number of frequency separations (101.) 
Lowest frequency separation, MHz (0.) 
Highest frequency separation, MHz (100.) 
Maximum distance separation to be plotted, n mi (0.) 
=O. for model to calculate maximum 
(10., 

l ( 5 0. ) 

( 9 0. ) 

Probability of interference, percent 

Units for the distance (1.) 
=l. for nautical miles (n mi) 
=2. for statute miles (mi) 
=3. for kilometers (km) 
Type of output {1.1 --- =l. for statist1ca F-D and FDR curves 
=2. for FDR curves only 

Emission spectrum/receiver selectivity model {l.) 
=l. for INSPECT, input 22 
=2. for NEWSPEC, input 23 through 27 

Denotes required input data on each data sheet. 
Denotes values used if user does not specify. 

Figure B-8. Completed general data sheet for Sample 2. 
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Subroutine INSPECT 

22. _L_ *Emission spectrum and receiver selectivity e nvelopes
=l. to input 6f and amplitude (point-amplitude} 
=2. to input 6f �nd "slope" in as/decade (point-slope) 
=3. to input 6f and "slope" in dB/octave (point-slope) 

6f, MHz

-60,

-lt19.
-0✓ �7 

{), 
O.<i_z 
/, � /1 

�� .. 

6f, MHz

Normalize d Receiver Response 

(Point - Amplitude) 

Amplitude, dBm/Hz 

-?(), 

:-/�.£ 
{), 
o, 
{). 

.-J:l,S 
-70-
-·---

(Point -

Slope, dB/decade 
or dB/octave 

6f, MHz

�ffa, 

-lit>.
-100.
- 7(/
-!Ca
-ao,
·-· ()_,

�0-
SCJ. 

Slope) 

6f, MHz

Amplitude, 

-6/'J.

-a.o
_-:J,Q
-M-- -
- 4t2, 

(), 

{), -
(), 

-60-

dB 

Slope, dB/decade 
dB/octave or 

Figure B-9. Co mpleted data  sheet for subroutine INSPECT for 
S ample 2. 
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41. 

Subroutine ANTSTAT (Ante��� Statistics) 
Transmitter 

Coupling (1.) 
(Interference Notebook Tables)

=l. for main beam only, input 42. 
=2. for side- and back-lobe only, input 42. and 44. 
=3. for full pattern, input 42., 44., and 45. 

(User-provided statistics) 
=4. for main beam only, input 42. and 46.
=5. for side- and back-lobe only, input 47. and 48.
=6. for full pattern, input 42. and �5. through 48.

42. {),_ *Median main-beam gain, GTM' dBi

44. ___ Site condition (2.)
=l. for open 
=2. for average 

4 5. 

46. 
47. 

48. 

51. 

=3. for crowded 

10 dB main-beam width, aT, degrees

Standard deviation, main-beam gain, a
TM

' dB 

Median side- and back-lobe gain, GTB' dBi

Standard deviation, side- and back-lobe gain, a
TB' dB

Receiver 

Coupling (1.) 
(Interference Notebook Tables) 

=l. for main beam only, input 52. and 53. 
=2. for side- and back-lobe only input 52. and 54.
=3. for full pattern, input 52. through 55. 

(User-provided statistics) 
=4. for main beam only, input 52. and 56. 
=5. for side- and back-lobe only, input 57. and 58.
=6. for full pattern, input 52. and 55. through 58. 

52 • ..811:.._ *Median main-beam gain, G
RM

, dBi 

53. 

54. 

5 5. 

56. 

57. 

58. 

Polarization (1.) 
=l. for horizontal 
=2. for vertical 

Site condition (2.) 
=l. for open 
=2. for average 
=3. for crowded 
10 dB main-beam width, aR' degrees

Standard deviation, main-beam gain, aRM' dB
Median side- and back-lobe gain,G

RB
, dBi 

Standard deviation, side- and back-lobe gain, a
RB

' dB 

Figure B-10. Completed data sheet for subroutine ANTSTAT for 
Sample 2. 

109 



61. 

62. 

6 3. 

64. 

6 5. 

66. 

6 7. 

91. 

92. 

93. 

oS. 

fd2-: 

Sa. 

Loss Data 

Loss model ( 1.) 
=l. for ground-to-air, input 62. through 66. 
=2. for ground-to-ground, input 62. through 66. 

and 91. through 95. 

Transmitter antenna height above terrian, HT' feet (50.)

Receiver antenna height abov� terrain, HR' feet (1000.)

Surface refractivity, N-units (301.) 

Terrain roughness, �H, feet (0.) 

Transmitter site elevation above MSL, feet (0.) 

Surface types and constants (3.) 
=l. sea water 
=2. good ground 
=3. average ground 
=4. 2oor ground 
=5. rresh water 
=6. concrete 
=7. metal 

Ground-to-ground only 

Transmitter antenna siting (1.) 
=l. for random siting 
=2. for some selection in siting 
=3. for good selection in siting 

Receiver antenna siting (1.) 
=l. for random siting 
=2. for some selection in siting 
=3. for good selection in siting 

Climate (5.) 
=l. for equatorial 
=2. for continental subtropical 
=3. for maritime subtropical 
=4. for desert 
=5. for continental temperate 
=6. for maritime temperate overland 
=7. for mar1t1me temperate oversea 

Figure B-11. Completed loss data sheet for Sample 2. 
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highest separation frequencies. (Experience with the F-D 

model on this problem showed the values could be -100 and 

220 MHz.) 

For this sample, as for sample No. 1, the INSPECT 

subroutine with point-amplitude specification was used to 

model the transmitter and receiver spectral characteristics 

(item 22 on figure B-9). The emission spectrum and receiver 

selectivity curve shown in figures B-12 and B-13 respec­

tively are "bounding", straight-line segment plots. The 

point-amplitude data pairs on the INSPECT data sheet for 

emission spectrum and receiver response are the intersec­

tions of these straight-line segments. 

Main beam-to-main beam antenna coupling was used for 

this sample (as for sample No. 1). The main-beam gain 

specified for the transmitter antenna is 0 dBi (item 42 on 

figure B-10). Reference to table D-3 (Appendix D) shows 

that a 1 dB standard deviation will be used (item 46). The 

main-beam gain specified for the receiving antenna is 20 dBi 

(item 52). A standard deviation of 2 dB (item 56) is 

associated with that gain (refer to table D-2, Appendix D). 

Notice that a minimum amount of user s�ecified data for 

antenna statistics are used in this sample. 

In this example, the ground-to-ground propagation loss 

model was used by specifying numeral 2 for item 61 on the 

loss data sheet, figure B-11. The transmitter antenna 
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height is specified (item 62) as 25 ft (7.62 m) and the 

receiver antenna height is specified (item 63) as 50 ft 

(15.24 m). Omitting specification for atmospheric 

constants, terrain charac-terization, and transmitter site 

elevation (items 64, 65 and 66) results in a smooth, 4/3 

earth effective radius being used in the calculations of 

propagation loss. The ground conductivity and dielectric 

constant values used are for "average" ground, by default. 

Only the ground-to-ground loss model uses data defining 

antenna site selection and climate for the propagation 

region. The default values are used which give random site 

selection for both antennas (items 91 and 92) and propaga­

tion in a continental temperate climate (item 95). 

Figure B-14 shows the statistical F-D curves generated 

for this example. These curves illustrate the dominant 

influence of the receiver response curve for this example 

with its image response. For distance separations of about 

10 n mi (18.52 km) and less, the propagation is line-of­

sight, then, at this point the diffraction mode begins. 

This change in propagation modes is shown by the 

discontinuity in the F-D curves at 10 n mi (18.52 km) and a 

larger spread between the 10%,50%, and 90% curves. 
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Figure B-14. Statistical frequency-distance curves for transmitter 3A­

receiver 6A pair for Sample 2 using the ground-to-ground 

propagation loss model (1 n mi= 1.85 km). 
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B.3 Sample Number 3, Example of the Statistical F-D Model

Using the Ground-to-Air Propagation Loss Model and 

Synthesized Spectrum and Receiver Response 

Characteristics. 

The data forms as they were completed for this example 

are shown in figures B-15 through B-17. (Since a time 

domain pulse shape is used, data sheet 2 is not required. 

The loss data sheet also is not used, as explained later.) 

The item numbers referred to in the text are shown in these 

figures. 

This third sample considers systems which operate at 

1640 MHz. The transmitter is identified as NEWSPECT TEST, 

and the receiver is identified as TEST (21 PTS). This 

transmitter is a pulsed system with average output power of 

23 dBm (items 2 and 3 on the general data sheet, figure 

B-15). The receiver noise power is -72 dBm (item 4). The

interference criterion is that average interference power be 

10 dB less than the receiver noise power (I/N = -10 dB shown 

in item 5). 

As mentioned in the general introduqtion to this 
I 

I 

appendix, this sample uses the NEWSPEC subroutine to 

synthesize the emission spectrum and model the receiver 

filter. For this example, 21 frequency separations were 

used and entered in item 11, but fewer points could have 

been used with-less �moothhess in the generated statistical 
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DATA FORM 
STATISTICAL FREQUENCY-DISTANCE CURVES MODEL 

General Data 

NEWSPECT TEST Transmitter identification (16 characters maximum} 

TEST (21 PTS) Receiver identification (16 characters maximum} 
. 

�----------

1. 16@, *Carrier frequency, f
T

, MHz

*Output power, dBm2. 

3 • 
a3-

Type.of output power.(0.} 
=D. +f output power +S average power, IAVG=l. if output power is peak power, IPK

4. -:_Z;L_
5. - /0.
6.

*Receiver noise, N, dBm

Interference-to-noise criterion, I/N, dB (0.)

Transmitter polarization (1.) 
=l. for horizontal 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

21. 

* 

( } 

di-

:312.:_

=2. for vertical 

Number of frequency separations (101.} 

Lowest frequency separation, MHz (0.) 

Highest frequency separation, MHz (100.} 

Maximum distance separation to be plotted, n mi (0.) 
=0. for model to calculate maximum 

( 10. } 

( 5 0. } 

( 9 0. } 

Probability of interference, percent 

Units for the distance (1.) 
=l. for nautical miles (n mi} 
=2. for statute miles (mi} 
=3. for kilometers ( km) 

Type of output (1.1 
=l. for statistica F-D and FDR curves 
=2. for FDR curves only 

Emission spectrum/receiver selectivity model (1.)
=l. for INSPECT, input 22 
=2. for NEWSPEC, input 23 through 27 

Denotes required input data on each data sheet. 

Denotes values used if user does not specify. 

Figure B-15. Completed general data sheet for Sample 3. 
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Subroutine NEWSPEC 

23. 6.() *Receiver (filter) bandwidth, MHz

24. .!'-Iii *Half amplitude pulse width, microseconds

25. dJ.3£ *10% - 90% rise time, microseconds

26. tl1'1tJ *90% - 10% fall time, microseconds

27 • /ot'J;@· *Pulse repetition rate, pulses/second

28. __ Type of filter (2.)
=l. for Chebyshev, input 27.i 28., and
=2. for Butterworth, input 2,. 
=3. for Elliptic, input 28., 29., 30., 

29. ___ Number of poles or ripples (5.)

30. ___ Maximum Z-squared in pass band

29. 

and 31. 

31. ___ Minimum (allowable) Z-squared in pass band

32. ___ Maximum (allowable) Z-squared in stop band

33. ___ Beginning frequency of the stop band

Figure B-16. Completed data sheet for subroutine NEWSPEC for 
Sample 3. 
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41. (a,

Subroutine ANTSTAT (Antenna Statistics) 
-----

Transmitter 

Coupling (1.) 
(Interference Notebook Tables) 

=l. for main beam only, input 42. 
=2. for side- and back-lobe only, input 42. and 44. 
=3. for full pattern, input 42., 44., and 45. 

(User-provided statistics) 
=4. for main beam only, input 42. and 46. 
=5. for side- and back-lobe only, input 47. and'48. 
=6. for. full pattern, input 42. and 715. through 48. 

42. _if)._._ *Median main-beam gain, GTM' dBi
44. ___ Site condition (2.)

=l. for open 
=2. for average 

4 5. tJIJ.. 
46. /._,.

47. {],
48. �-

51. (o.

=3. for crowded 
10 dB main-beam,width, aT, degrees

Standard deviation, main-beam gain, a™, dB 
Median side- and back-lobe gain, GTB' dBi

Standard deviation, side- and back-lobe gain, aTB
' dB

Receiver 

Coupling (1.) 
(Interference Notebook Tables) 

=l. for main beam only, input 52. and 53. 
=2. f6r side- and back-lobe only input 52. and 54. 
=3. for full pattern, input 52. through 55. 

(User-provided statistics) 
=4. for main beam only, input 52. and 56. 
=5. for side- and back-lobe only, input 57. and 58. 
=6. for full pattern, input 52. and 55. through 58. 

52. /0. _ *Median main-beam gain, G RM' dBi

53. ___ Polarization (1.)
=l. for horizontal 
=2. for vertical 

54. 

5 5. C/1), 
56. /._,
57. /J.
58. 3.

Site condition (2.) 
=l. for open 
=2. for average 
=3. for crowded 
10 dB main-beam width, aR' degrees

Standard deviation, main-beam gain, a ru-i' dB
Median side- and back-lobe gain,GRB' dBi
Standard deviation, side- and back-lobe gain, a RB

' dB

Figure B-17. Completed data sheet for subroutine ANTSTAT for 
Sample 3.
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frequency-distance curves. More points could have been 

used, but to do so would have increased significantly the 

computer running time. 

The highest frequency separation to be used in plotting 

the F-D curves is spec if ied as 3 0 MHz in i te·m 13. Using the 

default value of O MHz for the lowest frequency separation 

in item 12 is consistent with a symmetrical emission 

spectrum and receiver filter as have been synthesized by the 

NEWSPEC subroutine. 

Only the required data are supplied in this example for 

the NEWSPEC subroutine. The receiver bandwidth is specified 

as 6 MHz in item 23. The pulse (time domain waveform of the 

transmitter) has half-amplitude width of 0.144 µs, a rise 

time of 0.032 µs (10% amplitude to 90% amplitude) and a fall 

time of 0.040 µs (90% amplitude to 10% amplitude). The 

pulse repetition rate is 60,000 pps. These types of data 

usually are available. 

Figure B-18 shows the pulse shape (time-domain 

waveform) as synthesized by NEWSPEC from these data, and 

figure B-19 _shows the synthesized emission spectrum. These 
I 

plots are_not a normal output when NEWSPEC is selected. 
I 

-

They are included here only to help show how the NEWSPEC 

subroutine utilizes the same form of data as the INSPECT 

subroutine. 
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Omitting specification of the filter type and the 

number of poles in items 28 and 29 results in the model 

choosing the receiver response curve of a 5-pole Butterworth 

filter. This normalized receiver response is shown in 

figure B-20. This receiver curve also is not normally 

outptit by the F-D model. Other items of the NEWSPEC data 

sheet, figure B-16, do not apply to this problem. (They are 

used when Chebyshev or elliptic filters are specified.) 

In this example, consioerable antenna coupling and 

statistical data have been used as model input. Default 

conditions were used only for items 44, 53, and 54, the 

transmitter site condition and the receiver polarization and 

site condition; all other items are specified. Most of the 

items were required inputs after the full-pattern antenna 

coupling was specified (option 6 in items 41 and 51). 

The transmitter antenna was specified with median main­

beam gain of 10 dBi in item 42 and associated standard 

deviation of 1 dB in item 46. The 10 dB main-beam width of 

the antenna has been specified as 90° in item 45. Side­

and back-lobe gain for the transmitter antenna is specified 

with a median gain of O dBi in ite� 47 and associated 

standard dev'iation of 3 dB in item 48. 

The receiving antenna data were the same as those data 

used for the transmitting antenna. They are shown in items 
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51 through 58 of figure B-17. The wide main-beam widths 

used are reasonable for aeronavigation antennas. 

For propagation loss, this sample has used the ground­

to-air model with all inputs conforming with the default 

values. Hence, no loss data sheet is included here. 

The statistical F-D curves for this sample are shown in 

figure B-21. These curves are not as smooth as those of the 

previous samples because the number of data points were 

reduced to 21. The curves exhibit large variance at smaller 

values for �f as shown by the large separation between the 

solid, dashed, and dotted curves. This is an influence of 

the propagation loss model. At about 10-12 MHz frequency 

separation, a slight "hump" occurs. This "humping" results 

from the receiver filter tending to trace out the shape of 

the emission spectrum, which occurs when the filter 

bandwidth is narrow with respect to the emission bandwidth. 
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Figure B-21. Statistical frequency-distance curves for transmitter 

NEWSPECT TEST - receiver TEST (21 PTS) pair for Sample 3 

using NEWSPEC subroutine and the ground-to-air propagation 

loss model (1 n mi= 1.85 km). 
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lsPPI:!JDIX C. EIHSSIOH SPEC'l'RlJl :/RECl�I\'r:P SELLC'.'..'IVITY I10DELS 

c. l Subroutine INSPECT 'rhcory and Application

The subroutin� describe<l in this appendix takes 

numerical descriptions of a transmitter enission spectrum 

and a receiver selectivity curve an,.1 then calculates their 

col:'JJined effects using numerical inteqru.tion. The results 

are used with the usc�r-supplie,7 data for a naxir_mr.1 

interference level to determine a loss value (interference 

protection) that is to be ,achieve<1 by the distance 

separation between the systc�s. 

In general, when the spectral power density from an inter­

fering transmitter, P(f), is multiplied with the power transfer 

function, S(f), for a receiver, the power output from the 

receiver, p ,  is expressed as 
r 

P = f P(f)S(f)df, 
r 

(C.1-1) 
0 

assuming the interfering transmitter and victim receiver are 

tuned to the same frequency. 

A measure of the extent to which the unwanted signal 

interferes at the receiver is obtained �y specifying a maximum 

allowable power level, i, and defining a quantity called the 

interference protection, (ip), as 

(ip) = p /i 
r 

= � f P(f)S(f)df.
0 
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Since specified performance levels are usually given in terms of 

required signal-to-noise ratios, the interference protection (in 

dB) may be written 

= 10 log(p /N) - 10 log(i/N) 
r 

where N is the noise power at the receiver output. 

(C.1-3) 

If the receiver is tuned at frequencies other than the 

carrier frequency of the transmitter, the power transfer function 

is dependent upon the frequency difference, 6f, as well as fre­

quency, i.e., S(f,6f). The interference protection also becomes 

a function of 6f: 

(C.1-4) 

where 6f is a measure of the frequency offset between the 

interfering transmitter carrier frequency and the tuned frequency 

of the victim receiver. 

In actual systems, of course, the interfering transmitter is 

not coupled directly to the receiver, and the spectral power 

density input is altered by �he transmitting and receiving anten­

nas plus the effects of the propagation path, i.e., the trans­

mission loss associated with the system. The relationship between 

transmission loss, l, and the interference protection as defined 

by (C.1-4) is derived as follows. 
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In general the undesired signal-to-noise ratio, (su/N), 

at the output of the receiver can be expressed as 

OIi 
f 2

s /N = J { P(f)
} { S(f, 1H)} df ~ 

_! J P(f) S(f, 6£) df, (C. 1-5) u O .t(f) , N J, f 
N 

where {p(f)/ l(f)} represents the transmitter's spectral 

power density as reduced by the transmission loss over the 

link. ';Je further assume that the loss is inc7.cpenc}cnt of 

frequency over the range of interest, f1 to f2• Solving

(C.1-5) for the loss and e:�prcssinrr t}ie '-'.uantities in dB 

( L = 10 los l) , 

L ~

'I.le have [ 
J

co 

l O log P(f) S(f, 6£) df]N - 10 log ( s /N)u ( c. 1-6) 

It is apparent that for the particular value of the 

undesired signal-to-noise ratio, (su/N) = (i/N), (C.1-6)

provides an expression for the transmission loss in terms of 

the interference protection. In fact from (C.1-6) (with 

su/N = i/N) and (C.1-4), it follows that 

L ~ 

co 

10 log[!
P( f) S(f, 6 f) 

N IP (6£ ). ( c. 1- 7) 

Going one step further we can find, 1by using a distance 

dependent transmission loss moc�el, the distance separation 

required for a specified interference-to-noise ratio when 

the receiver is off-tuned from the interferer's carrier 

frequency by the frequency difference, �f. 'i.'hus for loss 

129 



values, L{d}, equal to interference protection values, 

IP { Do f} , curves of distance versus D.f can be generated for 

given {I/N). 

In practical situations,it is usually the case that the 

receiver transfer function is given in terms of a normalized 

receiver response, r{f), which is related to S{f) by S{f) =

rnr{f), where rn is the value of S at the receiver tuned 

frequency, fr • Al though neither rn nor N generally is 

known, it is possible to determine the input level 

{sensitivity), r5 , required to produce a given carrier power 

plus noise power to noise power level ratio, k. Thus, with 

N as the receiver noise power, we have 

k = 

S( f ) r 
r s 

N 

+ N

= 

r r + N
n· s 

N 

r 
n 

N 

= 

k-1

r
( C. 1-8) 

The spectral power density may be given in either a 

normalized or non-normalized form and can be expressed as 

P(f) = p p(f), 
n 

( c. 1 ... 9) 

where p(f) is the given form and Pn may or may not be known. 

Since the total transmitter power, p
T 

,. is generally given, 

the factor Pn may be found from 

P n 
= I' P( f) df / I' p(f) df =

0 0 

p T I j p( f) df • ( c. 1-10) 

With the use of (C.1-8) and (C.1-9), the expression for 
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interference protection as given by (C.1-4) becomes 

( c. 1-11) 

where 

(k-1) Rn= 10 log 
--;-:-

•

The integral in (C.1-11) must be evaluated numerically 

.in the INSPECT program because the input functions, p and r, 

are entered in numerical form. The input arrays are 

where P
rn

=lO log Pm is the decibel amplitude of the 

transmitter function, Rk= 10 log rk is the decibel amplitude 

( c. 1-12) 

of the normalized receiver response, and 6fm, 6fk are the

frequ_ency differentials at which the Pm and Rk occur. New 

.arrays then are formed corresponding to plots of Pm or Rk 

versus fm or xk , i.e., the arrays ( fm;' Pm ) and (xk , Rk), 

where fm = ft + 6fm, xk( .o.f) = ft + 6fk + .o.f, and ft is 

the transmitter carrier frequency. 

It is assumed now that the transmitter and rP.ceiver 

functions are straight line segments with end points, Pm or
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Rk , as plotted versus a log f or log x scale. Thus with F 

= log f and X = log x, the functions (in dB) become 

(p - p )m+l m 
P( £) = pm 

+ F - F 
( F -Fm),

m+l m 

R(x) = R + k+l k 

. 
(R -R ) k Xk+l-Xk· 

or p(f) = 

f ::; f::; f +l , m m 

Now the integral in (C.1-11) can be evaluated 

( remembering that x is a function of D. f) as 

00 I-1 pmrk1(6£):J p(f) r(x)df I: = Ami=l f m 
I-1 A = �pm rkf.(f./fnJ m . l l l 

1= 

A + B � -1,
m k 

Bk xk I
fi+l A m+Bkf df f. 
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where 

A =m 

Bk

log(p /P )m+ m 
log(£ 1/f )m+ m 

log(rk+l /r
k

)

log(xk+/xk)

A + B = - 1, 
m k 

f � f. < f 
l ,m 1 m+ 

( C. 1-16h) 

(C.l-17a) 

(C. l-17b) 

and the f 1 's are forme� by ordering fm anrl xk in increasinq

order, i.e.,

( C. 1-18 ) 

''}1e integration in (C.1-10) is acconnlishcc} in the sar,c 

manner as above, the fin.J.l result beinq 

P = P - 1 0 log I , 
n T p 

I = J 
p 

0 

p(f) df 

A +l 

[ 
(f /f ) 

m - l] 
p f m+l m 

mm 
---------

A + 1

T(f ) = 
m 

M-1

= I: 
m=l 

T(f ), 
m 

(C,. 1-19) 

A # - 1 , (C. l-20a) 
m 

(C. l-20b) 

where Amis defined the snr1e as in (C.l-17a) c1ncl PT is the

total transnitter power in dBm. 
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With the substitution of (C.1-16) into (C.1-11), the 

interference protection for a chosen 6£ becomes 

PI(6f) = 10 log 1(6£) + P + R - (I/N) , (C.1-21) 
n n dB 

with Pn given by (C.l-19) and Rn given by (C.l-12).

An optional form of the input functions, p and r, in 

INSPECT is to give their slopes at the frequ�ncy 

differentials, 6fm and 6fk • The program then takes the 

slope information to form arrays, (fm ,Pm) and (xk , Pk), 

equivalent to the input arrays entered in the precedina 

discussion and calculates I ( .6. f) by the method alreafly 

outlined. 
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C.2 Subroutine NEWSPEC Theory and Application

'l'he following is a description of the pulse<1 emission 

and receiver selectivity synthesis subroutine that is used 

as part of the frequency-distance model. The purpose of 

NEWSPEC is to provide power density spectra from analytic 

descriptions of actual pulse shapes, and filter responses 

from analytic filter characterizations. 

Many times, in pulse sys ten� analyses, the given input 

information is the half-arpplitude pulse width (denoted here 

by T), the pulse rise-time of the leading edge between the 

10% and 90% amplitude values ( T ) , the fall-time between 
r 

the 90% and 10% amplitude values (T
f

), and the average power 

associated with the pulse. The pulse shape then is 

approximated as a trapezoid and the analysis performed. 

Becau'se of the discontinuities or sharp edges of the 

trapezoidal form, the resulting power density spectrum can 

be ri!isleading, especially at frequencies well away from. the 

carrier frequency. In the present model, an expression has 

been derived for a "smooth" pulse shape (again using T, T
r

' 

and T
f 

as the input information) with the added condition 

that the integration giving the power density spectrum is 

expressible in closed form. The latter condition is 

introduced in order to avoid the frustratina and time­

consuming problems connectecl Hi th the numerical integration 
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of complex functions. 

After a number of forms were studied- -each having 

various advantages and disadvantages--the following was 

chosen for the general pulse shape: 

(C.2-1) 

where w
0 

= 2 rr f 
0 

is the angular carrier frequency, K is 

an amplitude factor, and F{t) is the {normalized) shape 

function, 

F(t) = (C. 2-2) 

with 

'l'he time-shift term, t0 , is introduced rr.erely to allow a 

possible shift in time from whatever origin is chosen; 

normally it is set equal to zero. 
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The shape function, F(t), rises from zero at t=t
0 

to a 

value of unity at t=t1; it has constant amplitude until t =

t2, at which point it falls again to zero for large t. Note

that a restriction on the shape is that t2 must be greater

than or equal to t1, or in terms of the pulse width and rise

and fall times: 

T > 0.886933,r + 0.697963,f (C.2-4) 

Examples of (C.2-2) for various values of the T's are 

shown in figures C.2-1 to C.2-6 for the following radar 

altimeters: AH/APN-133 (two modes), AN/APN-159 (two modes), 

In-Flight Devices GAR, and Benzer TRN-70. 

'rhe frequency spectrum of the pulse now is given by the 

Fourier transform of (C.2-1): 

where 

G(w) = K f F(t)e-iwt dt = K G1(w) + G2(w) + G3(w) (C. 2-5) 

-00 

2�(f f) = 21r�f, w - w - WO = II -

0 

e-iwti-e-iwt2
iw 

137 

e-2zo - z 
0 
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-i wt 2 ( /;T 2 ) z � 
f ( ) = e 2 e er .c z2 , 
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and 

erfc(z) denotes the complementary error function (Abramowitz 

and Stegun, 1964). 

The limiting forms of (C.2-5) for small (w�O.l) and 

large (w�lO) values of w are 

(C.2-7a) 

(C.2-7b) 

Note that G (w) falls off as w-3 for large w; the corres­

ponding decrease for a trapezoidal pulse is w -2•

In order to obtain the average power density spectrum, 

P(w), in terms of the total average power, Pavg , the factor

Kin (C.2-5) must be determined. Since the total energy, F 

is given by 

+oo +co

E = f I G (w) I 2df = f IF(t) l 2dt - K�E, (C.2.,.8) 
-oo -oo 

we have the relationship 

(C. 2-9) 
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where Tp is the reciprocal of the pulse repetition frequency

and 
E = f 

-00 

T - 0.217601,r - 0.172612,f. (C. 2-10) 

Denoting the quantity in the square brackets of (C.2-5) by 

G (w), the power density spectrum is then 
0 

p (w) = 

P I G2 (w) 1
2

_av
__,
g
...__ ____ , w = 2n l:lf. 

g 

In units of dBm/Hz, (C.2-11) may now be written as 

p (l:lf) = P dBm avg 
- 10 log E + 10 log!G (w) 1 2 

- 60,
0 

dBm/Hz 

(C. 2-11) 

(C.2-12) 

where frequencies are in MHz and time is in microseconds. 

Power density spectra, using (C.2-12), for the pulses of 

figures C.2-1 to C.2-6 are shown in figures C.2-7 to C.2-12. 

The filters chosen for inclusion in this model are the 

Chebyshev, Butterworth, and elliptic function filters 

(Weinberg, 1962). The Chebyshev filter is defined as 

= {
cos(ncos-1x), 0 .::._ lxl .::._ 1

cosh(ncosh-1x), lxl � 1 
I 

(C.2-13) 

where Eis a parameter determining the depth of the ripples 

in the band, and x depends on the bandwidth under 

consideration. As the value of n increases, the wings of 
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the response fall off more sharply. Examples of (C.2-13) 

for n=3 and 5 are shown in figures C.2-13 and C.2-14. 

The Butterworth filter is <lefined as 

(C. 2-14) 

where, again, n determines the slope of the wings. 

The elliptic function filter can provide a "sharper" 

filter by allowing one to choose the frequency at which the 

stop-band is to begin. Given the following input 

parameters: 

Ao 
= 

AP 
=

As 
= 

f1 =

f2 =

f3 =

z = 

maximum I zl
2 

in the pass-band 

minimum (allowable) I zl
2 

in the pass-banc1 

maximum (allowable) I zl
2 in the stop-band 

center frequency of the pass-band 

end frequency of the pass-bantl 

beginning frequency of the stop-band ( f3 > f2 > f1 )

magnitude of the normalizec:l transfer impedance, 

the mathematical expression for the ellipt,ic function filter is 
/ 

A 
o. 

2 2 
1 + E R (x) 

n 

2 
E = (A / A ) - l. 
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Figure C.2-13.· Chebyshev filter with 1 dB ripple in the passband (E: 2=0.259) and N=3

controlling the slope of the wings. 
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Figure C.2-14. Chebyshev filter with 1 dB ripple in the passband (e 2=0.259) and N=S

controlling the slope of the wings. 
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The definition of Rn(x) in (C.2-15) depends on whether the 

integer n is even or pdd, where 

n _ [v] (the symbol [v] denotes the smallest 

integer;;,: v) 

(C.2-16a) 

and 
K(k) 

V =---

K'(k) 

K(k) and K
1 

(k1
) in (C.2-16b) are the complete elliptic

integrals of moduli k and 0k
1

, respectively. A prime refers

to the complete elliptic integral of comodulus of the 

argument, e.g., K'(k) = K(✓ l-k2) 

For n even (n=2rn), Rn(x) is given by 

(C.2-16b) 

R2 (x) = N2
[ 

(x2 
-x�) • •. (x2 -x�) l 2 

n · 2 2 2 2 2 2 ' ( n=2m), 
(l-kx1 x ) ••. (1-kx

m
x ) 

(C.2-17a) 

and for n odd (n = 2rn+l), R (x) becomes 

= N 
222 22.2 

2 
[ 

x(x2 -x�) ••• (x2 -x�)

] 

2 

(1-k x1x ) ••• (1-k xmx ) 
/

, (n=2m+l), (C. 2-17b) 



sn { 
(U-l)K

kl (n even = 2m) 

l 
, n 

= J, = 1, 2, ••• m.

sn { 
UK

k} (n odd=2m+l), n 

'l'he symbol sn(z,k) denotes the elliptic sine of z with 

modulus k. 

(C.2-18) 

(C.2-19) 

'l'he filters can be applied to the power spectra in at 

least two ways. As "emission" filters, with banc1width 

centered at the carrier frequency of the interfering pulse, 

the resulting power density in the pass-band region will be 

comparable to the original power density; beyond this, the 

power will be reduced at a rate dependent on the slope of 

the filter wing. Thus, interference due to the pulse may be 

restricted. 
I I 

If the filter is considered a part of the receiver, 

with bandwidth centered some distance from the carrier 

frequency of the interfering pulse, the application of the 

filter to {C.2-12) will give an estimate of the amount of 

interfering power allowed to reach the receiver detector. 
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For given receiver thresholds, predictions then may be made 

regarding the compatibility of different systems. 

Figures c;2-7 to c.2-12 show spectral power density 

without emission filtering; figures C.2-15 to c.2-20 show 

spectral power density combined with a 3-pole emission 

(Chebyshev) filter. The relationship between the filter 

variable, x, in (C.2-13) and (C.2-14) and the frequency 

difference, �f, in the power spectrum is 

X ::s 

tJ.f (f 1 - £0) 

(£2 - f 1) 
(C. 2-20) 

where f
1 

denotes the center frequency of the filter, and f2

(f
2
>f

1
) is the frequency at the wing of the filter 

determined by the desired filter bandwidth. For the 

examples shown, it has been assumed that f1 =f and (f -f )=
0 2 1 

1 ?-lliz • 

A comparison of figures C.2-7 to C.2-12 with figures 

c.2-15 to C.2-20, respectively shows the effectiveness of

the example filter in limiting the power output beyond 1 MHz 

from the carrier frequency. For /instance in the system 

designated AN/APN-133 (low altitude) (Figures C.2-7 and C.2-

15), the power density spectrum without filtering gives a 

value of -60 dBm/Hz at �f=lO MHz; with filtering added, the 

value becomes -130 dBm/Hz. 

163 



· 3
0

·
l

C

·S
O

...
 

·
6
0

C
 

-
7
0

·-

-
8
0
 

- 9
0

-

I-'
 

•
 

"'
 

-1
0

0
1:

 
- .;:,

 

-
1
1
0

·1
2

0

- 1
3

� 
- 2

t 
0
 

F
i

g
u

r
e

 
C

. 
2

-
2

1
. 

P
O
W
E
R
 

S
P
E

C
T
R
U
M
 

W
I
T
H
 

B
U
T
T
E
R

W
O
R
T
H
 

F
I
L

T
E
R
 

�
 

1
0

·
1
 

10
 

O
1 
0 

t
1
0

 
2
 

, 
f 

in
 

M
H

z 

N
=
 

3
 

TA
U=

 0
. 1

20
 

TA
U,

=
 

0.
04

0 
u

u
,=

 
0
. 

12
0

t 0
=

 
0.

00
0

Pa
v.9

=
 
28

. 7
00

 

S
y

n
t

h
e

s
i

z
e

d
 

s
p

e
c

t
r

a
l

 
p

o
w

e
r

 
d

e
n

s
i

t
y

 
f

o
r

 
t

h
e

 
A

N
/

A
P

N
-

1
3

3
 

r
a

d
a

r
 

a
l

t
i

m
e

t
e

r
 

i
n

 
t

h
e

 
l

o
w

 
a

l
t

i
t

u
d

e
 

m
o

d
e

 
a

f
t

e
r

 
a

d
d

i
t

i
o

n
a

l
 

f
i

l
t

e
r

i
n

g
 

u
s

i
n

g
 

a
 

3
-

p
o

l
e

 

B
u

t
t

e
r

w
o

r
t

h
 

f
i

l
t

e
r

. 



- 3
0

-
�
 0

-s
o

...
 

·b
O

C
 

- 7
0

·
-

- a
o 

I -
C>

 
I-

·9
0 

- �
-1

00
..
 

1--'
 

Cf\
 

Ul
 

....
 

-1
10

-1
20 3

"
 
E
 

I
 

•
l 

v
 
•
2

l 0

F
i

g
u

r
e

 
C

.
2

-
2

2
. 

P
O
W

E
R
 

S
P

E
C
T

R
U
M
 

W
I
T
H
 

B
U
T
T
E

R
W

O
R
T
H
 

F
I
L
T

E
R
 

'
,

 
-

-
-,

--
-

--
--

-
-

-
-

y
 .-
1 

I
 

I
 

I
 
11

1
 ii
 

,
 

10
 -

1
I
 

I
 

I
 

I 
I
 II

 I 
10

 O

t.f
 

i 
r.
 

H
H

z
 

N=
 

3 

TA
U=

 
0.

50
0 

TA
Ur

=
 
0.

04
0 

TA
U1

=
 
0.

 12
0 

\
i j
 

I
 

I
 

I
 
I
 1

1
1
 lO
 

l

t 0
=

 
0.

00
0 

Po
v9

=
 
28

. 7
00

 

:i
 

10
 2

S
y

n
t

h
e

s
i

z
e

d
 

s
p

e
c

t
r

a
l

 
p

o
w

e
r

 
d

e
n

s
i

t
y

 
f
o

�
 

t
h

e
 

A
N

/
A

P
N

-
1

3
3

 
r

a
d

a
r

 
a

l
t

i
m

e
t

e
r

 

i
n

 
t

h
e

 
h

i
g

h
 

a
l

t
i

t
u

d
e

 
m

o
d

e
 

a
f

t
e

r
 

a
d

d
i

t
i

o
n

a
l

 
f

i
l

t
e

r
i

n
g

 
u

s
i

n
g

 
a

 
3

-
p

o
l

e
 

B
u

t
t

e
r

w
o

r
t

h
 

f
i

l
t

e
r

. 



..
 

X
 

"'
 

·
-

,..
 N

 

.
 

- - ..
 

- ..:,
 

P
0

1 .iJ
E
R
 

S
P

E
C

T
R
U
M
 

W
I
T
H
 

B
U
T
T
E
R
W

O
R
T
H
 

f
l
L

T
E
R
 

· 3
0
r-

-
4

�

-s
o

-6
0

-
7

0

-8
0

- 9
0

-
1
0
0

'-,
 

J
 

I
 
I
 1

1
1

1
 

I
 

I
 

•
1

· 1
3 0

 -
2

10
 

lC
 

I
 

I
 

I
 

I
 
J
 I

 1
1

1
 

10
 

O

a. f
 

in
 M

Hz

N=
 

3

I
 

I
 

I
 
I 

I I
 11

 l 
1 0

 
1

TA
U=

 0
. 1

60
 

TA
U,

=
 
0.

02
3 

TA
U f

=
 
0.

08
8 

t 0
= 

0.
00

0 

j 

\
 

I
 

I
 

I
 

I
 
I
 I

 J
 f

l 

10
 2

Po
vg

=
 

28
. 7

00
 

.F
i

g
u

r
e

 
C

.
2

-
2

3
. 

S
y

n
t

h
e

s
i

z
e

d
 

s
p

e
c

t
r

a
l

 
p

o
w

e
r

 
d

e
n

s
i

t
y

 
f

o
r

 
t

h
e

 
A

N
/

A
P

N
-

1
5

9
 

r
a

d
a

r
 

a
l

t
i

m
e

t
e

r
 

i
n

 
t

h
e

 
h

i
g

h
 

a
l

t
i

t
u

d
e

 
m

o
d

e
 

a
f

t
e

r
 

a
d

d
i

t
i

o
n

a
l

 
f

i
l

t
e

r
i

n
g

 
u

s
i

n
g

 
a

 
3

-
p

o
l

e
 

B
u

t
t

e
r

w
o

r
t

h
 

f
i

l
t

e
r

. 



· l
O

-s
o

-6
0

..
 

:x:
 

-
7

0

=
 

"'O
 

C
 

·-
,..,

 ~
 

C>
 

-
1
0

0
.
 

- -

..
 

- "
 

P
O
W
E
R
 

S
P
E
C
T
R
U
M
 

W
I
T
H
 

B
U
T
T
E
R
W
O
R
T
H
 

F
I
L

T
E
R
 

-------
-

-1
2

0

�==
=

-
1

1
-

-
-

t-
-

·1
31
�:
-
-
-
f
-
-
-
-
t
=
=
-
-
tt
 _
_
_
 __=i

 

- 1
4

0 
- 2

-
10

F
i

g
u

r
e

 
C

.
2

-
2

4
.

 

1 
o 
• 
l

H
u=

 0
. 0

55
 

TA
Ur

=
 

0.
02

4 

10 
O

A 
f 

i 
r. 

M
H

z
 

N =
 

3 

TA
u,

= 
0.

04
8 

t O
 

1
10

 2
 

t 0
=

 
0

. 0
0

0
 

Po
v

g
=

 
28

. 7
00

 

S
y

n
t

h
e

s
i

z
e

d
 

s
p

e
c

t
r

a
l

 
p

o
w

e
r

 
d

e
n

s
i

t
y

 
f

o
r

 
t

h
e

 
A

N
/

A
P

N
-

1
5

9
 

r
a

d
a

r
 

a
l

t
i

m
e

t
e

r
 

i
n

 
t

h
e

 
l

o
w

 
a

l
t

i
t

u
d

e
 

m
o

d
e

 
a

f
t

e
r

 
a

d
d

i
t

i
o

n
a

l
 

f
i

l
t

e
r

i
n

g
 

u
s

i
n

g
 

a
 

3
-

p
o

l
e

 

B
u

t
t

e
r

w
o

r
t

h
 

f
i

l
t

e
r

. 



O'\
 

00
 

..
 

f
t 

C:
 

·-

N
 ..
 

-

..
 

"'
 

P
O
W
E
R
 

S
P
E
C
T
R
U
M
 

W
I
T
H
 

B
U
T
T
E
R
W
O
R
T
H
 

F
I
L

T
E

R
 

• b
0 

L
I 

I 
I'

 I
 I

 I
 I 

11
 

I 
I 

I 
I 

I 
I I

 11
 

I 
I 

I 
I 

I 
I 1

1 j'
 

I 
I 

I 
I 

I 
I 

I 0
 

-
s
o

•9
0 

I 

-
1
0
0

-
1
1
0

-
1
2
0

-
1
3
0

-
1
4
0

-
i
5

0

-1
60

 -
2

IC
 

'-

1 0
 · 

l
10

 O
1
 0

 
l 

A 
f 

j r
. 

M
H

z 

N
=
 

3
 

T A
U=

 0
.0

30
 

TA
U,

=
 
0.

01
2 

TA
Uf

=
 
0.

02
3 

t 0
=

 
0.

00
0 

10
 

2
 

Pa
v9

=
 

A.
9

�0
 

F
i

g
u

r
e

 
C

.
2

-
2

5
.

 
S

y
n

t
h

e
s

i
z

e
d

 
s

p
e

c
t

r
a

l
 

p
�

w
e

r
 

d
e

n
s

i
t

y
 

f
o

r
 

t
h

e
 

I
n

-
F

l
i

g
h

t
 

D
e

v
i

c
e

s
 

g
r

o
u

n
d

 

a
v

o
i

d
a

n
c

e
 

r
a

d
a

r
 

a
f

t
e

r
 

a
d

d
i

t
i

o
n

a
l

 
f

i
l

t
e

r
i

n
g

 
u

s
i

n
g

 
a

 
3

-
p

o
l

e
 

B
u

t
t

e
r

w
o

r
t

h
 

f
i

l
t

e
r

. 



I-'
 °' \.0
 

.. ·- . - 4
 

· 5
0

·6
0

- 7
0

· 8
0

- 9
0

·1
00

-
i 
10

 

-1
�0

-1
30

-1
40

P
O

�
E
R
 

S
P

E
C

T
R

U
M
 

W
I
T

H
 

B
U
T

T
E

R
W

O
R
T

H
 

F
I
L

T
E

R
 

... 
l..!.:!.,

 
1

 
1

,
1

1
1

n
 

� 

�
 

' 
, 

, 
"

n
�

 

�
 

\\
 

�
 

�
 

\
�

 

: 
\

�
 

: 

� 

� 
\ 

�
 

� 

-

'-

-

�
 

\
�

 

�
 

\
�

 

: 
-

'
\ 

�
 

: 
' 

�
 

-

-

�
 

I 
I 

I 
I 

I 
I 

I I
 

I 
I 

I 
I 

I 
I 

I 
I 

�
 

I 
I 

I 
I 

I 
I 

II
 

-1
 

I 
I 

I 
I 

I 
I 

I 
r

i 
· 1

5 0
 -

2
I 0

 
t 
O 

-1
10

 O
10

 1
IC

 
2

H
u=

 0
. 1

00
 

&
 f

in
 

t-:H
z 

N =
 

3 

iA
Ur

=
 
0.

05
8 

TA
Uf

=
 
0.

06
4 

t 0
=

 
0.

00
0 

P o.
v ,=

 
17

.0
00

F
i

g
u

r
e

 
C

.
2

-
2

6
. 

S
y

n
t

h
e

s
i

z
e

d
 

s
p

e
c

t
r

a
l

 
p

o
w

e
r

 
d

e
n

s
i

t
y

 
f

o
r

 
t

h
e

 
B

e
n

z
e

r
 

T
R

N
-

7
0

 
r

a
d

a
r

 

a
l

t
i

m
e

t
e

r
 

a
f

t
e

r
 

a
d

d
i

t
i

o
n

a
l

 
f

i
l

t
e

r
i

n
g

 
u

s
i

n
g

 
a

 
3

-
p

o
l

e
 

B
u

t
t

e
r

w
o

r
t

h
 

f
i

l
t

e
r

.
 



Figures C.2-21 to c.2-26 show the effects of combining 

a Butterworth filter (eq (C.2-14) with n= 3) with the. power 

density spectra of figures C.2-7 to C.2-12. The decrease in 

power density beyond the filter passband is somewhat less 

than for the Chebyshev filter; however, the change is snall. 

The effect of the filter will depend, of course, not 

only on the choice of n, but also on the filter passband 

that is used. The equations presented in ci1is appendix, 

together with the computer proqran based on these equations, 

have been generalized so that a.wide variety of situations 

can be investigated. 
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APPENDIX D. ANTENNA POWER GAIN STATISTICS 

Antenna radiation patterns are not easily determinable 

in field installations. The patterns may have been measured 

on a test range or calculated from theory, but when an 

antenna is installed in a system, the pattern is affected by 

the surrounding structures such as the towers, buildings, 

other antennas, etc. 

The effect on the pattern of the antenna is most pro­

nounced on the side lobe magnitudes and their angular 

positions. It is in this region of the antenna pattern that 

most of the interference radiation and/or reception takes 

place. Consequently, in order to characterize the antenna 

in the overall EMC problem, some statistical range of values 

for the magnitude of the power radiated or received through 

the antenna is desired. 

The Rome Air Development Center has developed a method 

(RADC, 1966) to determine the statistical characteristics of 

the antenna radiation patterns. That method is based on an 

extensive amount of empirical data. They have shown that for 

their data the side-lobe gain values expressed in decibels 

relative to an isotrope (dBi) are normally distributed. 

Gain values for the main-beam region' also are distributed 

according to another normal distribution. These facts allow 

a single class of antennas to be represented by their mean 

gain and standard deviation values for each region. The 



RADC Interference Notebook establishes three antenna 

classifications. These classifications are high-gain an­

tennas (greater than 25 dBi gain), medium-gain antennas 

(10-25 dBi gain), and low-gain antennas (less than 10 dBi 

gain). Statistical quantities for each classification of 

antennas are shown in tables D-1 through D-3. For each an­

tenna classification, statistical quantities are shown for 

the mainbeam and side- and back-lobe regions considering 

polarization and site conditions. 

The following definitions are required to understand 

the data contained in tables D-1, D-2, and D-3: 

GM: median gain value in dBi for the mainbeam region. 

a M
: standard deviation in dB for the mainbeam region. 

GB: median gain value in dBi for the side- and back-

lobe region. 

aB
: standard deviation in dB for the side- and back­

lobe region. 

a • 

M" 

G : 
0 

beamwidth in degrees of mainbe�m region. 

maximum gain value in dBi at 'design frequency and 

polarization. 

a
0

: beamwidth in degrees of mainbeam region at which 

gain is 10 dB< G
0

• 
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These tabular data have been incorporated into a 

computer subroutine called ANTSTAT for use in the 

statistical F-D curves model. This subroutine does a table 

look-up based on user-supplied information as described 

earlier in Appendix A of this report. The appropriate 

values for median gain and standard deviation then are used 

according to the specification of option 1 or 2 in items 41 

and 51 of the user-supplied input data. Options 3 and 6 

under items 41 and 51 in the input data forms are designated 

by the term "full pattern." In this case, the statistical 

distribution describing the gain of the antenna is a 

combination of both the main-beam and 'side- and back-lobe 

regions. If a. M is the main-beam width in degrees, then a

randomly located receiving point has a probability of a. /360 
M 

of being in the main-beam; the probability of being in the 

side- and back-lobe region is, thus, l-(a.�360). The gain 

distributions in the main-beam and side- and back-lobe 

regions are assumed to be normal with medians, GM and G B ,

and standard deviations, oM and oB, respectively. The "full

pattern" distribution of gain for the antenna is now given 

by 

(D-1) 

where t is the standard normal deviate. 
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With narrow-beam antennas, the above formula gives more 

weight to the side- and back-lobe region, and the "full­

pattern" distribytion is usually very similar to that for 

the side- and back-lobe region. However, a large variance 

in the main-beam region could cause a more noticeable 

difference. 

The logic of the interference situation (e.g. cross­

polarized coupling between the side- and back-lobe regions 

of each antenna) defines the gain distribution for each 

antenna to be used in the convolution, described in Appendix 

G, performed to obtain the mutual antenna power gain 

distribution. 
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APPENDIX E. OFF-FREQUENCY REJECTION CALCULATION 

The concept of off-frequency rejection (OFR} has been 

developed and re�orted by others such as Fleck (1967}. The 

output of OFR data is very straight-forward for a model such 

as the statistical frequency distance curves model. 

Therefore, a brief discussion of the calculations providing 

OFR as a function of frequency difference between 

transmitter and receiver tuned frequency (�f} is presented 

in this appendix. 

Transmitter output power as a function of frequency may 

00 

be expressed as P(f} and the total output power as 
0

1 P(f}df. 

The receiver selectivity (or power transfer characteristic} 

as a function of frequency and frequency difference between 

transmitter and receiver may be represented as S(f,�f}. 

Then the total received power-, at the receiver detector, is 

called spectrum dependency and denoted by SD in this report. 

It is the convolution of P(f} and S(f,�f}. That is, 

• (X) 

SD
�f 

= 
0

1 P(f}S(f,�f}df. (E-1} 

The spectrum dependency which results when the receiver and 

transmitter of interest are tuned t6 the same frequency 

( � f=0} follows as 

J
oo 

SD
f=O 

= 
0

P(f}S(f,0}df. 

Off-frequency rejection now can be expressed as 
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(E-2} 



00 

f P(f)S(f,flf)df 
OFR= �0----------, 

00 

J P(f)S(f,0)df 
= 

SD!'.lf

SD!'.lf=O

(E-3) 

It follows directly that OFR6f=0 = 1 and that OFR6ffO� 1.

Similarly, expressed in decibels, OFR
!'.lf=O 

(dB) = 0 and

OFR6ff0 (dB) is a negative quantity portraying the rejection

of interference power which occurs as the transmitter and 

receiver are separated in tuned frequency. 

However, many engineers and analysts concerned with 

electromagnetic compatibility evaluations use the term 11 off­

frequency rejection" when referring to the overall rejection 

of energy incident on a receiver. This overall rejection 

results from two causes. First, reduction of energy to the 

receiver occurs due to difference in tuned frequency between 

the interfering transmitter and the victim receiver. This 

redution is the actual off-frequency rejection which has 

been defined. A second cause of reduced energy reaching the 

receiver defector is important when the -emission spectrum of 

the transmitter is broader than the receiving bandwidth. 

Even when the transmitter and receiver are tuned to the same 

frequency (6 f=0), only a fraction of the incident energy is 

accepted, although off-frequency rejection is zero (OFR=06f=O).

The total rejection that results both from difference 

between tuned frequency for the transmitter and receiver and 
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from the receiver bandwidth being less than the emission 

spectrum width is termed frequency-dependent rejection 

(FDR). As noted earlier, when the total output power of the 

transmitter is f P{f)df and the total received power is 
0 

given by equation (E-1). then frequency-dependent rejection 

is 

J
00

p(f)S(f,6f)df 
FDR =�0 --------

SD
t:.f

=-----
(E-4) 

/
.,
P(f)df

Just as the definition of OFR led to conclusions about 

the range of values for OFR, likewise it follows that FDR<l, 

regardless of frequency separation, whenever the receiving 

bandwidth is less than the emission spectrum width. 

Expressed in decibels, FDR (dB) is a negative quantity 

portraying the overall rejection of interference power that 

is realized due to tuned frequency separation and bandwidth 

difference. 

It is evident that FDR is a more useful conceptual 

quantity than OFR to the engineer or analyst. Tabular data 

for both OFR and FDR are provided by the model. A 

selectable option discussed in Appendix A, allows the model 

user to ask for a plot of FDR only. 
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APPENDIX F. PROPAGNI'ION LOSS MODELS 

The two models that are used in this report differ 

primarily in their intended application. The ground-to­

ground propagation model is briefly described in section F.l 

of this appendix. Details are given in a report by Longley 

and Rice (1968). The ground-to-air propagation loss model 

is briefly described in section F.2 of this appendix. The 

details are given in a report by Gierhart and Johnson 

(1973). 

F.l Ground-to-Ground Propagation Model

This program predicts long-term meJian radio 

transmission loss over irregular terrain. The method is 

based on well-established propagation theory anc1 has been 

tested against a large number of propagation measurements. 

It is applicable for radio frequencies above 20 r�Iz and uses 

statistical estimates of terrain irregularity representative 

of the terrain characteristics for a given area. Estimates 

of terrain characteristics are basec on a large number of 

terrain profiles for several types of terrain, includinq 

plains, desert, rolling hills, foothills, and rugged 

mountains. 

I 

Given radio frequency, antenna heights, and an estimate 

of terrain irregularity, �Bdian reference values of 

attenuation relative to the transmission loss in free space 

are calculated as a function of distance. For radio line-



of-sight paths, the calculated reference is based on two-ray 

theory and an extrapolated value of diffraction attenuation. 

For trans-horizon paths, the reference value is either 

diffraction attenuation or forward scatter attenuation, 

whichever is smaller. 

This predicti'on method was developed for use with a 

digital computer and has been made sufficiently general to 

provide estimates of transmission loss expected over a wiae 

range of frequencies, path lengths, and antenna height 

combinations, over smooth to highly rugged terrain, and for 

both vertical and horizontal polarization. 

Predictions have been tested against data for wide 

ranges of frequency, antenna height and distance, and for 

all types of terrain from very s:rnooth plains to extremely 

rugged mountains. The data base includes more than 500 

long-term recordings throughout the world in the frequency 

range 40 to 10,000 MHz, and several thousand mobilP. 

recordings in the United States at frequencies from 20 to 

1,000 MHz. The method is intended for use within the 

following ranges: 
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Parameter 

Frequency 

Antenna heights 

Distance 

Surface refractivity 

Range 

20 to 40,000 MHz 

0.5 to 3,000 m 

1 to 2,000 km 

250 to 400 N-units 

F.2 Ground-to-Air Propagation Model

The propagation model used in the ground-to-air program 

is applicable to telecommunications links operating at radio 

frequencies from about 0.1 to 20 GHz with aircraft altitudes 

less than 300,000 ft (91,440 m). Ground-station antenna 

heights must be (1) greater than 1.5 ft (0.5 m), (2) less 

than 9,000 ft (2,743 m), and (3) at an altitude below the 

aircraft. In addition, the elevation of the radio horizon 

must be less than the aircraft altitude. 

Conceptually the model is very similar to the Longley­

Rice (1968) propagation model for propagation over irregular 

terrain; i.e., attenuation versus distance curves calculated 

for the (a) line-of-sight (b) diffraction, and (c) scatter 

regions are blended together to obtain values in transition 

regions. In addition, the Longley-Rice relationships 

involving the terrain parameter, �h, are used to estimate 

radio horizon parameters when such information is not 

available. The model includes allowance for (a) average ray 

bending (b) horizon effects, (c) long-term power fading, (e) 

surface reflection multipath, (f) tropospheric multipath, 

and (g) atmospheric absorption. However, special allowances 
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are not included for (a) ducting, (b) rain attenuation, (c) 

rain scatter, or (d) ionospheric scintillations. 
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APPKTDI:{ G. 

'I'he technique used in combining the antenna power gain 

and propagation loss statistics is r�escribc:;_ in this 

appenc1ix. 'l'h8 technique is gen(�rally applicabl0 to ary 

random variables such as the x and y illustrated, so that 

the results are not restricted to propagation loss and 

antenna gains. 

The convolution subroutine'. used in generatin<r the 

statistical portions of the fresuency/Cistance calculations 

uses as input the cumulative distributions of the 

statistical variables for the r)ropagation loss and antenna 

gains. If x and y are h,o inc:.ependent variahles with 

probabilit� <lensity functions, p
1 

(x) an2 p2(y), and

curnulative tlistributions 

P
1
(X) = f p

1
(x)dx,

-= 

y 
p 2 ( y ) = J p 2 ( y )d y'

-= 

then the probability that their sun or difference is less 

than or equal to sor!lc v:11 uc, Z, is 

Pr( y+x � Z) 

= j 
_CIO 

= I= p 
1 
( z - y )dP 

2 
( y ),

= 1 - L P1
(y-Z) d P2

(y),
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where use is made of the relationship, Pz (y) dy=<lP2 (y).

Since only numerical values of each cumulative 

distribution and its associated variable, P, are used 

(rather than analytic expressions), the integrals in (G-2) 

are numerically evaluated. Thus, the input to the 

convorution subroutine consist of: 

to P1 (Xmax> and P2 (Ymin> to P2 (Yma,.._); (2) N, the number of

integration points desired; and (3) M the total number of 

desired output levels, z, (together with their associated 

probabilities). 

It is assumed in the numerical integrations that 

P1 (X<Xm in) and P2 (Y<Ymin> are always zero, and that

P1 (X>Xmax.> and P2 (Y>Ymax> are always unity.

The differential, d� (y), is approximated by the 

difference 

where 

6.(Y) = P2 (Y +6)- P (Y -6 )n n 2 n •

Y = Y +(Zn-1)6,
n min 

y -Y 
max min 6 =------

ZN 

( G-3) 

( G-4)

and n is an integer running from Oto N+l. Values of� for 

Y's not in the given array are obtained py interpolation. 

To ensure that the output levels, Zmassociate<l with 

the desired probabilities, encompass the total range of 

given X's and Y's the levels are defined as 

7. = Y. -0+ {m+[X. /20]}20
ITI min min 
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for use in the "sum" convolution (G-2a}, and 

Z = y . - b + (rn- [ X / 20]} 26m min max ( G-6) 

for use in the "difference" convolution (G-2b}, where m is 

an integer specifying a particular output level z. The 

symbol [u] denotes the integer part of u. 

A set of X's is now formed using the relationship 

X. = [[Xmi·n/26] - (N+l) + J.} 26, J. = O 1 2 J 
J 

, , , • • •  , ,

where 

J = - [X . /26 ] + [X /26] + 2(N+l)min max 

( G- 7) 

( G-8) 

and, by interpolation in the given� lX) array, an array of 

� (Xj} is generated.

The numerical evaluation of (G-2) now may be 

accomplished with the use of (G-3} and the appropriate 

portion of the P1 (Xj } array as follows:

N+l
Pr( y +x� Zm)~ I p 1 (XN+l+m--n} 6( y n) = p ;c z m ),

n=O 

N+l

( G-9a)

Pr(Y-X�Zm)~l-) P1(XI...m+n}l:-dYj.= P�(Zm ), (G-9b)
�o 

with the Zmgiven by either (G-5) or (G-6). Since the 

number of elenents in the output cumulative distribution 



array, P3(Z), is M (a given inpul), the integer mis made to

vary as 

where 

m = [ I/ M ] k, k = 1, 2, . . • , M, 

I = - [ X . / 2 6 ] + [ X / 2 6] + ( N + 1 ). 
min max 

( G-10) 

(G-11) 

The probabilities Pf (Z0) and Pf (Z1) are essentially zero

and unity, respectively. The superscript + or of the 

P3 corresponds to the + or

In combining the statistics for the transmittino and 

receiving antennas, use is macJe of (G-9a) to compute the 

combined cumulative distribution P of antenna gain. The 

X's could corresponu to the randora transrri.i tting antenna gain 

data, and the Y's could correspond to the randon receiving 

antenna gain data. This resultant antenna distribution then 

is combined with the propagation loss distribution by using 

(G-9b). The loss variable in this case would correspond to 

the Y variable, and the antenna distribution would 

correspond to the X variable. The result is an array of M 

levels of the combined propagation loss and antenna gain 

statistical distribution functions. Then
1
when a specific 

I 

probability of occurrence level is reqciested (�.g., 90%, 

80%, 50%, 1%, etc.), the computer interpolates between the 

appropriate prior calculated levels for the level 

corresponding to tl1e requested probability. 
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